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Preface

Dates are an important fruit, especially in many African, Middle-Eastern,
and Asian countries. Besides its local and regional commercial value, the
date palm plays an important role in the diet and social life of communi-
ties across the oases of the Middle East and North Africa. The tree and the
fruit have been revered because of the numerous horticultural, nutritional,
medicinal, economic, architectural, environmental characteristics, and their
multiple uses. In recent years, this fruit has gained significant importance in
global commerce as well. During the last two decades, the world production
of dates has more than doubled; this trend is expected to continue as per FAO
projections. However, date fruit has not been afforded its due importance to
a scale similar to some other subtropical fruits.

There are some major challenges confronting date fruit production and
commerce, such as issues related to postharvest handling technologies, use of
appropriate processing and packaging technologies, food safety aspects, and
quality assurance. The focus of this book is to cover recent developments in
the area of dates production and processing technologies and provide infor-
mation on a broader spectrum of related topics with comprehensive coverage.

This work provides a contemporary source of information that brings
together current knowledge and practices in the value chain of date fruit
production, processing, and nutrition. An experienced team of 18 contrib-
utors from North America, Asia, and Africa has written 12 chapters. These
contributors come from a field of diverse disciplines, including crop sciences,
food science and technology, food biochemistry, food engineering, and food
packaging. This book provides an in-depth coverage on a wide variety of per-
tinent topics which include: date fruit production and trade, field production
and management practices; fruit biology and postharvest physiology, harvest-
ing, and postharvest handling; postharvest entomology and pathology; pack-
aging technologies; processing and processed products; innovative process-
ing technologies; physical and structural characteristics of fruit; processing
and utilization of dates by-products; nutrition and health benefits; and bioac-
tive and phytochemical compounds in dates. The value-chain approach to the
topic coverage is the unique feature of this book.
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The editors acknowledge many individuals for their support from concep-
tion through final production of this book. Foremost is our sincere thanks
and gratitude to all authors for their contributions and for bearing with us
during the review and finalization process of their chapters. We are grateful
to our family members for their understanding and support enabling us to
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Obituary:
Professor Adel A. Kader

Professor Adel Kader was among the most widely
known and recognized scientists worldwide in the field of
postharvest biology and technology. He was the embod-
iment of a successful scientist, mentor, and citizen of the
world. Few people have had a greater impact on a field of
scientific study as had Professor Kader on the discipline of
postharvest biology and technology. He used his unique
stature and abilities to promote an appreciation for the
importance of proper postharvest handling of fruits and
vegetables among the agricultural community and society at large that has
had immeasurable benefits for the health and well-being of people every-
where who consume these foods. Professor Kader had an amazing capacity to
assimilate and organize information. He was universally recognized as among
the most knowledgeable scientists in his field. However, he was as also widely
known for freely sharing his knowledge and experience with both the scien-
tific community and the public.

Professor Kader was born in Cairo, Egypt. He received his BSc in Horti-
culture from the Faculty of Agriculture at Ain Shams University in Cairo in
1959 at the age of 18. It is interesting to know that he started as a medical stu-
dent, but at 14 years of age he was afraid of the scenes of human organs and
blood and that is why he decided to transfer to the faculty of agriculture. After
obtaining his BSc from Ain Shams he moved to the University of California,
at Davis where he received his MSc in Vegetable Crops in 1962 and his PhD
in Plant Physiology in 1966, at the age of 25. After earning his doctorate, Pro-
fessor Kader returned to Egypt where he worked in the Faculty of Agricul-
ture at Ain Shams University from 1966 to 1971. While there, he was engaged
in teaching and research on postharvest horticulture, and co-authored a clas-
sic postharvest textbook in Arabic. He then served as a lecturer and consul-
tant at the Kuwait Institute for Scientific Research from 1971 to 1972, before
returning to UC Davis in 1972, first as an Assistant Researcher, and later as
an Assistant, Associate, and full Professor until his retirement in 2007, when




X OBITUARY: PROFESSOR ADEL A. KADER

he held the title of Emeritus Professor. During his tenure at UC Davis he
served as Chairman of the Department of Pomology and received numerous
awards. Professor Kader served for 18 years on the selected group of the Sci-
entific Advisory Council of the World Foods Logistics Organization, where
he was extremely active in supporting the industry all over the world on a
voluntary basis.

Professor Kader’s commitment to continuing education outside of the
classroom and student mentoring is exemplified by his participation in the
famous annual two-week Postharvest Technology Short Course, which he
was instrumental in co-organizing in 1979 and which has been attended
by over 2500 people over the last 34 years from almost every country
of the world. Never one to rest on his laurels, Professor Kader launched
the Postharvest Technology Research and Information Center Internet
site (http://postharvest.ucdavis.edu) in 1998, which has become the premier
source of postharvest information worldwide.

After retirement Professor Kader maintained a very active interest in
postharvest programs worldwide and frequently participated in seminars at
UC Davis and many international meetings, chaired the California Citrus
Quality Council, and continued to do some consulting to raise funds for the
UC Davis Postharvest Endowment.

Professor Kader passed away on 10 December 2012 while returning from
attending an international postharvest meeting in South Africa.

Elhadi M. Yahia
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Postharvest handling and storage

Introduction

Date palm (Phoenix dactylifera L.) belongs to the family Arecaceae (syn.
Palmaceae) that includes 200 genera; genus Phoenix contains 12 of the 1500
species that belong to the date palm family. Phoenix palms are dioecious
and are characterized by pinnate leaves and by duplicate leaflets with acute
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2 CH1 OVERVIEW OF DATE FRUIT PRODUCTION

and sharp tips (Sanderson 2001, Uhl and Dransfield 1987). Besides date
palm, the other two most highly valued Phoenix palms are Canary Island
Palm (P. canariensis Chabeaud), an ornamental palm and the sugar palm
(P. sylvestris Roxb), which is common in the Indian subcontinent for its sugar
syrup (Zaid and de Wet 2002). Date palms grow in hot, arid regions of the
world and are marketed worldwide as a high-value sweet fruit crop. It is
considered as an important subsistence crop in most of the world’s desert
areas (Al-Shahib and Marshall 2003). The date palm has traveled remark-
ably well as civilization moved out of the Middle East and reached places
such as Spain and the United States, with the Coachella Valley (California)
later becoming the primary commercial region of date production in the US
(Sauer 1993). Beyond the arid climates, date palm can also be grown in many
other countries for food or as an ornamental plant including the continents
of Americas, southern Europe, Asia, Africa, and Australia. The majority of
date palm-growing areas are located in developing or underdeveloped coun-
tries where date fruit is considered the primary food crop, thus playing a
major role in the nutritional status of these communities (Pruessner 1920,
Sanderson 2001).

The earliest evidence of date palm cultivation goes back to 4000 BCE in
Ur, lower Mesopotamia (now Iraq), where the date palm trunks were used
for the construction of the temples; while in the Nile Valley, date palm cul-
tivation goes back to 3000 BCE (Erskine et al. 2011).The date palm tree
was praised and cherished, as is evident from the drawings and sculptures
of ancient civilizations of the Sumerians, Assyrians, Babylonians, and Egyp-
tians, and later by the Greeks and the Romans (Pruessner 1920). Throughout
time, dates have been held in very high esteem in all three major regions of
the world. In Islam, the date palm is mentioned multiple times in the Holy
Quran and 300 times in the sayings or Hadith of the Prophet Muhammad.
Likewise, the date palm is praised in Christianity and Judaism and has been
linked to numerous religious ceremonies such as Passover and Palm Sunday
(Jalbani 2002, Musselman 2007). The date fruit is relished for its sweet, suc-
culent, and exotic flavor. Besides fresh consumption, this fruit is processed
into a wide variety of value-added products: such as dry dates, date paste,
date syrup, date juice concentrate, date jam, date butter, date bars, date
chutney, date relish, and date pickles. Date oil and date coffee are some of
the by-products produced from date seeds (Huntrods 2011, Vijayanand and
Kulkarni 2012).

This chapter provides an overview of date production, trade, and consump-
tion, fruit biology and postharvest physiology, packaging and storage, pro-
cessing and processed products, food safety and quality, and nutritional and
medicinal significance.

World production and trade

The area under date palm cultivation almost doubled from 1990 to 2007 (0.63
to 1.23 million hectares), however, there has been some decrease in years
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Figure 1.1 World date production and area under cultivation (1990-2011). Source: Adapted
from FAO (2012).

2008 to 2010 (Figure 1.1). The 2011 area figures stood at 1.20 million hectares
(FAO 2012), which represented an increase of 90.5% as compared to 1990’s.
It is noted the increases in area under date cultivation were more rapid from
1990 to 2001 — about 70% increase to 1.07 million hectares — whereas only
11% increase was observed from 2001 to 2011. The total world production
of dates was 7.51 million metric tons (MMT) in 2011, which represented an
almost 120% increase as compared to the 1990 production of 3.43 MMT (Fig-
ure 1.1). World date production increased consistently between years 1990
and 2001, for a total of 97% increase to 6.76 MMT. The production from
2001 to 2011 showed mixed trends, with about 11% increase. The peak area
under cultivation and production were 1.23 million hectare and 7.63 MMT,
reported in 2007 and 2010, respectively (FAO 2012). Overall, it is noteworthy
to mention that date cultivation and production have shown positive growth
trends.

Table 1.1 presents data on the area under date cultivation and produc-
tion for leading countries. Egypt was the top-most producer of dates with
1.37 MMT or 18.30% of total world production; followed by Saudi Ara-
bia (1.12 MMT), Iran (1.02 MMT), United Arab Emirates (UAE) (0.90
MMT), and Algeria (0.69 MMT). Combined, these top five countries con-
tributed a 68 % share of total world production. Other countries, not shown in
Table 1.1, with noticeable production (in thousand metric tons) were: Israel
(37.0), Kuwait (33.6), USA (30.0), and Turkey (28.3). As per FAO’s 2011
data, dates are produced in 37 countries (FAO 2012), however, it is noted
that countries listed in Table 1.1 accounted for 95.4% of the total produc-
tion while the remaining 25 countries contributed less than 5%. A regional
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Table 1.1 Leading date-producing countries in the world in 2011 (with over 50,000
metric tons).

Area Production Share of world
Country (hectares) (metric tons) production (%)
Egypt 41,652 1,373,570 18.30
Saudi Arabia 172,297 1,122,820 14.96
Iran 154,274 1,016,610 13.55
United Arab Emirates 200,000 900,000 11.99
Algeria 172,500 690,000 9.19
Pakistan 93,088 557,279 7.43
Oman 31,348 268,011 3.57
Tunisia 51,000 180,000 2.40
Libya 30,056 165,948 2.21
China 10,500 150,000 2.00
Morocco 43,982 119,473 1.59
Yemen 14,983 59,627 0.79
World total® 1,200,006 7,504,984 -

Including all other countries not listed.
Source: Adapted from FAQ (2012).

distribution of date-producing countries is give below (*countries producing
less than 10,000 metric tons):

* Asia (16): Saudi Arabia, Iran, UAE, Iraq, Pakistan, Oman, China, Yemen,
Israel, Kuwait, Turkey, Qatar, Bahrain, Jordan, Occupied Palestinian
Territory*, and Syria*

e Africa (15): Egypt, Algeria, Tunisia, Libya, Morocco, Mauritania, Chad,
Niger, Somalia, Benin*, Kenya*, Cameroon*, Namibia*, Swaziland*, and
Djibouti*

e Americas (4): USA, Mexico*, Peru*, and Colombia*
e FEurope (2): Albania* and Spain*.

Egypt had significantly less area under date palm cultivation (41,652
hectares) as compared to next five countries on the list, with a range of
123,230 hectares to 200,000 hectares (Table 1.1). The highest production of
dates in Egypt is attributed to significantly higher tree density per hectare
as compared to Saudi Arabia, Iran, UAE, Algeria, and Iraq. The disparity
between the area under cultivation and production in individual countries
can be further explained by date fruit yield per hectare in 20 countries (Fig-
ure 1.2). Owing to the high density of trees per unit area, Egypt had the high-
est date yield of almost 33 metric tons/hectare. China, the next country on
the list, had a yield of 14.29 tons/hectare (or about 43.5% of that in Egypt).
On the yield basis (4.5 tons/hectare), UAE, the fourth-largest producer of
dates in the world, was not in the list of countries shown in Figure 1.2. It is
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Figure 1.2 Country-specific average yield of dates in 2011 (*Occupied Palestinian Territory).
Source: Adapted from FAO (2012).

further noted that, in addition to higher tree density, higher yield could be
contributed partially to better production and management practices in some
countries.

Major date exporting and importing countries, by quantity and value, are
listed in Table 1.2. UAE led the list of both exporting and importing coun-
tries by quantity, with 237,898 and 227,726 metric tons, respectively. Based
on the value of dates exported, Tunisia was the leader with over US $200,000
for 84,282 metric tons of dates exported. The wide variations based on quan-
tity and value are due to a well-established grading and packaging industry

Table 1.2 Major date exporting and importing countries in 2010.

Exporters Importers

Quantity Value Quantity Value
Country (metric tons) (1000 US$) Country (metric tons) (1000 US$)
United Arab Emirates 237,898 22,306  United Arab Emirates 227,726 25,613
Pakistan 121,681 48,690 India 193,467 95,042
Iraq 120,123 35,913  Morocco 51,449 77,894
Iran 106,760 134,001  France 28,171 72,011
Tunisia 84,282 200,091  Yemen 23,935 11,167
Saudi Arabia 73,362 78,126  Russian Federation 20,814 29,166
Egypt 19,562 18,529  Malaysia 17,980 36,120
Israel 12,676 63,381  Syria 17,343 7,947
France 11,514 32,112  Indonesia 16,986 18,097
Algeria 10,393 16,930  Turkey 13,158 13,127

Source: Adapted from FAO (2012).
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in Tunisia as compared to UAE, Pakistan, and Iraq. For example, Pakistan
ranked second in dates exported by quantity but earned only US $48,282 in
value. UAE, which exported about twice the amount, earned even less than
one-half as compared to Pakistan. Based on the value, India was the leading
importer of dates, followed by Morocco and France.

Marketing and consumption trends

Marketing of dates involves various operations through the value-chain,
for example, harvesting, cleaning, grading, packaging, processing, and trans-
portation/shipment to local or export markets. Among date-producing coun-
tries, the state of marketing channels varies widely. It is not uncommon to see
growers selling their harvest roadside or in small village/town markets, which
represents an unsophisticated manner of marketing with low returns. Where
proper marketing channels exist, they range from basic to well established
and developed. For example, Pakistan has a typical and unsophisticated net-
work of up to six or seven intermediaries between the primary source (grow-
ers) and the end user (Figure 1.3). Because of the presence of so many layers
and the lack of adequate marketing infrastructure and storage facilities, 30
to 40% of the perishable produce gets spoiled before reaching the ultimate
consumer (PHDEB 2008).

Per capita consumption of dates varies widely from country to country.
According to 2003 data, per capita consumption is the highest in Saudi
Arabia, with 34 kg/year. Other countries with high per capita consumption of
dates are: UAE (17 kg), Libya (15 kg), Algeria (14 kg), and Egypt (13 kg). In
some Middle-Eastern countries (Jordan, Lebanon, Palestinian Territory) the

v
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Figure 1.3 Domestic and export marketing channels for dates in Pakistan. Source: Adapted
from PHDEB (2008).
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per capita date consumption is very low— around 1 kg (Ashraf and Hamidi-
Esfahani 2011). Al-Marshudi (2002) noted that the date palm has retained
its value for the desert population owing to its good adaptation to the envi-
ronment and the wide range of benefits it provides. To many desert inhabi-
tants, date fruit represent an important source of nutrition as its products can
be used the year round (fresh mature dates are used during the June and
October period). In addition, dates can be processed and stored for the
remaining months of the year simply by using traditional ways of packing in
jars or bags (Al-Marshudi 2002). Dried dates are one of the few food sources
that are self preserving (due to the high sugar content), are light to carry,
especially in view of the small quantity needed for daily consumption, and
are pleasant to eat (Sanderson 2001).

Date palm growth and fruit production

Date trees grow readily from seed but the quality of the resultant plant is not
reliable, therefore, the most common method of reproduction is the plant-
ing of suckers. There have been further refinements in propagation methods
including, in the last 30 years or so, production of “tissue culture” dates in
laboratories and then transplantation into the field (Sanderson 2001). Among
Phoenix species, date palm is the tallest one, which can grow to 30 meter in
some regions. The trunk of this tree is surrounded from the ground upwards
in a spiral pattern of leaf bases. The leaves are large, measuring 4-5 meter,
alternate, sheathing in a dense terminal rosette (Erskine et al. 2011). For opti-
mum growth and fruit bearing, date palms must have full sun because they
cannot grow in the shade. The fruit must be produced commercially at a tem-
perature of 32°C (90 °F) with no or low (<12 mm, 0.5 inch) rain during the
ripening period. In the desert conditions, date palms can tolerate long periods
of drought (Huntrods 2011).

Date palms are dioecious — i.e., the male and female parts are on sepa-
rate plants. Dates are naturally wind or insect pollinated, and natural pollina-
tion can be practiced in seedling orchards with mixed cultivation of male and
female trees. In most commercial orchards, only one male tree is typically
sufficient for pollinating up to 50 females (Huntrods 2011, Sanderson 2001).
Pollination is accomplished artificially and the traditional method involves
cutting several pollen clusters from the male tree and inverting them among
clusters of female flowers. Today, besides the traditional method, pollina-
tion can be done using machines, which has made the process quicker, easier,
and efficient (Huntrods 2011). Fruit thinning is practiced at pollination time,
or occasionally 6-8 weeks post-pollination. Thinning can be done by bunch
thinning, where some strands or portions are removed, by complete bunch
removal or both. Dates are planted about 25-35 feet apart, yielding about
50 plants per acre on average, but some varieties such as Khadrawi can be
planted at higher densities. It is also recommended to prune off persistent
leaves and old fruit stalks (Huntrods 2011, Sanderson 2001). The tree density
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varies from country to country, for example, low density in Saudi Arabia to
very high density in Egypt.

The date palms begin producing fruit when they are about 7 years old and
generally produce fruit for 75 years. The date palm fruit is a berry type, also
known as a “drupe” having a single hard seed. Only female date palms bear
fruit, so for commercial purposes female trees are planted predominantly.
However, it must be noted that male trees that produce plentiful pollen are
very valuable as well, because the pollen quality significantly affects the size
of the fruit and its ripening rate. Fruit is born on clusters called bunches and
it is the largest among all other species, with a few varieties reaching up to
100 x 40 mm in size. After pollination, it takes the fruit 150-200 days to reach
the fully ripened or Tamar (Tamr) stage. Generally, a fully productive palm
can support 5-10 fruit bunches that can weigh from 60 to 100 kg. Depending
on the cultivar, the fruit is 25-75 mm (1-3 inches) long with a thick skin and
very sweet flesh and a large seed (Erskine et al. 2011, Huntrods 2011).

Cultivars

A wide variety of date palm cultivars are grown in different countries;
however, according to Anon. (2002), the following date varieties are the com-
mon types: Barhi (fresh consumption at Khalal or early stage, sweet and juicy,
yellow color, available seasonally during harvest months); Hayani (fresh con-
sumption, black and shiny color, long fruit, not very sweet); Medjhool (dried
date, large fruit, soft and sweet, light brown to dark-brown color); Amari
(dried date, soft, sweet, medium sized date); Deglet Nour (dried date, semi-
soft, famous flavor, light to dark-brown color, harvested semi-dry); Hadrawi
(dried date, sweet and fleshy date, dark brown color); Zahidi (dried date,
round, medium seized and not too sweet date, golden color). The date culti-
vars that dominate the market, based on consumption, are Medjhool, Deglet
Nour, and Barhi.

The date cultivars grown in various countries, as described by Ashraf and
Hamidi-Esfahani (2011) are:

e Algeria: Iteema, Deglet Nour, Thoory

* Egypt: Hayani, Zoghloul, Siwi, Samany, Amhat

* India: Kajur, Bericcha Pazham

e [ran: Estamaran, Shahani, Kabkab, Mazafati, Rabbi, Zahidi, Barhi, Gen-
tar, Alemehtari, Kazrawi, Khasui, Shakkar, Mordarsang, Pyarom, Halawi,

Dayri, Sowaidani

e [Iraq: Dayri, Barhi, Halawy, Khadrawi, Maktoom, Amir Hajj, Zahidi,
Sayer, Khastawi
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Israel: Medjhool, Hadrawi
Jordan: Medjhool

Libya: Saidy, Haleema, Aabel, Mgmaget Ayoub, Tagyat, Tamej,
Umeljwary

Morocco: Medjhool

Pakistan: Zaidi, Mobini, Shakri, Obaidullah, Hsaini, Basra, Khadrawi,
Gulistan, Sabzo, Mozafati, Dhakki, Kajur

Saudi Arabia: Miskani, Nabbut Ghrain, Hulwa, Thamani, Sokkary,
Rothanat, Al-Qaseem, Sebakat Al-Riazh, Helwet El-Goof, Zaghloul,
Ajwah, Khalasah, Nabtat Seyf, Mishriq, Sag’ai, Sellaj, Umelkhashab,
Al-Barakah, Berhi, Gur, Hiladi, Khasab, Majnaz, Ruzeiz, Sahal, Shashi,
Tanjeeb, Tayyar, Um Rahim, Zamil

Sudan: Mishriq, Abid Rahim, Barakawi, Birier, Kulma Suda, Mishriq
Wad, Khatieb, Mishriq Wad Lagi, Medina, Bentamoda, Gondaila, Jawa,
Zughloul

Tunisia: Deglet Nour, Ftimi (Alligue), Rouchdi, Mermella, Lemsi, Kenta,
Korkobbi, Garn ghazel, Eguiwa, Mattata, Bouhattam, Ksebba, Amari,
Angou, Arichti, Bejjou, Bisr Helou, gounda, gousbi, Brance de dates,
Hamraya, Hissa, Kentichi, lagou, Touzerzayet

UAE: Lolo, Khalas, Berhi, Fard, Bomaan

USA: Medjhool, Deglet Nour, Empress, Zahidi, Khadrawy, Halawy

Yemen: Migraf

Maturity stages

Date fruit development progresses through five maturity stages that take
about 6-8 months; fruit: (1) grow rapidly, (2) turn their characteristic color,
(3) lose water, (4) accumulate sugars, and (5) ripen completely (Huntrods
2011). These stages are shown in Figure 1.4; Ashraf and Hamidi-Esfahani
(2011) described these stages as:

Hababouk — The first stage that appears after pollination and continues
for 4-5 weeks. The fruit has round shape, whitish-cream color with green
stripes.



10

CH1 OVERVIEW OF DATE FRUIT PRODUCTION

Vo

|

Bisr (Khalal) stage
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Figure 1.4 Different growth and maturity stages of date fruit. Reproduced with permission of
Saleh M. Aleid. (For a color version of this figure, please see the color plate section).

Kimri — This stage appears in the first 17 weeks after pollination. The fruit
is young, elongated, greenish in color, hard in texture and with about 85%
moisture. Fruit weight increases significantly and the tannin concentration
is high. Although the fruit is inedible for direct consumption at this stage,
it can be used for making chutney (sauce) or pickles.

Khalal — During the next 6 weeks, date fruit gains maximum size and
weight, color gradually becomes a typical yellow, purplish-pink, or red
depending on the cultivar, with hard texture. At this stage, sugar increases
slowly and becomes mainly sucrose. This is the stage at which dates are
mainly consumed raw as fresh fruit or they can be used for jam, butter, or
date-in-syrup.

Rutab — In the next 4 weeks, the dates lose water with half of the fruit
becoming soft, sweeter and darker in color (light brown), and less astrin-
gent. Sucrose converts to reducing sugars and protein, fat and ash percent-
ages decrease. This stage is the start of ripening. Dates at Rutab stage from
many cultivars are eaten fresh or processed into jam, butter, date bars, and
date paste.
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e Tamr or Tamar/Tamer — During this final stage, that typically lasts
2 weeks, the fruit gains maximum total solids, highest sweetness, lowest
astringency, dark brown color, soft texture, and a typical wrinkled shape.
There is a high concentration of reducing sugars, especially glucose and
fructose, with no or very low sucrose. The percentages of protein, fat and
ash are less compared to Rutab stage. Owing to low moisture and high
sugar content, dates of this stage have good storage stability (about one
year at room temperature if they are packed tightly. For dry cultivars,
Tamr dates become light colored with a dry hard skin, whereas for soft
cultivars the flesh remains intact and soft and intact with a dark color.

Harvesting and fruit quality/grades
Harvesting

Dates are harvested and marketed generally at three stages of development:
mature firm (Bisir or Khalal), full ripe (Rutab) and dry (Tamar or Tamr).
The decision for harvesting at one or other stage depends on cultivar char-
acteristics; especially, soluble tannins levels, climatic conditions, and market
demand (Glasner et al. 2002). Time of harvest is based on the date fruit’s
appearance and texture (related to moisture and sugar content). Proper
timing of harvest reduces incidence and severity of cracking or splitting of
dates, excessive dehydration, insect infestation, and attack by microorgan-
isms (Kader and Hussein 2009). Date moisture should be 20-26% (when
fresh), with equilibrium relative humidity (ERH) of not more than 65%. Con-
sequently, dates of <65% RH ensure resistance to microbiological factors
such as mold, yeast, and bacteria that attack the fruit. Therefore, harvesting
should take place while the fruit has a relatively high water content in order
o prevent the fruit from losing water and becoming hard in texture (Navarro
2006). Rutab and Tamar dates are harvested as whole bunches (when the
majority of dates are ripe) by lowering close to the ground level and shak-
ing into a bin to remove the ripe dates; alternatively, individual ripe dates
are picked from the bunches and on average three pickings are required over
several days. Pickers use different types of containers and harvesting aids to
lower the dates to the ground level (Kader and Hussein 2009).

Although dates are historically a labor-intensive crop, modern high-tech
processing allows producers to handle the large volume (Huntrods 2011).
Kader and Hussein (2009) reported that for harvesting from very tall trees,
ladders may be mounted on the palm tree or various types of lifts, such as
a tree squirrel and self-propelled elevating platform, are used to elevate the
harvesting laborers to facilitate harvesting.

After harvesting, dates should be cooled to 0°C and transported under
refrigeration (0-2°C and 90-95% RH) to maintain their quality. Hydro-
cooling can be used to cool Khalal dates to near 0°C in 10-20 minutes,
depending on initial temperature, this requires effective disinfection of the
water and removal of excess surface moisture from the cooled dates before
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packing in the shipping containers; thus, forced air cooling may be a better
choice than hydrocooling (Kader and Hussein 2009). At a typical process-
ing plant, dates are inspected for quality and weighed prior to entry in the
plant. Then dates are fumigated in completely sealed chambers. For further
processing, dates are transferred to feeding line elevator and automatically
dumped over a shaker for preliminary washing; hot air blast is applied to
remove excess water (PHDEB 2008).

Proper food safety measures should be taken during date harvesting and
handling. Cleaning and sanitizing food contact surfaces, such as harvest aides,
harvest containers, and packing lines, involves following four steps (Bihn and
Reiners 2011):

Step 1 — Pre-Rinse: Pre-rinse surfaces to remove soil that may have accumu-
lated, paying particular attention to cracks, crevices, and hard-to-reach
areas. Pre-rinsing may require scraping and brushing to remove the soil.

Step 2 — Wash: This step requires thorough washing (cleaning) of the sur-
face to disperse the soil in the detergent solution. All detergent (cleaner)
should be mixed according to label directions and applied to the surface
to break down the soil and all its components including fats, carbohy-
drates, and proteins. The chemical action of the detergent and the phys-
ical action of scrubbing helps remove the soil.

Step 3 — Rinse: In this step, the detergent solution containing the soil is
rinsed away to ensure that the surface is visibly free of soil and detergent
solution.

Step 4 — Sanitize: Finally, a sanitizer is applied to the surface as per the
label’s directions. All sanitizers should be tested with a simple test kit
specific to the sanitizer being used to determine that the appropriate
concentration (strength) is achieved and maintained. Sanitizers reduce
the level of spoilage and pathogenic microorganisms on the surface to
safe levels. Steps 1-3 must be done properly because if the surface is not
clean, then the sanitizer quickly loses its effectiveness (Bihn and Reiner
2011).

Fruit quality and grades

Yahia (2004) reported that the skin of dates should be smooth, with little or
no shriveling, golden-brown, amber, green or dark-brown color depending
on the variety; whereas, the texture may be soft and syrupy, or firm or dry
texture depending on the cultivar. Other criteria for a high quality for fresh
dates include: adequate size and color, thick flesh, free from dirt, sand and
leaf particles, birds, insect and rodent damages, fungi and mold infestation,
sugar crystal formation or ‘sugaring’ (Dowson 1982). Date fruit quality grades
are based on uniformity of color/size and absence of defects or damages by
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discoloration of the flesh, rupture of the skin, deformity of the fruit, puffiness
of the skin, scars, sunburn, insect damage, decay, black scald, fermentation,
improper ripening, mechanical damage, dirt or any other foreign material.
Codex and US Grades A, B, C, standard and substandard applied for whole,
pitted or dry dates use these criteria for grading (Yahia 2004).

Generally, the sugar contents for different grades are usually the same
when expressed as a percentage of dry weight, but the higher grades usually
contain higher amount of sugar per date. Medjhool dates in the USA are clas-
sified into three size categories: Jumbo for <10 dates per 1b (0.45 kg), Mixed
for 10-15 dates per 1b and Conventional for 15 dates per 1b (Yahia 2004).
Jalbani (2002) reported that dates in Pakistan are usually classified according
to the following grades: Extra Class, Select-A, Select-B, Good Average Qual-
ity, Fair Average Quality, and Industrial Grade.

Sorting and grading of dates in all countries is essentially done manually. In
postharvest operations, the date grading and sorting process can be a source
of delay in packaging and marketing of fruit. The reason being that it is a
repetitive, labor intensive and time consuming process and it is carried out by
humans manually through visual inspection (Al Ohali 2011). Jalbani (2002)
indicated that the job of date grading is quite technical in nature and that a
batch of workers under the supervision of a highly experienced quality con-
troller, who gives instructions to his team for preparing the desired grades. To
speed up the date grading process and maintain the consistency/uniformity,
Al Ohali (2011) designed and tested a prototype computer vision based
date grading/sorting system by a defined set of fruit external quality fea-
tures; the test results showed that the system can sort 80% dates accurately.
Further refinement of prototype systems and development of commercial
machine-vision grading systems can improve the grading operation efficiency
significantly.

Postharvest handling and storage

The respiration rate of dates is very low: <5 mg CO; kg/hr at 20°C (68 °F) at
the Khalal stage, and <2 mg/kg/hr at the Rutab and Tamar stages. Ethylene
production of dates is also very low: <0.1ul/kg/hr at Khalal stage and none
at Rutab and Tamar stages (Yahia 2004). Dates beyond Kimri and Khalal
stages are not sensitive to chilling injury. Yahia (2004) reported that dates
may require postharvest ripening if picked early. Soft and semi-dry cultivars
need to be dehydrated to eliminate excess moisture if they will not be con-
sumed immediately. Hydration is used to soften the texture of hard-type cul-
tivars. Kader and Hussein (2009) suggested that dates should not be mixed
with onions, garlic, potatoes, apples, or other commodities with strong odors
that can be adsorbed by the dates.

Date fruit quality loss resulting from pathological and physiological dete-
rioration increases with increasing moisture content and storage temperature
(Yahia 2004). Storing dates at low temperatures is the most important way
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of maintaining quality: because it minimizes loss of color, flavor, and tex-
tural quality; delays development of sugar spotting, incidence of molds and
yeasts, and insect infestation; and prevents development of syrupiness (due to
conversion of sucrose into reducing sugars) and souring of excessively moist
dates. Khalal dates should be stored at 0°C and 85-95% RH to reduce water
loss, delay ripening to the Rutab stage, and maintain their textural and fla-
vor quality (Kader and Hussein 2009). In order to reduce moisture loss and
improve shelf life, packaging in moisture-barrier plastic bags or use of plastic
liner in the box is helpful. Optimal temperature for Tamar dates is 0°C for
6-12 months, depending on cultivar (semi-soft dates, like Deglet Nour and
Halawy, have longer storage-life than soft dates, like Medjhool and Barhee).
For extended storage, the use of temperatures below the highest freezing
temperature of —15.7 °C is recommended. Dates with 20% or lower moisture
can be kept at —18 °C for more than one year, at 0 °C for one year, at 4 °C for
8 months, or at 20 °C for one month; RH should be kept at 65-75% for all
cases (Kader and Hussein 2009).

There is a continuing trend toward increased precision in temperature
and RH management to provide the optimum environment for fresh pro-
duce during cooling, storage, and transport; precision temperature control
and management tools, including time-temperature monitors, are becom-
ing more common in cooling/storage facilities and during transportation and
shipping (Kader 2003). Storage at optimum temperature and RH along with
supplementary postharvest treatments (edible coating, modified atmosphere
packaging) can significantly increase the shelf life of fruits, including dates
(Figure 1.5).

Kader (2003) recommended maintaining a cold chain for perishables
throughout the marketing channels. These recommendations can be applied
to dates handling for maintaining their quality and safety at various steps:

e Harvest: Protect the product from the sun, transport quickly to the
packinghouse.

(2) + supplement treatments
Optimum temp. & RH ranges (2)
(1) + supplement treatments

Temp. & RH outside the optimum range (1)

0 25 50 75 100 125 150
Relative Shelf Life

Figure 1.5 Relative postharvest shelf life of perishable commodities under different
conditions. Source: Adapted from (Kader 2003).
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* Cooling: Minimize delays before cooling, cool the product thoroughly as
soon as possible.

» Temporary storage: Store the product at its optimum temperature, practice
first in first out’ rotation, ship to market without any delays.

* Transport to market: Use refrigerated loading area, cool truck before load-
ing, load pellets towards the center of the truck, put insulating plastic strips
inside door or reefer if truck makes multiple stops, avoid delays during
transport, monitor product temperature during transport.

* Handling at destination: Use a refrigerated unloading area, measure prod-
uct temperature, move product quickly to the proper storage area, trans-
port to retail markets or foodservice, operations in refrigerated trucks, dis-
play at proper temperature range.

* Handling at foodservice outlet or home: Monitor product temperature dur-
ing transport, store product at proper temperature, use the product as soon
as possible.

After all the necessary steps have been taken by the producer, processor,
and marketer to ensure food safety aspects, it is consumer’s responsibility,
too, to handle and store a food product in a safe manner to avoid any food
safety issues.

Postharvest quality evaluation

Aleid (2012) reported that quality profile of dates in the marketplace involves
evaluating four aspects: (a) color, shape, size, taste, texture, pit/flesh ratio,
and uniformity in color and size of the fruit; (b) moisture, sugar, and fiber
content; (c) defects of the fruits, which may include discoloration, broken
skin, sunburn, blemishes, shrivel deformity, etc.; and (d) insect infestation,
foreign matter, pesticide residues, mold, and decay. Such evaluation forms
the basis of “chemical,” “physical,” and “sensory” quality attributes.

Chemical quality attributes: Date varieties can vary significantly in their
chemical composition, especially the amounts of reducing, non-reducing sug-
ars, and the amount and composition of dietary fiber. The variations in com-
position have a significant effect on their structural, sensory and textural
properties (Rahman and Al-Farsi 2005).

Physical quality attributes: Texture is the most important physical qual-
ity attribute of dates, which is determined by instrumental analysis. The
texture profile analysis (TPA) includes measuring hardness, cohesiveness,
adhesiveness, springiness, resilience, and chewiness. Hardness, chewiness,
and resilience usually increase exponentially with the decrease of mois-
ture content, whereas adhesiveness, cohesiveness, and springiness increase
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Table 1.3 Quality definitions of attributes based on consumer preferences.

Attribute Quality definition

Color Good quality dates tend to be light brown in color

Appearance Most preferable dates tend to be uniform in shape and long

Sweetness Preferred dates tend to be moderately sweet

Fruit size A good quality date fruit tends to be moderately large

Chewiness A date of good quality ranges from slightly to moderately chewy

Flesh thickness The flesh thickness of a good quality date fruit ranges from moderately
thick to thick

Solubility A good quality date tends to be moderately soluble to very soluble when
consumed

Elasticity Dates of good preference tend to range between slightly elastic and
moderately elastic

Texture and A good quality date tends to have a smooth texture and mouth feel

mouth feel
Mouth shear A slight force is needed to shear or tear a good quality date fruit
Pit size The pit of a good quality date tends to be medium in size, i.e., neither

big nor small

Source: Ismail et al. (2001). Reproduced with permission from Elsevier.

exponentially with the decrease of moisture content (Rahman and Al-Farsi
2005).

Sensory quality attributes: With respect to consumers, important quality
criteria of a produce are appearance (including color, size, and shape, con-
dition and absence of defects), mouth feel or texture, flavor and nutritional
value (Wills et al. 1998). A well-defined, standardized scoring system for eval-
uating the total quality of a date (7amar) based on consumer preferences
was developed and tested for validity by Ismail et al. (2001), as shown in
Table 1.3. Eleven defined quality attributes of the Tamar dates using a five-
point scale (very poor, poor, satisfactory, good, and excellent), that later was
transformed to quantitative scores, were evaluated. For most of the attributes
(color, appearance, sweetness, fruit size, mouth feel, mouth shear, and pit
size) there was a single preferred category by a majority of date consumers.

Date processing and by-products

Date fruit has not been processed into value-added products on a scale
similar to some other tropical fruits, especially on a commercial scale.
Nonetheless, beside direct consumption of the whole dates, this fruit is used
traditionally to prepare a wide range of different products, for example, date
juice concentrates (spread, syrup, and liquid sugar), fermented date prod-
ucts (alcohol, vinegar, organic acids), and date pastes for uses in the
bakery and confectionary industry (Aleid 2012, Anon. 2002). A separate



DATE PROCESSING AND BY-PRODUCTS 17

chapter “Date Fruit Processing and Processed Products” (Chapter 8) cov-
ers date processing/products in detail; here, a brief description of selected
products is provided:

Date syrup: Generally, the low quality (cull) dates are used to produce
date syrup and date syrup concentrate, since the fruit is a good source of
glucose and fructose. Sucrose is present in significant amounts, as well.
Sugars are responsible for much of the physical nature of syrups as well
as its hygroscopy (Tavakolipour et al. 2007). Date syrup can potentially
replace sugar in food formulations where slight coloring it imparts is not
critical in the quality of such prepared products.

Date paste: Processing of date fruits into date paste is a way to preserve
the fruit and offer flavorful choices for adding it to different foods, espe-
cially in baked goods and confectionery. Date paste is produced from
clean-pitted dates by mixing/mincing with simultaneous addition of pre-
determined amounts of water or steam. Date paste contains high levels
(78%) of invert sugar and dietary fiber (7%) and it is a good source of
minerals and trace elements. Ascorbic acid or a combination of ascorbic
and citric acid are effective in keeping the changes in the pH of the date
paste stored at 25 °C to a minimum (Yousif et al. 1991).

Date jam/jelly: The use of second-grade Tunisian dates (with a hard tex-
ture) as raw materials for jam production was explored by Besbes et al.
(2009). The resulting jams were characterized in terms of chemical com-
position, physical properties (texture and water retention capacities),
and sensory properties. The date variety had a significant effect on the
composition and physical characteristics of the date jams, which had high
overall acceptability. Masmoudi et al. (2011) prepared four jelly formu-
lations using date juice enriched with pectin and lemon flavoring.

Date vinegar: Date fruit ferments readily, making dark, rich vinegar that
has a fruity flavor. It can be used like balsamic vinegar; date vinegar was
made 5,000 years ago in Babylonia (now Iraq) (Huntrods 2011).

Fructose production: Date syrups are composed of large amounts of reduc-
ing sugars and possess more fructose than glucose. Separation of sug-
ars from dates is one of the best methods to produce value-added prod-
ucts, and fructose, in particular, yields high quality products. Fructose
has been known the sweetest of all natural sugars and considered as the
ideal dietary sugar (Aleid 2006).

Single-cell protein (SCP): SCP is produced from bacteria, yeasts, fungi, and
algae using different substrates as sources of carbon and energy. Dates
are a good potential substrate for SCP production. Their carbohydrate
content amount to 65-87% dry matter and includes sucrose, glucose, and
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fructose, which are readily metabolized by most microorganisms. SCP
can be used in animal feed for cattle, sheep, fish, and poultry (Aleid 2006,
Kwangnam 2003).

Baker’s yeast production: Though molasses is the conventional substrate
for the production of baker’s yeast worldwide, dates can be a good
potential substrate for this purpose since date syrup compares very well
to molasses with respect to its nutritional content. Date syrup contains
more sugars, biotin, and pantothenic acid than molasses, approximately
similar amounts of nitrogen, phosphorus, and magnesium, and about half
the content of potassium; this is sufficient for baker’s yeast production
(Aleid et al. 2009).

Canned products: Aljasass and Siddiq (2013) studied the feasibility of
preparing a canned chickpea—date product. Date bits were added to
chickpeas at 10%, 20%, and 30% replacement levels. Chickpeas with
added dates had significantly higher amount total phenolics and antioxi-
dant activity. Adding dates to canned chickpeas had significant effect on
chickpea color, which became light-brown to dark-brown with increas-
ing level of dates. The canned chickpeas—dates were also evaluated for
sensory attributes of aroma, texture, appearance, color, and the overall
acceptability as compared to the control. Canned chickpeas with 20%
date bits had the highest mean scores for aroma, texture, appearance,
color, and overall acceptability. The control without dates had the low-
est scores for all sensory attributes.

By-products: Date pits (seeds) and press cake are the two major by-
products of date fruit. Presently, date pits are used mainly for animal
feeds for the cattle, sheep, camel and poultry industries. However,
given their excellent nutrional profile, especially, high fiber content,
value-added utilization of date seed powder has a potential for use in
food applications as well (Amany et al. 2012). Cull dates are dehydrated,
ground, and mixed with grain to form a very nutritious stock-feed and
are fed to camels and horses in desert regions. The terminal buds of the
date palm tree or hearts of palm make tasty additions to salads; whereas
in some European countries, date palm groves are maintained exclu-
sively for the supply of young leaves for religious use (Huntrods 2011).

Food safety considerations

Dates are prone to contamination both in the preharvest and postharvest
stages (Box 1.1). Therefore, safety of dates, just like other fruits and fruit
products, begins with appropriate practices followed at farm level through
processing. The conditions and environment at the farms and specifically the
use of production inputs such as insecticides, pesticides, fertilizers, (chemical
risk factors), sanitation, quality of water and workers’ health (biological risk
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Box 1.1 Potential sources of fruit contamination
Preharvest

* Soil

* Irrigation water

e Animal manure

e Inadequately composted manure
* Wild and domestic animals

* Inadequate field worker hygiene
* Harvesting equipment

Postharvest

e Transport containers (field to packing facility)

e Wash and rinse water

* Unsanitary handling during sorting and packaging

* Equipment used to soak, pack, or cut produce

* Ice, for cooling produce

 Cooling units (hydrocoolers)

* Transport vehicles

e Improper storage temperature

e Improper packaging

» Cross contamination in storage, display, and preparation

Source: Anon. (2013), Rangarajan et al. (2000).

factors), postharvest handling (precooling, use of sanitizers), storage (refrig-
eration and freezing facilities), and shipment practices, as these relate to
good agricultural practices (GAPs; Table 1.4), are critical to ensure food
safety. Similarly, at fruit processing plants safe and sanitary manufacturing
and handling of food for human consumption require adherence to cur-
rent good manufacturing practices (cGMPs) and good hygienic practices
(GHPs), which are important foundations and prerequisites for process-
specific, food safety control programs, such as hazard analysis and critical
control points (HACCP).

Processed fruit products, an important food category in many countries,
are globally traded and certain branded processed fruit products are con-
sidered premium because of their good quality and safety records. The
manufactures of these products have adopted strong current cGMPs, pre-
vention, quality control, certification and audit measures to ensure safe food
quality. Table 1.5 lists the important aspects of cGMPs, as per USDA (2002).
Adherence to GMP practices also minimizes the risk of adulteration and
misbranding.
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Table 1.4 Important parameters for good agricultural practices (GAPs) to minimize microbial
food safety hazards.

Parameters Key consideration

1. Water quality * As water can be a potential carrier of microorganisms and

pathogens, identify source and distribution of water to be used.

® Regularly test and maintain a record of water quality.

* The quality of water in direct contact with edible portion of
produce should be of potable quality.

® GAPs include protecting surface waters, wells, and pump areas
from uncontrolled livestock or wildlife access to prevent fecal
contamination, which can be sources of pathogens.

* Use of polluted water should not be permitted.

2. Worker health and ® Infected and sick workers can contaminate fresh produce, water
hygiene supply, and other workers and transmit foodborne illness.
* Workers and other food handling employees should be trained
in aspects of good hygienic practices, importance of sanitation,
and proper hand washing technique.

3. Sanitary facilities e Tt is important to maintain a clean and sanitary work place.
® The toilet and wash room facilities, production, and other
areas, should be provided with facilities such as tissue paper,
soaps, etc., and be properly cleaned on a regular basis.
* The sewage and waste should be properly disposed of.

4. Field and packing * Maintain sanitary clean facility including buildings, fixtures,
house sanitation other physical facilities, and equipment.
* Prevent and control pest infestations.

5. Manure and municipal ~® Manure and animal waste can be a potential source of
biosolids contamination and should be disposed of carefully.

6. Transportation ® Microbial cross-contamination from other foods and nonfood
sources and contaminated surfaces may occur during loading,
unloading, storage, and transportation operations.

* Keep transportation vehicle clean.
* Maintain proper temperature.

7. Traceback ® Maintain records of dates of production, area of production,
packing, etc. to be able to trace back each step in the supply
chain.

Source: Anon. (2013), Rangarajan et al. (2000).

Nutritional and health considerations

Nutritional profile

The proximate composition of fresh and dried dates is shown in Table 1.6.
Date fruit is a rich source of carbohydrates, most of which are in the form
of simple sugars. Sugar contents range from about 40% (fresh dates) to 80%
(dried dates) and are mostly of inverted form (glucose and fructose). The
ratio of glucose to fructose is almost equal. Depending on the variety, water
content is between 7% and 79% for dry and fresh dates, respectively (Erskine
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Table 1.5 Important aspects for current good manufacturing practices (cGMPs).

Parameters Key considerations

1. Building, water e Building should be of adequate size, construction, and design.
supply and sewage ® Floors, walls, and ceilings are properly maintained for safe
disposal operation.

¢ Lighting, ventilation, ducts and pipes are maintained and
routinely replaced to minimize safety violations.

* Water supply system, washing and toilet facilities, drainage and
sewage disposal systems are well maintained to support quality.

2. Equipment ® Equipment used in processing should be of sanitary design and
quality.
® A proper record of plant clean-up procedure and its frequency
should be maintained.

3. Personnel ® The employees should have proper training in jobs to be
performed and follow safe handling of food protocols, wear
appropriate clothing, hairnet, etc., and maintain good personal
hygiene so as avoid any potential contamination of products.

4. Incoming ingredients ~ ® Raw materials and ingredients used in the processing should be
obtained from certified and approved venders.
® Raw materials should be maintained at proper storage
conditions under sanitary conditions.
® Raw materials not meeting quality standards should not be
used.

5. Production ® Production should follow HACCP principles and standard
operating procedures to minimize risk of contamination and
quality defects.

6. Quality control (QC) ® Proper quality control (QC) testing set-up should be followed
for incoming material and finished product to be able to issue a
certificate of analysis (COA).

® The QC should maintain proper records of quality procedures
and data including certification, audits and compliance to
customer complaints.

® The QC should have proper protocols on recalls.

® The QC should have retain samples and maintain a traceability
program.

7. Labeling ® The products should have proper labels indicating date of
manufacture, ingredients, nutritional information, storage
requirements, etc.

Source: Adapted from USDA (2002).

et al. 2011, USDA 2012). The sugar content of date fruit might vary signifi-
cantly with respect to cultivar, soil, climatic conditions, field practices, and
fruit maturity stage.

Dates are a rich source of dietary fiber (DF), however, there are wide vari-
ations in the DF content for dried dates reported in the literature (Lund et al.
1983, Spiller 1993). The wide difference in DF contents has been attributed
partly to measurement techniques adopted. Al-Shahib and Marshall (2003)
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Table 1.6 Proximate analysis of fresh and dried date varieties
(in %, energy in kcal/100 g).

Average (Range) Values

Fresh dates Dried dates
Moisture 42.4 (37.9-50.4) 15. 2 (7.2-29.5)
Protein 1.5 (1.1-2.0) 2.14 (1.5-3.0)
Fat 0.14 (0.1-0.2) 0.38 (0.1-0.5)
Ash 1.16 (1.0-1.4) 1.67 (1.3-1.9)
Carbohydrates 54.9 (47.8-58.8) 80.6 (66.1-88.6)
Total sugars 43.4 (38.8-50.2) 64.1 (44.4-79.8)
Fructose 19.4 (13.6-24.1) 29.4 (14.1-36.8)
Glucose 22.8 (17.6-26.1) 30.4 (17.6-41.4)
Energy 213 (185-229) 314 (258-344)

Fresh varieties (10): Naghal, Khunaizy, Khalas, Barhi, Lulu, Fard, Khasab,
Bushibal, Gash Gaafar, Gash Habash.

Dried varieties (16): All of the above plus Deglet Nour, Medjhool, Hallawi,
Sayer, Khadrawi, Zahidi.

Source: Adapted from Al-Farsi and Lee (2008).

estimated DF for nine varieties of dried dates from Saudi Arabia, Egypt,
Iraq, and Iran and observed that the overall mean DF content of the dates
was 10.2%. Elleuch et al. (2008) extracted date fiber concentrate (DFC) from
the flesh of two low-grade dates (Deglet Nour and Allig); the initial DF con-
tents were 14.4% and 18.4%, respectively, from these two date cultivars. The
DF concentrates showed high water-holding capacity (15.5 g water/g sample)
and oil-holding capacity (9.7 g oil/g sample). Date fiber can be an excellent
source of DF that can be used as an ingredient for the food industry with good
functional properties.

Dates contain high levels of protein compared to most other fruits. The
highest content is observed during Kimri stage (5.5-6.4%), which gradually
decreases to 2-2.5% during the Tamar stage (Al-Hooti et al. 1997). Amino
acid analysis revealed that dates, irrespective of their cultivars, contained all
the essential amino acids. Date proteins were found to be rich in acidic amino
acids and poor in sulfur-containing amino acids such as methionine and cys-
teine. Glutamic, aspartic, lysine, leucine, and glycine were the predominant
amino acids in fresh dates, whereas glutamic, aspartic, glycine, proline, and
leucine were the predominant amino acids in dried dates (Al-Farsi and Lee
2008).

Dates contain a number of essential minerals in variable concentrations.
A consumption of 100 g of dates provides over 15% of the daily Recom-
mended Dietary Allowance (RDA) to Adequate Intakes (Al) of selenium,
copper, potassium, and magnesium (Al-Farsi and Lee 2008). Moderate con-
centrations of manganese, iron, phosphorus, and calcium, per 100 g of dates,
provide over 7% of the daily RDA/AI. The pulps are rich in iron, calcium,
cobalt, copper, fluorine, magnesium, manganese, potassium, phosphorus,
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sodium, copper, sulfur, boron, selenium, and zinc (Al-Farsi and Lee 2008;
Ali-Mohamed and Khamis 2004). Dates have 2.5-times more potassium than
bananas (Anon. 2002); in many date varieties, potassium can be found at a
concentration as high as 0.9% in the flesh while it is as high as 0.5% in some
pits/seeds.

In general, dates are low in vitamin content, however, they are rich in
vitamin B complex, such as thiamine (B;), riboflavin (B;), niacin (B3), pan-
tothenic acid (Bs), pyridoxine (Bg), and folate (Bg), and vitamin K (Al-
Farsi and Lee 2008). It is worth mentioning that some vitamins (B3, Bs,
B, and By) are found in higher concentration in date than other conven-
tional fruits like apples, oranges, and berries. Vitamin C content is found to
be very low in dates, however, it is still higher than in plums, apricots, figs,
and raisins.

For expanding the use of nutrients rich date fruit and its products (syrup,
paste), research in the field of date industry (production, processing, market-
ing) should focus on innovative products such as antioxidants, dried date bits
that can be used in breakfast cereals, baked products, salads, or nutritionally
fortified foods and supplements. In addition to developing value-added prod-
ucts from dates, research should focus on packaging and shelf life studies to
fully realize the economic potential of this nutrient-rich fruit.

Bioactive compounds and health significance

Besides being a rich source of carbohydrates, dietary fibers, some essential
vitamins, and minerals, dates are also rich in a variety of phytochemicals, such
as phenolics, sterols, carotenoids, anthocyanins, procyanidins, and flavonoids
(Baliga et al. 2011). Even date pits are an excellent source of fiber, miner-
als, lipids, and protein. In addition to their pharmacological properties, phy-
tochemicals also contribute to nutritional and sensorial properties of dates
(Baliga et al. 2011). In date-producing countries, this fruit has been used for
centuries to treat a variety of ailments in the various traditional systems of
medicine. In recent years, research to assess the health benefits of dates has
interfiled and a number of studies have reviewed and reported on the positive
contribution dates to human diet (Al-Farsi and Lee 2008, Baliga et al. 2011,
Vayalil 2002, Vayalil 2012).

Ali et al. (2012) reported that consuming dates is believed to have many
medicinal properties and relief against a number of ailments and pains includ-
ing fever, stomach disorders, memory disturbances, nervous disorders, as
well as being an aphrodisiac and boosting immunity. They are also consid-
ered to potentially protect against many chronic diseases including cancer
and heart diseases. Dates, due to their high potassium and low sodium con-
tents, can also help minimize potassium deficiency and maintain optimum
sodium—potassium balance in the body. Further, dates may help in treating
the cardiac disorder especially after diarrhea, vomiting or after the use of
diuretic medications (Ali et al. 2012).
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Baliga et al. (2011), in a review of date fruit properties, listed the following
pharmacological properties based on in vitro studies:

* Antioxidant activity — scavenges free radical, inhibit iron-induced lipid per-
oxidation and protein oxidation

* Antimutagenic activity — inhibits benzo(a)pyrene-induced mutagenecity in
the Ames test

* Antihemolytic activity — inhibits hemolytic activity of streptolysin-O

e Antiviral activity — prevents lytic activity of Pseudomonas phage ATCC
14209-B1 on Pseudomonas aeruginosa

* Antifungal activity — activity against Candida albicans and C. krusei.

Figure 1.6 shows a complete list of date fruit’s pharmacological activities.

Wau et al. (2004) analyzed common foods consumed in the US for antioxi-
dant capacity, measured as trolox equivalent (TE) oxygen radical absorbance
capacity or ORAC. Medjhool and Deglet Nour dates were shown to have
23.87 and 38.95 umol TE/g total antioxidant capacity (TAC). The TAC reo-
prted for some other fruits were (umol TE/g): apples (22.21-42.2), blackber-
ries (53.48), blueberries (62.2-92.6), grapes (11.2-12.6), and Navel oranges
(18.14). Generally, dates are not known as a high antioxidant food (e.g., blue-
berries) but compared reasonably well with some other fruits.

Free radical
scavenging

1 Immune system

Oxidative stress
Inflammation

Gonadotrophic
1 effects

Mutagenesis l

1 Nephroprotective

Gastrointestinal
effects

Hepatoprotective protective effects
effects
Figure 1.6 Pharmacological activities of date fruit (arrow up = increase, arrow down =

decrease). Source: Baliga et al. (2011). Reproduced with permission from Elsevier.
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Figure 1.7 Glycemicindex (GI) of dates compared to some common fruits on typical per serving
basis (*raw, mean value; **Khalas, sun-dried, vacuum-packed; ***Khalas, traditionally-dried).
Source: Denyer and Dickenson (2005), Foster-Powell et al. (2002), Krinsky (1993), Vayalil (2012).

Although dates are high in sugars, their glycemic index (GI), on per serving
basis, is lower than some commonly consumed fruits (Figure 1.7). Dates have
about 41 g available carbohydrates per serving as compared to an average of
9 to 19 g in other fruits listed in Figure 1.7, ranging from lower amounts in
apricots to higher amounts in bananas. The GI measures the extent to which
foods increase blood glucose over a period of 2 hours after consumption com-
pared to eating an equivalent amount of carbohydrate, usually from glucose
(Jenkins et al. 2002).

Summary

Dates are an important fruit, especially in many African, Middle-Eastern,
and Asian countries. In recent years, this fruit has gained significant impor-
tance in global commerce. During the last two decades, world production of
dates saw an increase of 120%, to 7.51 million metric tons in 2011. This trend
is expected to continue as per FAO projections. The majority of date palm-
growing areas are located in developing or underdeveloped countries where
date fruit is considered the primary food crop, thus playing a major role in
the nutritional status of these communities. Marketing of dates involves var-
ious operations through the value-chain: e.g., harvesting, cleaning, grading,
packaging, processing, and transportation/shipment to local or export mar-
kets. Among date-producing countries, the state of marketing channels varies
widely. The quality profile of dates in the marketplace is done by evaluating
four sets of attributes: (a) color, shape, size, taste, texture, pit/flesh ratio, and
uniformity in color and size of the fruit; (b) moisture, sugar, and fiber con-
tent; (c) defects of the fruits, which may include discoloration, broken skin,
sunburn, blemishes, shrivel deformity, etc.; and (d) insect infestation, foreign
matter, pesticide residues, mold, and decay. Collectively, these evaluations
form the basis of chemical, physical, and sensory quality. Some of the major
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challenges confronting date fruit production and commerce are issues related
to postharvest handling technologies, use of appropriate processing and pack-
aging technologies, food safety aspects and quality assurance. This chapter
provided an overview of production, harvesting and GAPs, GMPs, posthar-
vest handling and storage, processing, processed products/by-products, nutri-
tional profile and health benefits, and bioactive and phytochemical com-
pounds in dates.
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Introduction

In the Old World, date palms grow in a belt that stretches from the Indus
Valley in the east to the Atlantic Ocean in the west; however, the main region
of date palm cultivation and production is confined to a rainless belt of the
deserts south of the Mediterranean and in the southern parts of the Middle
East. As a horticultural fruit tree, the date palm is a dioecious perennial and
bears fruit for 40-50 years or more. The earliest records of its cultivation date
from about 7000 years ago in Eridu in southern Mesopotamia; however, cul-
tivation probably began thousands of years earlier (Zohary and Hopf 2000).
Date palm culture spread from its center of origin to the wider center of
diversity, encompassing Arabia Deserta, Arabia Felix, the Fertile Crescent,
and North Africa. Especially with the rise of Islam, its cultivation increased
in importance; it spread to Spain, and from there was carried to the New
World; and recently to Australia, Namibia, and South Africa in the southern
hemisphere (Jaradat 2011).
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Besides its local and regional commercial value, the date palm plays an
important role in the diet and social life of communities across the oases
of the Middle East and North Africa (Elhoumaizi et al. 2002, Elshibli 2009,
El-Juhany 2010). The date palm had great spiritual and cultural significance
and achieved its greatest esteem in several Middle Eastern cultures. It was
depicted on ancient Assyrian and Babylonian tablets, including the famous
Code of Hammurabi, which contained laws regulating date culture and sale.
There are many references to the date palm in pre-Islamic chronicles, but
it became more prominent ever since. The tree and the fruit have been
revered because of the numerous horticultural, nutritional, medicinal, eco-
nomic, architectural and environmental characteristics; and multiple uses.
The columnar architecture in the Mediterranean region, for example, is
thought to have been inspired by the use of date palms as building material
(Nixon 1951, Al-Abbad et al. 2011).

Historically, date palm trees have been integral component of farming sys-
tems in oases throughout arid and semi-arid parts of the Middle East and
North Africa (Zohary and Hopf 2000). More recently, date palm trees are
being planted in home gardens, small groves or in large-scale commercial
plantations. The tree is adapted to areas with long, hot summers, little rain
and low humidity, but with abundant water for irrigation. These conditions
are mainly found in oases and river valleys in the arid sub-tropical deserts
of Middle Eastern and North African countries. Several factors, including its
resilience, requirement for limited inputs, long-term productivity, and multi-
purpose attributes, all contributed to the special affection for, and the habitat
created by the tree (Chao and Krueger 2007).

Few plant species have developed into a horticultural crop so closely con-
nected with human life as has the date palm; had the date palm not existed,
the expansion of the human race into the inhospitable parts of the Old World
would have been much more restricted. Date palm evolved in a unique man-
ner due to its unique characteristics that adapt it to varied environmental and
edaphic conditions, but differ from many other horticultural plant trees that
are found in these conditions. The date palm grows well in sand, but it is not
arenaceous. It has air spaces in its roots and may grow well where soil water
is close to the surface, but it is not aquatic. It tolerates saline conditions, but
it is not a true halophyte. Its leaves are adapted to hot, dry conditions, but it
is not a xerophyte and requires abundant water (Jaradat 2011).

During the last ~50 years, significant changes have occurred in most coun-
tries of the Middle East and North Africa in date palm management and fruit
handling. Despite the decreasing importance of the date as a staple food due
to socio-economic developments, especially in countries of the Gulf Cooper-
ation Council (GCC), the highly traditional nature and close relationship of
date palm growers to their date palm trees and groves helped tremendously
in the dynamic conservation of date palm genetic resources and contributed
to a steady increase in date production and productivity (Al-Yahyai and
Al-Khanjari 2008).



ECOGEOGRAPHICAL BOUNDARIES AND LIMITATIONS 31

Ecogeographical boundaries and limitations

Date palms flourish where other fruit production would be marginal at best;
thus contributing to the producers’ special affection for the date palm and
its habitat, the oasis. Recent data indicate that date palm is cultivated on
1.2 million ha in about 40 countries around the world. Although the world
average of annual fruit yield is ~50 kg per tree, yields of 100 to 200 kg are not
uncommon; however, annual yields as high as 400 kg per tree also have been
reported. Ecotypic differentiation in date palms affects many plant traits such
as the relative rates of development in this slow-growing tree; tolerance or
resistance to biotic and abiotic stresses; and response to soil fertility, salinity;
and other edaphic conditions. Ecogeography, on the other hand, affects adap-
tation to different management practices (e.g., cultivation, irrigation, prop-
agation, pollination and harvesting methods) as well as differences in fruit
quality (Aldakheel 2011, Kraiem et al. 2012).

The extreme limits of date palm natural distribution are between 10°N
(in parts of Somalia) and 39°N (in southern Spain and small parts of Turk-
menistan, in Central Asia); however, it is being cultivated in regions beyond
these limits, especially in the Southern hemisphere. The most favorable eco-
geographical areas for its growth and production are confined to the area
between 24° and 34°N (mostly in the Middle East and North Africa). South
of the Sahara Desert of North Africa, increasing rainfall imposed a barrier
to any extension of date palm culture, which has been limited to small plant-
ings along the northern edge of the equatorial rain belt from Senegal and the
Upper Niger to Sudan (Darfur and the Blue Nile provinces) (Morton 1987,
Elshibli and Korpelainen 2009). Earlier attempts to introduce date palm into
the desert valleys of Central Asia failed due to low temperatures. In the US,
date palm flourishes between 33° and 35°N in parts of Arizona and Califor-
nia. Because of climatic requirements, it will grow, but will not fruit properly
outside these geographical limits. The altitudinal range of date palm is deter-
mined, to a large extent, by water availability and temperature extremes; it
grows in the Jordan Valley (392 meters below sea level) to ~1,500 meters in
the mountain oases of Oman (Maunder et al. 2001, Gebauer et al. 2007).

Date palm is very demanding in its climatic requirements; tree crowns
should not overlap and need to be fully exposed to direct sunlight. In a typical
oasis setting (e.g., Siwa in Egypt; Figure 2.1), date palm trees form the upper
storey in a three-layered canopy structure, under which smaller fruit trees
and annuals form the second and third layers, respectively. The date palm
will grow in all warm climates where temperature occasionally and briefly
drops below freezing (-5 °C) and may reach above 50 °C. The protected ter-
minal bud and the trunk experience less variation and maintain a relatively
stable lower temperature (~14 °C) during summer and higher (~12°C) tem-
perature during winter than the ambient air temperature. Date palm culti-
vars differ in their tolerance to low temperatures. The cv. Zahidi is resistant;
Hayani and Khastawi are moderately susceptible; Barhi and Deglet Nour are



32 CH2 DATE PALM: PRODUCTION

Figure 2.1 Siwa oasis, Egypt, as an example of desert oasis. Google Earth © 2012.

susceptible; and Halawi and Khalas are highly susceptible (Djibril et al. 2005,
Al-Obeed and Soliman 2011).

Successful horticultural cultivation and profitable commercial production
of date palm require a long summer with high day above 18°C as well as
night (~6 °C) temperatures, a frost-free and mild winter, and absence of rain
at the time of flowering and fruit setting with low relative humidity and abun-
dance of sunlight. Flowering is initiated when the shade temperature exceeds
18 °C, and fruits are formed when it is more than 25 °C. After pollination, and
up until fruit ripening, the date palm grows better within the 21-27°C tem-
perature range. It is estimated that 3300 heat units (base 10°C), with daily
maximum temperature of 32 °C, are required from pollination for the finest
date varieties to reach full maturity. In the Mediterranean region, where sum-
mers are dry and winters are mild and rainy, the fruits develop during the
dry months from May through September—October. Date palm production
season extends from May to November across several countries in the Old
World. However, this long production season can only be encountered in
Oman due to the large variation in the physiography and growing conditions
of the date-producing regions in that country (Carpenter 1981, Al-Yahayai
and Al-Khanjari 2008).

In the subtropics (e.g., The Indus Valley of Pakistan and India), which
is outside its main adaptation and production region, the fruiting period of
the date palm is confined to between February and July. Fruit ripening coin-
cides with the onset of the rainy season; therefore, fruits do not reach the
ripening stage and should be harvested at an earlier stage of fruit develop-
ment to avoid damage by rain (Nadeem et al. 2011). The most conducive
edaphic conditions are those available along river valleys (e.g., Iraq, Egypt,
and parts of Morocco); in desert oases (e.g., GCC countries) with deep, sandy
loam soils being most ideal for maximum water-holding capacity and good
drainage; and in mountainous oases (Figure 2.2; Oman). In these mountain
oases, the geo-morphological setting provides a reliable water supply neces-
sary for year-round date and crop production on ancient, artificial terrace
soils that are disconnected from the groundwater table and thus do not suffer
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Figure 2.2 Mountain oasis in Oman at about 1500 m above sea level. Reproduced with per-
mission of R. Al-Yahyai. (For a color version of this figure, please see the color plate section).

from salinization problems observed in desert oases (Gebauer et al. 2007). A
soil profile (~2 m depth) free of calcium carbonate and hard pans is most suit-
able for root growth and development. Although the date palm is among the
most salt-tolerant horticultural crops, high soil salinity and sodicity negatively
impact its growth, productivity, and fruit quality (Aldakheel 2011).

Agro-ecology: implications for date production

Traditional oases predominantly have been established in remote areas
within Arabia and North Africa. Centuries later, other cultures managed to
adapt and fine-tune horticultural practices such as the production of multiple
strata of fruit trees in gridded gardens that had earlier developed in the Old
World (Nabhan 2007, Nabhan et al. 2010). Inhabitants of traditional oases
often lacked financial resources and relied on inadequate infrastructural sup-
port in managing their date palm orchards. Under the harsh desert envi-
ronment in the Middle East and North Africa, farmers use their indigenous
knowledge accumulated over millennia to create sustainable palm-based pro-
duction systems. These systems are usually managed through local resource
management institutions that enable farmers to make judicious decisions for
sustainable resource use and to maintain stable and productive oasis agro-
ecosystems (Al-Abbad et al. 2011, Kraiem et al. 2012). Traditional oases con-
tinue to play a vital role in the maintenance and enrichment of date palm
varieties and their genetic diversity through multiple processes and dynamic
conservation practices. Modern plantations, which are competing with tradi-
tional oases and are based on a few elite cultivars, may boost date production,
but may adversely impact the dynamic conservation of date palm varieties
and their diversity (Hajjar et al. 2008).

In spite of individual cases where date cultivation has diminished or even
vanished, overall date production worldwide has increased over the last ~30
years, partly due to the introduction of improved labor-saving techniques,
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better management, and high yielding varieties, especially in modern plan-
tations. Recent statistics indicate that the world production of dates is about
8.0 million metric tons, with an average yield of 6.5 tons/ ha; whereas max-
imum yields of 11-17 ton/ ha have been recorded for cv. Deglet Nour in
California, USA. About 70 % of the world dates are produced in the Mid-
dle East and North Africa, mostly for local consumption; however, produc-
tion for the export industry is growing steadily, especially in North African
countries and the Jordan Valley (FAOSTAT 2012).

Expansion of date palm production for export is often hampered by several
constraints including a slow vegetative reproductive cycle, biotic (insects and
diseases) and abiotic (drought, high salinity) stresses (Aldakheel 2011). Until
recently, date palm groves, especially in North Africa, were aging; almost
one-third of productive date palm trees in Algeria were beyond the limits
of their productive years (Bendiab et al. 1998, Elhoumaizi et al. 2002); and
almost half of the Tunisian productive date palms were more than 50 years
old (Azeqour et al. 2002). Major production constraints in the Middle East
and North Africa include slow tree growth; slow offshoot-based propagation
system; dioecy; low quality cultivars; the difficulty of predicting adult charac-
teristics of new seedlings; poor farm management; inadequate integrated pest
management; traditional harvesting, processing and marketing; and insuffi-
cient research and development (Carpenter 1981, El-Juhany 2010).

Production systems: oases and plantations

The oasis agro-ecosystem is a standard model for a spatially heterogeneous,
three-storey inter-cropping system of date palms, fruit trees and annual
crops. Traditional date palm production is labor intensive; on average, 200
man-day/ha annually. The composition and configuration of the three-storey
system dictates the volume and intensity of manual work needed. Also, it
creates different profiles of horizontal wind speed, relative temperature and
relative humidity. Date palms, other fruit trees, and annual crops approxi-
mately intercept 20, 20 and 40% of daily net radiation, respectively (Siebert
et al. 2007).

Highly adapted cultivars of date palm, fruit trees, and annual crops are
managed through refined social practices and institutions (Birch et al. 2011,
Kraiem et al. 2012). The indigenous knowledge associated with this diversity
and its management is crucial to ensure a sustainable life in the oases. Oases
in the major center of origin and diversity of date palm (e.g., Al-Hassa in the
Kingdom of Saudi Arabia (KSA), with an area of ~7,000 ha, 92% of which
is planted with date palms) typically cover thousands of hectares, contain a
large number of date palm and other fruit trees, and are composed of a mix-
ture of adapted cultivars (Al-Ghamdi 2001, Nabhan 2007). The importance
of cultivars in each oasis is related to the climatic conditions, the number of
trees for each cultivar and the fruit quality. The oases away from the center
of origin are smaller in size, may cover a few hectares, and contain a few date
palm cultivars. Historically, these oases have been developed by transport of
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seed and, occasionally, offshoots from existing oases (Luedeling et al. 2005,
Luedeling and Buerkert 2008).

The oasis agro-ecosystem was patiently developed and evolved over mil-
lennia into a very complex ecological, social, and economic infrastructure
(Ghazouani et al. 2009). It is the final optimization of the interaction between
cultural references, engineering constraints, economic limitations, and cli-
matic diversity of an environment equally hostile to human, animal and plant
life. Most of the unique oasis agro-ecosystems are found in Middle Eastern
and North African countries; although these oases cover a relatively small
land area of about 1 million ha, however, they support the livelihood of about
10 million inhabitants, where the most important crop is date palm (Kamel
2013).

A simplified production system of date palm “plantations” has been devel-
oped in the Americas, Australia and Africa, south of the equator (Chao and
Krueger 2007). Most recently, a similar system is being adopted in parts of
North Africa and the Jordan Valley (Figure 2.3) for date export and may
gradually replace the more ecologically-complex oasis agro-ecosystems. This
monoculture of high-quality date varieties may eventually lead to genetic
erosion and the disappearance of large numbers of adapted and geneti-
cally diverse date palm cultivars (Francisco-Ortega et al. 2000, Gardner and
Howarth 2009, El-Juhany 2010). In these modern plantations, intercropping
is not practical; space between trees is reserved for the mobile equipment.

Traditional date palm farmers in the oases agro-ecosystem practice de facto
conservation of a wide range of diversity by maintaining traditional culti-
vars. Farmers also engage in management practices, including the conscious
selection of clones for various characteristics and selecting elite male culti-
vars for hand pollination (Jaradat and Zaid 2004). Such practices may have
far reaching effects on date production and the status of date palm diversity;
and may go beyond pure conservation by improving and developing new and
improved varieties (Sakr et al. 2012). Farmers engaged in such efforts typi-
cally have limited financial resources. However, these practices generally are
not well documented; and their effectiveness in maintaining or creating new

Figure 2.3 New plantation of Medjool date palm, Jordan Valley, 200 m below sea level.
Reproduced with permission of A.A. Jaradat.
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Figure 2.4 Typical peri-urban “home garden” of date palms. Google Earth © 2012.

genetic combinations is not well known or documented. Usually, the choice
of which cultivars or clones to grow is subject to each farmer’s decision at
each planting and the factors influencing farmer’s choices are complex and
not well understood (Salem et al. 2008).

Date palms constitute a sizable part in commercial and private urban and
peri-urban gardens (Figure 2.4) in several large cities in the Middle East
and North Africa (Thompson et al. 2010). The spatial and structural char-
acteristics and temporal dynamics of such gardens depend on local envi-
ronmental, socioeconomic and cultural factors. Besides being “islands of
biodiversity”; these gardens contribute to the livelihood of resource-poor
urban people; provide job opportunities, income and improved nutrition; and
recycle organic waste and waste water (Safwat 2007, Sumner and Llewelyn
2011). As a low-maintenance tree, the date palm is also an integral part
of landscaping, especially in national parks. In addition to its many ecosys-
tem services, the temporal changes in the geometric shape of the date
palm tree offer multiple advantages and opportunities for landscaping in an
urban setting.

Management practices

For millennia, management practices within traditional oases were optimized
to use scarce water and land resources in alliance with the date palm for the
production of several agro-ecosystem services, including provisioning, reg-
ulating, supporting, and aesthetic services; the most important of which is
the date fruit (Vayalil 2012). Horticultural practices have direct effect on
fruit yield and quality. Narrow tree spacing, minimal fertilizer inputs, inad-
equate irrigation and high salinity water, inadequate pollination and fruit
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thinning, and inefficient pest and disease control are among the factors
adversely impacting date palms in traditional oases. For the most part, how-
ever, local management institutions of the oases agro-ecosystems enabled
farmers to make judicious decisions for sustainable resource use and, apart
from a few exceptions [e.g., Sigilmasah in southern Morocco (Lightfoot and
Miller 1996, Remini et al. 2011)], to maintain stable and productive oases for
millennia (Wichern et al. 2004).

The typical three-storey inter-cropping system of date palms, decidu-
ous or evergreen fruit trees, and perennial forage (i.e., alfalfa) or annual
crops, was the outcome of refined management practices to create a three-
dimensional landscape capable of sustainably utilizing natural resources and
external inputs (Luedeling et al. 2005); this system allowed farmers to con-
duct regular short- and long-term agronomic and horticultural operations and
practices (Nabhan 2007). Horticultural practices, in particular, have direct
effect on yield, fruit quality, and ultimately on the sustainable utilization of
all resources within the oasis agro-ecosystem, including date palm cultivars
(Siebert et al. 2007). Some traditional horticultural practices may have had
adverse impact on date yield and quality; these include occasionally narrow
spacing between trees, minimal fertilizer inputs and inadequate irrigation due
to limited resources, and inadequate pollination, fruit thinning and protec-
tion from biotic and abiotic stress (e.g., salinity) (Tripler et al. 2010). The
indigenous knowledge of such traditional management practices is crucial to
ensure a sustainable life in the oases (Djibril et al. 2005, Aldakheel 2011).
Selection of trees with superior quality traits probably originated in ancient
times, along with vegetative propagation by offshoots (Nixon 1951). Further
innovations would have included the development of management practices
such as irrigation, tree spacing, and applying manure to provide adequate
supply of organic carbon and nitrogen and improve soil’s physical and chemi-
cal characteristics. Leaf pruning was practiced to facilitate hand pollination
and subsequent handling of bunches, and to create a source-sink balance
for photosynthates. Hand pollination and fruit thinning were recognized as
a means to guarantee adequate fruit set and optimize fruit quality (Aisueni
et al. 2009, Mukhtar et al. 2011).

During the last ~50 years, significant changes in date palm management
have occurred in some Middle Eastern and North African countries, includ-
ing the establishment of “modern” plantations and the introduction of mech-
anized management practices, including tree planting, fertigation, pruning,
pollination, and pest control; and date harvesting, processing, packaging
and marketing (Aisueni et al. 2009, Ghazouani et al. 2009, Alshuaibi 2011).
Landscape scale “ecological engineering”, especially in the new date palm
plantations, together with genetic improvement, promise to enhance the
durability of cultivars tolerant or resistant to biotic stresses. Integrated pest
management (IPM) in the new plantations promotes compatibility with bio-
pesticides, precision pest monitoring tools, and rapid diagnostics; and is com-
patible with organic and conventional date palm production systems (Birch
et al. 2011).
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The emerging organic date production sector potentially ensures premi-
ums for small farmers to practice sustainable production methods, and would
contribute to environmental protection. Organic date production is a holistic
production management system which promotes and enhances oases agro-
ecosystem health, including biodiversity, biological cycles, and soil biological
activity. The application of manure as surface mulch plays a central role in
this system; it reduces water and nutrient losses and might be the main rea-
son behind high water and nutrient use efficiencies (Anon. 2002, Aisueni et al.
2009).

Although agriculture in the oasis agro-ecosystem is mainly limited by the
availability of suitable irrigation water; however, even with sufficient water,
its use under the usually hot dry climate is often not sustainable, leading
to increased soil, and occasionally underground water, salinity as a conse-
quence of inappropriate irrigation and drainage methods (Aldakheel 2011,
Gazer 2011). The combined effects of declining water quantity and quality
(i.e., increased salinity) resulted in desertification and loss of salt sensitive
and drought intolerant crop and tree species, including date palms (Elmeer
et al. 2011, Hammadi and Ali 2011). Water-use efficiency in date palm pro-
duction is not socially neutral; it may negatively affect economically disadvan-
taged smallholders, thus reducing their management capacities and ability to
invest in proper land management. Moreover, productivity of dates per cubic
meter of irrigation water exhibits a wide range; it is estimated at a high value
of 1.28-3.31 kg/m? in Egypt (mostly soft dates with 40-50% moisture) to as
low as 0.18-0.37 kg/m? in KSA and most other countries (Siebert et al. 2007,
Aldakheel 2011).

The traditional social water management system has been largely replaced
by modern governing bodies with little or no coordination in some oases
(e.g., Morocco, Tunisia) (Lightfoot and Miller 1996, Kraiem et al. 2012),
while it persisted for millennia in others (e.g., Oman) (Luedeling et al.
2005, Luedeling and Buerkert 2008). In mountain oases of Oman, indigenous
knowledge in managing crop, water, and land resources in a “model” oasis
agro-ecosystem is evident in maintaining high quality irrigation water, the
elaborately built soil structure of terraces, a system of water distribution
designed to match crop needs during their different growth stages, adequate
drainage, and no, or very low salinity. Given the aridity of the climate and the
high ambient temperatures in desert oases, maintaining adequate soil organic
carbon levels and appropriate leaching requirements will certainly remain
a key pre-requisite to avoid the build-up of salts over time (Luedeling and
Buerkert 2008).

As a cross-pollinated, dioecious fruit tree, female date palm inflorescences
can be pollinated naturally by wind and insects, or artificially by hand and
mechanical methods (Weiben et al. 2000, Awad et al. 2012b). Date palm
growers became aware of the importance of hand pollination when they
noticed the influence of pollen grains of certain male cultivars on the size
and shape of fruits and seeds (xenia) and on the tissues outside the embryo
and endosperm, and on time of fruit ripening (metaxenia) of female cultivars.
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Male trees are selected for fruit quality (i.e., xenia and metaxenia effects)
and they are exchanged between farmers even across long distances. How-
ever; the metaxenic effects are less pronounced when climatic conditions are
favorable and the necessary heat units are easily accumulated. Pollen grains
of more than one male are sometimes mixed and then used for pollination.
Farmers identify, select and propagate (or clone) male cultivars to produce
the desirable type and quantity of pollen; taking into consideration environ-
mental conditions, receptive and compatible female cultivars, and number of
female inflorescences to be pollinated (Al-Khalifah 2006, Igbal et al. 2011).

Integrated pest management

Traditional pest management of date palms in the oases agro-ecosystems
is considered to be a first example of integrated pest management (IPM).
Date palm growers during the 11th—14th centuries CE seasonally transported
cultures of predatory ants from nearby mountains to oases to control phy-
tophagous ants which attacked date palms. More recently, however, date
palm growers managed pest populations using all relevant control practices
in a complementary manner so that the pest(s) will be maintained below the
economic injury level, and there is minimal adverse effects on the environ-
ment (El-Shafie et al. 2011, Mukhtar et al. 2011). In 2004, plant protection
and IPM were identified as the second most important research and develop-
ment issues, after biotechnology and germplasm conservation, by a regional
workshop on date palm development in the Arabian Peninsula (ICARDA
2004). The panel noted that: (1) the local and regional distribution of many
insect pests and their economic impact is not well documented, nor their nat-
ural enemies have been surveyed for potential use in biological control, (2)
the nature, distribution and impact of date palm diseases are not well known,
(3) IMP programs for insect pest complex on date palm have not been imple-
mented at the oasis or plantation level, (4) pilot sites were not established
for participatory implementation of IPM, (5) farmers are not considered as
full partners in IPM program implementation, and (6) trained IPM person-
nel, and education and outreach programs, are lacking. The panel identified
a number of priorities for IPM programs including the Lesser Date Moth,
Dubas bug, and their natural enemies; and the need for capacity building and
farmer integration in IPM programs. El-Juhany (2010) considered the lack of
efficient integrated pest management as a major factor behind the spread of
pests and diseases in the Arabian Peninsula.

The key features of IPM in date palm oases and plantations involves
regular monitoring of the pest(s); a combination of genetic, mechanical,
and biological control methods; minimum harm to beneficial organisms; an
assessment of damage and economic thresholds; and chemical control as a
last resort. Practitioners of IPM of date palm recognize that the system is
information-intensive and site-specific; it is usually designed around six basic
principles, these are: acceptable pest level, preventive cultural practices, mon-
itoring, mechanical control, biological control, and responsible pesticide use.
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Recent examples of IPM include the management of the Red Palm Weevil
(Rhynchophorus ferrugineus) at Al-Hassa oasis (El-Shafie et al. 2011), and
the Dubas bug (Ommatissus lybicus) (Payandeh and Dehghan 2001) at Bam
oasis. The Al-Hassa oasis, with an estimated three million date palm trees,
is currently under an area-wide Red Palm Weevil IPM program; the main
components of which include mass trapping of adult weevils along with peri-
odic inspection of palm trees to detect infestation, and regular preventive
and curative treatments using insecticides, when and if needed in addition
to eradication of severely infested palms. The program includes removal
and destruction of heavily infested palms; treatment of infested and non-
infested palms using biochemical and chemical pesticides, and the use of
pheromone traps. A recent addition to the IPM program is the use of a bait-
free method to attract and kill adults of the weevil which reduces the cost
of the whole IPM program due to the elimination of trap servicing. Further
improvements are suggested (Mukhtar et al. 2011) to accelerate the elim-
ination and halt the spread of the weevil; these include the introduction
of new components to the IPM program such as biological control meth-
ods, refined detection technologies, whether acoustic or X-ray digital analysis
methods, and the development of biosensor indicators of the weevil shortly
after infestation.

IPM strategies, in the case of insect pests, must consider habitat selection,
mating behavior, dispersal, and predator—prey interactions of insect pests
(Vinatier et al. 2012). These researchers suggested the use of individual-
based mechanistic models as tools for the integration of key insect behaviors
with spatial heterogeneity, e.g., within an oasis or a plantation. This strat-
egy allows for simulation of individual behavior of insects; testing various
landscape arrangements, including pheromone trap locations and tree devel-
opment; and extrapolation from small-scale experimental results to simulate
pest dynamics at a large scale.

Propagation and breeding

The date palm has been classified as a dioecious fruit tree without recog-
nizable sex chromosomes and without karyological distinction between male
and female plants (McKey et al. 2009, Weiben et al. 2000). Recently, however,
the first substantial evidence of sexual cytogenetic differentiation between
male and female plants has been reported (Siljak-Yakovlev et al. 1996,
Younis et al. 2008). The date palm, as a vegetatively propagated perennial
fruit tree, is unique in that it is composed of genetically discrete clones rep-
resenting highly heterozygous cultivars without the benefits of a dynamic
mutation-recombination system. For breeding, selection and genetic manip-
ulation purposes, the date palm can be propagated by seed, offshoots, tissue-
culture (Figure 2.5), or micropropagation techniques (San et al. 2006).
Propagation by seeds must have been practiced long before the practical
benefits of vegetative propagation were realized by early date palm farmers.
Although it is much faster than vegetative propagation, it leads to a highly
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Figure 2.5 Mass production of date palm using tissue culture. Reproduced with permission of
M. Shahid.

heterogeneous population composed of male and female plants in almost
equal proportions; the progenies remain indistinguishable until they reach
the flowering (~6 years) stage (Zehdi et al. 2004a,b). Occasionally, seeds ger-
minate under their mother trees; this leads to large levels of genetic diversity
within populations and provides enough germplasm to be utilized in breeding
and selection programs. Typically, however, most trees derived from seed dif-
fer considerably in their production potential, fruit quality and time to matu-
rity (Elhoumaizi et al. 2002, Al-Obeed and Soliman 2011).

The dioecism and the long time span for a date palm to reach sexual matu-
rity have led to selection procedures based on vegetative propagation (off-
shoots) of females from elite date palm cultivars. Although this practice pro-
motes genetic uniformity, it accelerates the process of genetic erosion, and
enhances the vulnerability of those elite cultivars to biotic and abiotic stresses
(Qurashi et al. 1997, Kurup et al. 2009). Nevertheless, propagation by off-
shoots is the only method to maintain genetic integrity of date palm cultivars.
Offshoots are produced from auxiliary buds at the base of the trunk during
the juvenile life (10-15 years) of the palm tree. Traditional vegetative prop-
agation using offshoots has many limitations. Elite or endangered cultivars,
especially those resistant to biotic stresses (e.g., Fusarium oxysporum f. sp.
albedinis; Bayoud), cannot be propagated quickly enough and distributed en
masse to farmers (El Modafar 2010). Usually, offshoots develop slowly and
in limited numbers (20-30) during the life time of a female date palm tree;
however, only 2-3 are suitable for planting out in one year after being accli-
matized in nurseries for 1-2 years. Cultivars differ as to the number of off-
shoots a tree can produce; cvs. Zahidi and Hayani produce large number of
offshoots, whereas, Maktoom and Barhi produce a relatively small number.
Therefore, alternative (micro)-propagation methods have been developed, in
part, to overcome this limitation (Djibril et al. 2005, Elhoumaizi et al. 2006,
Chao and Krueger 2007).
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Large-scale commercial micropropagation and distribution of genetically
uniform (or almost uniform) date palm cultivars to farmers across large
geographical regions have been practiced in several Middle Eastern and
North African countries since the early 1990s. However, it is required to
demonstrate the true-to-type character of the produced plants for quality
assurance. The procedure is based on specific markers capable of geneti-
cally distinguishing between phenotypically similar cultivars (El-Assar et al.
2005, Abdulla and Gamal 2010). The massive propagation of elite date
palm cultivars using micropropagation techniques (e.g., tissue culture) at
the expense of less popular cultivars could result in genetic erosion and
in the confinement of cultivars with distinctive fruit types to certain oases
(Jaradat 2011).

Micropropagation techniques, particularly those involving excess callus
formations, could lead to high levels of somaclonal variation. Genetic uni-
formity of vegetatively-propagated date palms is a major concern, especially
when somatic embryogenesis and callus formation are used. Although veg-
etative propagation maintains heterozygosity and genetic purity of female
cultivars, it promotes genetic uniformity, may accelerate genetic erosion, or
enhance vulnerability of the date palm to biotic and abiotic stresses (Chao
and Krueger 2007). Therefore, strongly selected traits through mass propa-
gation (e.g., using tissue culture) are expected to have low levels of genetic
variance and lower heritability; whereas, traits that are closely associated with
fitness likely will have higher levels of genetic variance but lower heritability
than weakly-selected traits.

The most important and, arguably, most demanding objective of a date
palm breeding program is to achieve the best fruit quality and highest yield
within the constraints of the prevailing environmental and edaphic condi-
tions, and subjected to inputs under local management practices (El-Assar
et al. 2005, Awad et al. 2012a). Other objectives include breeding and selec-
tion for tolerance, if not resistance, to multiple biotic and abiotic stresses,
especially those related to, or triggered by climate change. Breeding objec-
tives under the new “plantation” production system include the development
of date palm varieties adapted to mechanical harvesting, processing and pest
control; trees with reduced height, smaller number and size of spines; long
fruit stalk; improved distribution and number of fruits per bunch to increase
size and reduce thinning operations; better fruit quality, and small seed size;
uniform ripening; and reduced skin separation in soft varieties (Jaradat and
Zaid 2004, Nadeem et al. 2011, Vayalil 2012).

Long-term breeding objectives include the development of male palms
with metaxenic characters that could be used to manipulate fruit produc-
tion; development of inbred lines to produce seed with sufficiently uni-
form characters to permit sexual propagation; identification and discovery
of hermaphroditic flowers or monoecious genotypes; and identification, dis-
covery or production of precocious female genotypes that can produce fruit
free from physiological disorders (Carpenter 1981, Al-Khalifah 2006, Igbal
et al. 2011).
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Classical breeding of date palm is a complex undertaking due to several
intrinsic traits including dioeciousness, long-life cycle and long-juvenile stage.
However; modern genomic, genetic, and biotechnological techniques may
facilitate and expedite the breeding and improvement efforts of this fruit tree
(Carpenter 1981, Jaradat 2011). These techniques will make it possible to
use molecular markers to identify appropriate germplasm for breeding and
selection purpose; and to use wide hybridization (e.g., using P. pusilla as a
donor species) and the introduction of single genes or gene complexes of
value for tolerance to biotic and abiotic stresses, including climate change
(Masmoudi-Allouchi et al. 2009). A breeding program based on inter-varietal
back-crosses appears to be promising for the long-term improvement of the
date palm. However; it is necessary to develop male parent(s) that are as
closely related genetically to the female parent as possible before such crosses
can be made.

The unique breeding system of date palm profoundly affects allele distri-
bution; whereas, the mating system, floral morphology and mode of repro-
duction all impact the extent and distribution of the genetic diversity of
the species. Knowledge about the genetic diversity is necessary for in-depth
assessment of the genetic vulnerability of date palm to abiotic stresses, includ-
ing climate change, desertification, and salinity (Jaradat and Zaid 2004).
Domestication of the date palm, and subsequent breeding and selection, led
to larger fruit size and better pulp quality, and to a shift from sexual to vegeta-
tive propagation. As a result, desirable tree and fruit traits were immediately
fixed in highly heterozygous female cultivars (Zohary 2004). The strong artifi-
cial selection and vegetative propagation that followed for many generations
in oasis agro-ecosystems greatly altered the original genetic structure of the
species.

Recent research on the in vitro induction of hermaphrodism in female
date palm flowers showed that the staminodes (i.e., rudimentary, sterile, or
abortive stamens) can be induced to display a new and high capacity to pro-
liferate under particular in vitro conditions. This induction can be achieved
without blocking the carpel’s normal development, leading to morphologi-
cally typical hermaphrodite flowers (Masmoudi-Allouchi et al. 2009, 2011).
Such hermaphrodism control can provide new prospects and opportunities
for the investigation of in vitro self-fertilization. The new discovery will
improve our understanding of the genetic mechanism involved in sex organ
development and is expected to reveal novel and important traits that can
only be detected in homozygous date palm plants. The prospect of early sex
determination on natural or planned crosses will enable date palm breeders
to more efficiently create breeding male and female populations reflecting
the diversity generated by sexual recombination (Younis et al. 2008).

Cultivars: diversity and production potential

Date palm cultivars throughout the oases of the Middle East and North
Africa derive their importance from their local adaptation to climatic,
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edaphic and socioeconomic conditions and due to the quality of their fruit.
These cultivars are the products of centuries of experimentation by farm-
ers and interactions with the genetic ad breeding systems of the date palm
with the environment (Zohary and Hopf 2000). Date palm cultivars exhibit
inter- and intravarietal variations. Intervarietal variation such as differences
in fruit size, ripening time or vegetative characteristics, were first reported
in the early 1920s and mistakenly attributed to variation in environmental
conditions. Recent studies attributed such variations to genetic differences
among genotypes within a landrace (e.g., inter-varietal variation of Medjhool
introduced to California from the Tafilalt oasis in southern Morocco).

Discrimination among closely related cultivars and clones for genetic
diversity studies is often extremely difficult when based on morphological
traits. These traits are often unreliable and may not precisely correlate with
the genotype of the cultivar in question and are often influenced by envi-
ronmental conditions or they vary with the developmental stage of the tree.
Recently, however, a number of frond and leaflet morphological qualita-
tive and quantitative traits of a selected number of elite cultivars have been
reported to be stable and did not exhibit variation in response to environ-
mental or management factors (Hammadi et al. 2009). Such morphological
traits can be used as stable descriptors of date palm cultivars and for cultivar
identification at any growth stage.

Biochemical markers (i.e., isozymes), due to their low level of polymor-
phism, appear to be of limited value in discriminating between cultivars
(Bendiab et al. 1998, Azeqour et al. 2002). Molecular markers (i.e., DNA-
based) are more precise and can accurately identify cultivars and quantify
their genetic diversity and phylogenic relationships; these markers have been
extensively used to study the genetic variation of date palm cultivars. These
include randomly amplified polymorphic DNA (RAPD), amplified fragment
length polymorphism (AFLP), and microsatellite markers. A number of
newly isolated microsatellite markers are expected to provide a valuable and
highly informative resource for genetic mapping and diversity analysis in date
palm (Elhoumaizi et al. 2002, Hammadi et al. 2009, Khierallah et al. 2011).

New date palm cultivars usually are a result of a continuous selection pro-
cess carried out by farmers in their orchards following sexual reproduction
(Popenoe 1973). Over two-thirds of the estimated ~120 million date palms
in the world are cultivated in Middle Eastern and North African countries,
and approximately 800 different date cultivars are available in these coun-
tries; these account for about 60% of the world’s production. According to
several reports, the number of date palm cultivars in the world range from
1,500 to approximately 5,000. Approximate number of date palm trees and
area planted (ha) in the world in 2010 (FAOSTAT 2012) are reported in
Table 2.1; each cultivar is derived from a unique single seed, cloned and
multiplied by offshoots. Plasticity has apparently been sufficient to allow
genetically similar cultivars to grow and produce in widely differing oasis
environments; hence, different cultivars came to be known by the same “com-
mon” name; and the same cultivar by different names, especially in the GCC
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Table 2.1 Approximate number of date palm trees and
area planted in selected countries.

Country Number of trees Area (ha)
Saudi Arabia 12,000,000 171,900
Algeria 10,926,000 170,000
Iran -1 156,618
Iraq 8,025,000 123,000
United Arab Emirates 16,342,200 87,400
Pakistan - 71,600
Morocco 5,760,000 43,900
Egypt 12,142,000 41,945
Tunisia 3,335,800 39,000
Sudan 2,646,000 36,204
Oman 2,457,000 31,353
Libya 2,100,000 30,000
Yemen 461,000 14,955
China - 10,000
Mauritania 600,000 8,300
Chad - 8,000
Israel - 3,133
USA - 2,711
Jordan 105,000 1,708
Bahrain 380,000 1,600
Kuwait 312,250 1,500
Qatar 335,000 1,500
Syria 72,600 390

1Data not reported.
Source: Adapted from FAQ (2012).

countries (Elhoumaizi et al. 2006, Osman 2008). Due to biotic and abiotic
stresses; and economic and social factors; the number of cultivars witnessed
a sharp decline in several oases, especially in North Africa (El-Juhany 2010).
A complex of interacting biotic, abiotic, and anthropogenic factors, includ-
ing climate change, desertification, and salinity stress, in addition to market
forces (i.e., consumer preferences), impacted the varietal composition in sev-
eral oases in the Middle East and North Africa (Jaradat 2011).

The top date producing Arab countries, in addition to Iran and Pak-
istan, (presumably cultivating the largest number of trees, but not necessar-
ily the largest number of cultivars) are Algeria, Egypt, Iran, Iraq, Morocco,
Oman, KSA, Sudan, Tunisia, and the United Arab Emirates (FAOSTAT
2012). Egypt, Iran and KSA account for almost 50% of world date produc-
tion. Production increased in most date-producing countries except Iraq (due
to anthropogenic factors) and Morocco (due to loss of millions of trees to
Bayuod disease). The bulk of date production (~90%) is locally consumed,
and only a small portion (~10%) is exported. Main net exporters are Tunisia
(of high quality dates to European markets), and Iran and KSA of low-to-
medium quality dates to Southeast Asian markets (Mahmoudi et al. 2008,
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Kraiem et al. 2012). Date production in Middle Eastern and North African
countries may continue to grow in the short- to medium-term to offset the
loss of production from Iraq which used to be the leading producing country.
The international market may grow as new producers enter the market from
the southern hemisphere (e.g., Namibia, South Africa and Australia). These
countries will take advantage of export opportunities during the off-season,
as 98% of date production currently is in the northern hemisphere.

Algerian oases harbor ~800 date palm cultivars and contribute ~6% of
world production (Remini et al. 2011). There are ~12 million date palm
trees and ~255 cultivars, 55 of which are commercially produced in Egypt,
which is the largest date producing country in the Middle East and North
Africa. Egypt contributes 17% of world production from plantations along
the Nile, in the Nile Delta and from several unique oases (e.g., Siwa, Farafrah,
Dakhlah, Khargah, and Bahriah) in the western and southern deserts, and in
the northern and southern parts of Sinai (Sakr et al. 2012). Iran, the sec-
ond largest date-producing country, contributes 13% of world production
with ~400 date palm cultivars mostly in the southern part of the country
(Mahmoudi et al. 2008). Prior to the 1980s, Iraq was the major date pro-
ducer in the world with ~30 million date palm trees and ~700 cultivars, most
of which were found in the southern part of the country along the Tigris—
Euphrates Rivers and Shatt Al-Arab waterway. During the past ~30 years,
the country witnessed a huge loss (~20 million) in number of trees and date
production (6% of world production); some, if not most of the lost trees
represented unique clones and valuable genetic resources (Jubrael 2005).
Morocco has ~5 million date palm trees and approximately 250 date palm
cultivars and contributes about 1% of world production (Bendiab et al. 1998,
Hasnaoui et al. 2011). Oman contributes 3.5% of the world production from
~12 million date palm trees, 7.3 million of which are fruit-bearing, and 230
date palm cultivars, 20 of which are grown commercially in a number of
mountain and valley oases (Al-Yahyai and Al-Khanjari 2008). Pakistan is one
of the largest date producers, contributing ~10% to the world production and
has ~300 cultivars (Nadeem et al. 2011).

A total of 450 date palm cultivars were reported in KSA contributing 12%
of the world production; whereas, the Medina date market alone contains
about 150 cultivars; cv. Anbarah is the most popular and most expensive
(El-Juhany 2010). Date palm agriculture in Sudan is mainly concentrated
in the northern part of the country along the Nile, however, there are few
oases scattered in northern Kordofan and northern Darfur; there are approx-
imately 5-6 million date palm trees and about 400 cultivars of date palm in
Sudan (Elshibli 2009). Tunisia contributes 2% of the world production from
more than 4 millions date palm trees and about 250 cultivars. Almost 55% of
the recently developed plantations in Tunisia are dominated by the elite cv.
Deglet Nour at the expense of other traditional, albeit less desirable commer-
cial cultivars (Masmoudi-Allouche et al. 2009). The United Arab Emirates
contributes 11% of world production and is considered as a leading country
in date production; it has ~40 million date palm trees and a minimum of 200
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cultivars, 68 of which are the most important commercially (Jaradat 2011).
The widespread presence of low-quality date palm cultivars in old oases rep-
resents a drain on natural resources and external inputs. At a regional level in
the GCC countries, about 40% of all cultivars produce fruit of low quality and
of almost no market value. The cost of maintaining and managing such large
numbers of unproductive palms is huge. Nevertheless, some of these cultivars
(or mostly khalts; i.e., mixture of heterozygous seedling genotypes) produce
fruit with high sugar content that can be used for industrial purposes or as
animal feed (Jaradat and Zaid 2004, El-Juhany 2010). Three groups of date
palm cultivars are recognized based on the sugar content and composition
(Morton 1987), i.e., ratio of glucose and fructose to sucrose in the fruit; these
are soft (e.g., Barhi, Halawy, and Medjhoul), semi-dry (e.g., Dayri, Deglet
Nour, and Zahidi), and dry (e.g., Thoory). A list of elite cultivars is presented
in Table 2.2.

Biotic and abiotic stresses

Old and emerging biotic threats to the date palm industry in several Mid-
dle Eastern and North African countries have been highlighted recently in a
number of publications, reports and workshops. The date palm tree and fruits
are subject to attacks by several pests and diseases that are, in most cases, well
adapted to the oasis environment. The nature and severity of biotic stresses
vary depending on the cultivar(s), weather conditions, and management prac-
tices. The Bayoud disease, a vascular fusariosis caused by Fusarium oxyspo-
rum f. sp. albedinis, already devastated millions of date palm trees in Morocco
and parts of Algeria (Bendiab et al. 1998, El Modafar 2010). The Red Palm
Weevil (Rhynchophorus ferrugineus) is threatening the region’s multimillion
dollar date industry and the very survival of the date palm trees in several
GCC countries (Massoud et al. 2011, Mukhtar et al. 2011, Shar et al. 2012).

Both old and emerging biotic stresses are causing tremendous losses of
genetic diversity and yield. Although most tree and fruit diseases are caused
by fungi, however, disorders associated with phytoplasma (e.g., Al-Wijam dis-
ease reported from Al-Hassa; Nixon 1951, Alhudaib et al. 2007), and phys-
iological disorders (e.g., black nose in Deglet Nour and Hayani; and Barhi
disorder) are of local importance.

Several measures are being undertaken to combat these and other biotic
stresses, including chemical and biological control, including pheromone
trapping, quarantine, sanitation measures, and management practices.
Recently, genetic resistance to Bayoud has been reported from Morocco (El
Modafar 2010) and new measures to control the Red Palm Weevil are being
implemented in several GCC countries and beyond (Massoud et al. 2011,
Mukhtar et al. 2011, Shar et al. 2012).

Changes in spatiotemporal water resources in the oasis are key factors in
determining the level and intensity of abiotic stresses. Climate change, as
manifested by extreme temperatures; drought, due to lengthy rainless peri-
ods; drying up of many water wells; and increased water and soil salinity
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Table 2.2 A list of elite date palm cultivars and a brief description of their fruits.

Cultivar Description

Ajwah Small size and almost dark fruit; revered for its medicinal properties; native to
Medina, Kingdom of Saudi Arabia (KSA).

Amir Haj Native to Mandali Oasis in Iraqg. The fruit is soft with thin skin and thick flesh; of
superior quality but little grown in the US.

Anbarah The most prized cultivar in the Medina, KSA. The fruit is long, slender and semi-dry.

Barhi Originally from Basra, Iraq; nearly cylindrical, light amber to dark brown when ripe;
soft, with thick flesh and rich flavor; of superb quality.

Brunette Developed in the US. The fruit is long, dark-skinned; somewhat less sweet but with
distinctive flavor. The pit seems to fall away from the fruit easily.

Dayri The “Monastery Date” native to Iraq; the fruit is long, slender, nearly black and soft.

Deglet A leading semi-dry date grown extensively in Algeria and Tunisia. It is grown in

Nour inland oases and is the chief export cultivar from Tunisia. It is semi-dry, not very
sweet; keeps well. The fruit is a long, thin, orange-brown date that is somewhat
chewy, moderately sweet; it is used in date recipes and candies.

Halawi Native to Iraqg; soft, extremely sweet, small to medium; may shrivel during ripening
unless the palm is well-watered. It is especially tolerant of humidity. Dates are
soft, wrinkled; dark golden in color.

Hayani Extensively grown in Egypt for domestic consumption. The fruit is dark-red to nearly
black; soft.

Iteema Native to Algeria. The fruit is large, oblong, light amber, soft, very sweet.

Khadrawi An important cultivar in Iraq and Saudi Arabia, and is grown to some extent in
California and Arizona. The fruit is soft of the highest quality; reddish brown and
have a caramel texture and very sweet flavor. It is early-ripening; does not keep
too well. It is most favored by Arabs but too dark in color to be popular on the
American market.

Khalas A popular cv. in the Gulf countries, especially in the oases of Huffuf and Qatif (KSA)
and in the interior of Oman; medium sweet (65% sugar); the fruit is bright yellow.

Khastawi The leading soft date in Iraq; syrupy, small in size; prized for dessert; keeps well.

Maktoom Native to Iraq; large, red-brown fruit; thick-skinned, soft, mealy, medium sweet;
resistant to humidity.

Manakbir  The fruit is large and ripens early. Limited in distribution due to difficulty in
propagation.

Medjool Native to Morocco; the fruit is large, soft, and luscious but ships well.

Migraf Popular cultivar in Southern Yemen. Fruit is light golden-amber, large; of good
quality.

Saidi Popular cultivar in Libya; soft, very sweet; palm is a heavy bearer; needs a very hot
climate.

Sayer the most widely grown cultivar in the Old World and much exported to Europe and
the Orient; dark orange-brown, of medium size, soft, syrupy; the palm is one of
the most tolerant to salinity.

Thoori Popular in Algeria; the fruit is dry and chewy; when cured is brown-red with bluish
bloom; wrinkled skin and the flesh is sometimes hard and brittle but the flavor is
good, sweet and nutty; keeps well.

Zaghloul Dark red skin, long and very crunchy when served fresh; high sugar content,
exclusively grown in Egypt.

Zahidi The oldest-known cultivar, consumed in great quantity in the Middle East; the fruit is

of medium size, cylindrical, light golden-brown; semi-dry but harvested and sold
soft, medium-hard, and hard; very sugary. The fruit is used to make date sugar.
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are serious threats to the date palm industry (Jaradat 2011). Climate change
and human activities, including choice of cultivars and management prac-
tices, play different but equally important roles in determining the level of
resilience or susceptibility of date palm cultivars to both biotic and abi-
otic stresses. The impact of climate change is continuous and is manifested
over large areas, whereas the impact of human activities is usually local and
disconnected.

Research needs and future prospects

The future of date palm, as a dioecious monocot fruit tree largely depends
on: (1) developing advanced knowledge and information about the dynam-
ics, management, and sustainability of the tree as a central component of the
oasis agro-ecosystem; and (2) in-depth understanding of the genetic diversity
of the species and its wild relatives using analytical and predictive powers of
quantitative trait loci, somatic cell hybridization, and genomics to overcome
some of the genetic research limitations. The bulk of future research on date
palm will be carried out in Middle Eastern and North African countries where
dates are an important economic commodity and the date palm is a culturally
significant fruit tree. Improving date production and quality are major breed-
ing and selection objectives, not only in the oases of the Old World, but in
new plantations in the New World.

More sustainable solutions to production problems are needed in tradi-
tional oases and modern plantation ecosystems. The applied research chal-
lenge is to develop and optimize “toolbox” packages for both ecosystems,
including a strong integrated pest management component. Future advances
in developing date palm cultivars with high yield and better quality will
depend on the identification or development of molecular and phenotypic
markers that may assist in identifying economically and agronomically impor-
tant traits and cultivars. Genes or gene complexes of potential use in meeting
these future challenges may well be present in non-elite date palm cultivars
or khalts found in traditional oases but their presence and characteristics are
largely unknown. Therefore, traditional farmers should be encouraged with
incentives, if necessary, to replant orchards with locally produced highly het-
erozygous and heterogeneous offshoots or seedlings. Replacement of old or
dead date palm trees with only elite and foreign (i.e., non-adapted) intro-
ductions will diminish genetic diversity and hasten genetic erosion of locally-
adapted cultivars.

Opportunities exist for date palm improvement through biotechnological
research to identify and quantify genetic diversity components in the species,
identify and clone genes and gene complexes for biotic and abiotic stresses,
and utilize the generated information for future research and development.
Recent research on the in vitro induction of hermaphrodism in female date
palm flowers suggests that the procedure is expected to reveal novel and
important traits that can only be detected in homozygous plants. In addi-
tion, the early sex determination on natural or artificial crosses will enable
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breeders to more efficiently develop breeding male and female populations
reflecting the diversity generated by sexual recombination.

Efficient genetic transformation methods can be utilized to incorporate
desired traits in newly developed cultivars. The new technology of genetic
manipulations allows the transfer of selected gene(s) to a specific geno-
type in only a single generation that would not be possible by conventional
breeding methods. The possibility of using molecular genetics to differen-
tiate between date palm cultivars and to predict the sex of immature trees
are urgent challenges in applying biotechnology to date palm cultivation and
improvement.

Conclusions

Numerous horticultural, nutritional, medicinal, economic, architectural, and
environmental characteristics of the date palm singled it out as a much
revered tree in old as well as contemporary cultures. Date palms are culti-
vated in 40 countries on a little over one million hectares, in traditional oases,
modern plantations, and in home gardens for fruit production and to pro-
vide many ecosystem services. Climatically, the date palm is very demanding,
however, it is resilient, requires limited inputs, has long-term productivity,
and multipurpose attributes.

Traditional farmers developed appropriate management practices to fit
local environmental conditions and to optimize the use of limited water and
land resources in alliance with diverse cultivars of date palms. A simplified
production system of date palm plantations based on elite cultivars has been
developed for date export and may gradually replace the more ecologically
complex oasis agro-ecosystems. This monoculture of high-quality date vari-
eties may eventually lead to genetic erosion and the disappearance of large
numbers of adapted and genetically diverse date palm cultivars. However,
the emerging organic date production sector, which promotes and enhances
oases agro-ecosystem health, potentially ensures premiums for small farmers
to practice sustainable production methods, and would contribute to environ-
mental protection.

Breeding, selection and improvement of new date palm cultivars are
needed to maintain regular and steady supply of quality product to a growing
world market, and to combat a multitude of biotic and abiotic stresses. How-
ever, the massive micropropagation of elite cultivars will promote genetic
uniformity, may accelerate genetic erosion, or enhance vulnerability of the
date palm to biotic and abiotic stresses. Global climate change and human
activities play important roles in determining the level of resilience or suscep-
tibility of date palm cultivars to these stresses. More sustainable solutions to
production problems are needed in traditional oases and modern plantation
ecosystems. Future research on date palm should be carried out in Middle
Eastern and North African countries where dates are an important economic
commodity and the date palm is a culturally significant fruit tree.
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Introduction

Date palm (Phoenix dactylifera L..) belongs to the family Arecaceae (syn. Pal-
maceae). Phoenix palms are dioecious, i.e., the male and female parts are on
separate plants, thus pollination is required for fruit bearing (Barreveld 1993,
Sauer 1993). Among Phoenix species, date palm is the tallest one that can

Dates: Postharvest Science, Processing Technology and Health Benefits, First Edition.
Edited by Muhammad Siddiq, Salah M. Aleid and Adel A. Kader.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.



58 CH3 BIOLOGY AND POSTHARVEST PHYSIOLOGY OF DATE FRUIT

grow to 30 meters or 100 feet in some regions. Besides date palm, the other
two most highly valued Phoenix palms are Canary Island Palm (P. canariensis
Chabeaud), an ornamental palm and the Sugar Palm (P. sylvestris Roxb),
which is common in the Indian subcontinent for its sugar syrup (Zaid and de
Wet 2002). Al-Shahib and Marshall (2003a) reported that date palms grow
in hot arid regions of the world, with most production concentrated in the
Middle-East, western South-Asia, and Northern Africa. Out of 37 date pro-
ducing countries, 31 are in Africa and Asia/Middle-East. The date fruit is
considered the primary food crop in many countries and plays a major role
in the food intake and nutritional status of populations in those countries.
Beyond the arid climates, date palm can also be grown in many other coun-
tries for food or as an ornamental plant, including the continents of Ameri-
cas, southern Europe, Asia, Africa, and Oceania (Uhl and Dransfield 1987,
Sanderson 2001).

Dates are naturally wind or insect pollinated, and natural pollination can
be practiced with mixed cultivation of male and female trees. However, most
pollination is accomplished artificially and traditional method involves cut-
ting several pollen clusters from the male tree and inverting them among clus-
ters of female flowers. Besides traditional method, pollination can be done
using machines, which has made the process quicker, easier, and efficient
(Sanderson 2001, Huntrods 2011). Fruit thinning is practiced at pollination
time or occasionally few weeks after pollination. The tree density varies from
country to country, e.g., low density in Saudi Arabia to very high density in
Egypt (Barreveld 1993, Sanderson 2001). The date palms begin producing
fruit when they are about 7 years old; fruit is a berry type, also known as a
‘drupe’ having a single hard seed. Fruit is born on clusters called ‘bunches’
and, generally, a fully productive palm can support 5-10 fruit bunches, with
each bunch having hundreds of strands and thousands of individual dates for
ayield of 60-100 kg. Some cultivars have average yields as high as 180 kg per
tree. Depending on the cultivar, the fruit is 25-75 mm (1-3 inches) long with
a thick skin and very sweet flesh and a large seed (Munier 1973, Erskine et al.
2011, Huntrods 2011).

Dates are consumed fresh, dried, or in various processed forms. They are
often consumed fresh after picking especially at the ripe stage (Rutab). How-
ever, in some cultivars, fruits are consumed at the physiological maturity
stage (Khalal). Most dates, however, are consumed at the Tamar stage. The
fruits at this stage are characterized by very low moisture content and there-
fore are ideal for long-term storage to be consumed off season. Losses during
harvesting and postharvest handling and marketing are high in most produc-
ing countries due to incidence of physical, physiological, and pathological dis-
orders and to insect infestation.

This chapter provides an overview of preharvest and postharvest biology
and physiology of date fruit with focus on: fruit growth and development;
factors affecting fruit development and ripening; preharvest treatments influ-
encing fruit development and quality; compositional changes during growth
and maturity; maturity and harvesting indices; and postharvest physiology
and fruit quality disorders.
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Botanical description
Date palm

Phoenix dactylifera (date palm) is a palm cultivated for its edible sweet fruit
and botanically classified as follows:

Kingdom: Plantae — Plants

Subkingdom: Tracheobionta — Vascular plants
Superdivision: Spermatophyta — Seed plants
Division: Magnoliophyta — Flowering plants
Class: Liliopsida — Monocotyledons

Subclass: Arecidae

Order: Arecales

Family: Arecaceae — Palm family

Genus: Phoenix L. — date palm P

Species: Phoenix dactylifera L. — date palm P.

Three major methods are currently practiced to propagate date palm
(El Hadrami et al. 2011a). Historically, the most common method relied
on the transplanting of offshoots exchanged or traded between growers and
groves. Under normal conditions, transplanted offshoots begin to bear fruit
within 5-8 years with full maturity at around 30 years. The second method
of propagation is by seed. Although it is the easiest, palm seedlings may take
up to 10 years before beginning to flower and produce fruit. Finally, the use
of micropropagation and various tissue culture methods and biotechnologies
allow generating large numbers of plants faster than with the other two meth-
ods (Jain 2006, El Hadrami and El Hadrami 2009, El Hadrami et al. 2011b).

Date palms can reach 25-30 meter in height, growing singly or forming a
clump with several stems from a single root system. To support such elevated
vertical growth, the root system is highly developed and reaches deep for
water resources (Figure 3.1). Date palm has a fasciculate fibrous root system
that originates from a bulb at the trunk base. The primary roots have an aver-
age length of 4 meter and may extend to 10 meter in light soils. Primary roots
give rise to secondary roots that further branch to form tertiary roots that are
shorter in length and diameter (Zaid and de Wet 2002). Primary roots origi-
nate from seeds but may also continue to grow if date palm is grown from an
offshoot or a tissue-cultured seedling.
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Figure 3.1 Diagrammatic representation of date palm structure, showing attachment of off-
shoot to motherpalm, among other morphological features. Source: USDA archival diagram, Chao
and Krueger (2007).

The trunk or stripe of date palm is a single, vertical cylinder of equal diam-
eter, which is covered with leaf bases that are enclosed in fiber, an evolution-
ary mechanism to protect the trunk from herbivorous insects and animals,
as well as an insulation to reduce water loss (Zaid and de Wet 2002). Water
and nutrients are translocated via vascular tissue composed of tightly-stacked
vascular bundles. The stem grows vertically at the terminal bud (phyllophor
or phyllogen) and laterally via the fascicular cambium.

The leaves, called fronds, are 4-6 meter long and 0.5 meter wide at the
middle midrib that narrows toward both leaf ends, with spines on the petiole,
pinnate, and spirally arrange around the trunk (Uhl and Dransfield 1987).
The number of leaves produced annually varies from 10 to 26 and a mature
palm may have from 100 to 125 leaves; 50% of them are photosynthetically
active (Zaid and de Wet 2002). Each leaf is formed with about 150 leaflets;
the leaflets are 30 cm long and 2 cm wide. Leaves remain attached to the tree
following their senescence and have to be manually pruned.
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Vegetative, floral or intermediate auxiliary buds can be found at the base
of each leaf. During the juvenile life of the tree, these buds can form the so-
called offshoots or suckers (Figure 3.1), which can develop into an adult palm
and bear fruits at maturity.

Date palm flowers also emerge from auxiliary buds within the terminal
rosette and form branched clusters. Date palm is a dioecious specie; male
and female flowers are found on separate palms (Uhl and Dransfield 1987)
and only female palms can bear fruit upon natural or artificial fertilization.
Male and female flowers are small, white, and arranged in strands that attach
to a rachis forming an inflorescence called spadix or spike, which consists of a
central stem called rachis and several strands or spikelets (usually 50-150 lat-
eral branches). A greenish bract, called spathe, encloses the immature inflo-
rescence. At anthesis, becomes brown and splits longitudinally exposing the
entire inflorescence for pollination purposes. The male spathes are shorter
and wider than the female ones. Each spikelet carries a large number of tiny
flowers as many as 8,000 to 10,000 in female and more in male inflorescence.
The male inflorescence is crowded at the end of the rachis, while branches of
the inflorescence of the female cluster are less densely crowded at the end of
the rachis (Uhl and Dransfield 1987, Zaid and de Wet 2002).

The male flower is sweet-scented and normally has six stamens, surrounded
by waxy scale-like petals and sepals (three each). Each stamen is composed
of two little yellowish pollen sacs. The female flower has a diameter of about
3 to 4 mm and has rudimentary stamens and three carpels closely pressed
together and the ovary is superior (hypogynous). The three sepals and three
petals are united together so that only tips diverge. On opening the female
flowers show more yellow color while the male ones show white color dust,
produced on shaking. The pollen sacs usually open within an hour or two after
the bursting of the spathe. Only one of the three ovaries is able to develop
into a drupe (Al-Yahyai and Kharusi 2012, Zaid and de Wet 2002). Palm
pollination is often wind-borne and artificial pollination is also a common
practice to achieve higher yield.

A mature fully-productive palm can bear 60-100 kg fruit each year, with
some cultivars giving a yield of as high as 180 kg (Erskine et al. 2011,
Huntrods 2011). Dates are single-seeded fruits of a cylindrical, rounded or
ovoid shape, with a fleshy sweet mesocarp covered with a thin epicarp, some-
what yellowish to reddish brown in color. The fruits are usually arranged on
spikelets bearing a few dozen individual dates each. Spikelets are attached to
a central stalk to form a bunch (Mater 1991). The number of bunches per tree
varies from 5-30 depending on the cultivar and environmental conditions.

Date fruit

Date fruit is a single, oblong, one-seeded berry, with a terminal stigma, a
fleshy pericarp and a membranous endocarp (between the seed and the flesh).
Table 3.1 shows average fruit size and weight of selected varieties of dates.
The color can vary from yellow to black and the consistency from soft to dry.
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Table 3.1 Morphological characteristics of date fruit of different varieties.

Average fruit size

Length Width Average fruit
Date variety (mm) (mm) weight (g)
Deglet Nour? 40.00 18.00 10.40
Deglet Nour? 60.00 18.00 12.00
Khalas® 35.00 18.00 8.50
Khalas* 31.65 21.50 10.32
Fard* 31.95 20.48 7.55
Barhi* 29.76 21.50 8.78
Boumaan* 31.20 23.35 9.24
Ruzeiz* 28.55 20.82 7.86
Allig? 44.00 16.00 11.90
Kentichi! 37.00 17.00 6.70
Aseel® 40.00 18.30 7.18
Basra® 38.00 17.00 4.76
Begun® 32.01 15.26 6.16
Zaidi® 34.01 17.40 4.25
Barni® 34.00 17.00 6.00

Sources: 'Bellagha et al. (2008), ?Maatalah (1970), 3Rahman and Al-Farsi (2005),
“Ismail et al. (2006), °Khan et al. (2008), ®Kasapis et al. (2000).

The seed is usually oblong, ventrally grooved, with a small embryo, and with
a hard endosperm made of a cellulose deposit on the inside of the cell walls.
The seed weight ranges from less than 0.5 g to about 4 g, and the length from
about 12 to 36 mm and breadth from 6 to 13 mm. There are wide variations in
fruit and seed characteristics depending on variety, environmental conditions,
and the field management practices (Zaid and de Wet 2002, Al-Yahyai and
Kharusi 2012).

Depending on the flesh consistency and moisture content at harvest when
fully-ripe, date palm cultivars are divided into three groups, namely soft,
semi-dry and dry (Hussein et al. 1976, Yahia 2004, Yahia and Kader 2011).
However, fruit of any cultivar when left on the palm or exposed to exces-
sive curing conditions will lose moisture and develop a hard texture. Other
classifications can be found within the same group based on fruit character-
istics, size and sugar content. In soft cultivars (like Hillawi, Abada, Amhat,
Barhi, Bentaisha, Halawy, Hayani, Honey, Khadrawy, and Medjhool), almost
all cane sugar (sucrose) is converted into invert or reducing sugars (glucose
and fructose) during ripening, with a moisture content >30%. Dry date culti-
vars (<20% moisture) include cultivars such as Badrayah, Bartamoda, Deglet
Beida, Horra, Sakoty, and Thoory. Semi dry-date cultivars (20-30% mois-
ture) include cultivars such as Amry, Dayri, Deglet Nour, Khalas, Sewy, and
Zahidi. Both dry and semi-dry dates retain a good amount of sucrose on full
ripening, in addition to the reducing sugars.
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There are more than 2000 date palm cultivars in the world (Ait-Oubahou
and Yahia 1999). Popenoe (1973) reported over 1500 cultivars of dates in the
world. Over 455 cultivars have been reported in Iraq and more than 350 in
Oman (Laville 1966, Vittoz 1979). A large number of these cultivars are prop-
agated by seed. Very few cultivars are grown extensively in major producing
countries. Zahidi, Khadrawy, Hillawy, Khustawy, Maktoom, Shalabi, Sukari,
and Sayer are commonly grown in Iraq; Hayani, Samani, Zaghlol, Saidy, and
Duwaki are commercially grown in Egypt; Saidy, Bikraari, and Deglet Noor
in Libya; Boufgouss, Bousthami, Jihel, Bouskri, and Medjhool in Morocco;
Deglet Nour, Rhars, and Deglet Beida in Algeria; Deglet Noor and Ftimi in
Tunisia; Halawi, Chichap, Shanker, Barhi, Shahaani, and Bureim in India;
Anbara, Khalas, Khasab, Ruzeis, Kheneizy, Sukari, Duwaiki, and Khudairi
in Saudi Arabia; Kabkab, Sayer, and Shahani in Iran; and Jowan Sor, Karba,
Kalud, and Abdandan in Pakistan. In Oman, the main cultivars are Fardh,
Naghal, Kamri, Mobsouli, and Oum Sila (Vittoz 1979). In the USA, Med-
jhool (Paulsen 2005), Deglet Nour, Zahidi, Khadrawi, and Hallawi dominate
commercial production (Ait-Oubahou and Yahia 1999, Hodel and Johnson
2007, Yahia and Kader 2011).

Fruit growth and development

The growth and development of date palm fruit involves several physical,
physiological, and chemical changes starting with pollination and culminating
at harvest.

Pollination

Pollination is one of the most important preharvest factors affecting fruit
quality of dates (Al-Delami and Ali 1969). In commercial plantation, the
female trees are artificially pollinated (hand or mechanical pollination) with
pollen from male trees. Selection of good a pollinizer is of prime importance
in the date palm, as the type of the pollen parent affects fruit size and time
of fruit ripening, as well as the chemical composition of the fruit, which is
referred to as metaxenia (Abbas 1997).

Fruit set and thinning

Fruit set in dates is closely related to the pollen viability as well as to temper-
atures prevailing during the pollination period. Good fruit is usually obtained
when daily temperature is in the range of 23.9-26.2 °C (Nixon and Carpenter
1978). Poor fruit set resulting from low temperature can be improved by cov-
ering flower clusters at the time of pollination by paper bags (Rygg 1975).
A fruit set of 50-80% is considered sufficient to obtain a full crop. Yield
and total production of dates gradually increase with increasing leaf/bunch
ratio (6, 8, 10, and 12 leaves/bunch). However, leaf/bunch ratio had no effect
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on length, breadth and weight of Khlass variety dates and the differences
between treatments were not significant (Al-Salman et al. 2012).

Fruit thinning affects postharvest quality (Ait-Oubahou and Yahia 1999).
It is essential to ensure adequate flowering in the following year, to reduce
or prevent the phenomenon of alternate bearing, to improve fruit quality, to
promote fruit ripening, and to reduce compactness of fruit bunches. Thin-
ning can be done manually or by the use of growth regulators. Manual thin-
ning is more common and involves removal of some bunches and/or some
strands from each bunch and/or shortening the length of the strands. How-
ever, removal of some fruits from each strand is the best method of fruit
thinning, although very expensive. The easiest method of fruit thinning is
to remove a number of spathes or inflorescences and balancing the number
of bunches with the number of green leaves on the tree (Rygg 1975). Vari-
ous growth regulators have been used as thinning agents in date palm, such
as auxins (naphthalene acetic acid (NAA), 2,4-Dichlorophenoxyacetic acid
(2,4-D) and the ethylene-releasing compound, ethephon, but with variable
results, and therefore manual fruit thinning is still the widely used practice
(Rygg 1975, Nixon and Carpenter 1978).

Thinning either bunches or strands lead to a significant increase in the fruit
weight, size and flesh percentage. Fruit thinning also positively improved the
date palm fruit chemical properties. It is worth notable that, leaving 30-35
strands/bunch would result in a considerable yield characterized by high fruit
quality of Zaghloul and Hayani date palms (Mostafa and El Akkad 2011).

Fruit growth/maturity stages

The growth and development of date palm fruit involves several physical and
chemical changes. The development of the fruit is classified into five stages
using Arabic terms: Hababouk, Kimri (also known as Khimri or Jimri), Kha-
lal (also known as Balah or Bisr), Rutab and Tamr (or Tamar) (Ait-Oubahou
and Yahia 1999, Fayadh and Al-Showiman 1990, Yahia and Kader 2011). The
physical appearance and general characteristics of these stages are shown in
Figure 3.2.

The Hababouk stage starts after fertilization and is characterized by the
loss of two unfertilized carpels. This stage is sometimes included in the next
stage. The color of the fruit at this stage is creamy to light green. Kimri is
the immature green stage, characterized by high water content and a rapid
gain in fruit weight and size. This stage lasts about 9 weeks depending on
cultivar and location. At the Khalal (Bisir) stage the fruit is physiologically
mature; it lasts about 4 to 5 weeks, and results in a slight decrease in fruit
weight and size, as well as starch content. The color of the fruit changes from
green to yellow, pink or red, or yellow spotted with red, depending on cultivar
(Figure 3.3). During the Rutab (meaning soft or moist) stage, the fruit soft-
ens, changes color to light brown, and starts to lose weight and accumulates
more sugars (mainly reducing sugars). During the Khalal and Rutab stages,
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Hababouk (1 week, creamy white)

Kimri (5 weeks, white to greenish)

Kimri (9 weeks, green)

Kimri (17 weeks, turning yellow or red)

Khalal (19-25 weeks, yellow or red)

Rutab (26-28 week, turning brown)

Tamr or Tamar (29 weeks, darker brown)

Figure 3.3 Khimri (left) and Khalal (right) stages of date fruit development. Courtesy A.A.
Kader. (For a color version of this figure, please see the color plate section).
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Figure 3.4 Ripening of Barhi dates from Khalal to Rutab stage. Courtesy A.A. Kader. (For a
color version of this figure, please see the color plate section).

the fruit progressively loses water (30-45% ), and starch is converted to sugars
(Figure 3.4).

The Tamar (the Arabic name for dates) is the fully-ripe stage of devel-
opment, loses more moisture and gains more sugars, thus attaining a high
sugar-to-water ratio (depending on cultivar). Most dates are harvested at the
Tamar stage, when the fruit has about 60 to 80% sugar content, depending
on location and cultivar; color darkens, which is also marked by low mois-
ture content (10-25%). At this stage, fruit can be harvested soft, semi-dry
or dry depending on destination and use. This stage lasts 2—4 weeks and the
dates are appropriate for long-term dry storage or processing. Dates can also
develop parthenocarpically if not pollinated. However, these fruits will not
undergo the five stages described above and will not reach full development
(Abbas and Ibrahim 1996, Ait-Oubahou and Yahia 1999, Yahia 2004, Yahia
and Kader 2011).

Factors affecting fruit development and ripening

Date palm thrives in areas characterized by hot and low humidity, particularly
during fruit development. Moisture adversely affects the quality of fruit, as
high humidity leads to fruit cracking and checking. Date palm can be planted
in a wide range of soils with varying amounts of organic and mineral nutrients,
and it tolerates salinity more than any other cultivated fruit crop. Inadequate
fertilizer application and lack of proper tree and bunch management, such as
pruning and fruit thinning, lead to the production of low fruit quality and thus
lower market values.

Temperature

For proper date fruit ripening on the palm, it is essential that the growing sea-
son is hot and free of rainfall during the ripening period. The average optimal
daily temperature from blossoming to fruit ripening is around 21 °C for early
ripening cultivars, 24 °C for mid-season cultivars, and 27 °C for late-ripening
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cultivars. Heat units (degree days) to ripen the fruit varies with cultivar and
ranges between 2100 and 4700 for early and late ripening cultivars, respec-
tively. Temperature also has a significant effect on fruit quality. Deglet Nour
fruit produced during seasons when the maximum daily temperature during
April and May exceeded 37°C were of dry texture, high acid content and
high percentage of sucrose, and lacked the bright color characteristic of high
quality fruit. In general, fruit produced with 101 heat units during the period
of April-May were of excellent quality, but when the heat units were in the
range of 147-234, dry textured, low quality fruit were produced (Rygg 1975).

Relative humidity and rainfall

High rainfall and humidity during blossoming or later stages of fruit devel-
opment may limit the production of date palms to the same degree as insuf-
ficient heat units, and may cause certain physiological disorders (Yahia and
Kader 2011). Low relative humidity during ripening period may also cause
some physiological disorders. High humidity and rainfalls have a pronounced
effect on the process of pollination. Early rainfalls during flowering in the
spring may cause the infection of the closed spathes with inflorescence rot.
Date cultivars vary in their susceptibility to this disease, with cultivars such as
Hillawi and Zahdi being very resistant, and Khdrawi and Sayer very suscep-
tible.

Mineral nutrition

The date palm tree requires high nitrogen for good growth and productivity,
and it is less sensitive to other mineral nutrients such as iron and boron, as
compared with other fruit trees such as citrus (Mater 1991). Application of
mineral nutrients, especially potassium sulfate, increase yield and quality of
fruit of Kabkab variety, if injected into the trunk of tree better than the soil
surface or foliar spray applications (Abdi and Hedayat 2010).

Growth regulators and other treatments

The early period of date fruit development is associated with a rapid rate
of cell division activity particularly in the embryo and endosperm (Rygg
1975). However, the major increase in fruit size is achieved by the vacuolation
(enlargement) of the cells formed during the early phase of mitotic activity.
Auxins and gibberellins, sprayed onto fruit bunches, were found to increase
fruit size and delay fruit ripening, with inconsistent effects on fruit chem-
ical composition (Rygg 1975, Nixon and Carpenter 1978, Abou-Aziz et al.
1982, Mater 1991). Indole acetic acid (IAA) was found to be very high in
non-pollinated flowers of Hallawi dates, declines at fruit set, to rise again as
fruit enters the rapid phase of growth, then to decline as the fruit advances
toward the ripening phase (Abbas et al. 2000). The tendency of date palm
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flower to set parthenocarpic fruits if not pollinated may be related to levels of
endogenous hormones in the ovary of unpollinated flowers. Parthenocarpic
date palm fruits could also be obtained by treating unpollinated flowers with
auxins, gibberellins or cytokinins. Such fruits are of low quality as compared
to fruits produced by hand pollination and they will not fully ripen (Abou-
Aziz et al. 1982). Fruit ripening is usually delayed in trees carrying a heavy
crop, which can be remedied by fruit or bunch thinning at an early stage of
growth, with the objectives of balancing the number of green leaves and the
number of fruiting bunches. Preharvest treatment of date fruit of several cul-
tivars with ethephon at 100-500 ppm advanced fruit ripening by 7 to 9 days,
and also provided an opportunity for mechanical harvesting of the fruit by
facilitating fruit drop.

The application of growth regulators of especially 2,4-D (50 ppm) and gib-
berellic acid (GA3) (150 ppm) at 40 and 70 days from pollination reduce
preharvest drop, and improve fruit quality of both Rothana and Ghur date
cultivars (Al-Qurashi et al. 2012). Kassemm et al. (2012) investigated the
effect of preharvest sprays on yield, harvest date, harvest period and fruit
physicochemical quality characteristics. Palms were sprayed at Hababouk
and Khalal stages with NAA, GA3, cytofex (CPPU), putrescine (Put), sal-
icylic acid (SA) or ethephon (Eth). All bioregulator treatments decreased
harvest period, fruit carotenoid content, and the percentage of unmarketable
fruits, and increased fruit acidity and chlorophyll content compared to the
control and Eth treatment. Fruit total soluble solids (TSS) and sugar con-
tent at Rutab stage were higher compared to the control. However, at Tamar
stage, fruit acidity was decreased by all treatments.

Spraying date palm bunches with potassium and/or boron, significantly
increase the fruit set, fruit yield and improve fruit quality (Harhash and
Abdel-Nasser 2010). Preharvest treatments as direct spray on fruits by solu-
tions boron (0.5% in the form of boric acid) and calcium (10 g/liter in the
form of calcium nitrate) alone or in combination resulted in the highest value
of total soluble sugars while decreasing titratable acidity, weight loss and fruit
decay during cold storage for 40 days. Omaima et al. (2011) recommended
spraying date palm fruits twice with the combined treatment of 0.5% boric
acid + 10 g/liter calcium nitrate to improve fruit quality during cold storage
and shelf life period.

Bagging of fruit bunches

Bunch bagging with different materials such as black or blue polyethylene
bags, white “agrlsafe” (polypropylene fleece) and paper bags during the
growing season significantly increase the rate of fruit ripening and increase
Rutab yield per bunch, with the black and blue polyethylene bags being the
most effective (Awad 2007). Preharvest ethrel application by sprays or injec-
tion into the bunch peduncle increased Rutab fruit yield per bunch compared
to the controls (Awad 2007).
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Figure 3.5 Moisture and total sugars in dates at various stages of development/maturity
(average of 16 varieties for sugars and 12 varieties for moisture). Source: Adapted from Al-
Shahib and Marshall (2003a).

Compositional changes during fruit growth and maturity

The fruit and flesh weight gradually increases during development reaching
a maximum at the immature green Khalal stage, but slightly decreases there-
after during ripening. The moisture content of dates decreases and total sug-
ars increase as they ripen (Figure 3.5). In the Kimri stage it averages 83.6%,
in the Khalal stage it is about 65.9%, and it continues to decrease through
the Rutab stage (43%) to the Tamar stage (24.2%). The total concentration
of carbohydrates increases in dates from the Kimri stage (6.2%) through the
Khalal (26.6%) and Rutab (45.2%) stages, to the Tamar (50.8%) stage and is
dependent on the date variety (Ahmed and Ahmed 1995). Glucose and fruc-
tose also increase from 4.9 and 2.8 %, respectively, at Kimri stage, to 13.1 and
11.8% at Khalal stage, 21.4 and 19.4% at Rutab stage and 29.7 and 27.6% at
Tamar stage. The increase in the concentration of sugars from Kimri stage
to Tamar stage is related to the decrease in the water content of dates dur-
ing these stages. Protein, fat and ash content decrease during ripening from
5.6 to 2.3%, from 0.5 to 0.2% and from 3.7 to 1.7%, respectively (Al-Hooti
et al. 1995). Table 3.2 shows the mineral variations of Lulu and Bushibal dates
during various stages of development and maturity. Moreover, mineral varia-
tion is not only between species and maturity stages but also within the same
variety cultivated under different agroclimatic conditions.

Dates contain significant levels of procyanidins or condensed tannins
(cause of astringency) at the Khalal stage. These tannins, which are mainly
in the skin, are polymerized as the fruits ripen to the Rutab and Tamar stages
(no astringency) (Figure 3.6). Dates are the only fruit in which flavonoid sul-
fates have been reported. Antioxidant activity varies among date cultivars
from moderate to high relative to other fruits.

During ripening a number of transcriptional factors are activated induc-
ing the transcription of ripening-related genes (Figure 3.7). Newly synthe-
sized proteins are involved in many processes, including ethylene synthe-
sis, synthesis of sugars and organic acids (which improves taste), creation
of volatiles responsible for the date-ripening odor, development of enzymes
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Table 3.2 Changes in mineral content of Lulu and Bushibal dates during various stages of
development and maturity (mg/100 g, dry-wt basis).

Kimri Stage Khalal Stage Rutab Stage Tamar Stage

Lulu Bushibal Lulu Bushibal Lulu Bushibal Lulu Bushibal

Calcium 38.7 142.4 48.6 75.4 74.3 76.3 36.3 37.8
Copper 0.4 0.3 0.5 0.2 0.4 0.4 0.9 0.3
Iron 4.2 8.1 1.2 1.5 1.1 1.0 6.8 0.9

Magnesium  132.7 121.0 59.0 74.9 74.3 65.4 46.1 53.2
Phosphorus ~ 152.2 117.2 67.4 132.4 84.9 87.2 53.9 53.3
Potassium 633.2 752.6 484.2 510.1 350.3 338.1 128.8 107.4
Sodium 9.7 7.0 5.9 17.4 4.6 10.9 5.4 2.5
Zinc 1.6 1.0 0.4 0.5 0.7 0.8 0.3 0.4

Source: Al-Hooti et al. (1995), Al-Shahib and Marshall (2003a).

responsible for pigment degradation and color change, and enzymes impli-
cated in membrane and cell-wall degradation, ensuring softening of the fruit
(El-Hadrami and Al-Khayr 2012). A steady decrease in the membrane sta-
bility index (MSI %), as measured by the leakage of ions, is observed upon
the progression of fruit development, especially during the Khalal and the
Rutab stages, indicating a gradual loss of the membrane’s stability due to
changes occurring in the biochemical and biophysical properties of cell mem-
branes (Awad et al. 2011). El-Zoghbi (1994) showed that the percentage of
pectin in dates decreases from 1.6 % in the Kimvri stage to 0.54% in the Tamar
stage. This study also pointed out that hemicelluloses, cellulose, lignin and
total fiber contents decrease with the fruit transition from Kimri to Tamar
stages. Pectinesterase activity in dates also increases with ripening reaching a
maximum of 60.8 IU per 100 g of tissue, thereby explaining the loss of pectin

Tamar

Rutab

3
l 60

0 200 400 600 800 1000 1200 1400
Tannins (mg/100g)

Figure 3.6 Tannin contents in dates at various stages of development/maturity. Source:
Adapted from Al-Yahyai and Manickavasagan (2012).
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Figure 3.7 Illustration representing the series of metabolic changes that occur in dates during
ripening process. Source: Adapted from El-Hadrami and Al-Khayr (2012).

(El-Zoghbi 1994). Similarly, cellulases activity was estimated to be 2-4 times
higher in fruit during ripening (El-Zoghbi 1994).

Proximate/nutritional

Dates are an excellent source of energy 278-301 kcal/100 g on fresh weight
basis (Al Farsi et al. 2007) and are composed of 10-22% moisture and
44-65% carbohydrates (some varieties can reach 88%). The sugars consisted
mainly of sucrose, fructose, and glucose and are determined mainly by vari-
etal characteristics. Most of the date varieties belong to the invert sugar type
where sucrose is totally inverted into glucose and fructose at the mature edi-
ble Tamar stage. Proteins are present in dates in small amounts and vary
from 2.3% to 5.6% containing 23 types of amino acids, some of which are
not present in the most popular fruits such as oranges, apples, and bananas.
Dates contain high concentrations of aspartic acid, proline, glycine, histi-
dine, valine, leucine, and arginine, but low concentrations of threonine, ser-
ine, methionine, isoleucine, tyrosine, phenylalanine, and lysine, and very low
concentrations of alanine (El-Sohaimy and Hafez 2010). Dates are low in fats
(0.2-0.5%). Dates are reported to contain saturated fatty acids, such as lauric,
caprylic, palmitic, and unsaturated as palmitoleic, oleic, linoleic and linolenic
acids (Al-Shahib and Marshall, 2003b). Dates contain 3.5-4.2% ash, 6.4—
11.5% dietary fiber of which 84-94% is insoluble fiber (Elleuch et al. 2008),
and 0.5-3.9% soluble pectins, which render the fruit more tender and soft
(Myhara et al. 1999). Dates contain many important minerals (0.1-1%) such



72 CH3 BIOLOGY AND POSTHARVEST PHYSIOLOGY OF DATE FRUIT

as calcium, iron, magnesium, phosphorus, potassium, sodium, boron, fluorine,
copper, cobalt, selenium, and zinc (Ahmed and Ahmed 1995) and a number
of vitamins, including C, B-6, K, E, A, thiamin, riboflavin, niacin, and folate
(Barreveld 1993, Ahmed and Ahmed 1995).

Phytochemicals and antioxidants

The antioxidant properties of date fruits vary depending on the amount
of phenolics, vitamins C and E, carotenoids, and flavonoids present (Al-
Farsi et al. 2005a, Mansouri et al. 2005). Among all the dietary components
of dates, phenolics account for most of the antioxidant properties, exhibit-
ing a broad range of biological effects that can be classified as free radical
quenchers, preventing nucleic acids, proteins and lipids oxidative damage or
by the ability to biochemically and physiologically or molecularly modulate
cellular physiology. Correlation analyses have indicated that there is a lin-
ear relationship between antioxidant activity and the amount of phenolic and
flavonoid compounds in date fruits (Alliath and Abdalla 2005). Phenolic com-
pounds are comprised mainly of free and bound phenolic acids.

Al-Farsi et al. (2005b) reported that the average contents of total phenolics
in fresh and dried dates were 193.7 and 239.5 mg/100 g, respectively. At least
eight phenolic acids were present in dried Omani and Tunisian dates (Al-
Farsi et al. 2005b, Regnault-Roger et al. 1987). Five phenolic acids consisted
of hydroxylated derivatives of benzoic acid (gallic acid, protochatechuic acid,
p-hydroxybenzoic acid, vanillic acid, and syringic acid) and three were cin-
namic acid derivatives (caffeic acid, p-coumaric acid, and ferulic acid). The
contribution of total phenolics toward antioxidant activity in dates is greater
than that of ascorbic acid (Shivashankara et al. 2004).

Major carotenoids found in dates are lutein, B-carotene, zeaxanthin,
and neoxanthin (Al-Farsi et al. 2005b, Boudries et al. 2007). While all
carotenoids do not act as provitamin A, dates are likely to contribute to
the human requirement for vitamin A. The yellow color date varieties have
higher total carotenoids than the red-colored types, which contain hydro-
carbon carotenoids such as lycopene, neurosporene, y-carotene, d-carotene,
a-carotene, B-carotene, phytofluene, and phytoene (Al-Farsi et al. 2005b).

Dates may be considered as an almost ideal food, providing a wide range
of essential nutrients and potential health benefits. Dates have been shown
to have low-to-medium glycemic index values (Ali et al. 2009) and therefore
can have some beneficial effect in the glycemic and lipid control of diabetic
patients (Miller et al. 2003). The dietary fiber prevents low-density lipopro-
tein or LDL cholesterol absorption in the gut. Additionally, the fiber works
as a bulk laxative and protects the colon mucous membrane by decreasing
exposure time and binding to cancer-causing chemicals in the colon. The
potassium content in dates is 25% higher than in bananas and helps control
heart rate and blood pressure, offering protection against stroke and coro-
nary heart diseases. The fluorine is useful in protecting teeth against decay.
The selenium helps to prevent cancer and is important in immune function.
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Dates are very low in sodium, which is desirable for hypertensive persons
advised to consume low-sodium diets (Ahmed and Ahmed 1995), and are also
considered as a good supplement for correcting iron deficiencies and anemia.
The antioxidant metabolites contained in dates seem to be linked to the role
of these phytochemicals in maintaining specific cellular homeostasis, and con-
tributing in a preventive manner to beneficial effects across diverse biological
systems and cell types.

Maturity and harvesting indices

The stage of maturity at which the fruits are harvested depends on the culti-
var and the purpose of fruit consumption. Time of harvest is based on sugar
and moisture content, fruit appearance and texture. Dates for immediate sale
are often harvested when moisture content is still high, whereas dates which
will be stored are left on the palm for natural curing to lose excess moisture.
Maturity stages of dates include Hababouk (earliest stage of development),
Khimri, Khalal, Rutab, and Tamar. A few date cultivars rich in sugars and
low in tannins, such as Barhi (Barhee, Berhi), Hayani, Samany, and Zaghlol
are harvested at the Khalal stage (partially-ripe) when they are yellow or red
(depending on cultivar), but many consumers find them astringent (due to
high tannin content). Dates of other cultivars harvested before full maturity
must be ripened artificially. Very immature dates cannot be properly ripened
artificially and consequently will be of poor quality.

Most dates are harvested at the fully-ripe Rutab (light-brown and soft) and
Tamar (dark-brown and soft, semidry, or dry) stages, when they have high
levels of sugars, lower contents of moisture and tannins (disappearance of
astringency), and are softer than the Khalal stage dates (Figure 3.8). Deglet
Nour dates should not be harvested before the turning stage in which the
texture is yielding-to-pliable and the color is amber-to-cinnamon. Fruits har-
vested with a reddish ring at the perianth end have better storage potential
than fruits left on the palm until the ring has faded with more advanced matu-
rity (Rygg 1975). Halawi fruits should not be harvested before the soft ripe
stage, but can also be picked in the Tamar stage. Maktoom and Boufgouss
fruits can be harvested when 10-25% of the surface is translucent, and then
ripened to an acceptable quality.

A number of physical and chemical changes have been assessed as indices
of maturity and harvesting (Yahia and Kader 2011), including the increase in
total sugars, total solids, color changes from green to yellow or red or orange
or purple according to the cultivar, the rapid fall in fruit firmness, the sharp
decrease in moisture content, the increase in reducing sugars and the decrease
in sucrose, as well as the decrease in acidity and loss of tannins. The possibility
of using the rise in ethylene production as a physiological indicator of matu-
rity in Hillawi dates was also assessed, and the results showed that the rise in
ethylene production began in 7-10 days (depending on the type of the pollen
parent used in pollinating the female flowers) before fruit ripening (Ibrahim
1996).
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Figure 3.8 Barhee dates harvested at the Khalal stage (top) and Deglet Noor dates harvested
at Tamar (Tamr) stage. Courtesy E.M. Yahia and A.A. Kader. (For a color version of this figure,
please see the color plate section).

Postharvest physiology of dates

Dates are non-climacteric with relatively low respiration rate: <25 ml/kg/hr
for Khalal stage dates, and <5 ml CO,/kg/hr for Rutab and Tamar stage dates
kept at 20 °C. The respiration rates increase with higher moisture content and
temperatures. Ethylene production rate of dates is also very low at 20°C, i.e.,
<0.5 pl/kg/hr for Khalal stage, and <0.1 pl/kg/hr for Rutab and Tamar stage
dates (Yahia 2004).

Serrano et al. (2001) studied some physicochemical parameters related to
ripening and their relationship with ethylene in dates (cv. Negros), which
were harvested and classified into sixteen ripening stages according to their
color, ranging from yellow-greenish to dark brown. Fruit firmness decreased
through the different ripening stages, while the ripening index, expressed as
the relation between soluble solids and acidity, increased; the greatest loss of
fruit firmness correlated with the greatest increases in both polygalacturonase
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and B-galactosidase activities. In early ripening stages, a small peak in ethy-
lene production was detected, followed by a peak in respiration rate; with the
plant hormone ethylene being responsible for changes in color, fruit firmness,
total solids content and acidity.

Regarding response to ethylene, it has been reported that there was no
effect of exposing Khalal stage yellow Barhee dates to 100 ppm ethylene
for up to 48 hours at 20°C and 85-90% relative humidity. However, Kha-
lal stage dates may respond to ethylene action at higher temperatures (30—
35°C), which are more optimal for their ripening. Rutab and Tamar stage
dates are not influenced by exposure to ethylene but can readily absorb the
aroma of other products. Thus, dates should not be stored with garlic, onion,
potato, or other commodities with strong odor (Kader and Hussein 2009).

Fruit quality disorders

The dates are susceptible to two types of disorders: (1) physical/physiological
(color darkening, skin separation or puffiness, and sugar spotting or sugar-
ing), and (2) pathological (souring, decay, or mold-causing fungi).

Fruit darkening (beyond that normally desired) can be due to both enzy-
matic and non-enzymatic browning, which increases with higher moisture
content and higher temperatures. Enzymatic browning can be inhibited at
low oxygen concentrations and low temperatures. For dates harvested and
marketed at the Khalal stage, avoiding fruit damage/bruises is critical in min-
imizing enzymatic browning. Skin separation or puffiness develops during
ripening of soft date cultivars, which vary in susceptibility. High temperature
and high humidity at a stage before the beginning of ripening may predispose
the dates to skin separation (skin becomes dry, hard, brittle, and separates
from the flesh). Sugar spotting or ‘sugaring’ develops as a results of sugars
crystallization below the skin and in the flesh of soft date cultivars. While this
disorder may not affect the taste, it does alter texture and appearance. The
incidence and severity of sugar spotting increase with an increase in storage
temperature and time. Storage at recommended temperatures minimizes this
disorder, which occurs mainly in cultivars in which glucose and fructose are
the main sugars. Sugaring, if not too severe, can be reduced by gentle heating
of the affected dates (Rygg 1975, Yahia 2004).

Microbial spoilage can be caused by yeasts (most important in dates),
molds and bacteria. Yeast species of Zygosaccharomyces are more toler-
ant of high sugar content than others found in dates. Yeast-infected dates
become fermented and develop an alcoholic odor. Acetobacter bacteria may
convert the alcohol into acetic acid (vinegar) thereby resulting in souring
of dates (due to accumulation of ethanol and/or acetic acid) with mois-
ture content above 25% when kept at temperatures above 20°C and its
severity increases with duration and temperature of storage. Storage at low
temperatures reduces incidence and severity of souring. Fungi (Aspergillus,
Alternaria, and Penicillium spp.) may grow on high-moisture dates, espe-
cially when harvested following rain or high humidity period. Growth of
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Aspergillus flavus on dates can result in aflatoxin contamination, which makes
them unsafe for human consumption and unmarketable (Tafti and Fooladi
2005, Yahia 2004, Yahia and Kader 2011).

Conclusions

Preharvest biology postharvest physiology of date fruit, coupled with adopt-
ing good agricultural practices, are important areas of research for ensur-
ing maximum fruit yields with optimum physical, chemical, and sensory
attributes. Dates go through four well-defined stages of maturity — Kimri,
Khalal, Rutab, and Tamar — with the last three harvested and marketed com-
mercially. Preharvest agricultural practices and treatments (thinning, mineral
nutrition, growth regulators, bagging fruit bunches) are necessary to ensure
maximum yield and best quality fruit. Physical and chemical quality of dates
along with appropriate storage technologies are important determinant of
date fruit shelf life. Compositional changes are an important factor in that
they contribute to the sensory quality of dates. Dates are consumed fresh,
dried, or in various processed forms. They are often consumed fresh after
picking especially at the ripe stage (Rutab stage). For some cultivars, fruits
are consumed at the physiological mature Khalal stage. Most dates, how-
ever, are marketed and consumed at the Tamar stage. The fruits at this stage
are characterized by very low moisture content and therefore are ideal for
long-term storage to be consumed off season. Losses during harvesting and
postharvest handling and marketing are high in most producing countries
due to incidence of physical, physiological, and pathological disorders and
to insect infestation. This chapter provided an overview of preharvest biol-
ogy and postharvest physiology of date fruit with focus on: fruit growth and
development; factors affecting fruit development and ripening; preharvest
treatments influencing fruit development and quality; compositional changes
during growth and maturity; maturity and harvesting indices; and postharvest
physiology and fruit quality disorders. Implementation of good agricultural
practices is necessary to achieve maximum fruit yields, minimize postharvest
losses, and maximize economic return for the growers.
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Introduction

The world dates production was about 7.5 million metric tons in 2011 and
the top-10 date producing countries were Egypt, Saudi Arabia, Iran, United
Arab Emirates, Algeria, Iraq, Pakistan, Oman, Tunisia, and Libya. Dates are
produced largely in hot arid regions of South West Asia and North Africa;
other significant producers include China, Morocco, Yemen, Israel, Kuwait,
USA, Turkey, and Mauritania. Smaller quantities of dates are produced in
Chad, India, Israel, Mexico, and Somalia (FAO 2013).

The date fruit contains a single seed that varies in size from 9 to 30% of
the fruit weight. The development and maturation stages of dates include:
Hababouk (earliest stage of development); Khimri or Kimri, Khalal (Balah
or Biser, the first phase in maturation of date fruit after the full-grown
green stage is reached whenthe fruit assumes a characteristic color from pale
green through yellow to dark brown/maroon; this phase ends when the fruit
begins to soften or dehydrate); Rutab (the second phase in fruit maturation in
which the date begins to soften or dry into its typical condition); and Tamar
(the third and final phase in fruit maturation, in which the date assumes its
characteristic color, form, and texture (Kader and Hussein 2009). Most dates
are harvested at the fully-ripe Rutab and Tamar stages, when they have much
greater levels of sugars, and lower moisture and tannins.

Postharvest losses of dates are caused, among other factors, by insects,
mites, birds, rats, mollusks, and bats or flying foxes. Physical damage dur-
ing harvesting, handling, incidence of physical and physiological disorders,
and pathogens also contribute to the losses. Postharvest losses due to insect
infestation, birds, and fermentation are high in most of the Middle Eastern
countries where date palm plantations and date production have increased
in recent years. Production is expected to increase further and hence effi-
cient postharvest handling, marketing and processing techniques needs to be
established (Kader and Hussein 2009). The CODEX standards for dates list
the absence of live insects and insect eggs and mites as an important index
for quality. Therefore, to reduce the quantitative and qualitative losses due
to insect pests and to meet the international standards that are required for
marketing of wholesome dates and date products for consumer, an integrated
stored product management program (ISPM) for dates should be established
and strictly applied.

Storage of dates

Generally, the date farmers have used traditional (often outdated) meth-
ods/materials to store dates for protection against insect infestation. Soft
Tamar is normally pressed into containers such as goatskins, jars of different
sizes made out of clay, baskets made of palm leaflets, old kerosene tins, and
oil drums. The more tightly the dates are pressed the better they will be pro-
tected from insects, although exposed surface areas are prone to attack. For
prolonged storage, the surface areas are covered by cloth, clay or layer of oil.
Cloth or mats impregnated with insecticides such as Malathion were used to
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cover large scale containers and heaps for effective protection (Hussain and
Jaffar 1969). A typical example of large-scale storage in the field is found in
Shatt-el-Arab in Iraq. It is made of 2-meter high mud bin (3 x 2 meter) with
thick walls; the bottom is corrugated to allow the collection of syrup oozing
out. In Saudi Arabia, there is another variant of this design where sun-cured
dates are packed in jute sacks which are stacked on ridges to facilitate the
collection of syrup. The sacks covered with the sticky juice are traded as such
which is not attractive; nevertheless they prevent insect damage and reduce
infestation (Barreveld 1993). Field storage of dates and sun drying, as it is the
case in many date-producing countries, subjects dates to widespread infesta-
tion by stored-product insects.

Damage of stored dates due to insect infestation

Insects cause quantitative and qualitative losses of food commodities and
changes in chemical composition, affecting the nutritive value of the produce
(Scott 1991).They cause the damage by direct feeding or indirectly through
excrement and frass during feeding and oviposition activities, excreta (uric
acid), exuviae (cast skin), dead bodies, webbing, and different types of secre-
tions. Secretions from adult Tribolium spp. and Rhyzopertha dominica impart
unacceptable off-odors to food stuff. Secretions of 2-ethyl-1,4-benzoquinone
and 2-methyl-1,4-benzoquinone from Tribolium castaneum cause off-odors
in food commodities and were reported to cause liver and spleen tumors in
mice (EI-Mofty et al. 1992). Insects can also cause the dissemination and pro-
liferation of mycotoxigenic fungi. They produce heat and moisture due to
their metabolic activities that can encourage the growth of microflora and
development of hotspots in stored products. Thus, for marketing the pro-
duce, the requirements of International Standards Organization (ISO) and
Hazard Analysis Critical Control Point (HACCP) must be met. In national
and international trades, the channels of commodities that are infestation free
are essential to avoid rejections (Rajendran 2005). Detection of insect infes-
tation is therefore necessary to ensure a supply of dates as wholesome food to
consumers, assess effectiveness of fumigation and other pesticides, and serve
as an early warning for taking appropriate control measures. Integrated stor-
age pest management (ISPM) consists of three important components: pre-
vention, inspection for early detection, and control — required avoid insect
infestation of stored dates or otherwise to keep it to the minimum.

Major insect pests attacking stored dates

The major insects attacking stored dates are either moth (Order: Lepi-
doptera) or beetles and weevils (Order: Coleoptera); some non-insects pests
include mites, mollusks, rats, birds, and bats. The insect pests of stored dates
in the order Coleoptera are found in the families, Nitidulidae, Silvanidae,
Cucujidae, Tenebrionidae, Dermestidae, and Scarabaeidae while those in
the order Lepidoptera are confined only to two families, Pyralidae and
Phycitidae.
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Coleopterans and lepidopterans are cryptic in nature and usually over-
looked especially when present in low numbers. They are also highly prolific,
that they produce many generations per year. Accurate identification of the
insect species in stored dates is a key factor for providing information about
the insect to be dealt with. Table 4.1 summarizes the most important insect

Table 4.1 Insect pests of stored dates belonging to the orders Coleoptera and Lepidoptera.

Scientific name Common name Family Reference
Order: Coleoptera
Trogoderma granarium Ev. Khapra beetle Dermestidae Hussain (1974)
Tribolium castaneum Red flour beetle Tenebrionidae  Ziat et al. (2002)
(Herbst)
Tribolium confusum J.du V. Confused flour Tenebrionidae  Ziat et al. (2002)
beetle
Cryptolestes ferrugineus Rusty grain beetle  Cucujidae Carpenter and Elmer (1978),
(Steph.) Hussain et al. (1974)
Oryzaephilus surinamensis Saw-toothed grain  Silvanidae Carpenter and Elmer (1978),
(L.) beetle Ziat et al. (2002)
Oryzaephilus mercator Merchant grain Silvanidae Carpenter and Elmer (1978),
(Fauv.) beetle Ziat et al. (2002)
Cotinis mutabilis Gary& The fig beetle Scarabaeidae  Carpenter and Elmer (1978)
Percheron
Carpophilus hemipterus (F.) Dried fruit beetle Nitidulidae Lindgren and Vincent
(1953)
Carpophilus decipiens Horn. Dried fruit beetle Nitidulidae Lindgren and Vincent
(1953)
Carpophilus dimidiatus Corn sap beetle Nitidulidae Lindgren and Vincent
(Fab.) (1953)
Carpophilus mutilatus Confused sap Nitidulidae Lindgren and Vincent
beetle (1953)
Urophorus humeralis (F.) Pineapple beetle Nitidulidae Lindgren and Vincent
(1953)
Haptoncus luteolus (Erich.) The yellowish Nitidulidae Lindgren and Vincent
nitidulid (1953)
Order: Lepidoptera
Plodia interpunctella Indian meal moth  Pyralidae Donahaye and Calderon
(Hubn.) (1964), Carpenter and
Elmer (1978), Moore
(2001)
Arenipses sabella (Hmpsn) Greater date moth  Pyralidae Carpenter and Elmer (1978)
Ephestia cautella Walker Fig moth/Almond  Phycitidae Carpenter and Elmer (1978),
moth Moore (2001)
Ephestia figulilella Gregson Raisin moth Phycitidae Abou El-Ghar and El-Rafie
(1964)
Ephestia elutella Hubner Tobacco moth Pyralidae Ziat et al. (2002)
Ephestia kuehniella (Zeller) Med. Flour moth Pyralidae Hussain et al. (1974)
Ephestia dowsoniella Richard  Dowson moth Pyralidae Hussain et al. (1974)
Ectomyelois ceratoniae The Carob moth Pyralidae Carpenter and Elmer 1978
(Zeller)
Ephestia calidella Gunee Currant moth Pyralidae Ziat et al. (2002)
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pests that inflict serious damage on stored dates. Oryzaephilus occur in all
date-growing areas of the Old World and are commonly reported as minor
pests. They are typical packinghouse and storage insects and rarely found
in newly harvested dates. Therefore, they can be effectively controlled by
proper sanitation and fumigation of packinghouses. Nitidulid beetles damage
ripening and curing dates on the palms, on the ground and in storage. They
enter the fruit through the calyx and feed on the pulp. They also cause indi-
rect damage by their frass (solid excrement of insects) that renders the fruit
unsuitable for human consumption. They also transmit yeast, fungi and bac-
teria that cause spoilage of the fruits. High humidity increases infestation by
these beetles. Infestation often starts in green fruit fallen on the ground and
start to build up at the end of the season or towards date maturation. Pupa-
tion of these beetles takes place in the soil, hence field sanitation including
the removal of waste and fallen fruits is an important part of their manage-
ment and control. The raisin moth and the Indian meal moth are associated
with each other and their infestation starts on fruit bunches (Blumberg 2008).

Almond moth [Ephestia cautella (Walker)]

The almond moth is the most important postharvest pest of dates worldwide,
with infestation of up to 90% reported in some areas. The moth is serious
pest in Saudi Arabia, Iraq, Egypt, Algeria, Morocco, Libya, and Sudan. Com-
prehensive information on the pest biology was given by Moore (2001). The
female lays eggs on the bunches of dates, especially the late-ripening vari-
eties. Eggs can be laid singly or in clusters on fallen fruits, storehouses, pack-
inghouses and factories. The eggs hatch in 3—4 days, and fully grown larvae
can reach 15 mm. The larva has white creamy color with fine hairs on its
body. There are five larval instars and the larval period lasts for 3 weeks. The
pupa is about 1 cm long with brown color and usually found in silken cocoon.
The pupal period is about 7 days and there are four to five generations in
a year depending on the prevailing environmental conditions. This insect
causes huge economic losses since the almond moth, with its physiological
adaptability, is one of the most destructive insects of stored materials such as
dried fig, wheat-flour, chocolate dried fruits, nuts, grain and dates (Singh and
Moore 1985). Larvae cause considerable damage by feeding and/or by con-
taminating stored food with dead bodies and their own products, for example,
excreta, webbing, silk, and feces; the adults cause no damage as they feed on
liquid food and/or do not feed at all, nevertheless their bodies can become
undesirable.

Raisin moth [Ephestia figulilella (Gregson)]

The raisin moth is found in North Africa, the Middle East, and the USA
particularly in California, where it attacks growing fruit only; while it is an
important storage pest in North Africa and the Middle East (Moore 2001).
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The adult moth is gray in color and approximately 1 cm long, with obscure
dark bands and spots on the forewings. The pupa is brown and has silken
cocoon. Adults are active during the early evening and remain in shaded pro-
tected areas during the day (Carpenter and Elmer 1978). The larvae presence
in fallen fruits helps in the development of the pest all the year round with-
out the need for alternative hosts. The female lays about 100-200 eggs on
the surface of the dates, which incubate in 3—4 days at 30 °C; the larval and
pupal period is 51-61 days. Ripe fruits are attacked both on the ground and
in bunches on the palms. Losses by this pest can reach as high as 50%. Larvae
can be found year round in the date plantation, in fallen and decaying fruits;
whereas, fruit on bunches is attacked only after ripening (Kehat et al. 1969).

Sap beetles (nitidulids)

Sap beetles are pest of many agricultural crops including dates throughout
the world (Carpenter and Elmer 1978). The adults of the dried fruit beetle
Carpophilus henipterus are chestnut brown, brown —black or black, with short
truncate elytra that only partially cover the abdomen. The legs are yellow-
red. Antennae are 11-segmented. The body is 2-4 mm in length. They can
be only differentiated from other species by the presence of two bright, pale
spots on the elytra (hardened forewing). Larvae are whitish or yellowish with
brown heads and grow to a final length of 5-7 mm. Larvae pupate in the soil
and pupae are white or yellow 3-4 mm in length. Eggs are whitish elliptic in
shape and 0.7 mm in length. If dates remain on the palms or in the warehouse
for a long period they are likely to become infested with sap beetles. Nitidulid
beetles damage ripening and curing dates on the palms, on the ground and
in storage by entering the fruit usually at the calyx end, and feeding on the
pulp. Several generations can be produced during prolonged storage. The
beetles can fly up to 4 km and they are considered primary pests in date and
fig plantations (Bartelt 1997, Batra and Sohi 1972).

Indian meal worm [Plodia interpunctella (Hubn)]

The meal moth is one of the most important pests of stored dates world-
wide. The adult insect is about 1 cm long, outer half of the forewing is reddish
brown with dark markings, and the inner part is gray with a copper-colored
band separating the two areas. Eggs are deposited on the skin of dates; the
female lays an average of 170 eggs, which hatch in 4-20 days, the larval period
is 3-4 weeks and the pupal period is 2-3 weeks (Hussain 1974). Fully grown
larva can reach 13 mm and pupate among dates in bunches; the pupa is about
9 mm long. The larvae enter the date fruit through any break in the surface,
or calyx end of the fruit, or bore into intact fruit. They prefer the mature
fruits and drier ones and even they attack the hard dates or seeds (Carpenter
and Elmer 1978). The life cycle varies from 36 days in summer to 5 months in
winter.
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Carob moth [Ectomyelois ceratoniae (Zeller)]

The carob moth is a polyphagous fruit pest found on carob, almond in the
Middle East, citrus in South Africa, and on dates in California (Navarro
et al. 1986). The pest is also reported in North Africa (Algeria and Morocco)
(Carpenter and Elmer 1978). The carob moth is 810 mm long, with creamy
white to gray wings and wing span of 22-24 mm. It has two bright stripes
across the wing width. Hind wings are white-gray with light brown veins. The
eggs are elliptical and elongate (0.75 x 0.5 mm, whitish at oviposition and
turning later to brown-red. The larva is pinkish in color with a brown head
and can reach about 15 mm long. There are small dark brown bumps on the
back of the larva. Eggs hatch in 3—7 days and the larval stage may take from
1-8 months. Pupation occurs at the feeding site of the larvae. Adult lifespan
is 3-6 days, during which the female lays 60 to 120 eggs (Carpenter and Elmer
1978). This insect degrades the stored dates and causes weight loss and down-
grading of the economic value of the dates.

Saw-toothed grain beetle [Oryzaephilus
surinamensis (L.)]

The saw-toothed grain beetles occur in all date-growing areas of the Old
World and are commonly reported as minor pests. They are typical pack-
inghouse and storage insect and rarely found in freshly harvested dates
(Hussain 1974). They are successfully controlled by sanitation in packing-
houses and by fumigation. The beetle is flattened, reddish-brown, and about
2.5-3.5 mm long. The female lays an average of 300 eggs singly or in small
batches inside the food material. Eggs hatch in about 8 days and larvae and
the pupa matures in about 37 and 67 days, respectively. The life cycle can
be completed in 51 days or as early as 27-35 days. These beetles are flat and
capable of chewing into unopened paper or cardboard boxes, through cel-
lophane, plastic, and foil wrapped packages. Once inside, populations build
up rapidly often spreading to other stored product. The merchant grain bee-
tle, Oryzaephilus mercator (Fauvel) is closely associated with the saw-toothed
grain beetle. It is difficult to separate these two beetles morphologically, how-
ever, under magnification, the saw-toothed grain beetle has exposed eyes,
whereas the merchant grain beetle has the eyes more protected by small
knobs behind the eyes. Also, the head is more triangular in the merchant
grain beetle (Halstead 1980, Jacob 1981).

Insect development in date storage facilities

The development and proliferation of insect pests in stored dates, like other
stored products, is favored by the following factors: (1) infestation of dates
prior to storage as date fruits are attacked by many insect pests while on the
bunches; (2) infestation occurring during transit or by infested second-hand
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(used) containers; (3) high temperatures and humidity of the air in the store-
house; and (4) high moisture content of the stored dates. Prevention and con-
trol can, therefore, be achieved by (Fields 1992):

* Minimizing or eliminating the initial infestation

* Fumigation of the stored dates either under vacuum or atmospheric
conditions

e Lowering the moisture content of dates without affecting their quality

* Lowering the temperature in storehouse and heat treatment of dates
before storage to force insect movement out of the bulk dates

* Pressing dates during the packing process to exclude air; reducing the
amount of available oxygen will render the date mass difficult for insect
pests to penetrate, move freely, lay eggs, or develop.

At temperatures below the development threshold, insects will die. The
length of time this takes depends on many factors, temperature, insect
species, life stage, moisture content of stored product and acclimation of
insect to cold (Fields 1992). The lower the temperature, the faster the
insects die.

There are several models that can predict insect mortality at low tem-
perature (Hagstrum and Flinn 1994). The supercooling point, the temper-
ature at which the water in the insect begins to freeze, is the lowest tem-
perature stored-product insects can survive, as all stored-product insects are
freeze-intolerant. The supercooling of stored-product insects varies between
—22°C for the larvae of Ephestia kuehniella (Zeller) to -8 °C for the larvae
of Tenebrio molitor (L.) (Fields 1992). Tribolium castaneum Herbst, T. con-
fusum Tacquilin du Val and Oryzaephilus Mercator (F.) are the most cold
susceptible species, whereas Trogoderma granarium Everts, Ephestia elutella
(Hubner), E. Kuehniella and Plodia interpunctella are the most tolerant
species; while the rest of stored-product insects are in between (Fields 1992).
Moths are some of the most cold intolerant stored-product insects, their
inability to penetrate deeply into the grain mass make them more vulnera-
ble to cold temperatures. Insects have the ability to acclimate to cold and
at temperatures between 20 and 0°C insects increase their tolerance to low
temperatures. There are several physiological changes such as accumulation
of higher concentration of cryoprotectants, clearing of ice nucleators, changes
in cell membrane (Fields 1992, Burks et al. 2000).

Insects can also move from one spot in the grain mass to another to seek
habitats that are suitable for growth e.g. Cryptolestus ferrugineus can detect
differences of 1°C, and it will move to warmer grain (Flinn and Hagstrum
1998). This is a type of behavioral resistance commonly found in insects,
thus should be taken into consideration when cooling stored dates. Optimal
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temperatures for growth, reproduction, movement for most stored-product
insects are between 25 and 35 °C (Howe 1965). Temperatures between 25 and
15 °C results in fewer eggs laid, slower growth, less movement, and longer life
spans. For most insects 20 °C is the limit at which they can complete develop-
ment (Fields 1992).

Sampling detection of insects in stored dates

Sampling and detection of insect pests in stored dates can either be for the
dates or the storage facilities and in both cases different methods can be used
depending on the size of bulk dates, type of insect pests and storage facil-
ities. The same methods used for grain can hold true for dates particularly
those used for internal grain feeders which resemble to a great extent the
insect pests of stored dates which are mostly internal feeders. The sampling
and sieving method is practiced in both developed and developing countries
for insect pest detection in food grain. It is labor intensive and immediately
uncovers the infestation present (Hagstrum 1994).

Representative samples are drawn from a stock bulk or in transit, and are
visually inspected for the presence of live insects in different stages, their
eggs, different body parts such as elytra, head capsule, mandibles, other
sclerotized parts, and exuviae (cast skins). There are no international stan-
dards for sampling methods (Wilkin et al. 1994). The accuracy of the method
depends on the frequency and distribution of samples, frequency and distri-
bution of insects in the commodity and the efficiency of removal of insect
from samples (Hagstrum 1991). Most importantly, a sample should repre-
sent the bulk of dates in the store house or in transit. Soft dates are usu-
ally pressed or packed firmly before storage and this practice will reduce the
chance of insect pests to penetrate deeper in the stored dates. Sampling and
sieving method in spite of its variable efficiency is still widely used in trade
due to time limitation and advantage of getting results quickly (Hagstrum and
Subramanyam 2000). Other methods of detecting insect in stored food have
been used including carbon dioxide analysis, uric acid determination, X-rays,
nuclear magnetic resonance spectroscopy (NMRS), near-infrared reflectance
spectroscopy (NIRS), computed tomography scanning (CT), serological tech-
nique (ELISA) and other modern methods of detection (Rajendran 2005).

Several methods of detection of stored dates insect pests in storage facili-
ties can be used including the following:

* Visual inspection: Crawling of the late-stage larvae of Ephestia spp. in
search of sites for pupation. Adults of Tribolium spp. and Oryzophillus
surinamensis. Flying insects of Ephestia spp., Tribolium castaneum, Plodia
interpunctella. Careful inspection of floor areas, wall cracks and crevices
are preferred for insects to hide.

* Trapping methods: Traps, without attractant or physical traps, which
depend on the natural locomotory activity of the insect in stored dates
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can be used to monitor the insect pests. These traps have sticky sur-
faces coated with petroleum jelly and polybutane gel for Ephestia spp,
refuge trap, pitfall traps in bulk dried dates, probe trap, pitfall cone trap,
multiple funnel trap, light traps, food bait traps, and food bait bags of
various designs (Strong 1970) can be used against Ephestia cautella lar-
vae, Triboluim castaneum and Oryzaephilus surinamensis (Haines et al.
1991). Pheromone traps (aggregation pheromones) were used against
Oryzaephilus surinamensis, Tribolium castaencteum and Cryptolestes fer-
rugineus. Sex pheromone traps were used against Ephestia spp. and Plodia
interpunctella (Pinniger 1991). Sticky traps with pheromones or food baits
have been found to be highly efficient in locating and monitoring insect
infestation in warehouse, grain storage, food establishments and market-
ing channels (Vick et al. 1990).

e Acoustic method: Males of pyralid moths such as E. cautella and
E. kuehniella and P. interpunctella produce ultrasonic sounds up to 80 kHz
by wing fanning during courtship behavior (Trematerra and Pavan 1994).
By detection of these ultrasonic sounds produced by the male moths, it
may be possible to locate them.

Insect management during dates storage

Infestation of dates by insects starts in the field, therefore, prevention of infes-
tation in the field and during transit is an important practice for quality man-
agement of stored dates. A set of preventive methods and agrotechnical pro-
cedures are helpful in this respect; these include: (1) early harvesting of dates
and avoidance of leaving ripe fruits on the trees will reduce the chance of
infestation by insect pests; (2) phytosanitory measures including the collec-
tion and removal of fallen fruits; (3) use of plastic netting, papers or cloths
to cover fruit bunches on trees and harvested dates; and (4) rapid transporta-
tion of harvested dates in clean disinfested containers. It is recommended to
inspect dates while still on the trees, if possible, to recognize infestation and
subsequent treatment before harvest and transportation to warehouses and
factories.

In storage facilities, the following precautions should be taken: (1) disin-
festation of the warehouse with a mixture of recommended insecticides and
fungicide as well as cleaning of walls, floor and sealing of cracks, repairing
of doors and windows to make them insect-proof; (2) stacking the boxes of
dates in an organized way to facilitate subsequent inspection and other han-
dling procedures; (3) periodical checking of stored dates to decide on the
control and management actions to be taken if needed; (4) avoidance of mix-
ing clean dates with those fallen on the ground; and (5) use of monitoring
devices particularly light traps to collect adult insects to reduce the intensity
of infestation.
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Fumigation of dates in storehouses

Fumigation of dates is carried out in chambers as a disinfesting or quarantine
measure against stored product pests (Bell 2000). Chemical fumigation has
two distinct advantages for postharvest control including ease of use and low
cost. Most postharvest pest management programs, therefore, rely heavily on
fumigants, and most processing systems are designed to allow for fumigant
treatments. Nevertheless, hydrogen phosphide fumigation takes a relatively
long time (Yokoyama et al. 1993). Fumigants, which must be toxic in the
gaseous state, have been used for many years for the control of these insects
(Taylor 1994). At least 16 chemicals have been registered as fumigants, but
because of concern for human safety, methyl bromide and phosphine are
the primary fumigants currently being used commercially for stored products
(Evans 1987, Taylor 1994).

Methyl bromide

Methyl bromide (MB) is an essential fumigant for preshipment and quaran-
tine disinfestations of postharvest products. This gas is effective within short
exposure times (2-24 hours) and degrades rapidly from treated systems with
minimal disruption to normal commercial practices (Chakrabarti 1996). It has
been used commercially for more than 40 years to control a wide spectrum of
pests (MBTOC 1998); 97% is used for fumigation. However, MB emissions
are found to have a deleterious effect on the atmosphere and it is a tremen-
dous hazard for human health, according to the Montreal Protocol decided
to eliminate its worldwide production and use by the end of 2015. The MB
preshipment uses and some agricultural uses are yet to be identified and will
be subjected to periodic examination (Bell et al. 1998). Even though MB is
in low concentration (10 ppm) and has a short lifetime in the atmosphere
(1 year) it contains bromine, a highly active ozone depletion compound, lead-
ing to a high ozone depletion potential (Butler and Rodriguez 1999).

Aluminum phosphide

Aluminum phosphide (AIP) reacts with water to release phosphine (PHj3).
This reaction may be incomplete, possibly owing to the formation of a protec-
tive layer of aluminum hydroxide on the surface. It has come into prominence
in recent years as an effective fumigant to control insects in dates, grain, flour,
plant products, and prepared foods. Despite the hazardous nature of this
chemical, which is highly inflammable per se, a safe and convenient method
of evolving this gas has been developed. This method depends on the use of
small sachets, pellets, or tablets containing aluminum phosphide from which
the phosphine gas (PH3) is slowly evolved by reaction with the moisture in
the surrounding atmosphere, via the following reaction:

2AIP + 6H,0 — 2PH; + 2A1(OH),.
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The number of days required for the gas generation from the solid formu-
lation depends on temperature, moisture and the brand of fumigant (Banks
et al. 1991). It is a widely used fumigant as it is effective against a wide range
of pest species and does not leave unacceptable residues in treated commodi-
ties. It is particularly suited for use in tropical climates, where 5-7 days of
exposure of commodities at an effective concentration usually provides com-
plete control of all insect pests. In temperate regions, longer exposures up
to 3 weeks may be required to achieve similar effects (Champ 1985, Taylor
1989, Chaudhry 2000). Therefore, with sufficient temperature and an ade-
quate exposure period (typically 5-15 days, depending on the temperature,
target species, and developmental stages of the pests), phosphine is effective
in controlling major stored product pests (MBTOC 1998).

Recently, PHj3 application, under accelerated condition by adding water as
a proton donor, has been conducted in fumigation chambers of the National
Factory for Dates Packing in Alahsa, Saudi Arabia against various stages
of E. cautella (Abo-El-Saad et al. 2012). The data clearly indicated that
fumigation by AIP under accelerated conditions against various stages of E.
cautella were highly effective. When adding water as proton donor to AIP at
aratio of 1:1, the PH3 gas was generated rapidly and acted against the differ-
ent stages of the test insect (Figure 4.1). The mortality rate of adults was
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Figure 4.1 Survival of Ephestia cautella (adults, larvae and eggs) after various exposure times
for aluminum phosphide under accelerated condition in national date factory fumigation cham-
bers Source: Adapted from Abo-El-Saad et al. (2012).
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dramatically increased with increasing exposure periods; this was 10%,
96.7%, and 100% mortality after exposure for 1, 2, and 4 hours, respectively.
Moreover, the median effective time causing mortality of 50% of test insects
(LTso) was 1.47 hours, whereas LTys was 1.95 hours. Furthermore, larvae of
E. cautella were strongly affected when exposed to phosphine under the same
conditions in fumigation chambers.

Figure 4.1 also shows that percent mortality of larvae increased with an
increase of phosphine exposure periods to reach 16.7%, 96.7%, and 100%
after exposure for 1,2, and 4 hours. Afterwards, the same result was obtained,
in which 100% mortality of larvae caused by phosphine gas after exposing
the insect for 4, 6, 8, and 12 hours. The LTsy value was 1.55 hours while LTos
was 1.96 hours. Eggs of E. cautella were strongly affected when fumigated
by phosphine gas under the same conditions, followed by keeping it in an
incubator for 5-7 days. Percent hatchability was recorded at various exposure
periods; it was 100%, 4.3%, and 0.0% at 0, 6, and 12 hours, respectively. The
LTS5, value was 3.81 hours and LTys was 8.1 hours.

The major problem encountered at the National Dates Factory at Alahsa
province is that several tonnes of dates would be received daily during the
date harvest season (~25 000 tonnes annually). Thus, fumigation of such an
amount of dates required proper fumigants such as methyl bromide. Since
AIP is not suitable for fumigation in this case due to the requirement of longer
periods (3-7 days) for complete hydrolysis, the methods under accelerated
conditions generate phosphine gas in few minutes, providing a highly promis-
ing application method.

Modified atmosphere (MA)

Modified atmosphere (MA) or changes in the gas composition (O, depletion,
CO; increase) have been reported to affect insect survival (Soderstrom et al.
1990). Carbon dioxide has been used as a viable alternative to phosphine for
the control of insects attacking stored products (Jay 1986). Laboratory exper-
iments were carried out to investigate the influence of different MAs (20%
CO; in air or 2.8% O, in N), in causing nitidulid beetles to emigrate from
infested dried dates. At 4-hour exposure and 26 °C, the treatments that had a
marked influence in causing insects to abandon the infested fruit were (2.8%
O, in N, which caused over 80% of the initial insect populations to emigrate
from the fruit (Navarro et al. 1998). Another study showed that when Tri-
bolium castaneum and Rhyzopertha dominica adults were exposed to MA
containing 2-8% O,, supplemented with 5-30% CO; at 26 °C and 55% rela-
tive humidity for 24-144 hours, with addition of CO; to low O, atmospheres
resulted in a synergistic effect on adult mortality of both species (Calderon
and Navarro 1980).

For most applications, however, MA treatments require long exposures.
For example, Johnson et al. (1998) used 2 days purge time followed by 6 days
exposure to 0.5% O, to disinfest walnuts of navel orangeworm. This long
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treatment time may not be acceptable for some markets. Recently, interesting
results in terms of effect of MA using various gas mixtures against various
stages of E. cautella were obtained by Abo-El-Saad et al. (2012), their results
are discussed below; MA conditions used were:

« Mix 1 (20% CO,, 80% N, 0% O,)
« Mix 2 (20% CO,, 75% N, 5% O,)

« Mix 3 (30% CO,, 55% N», 15% O,).

MA against adults of E. cautella

Figure 4.2 shows that MA Mix 1 (20% CO,, 80% N3, 0% O,) was most effec-
tive against E. cautella adults compared to Mix 2 (20% CO,, 75% N», 5%
0,) and Mix 3 (30% CO3, 55% N, 15% O;). Percent mortality of Mix 1
progressively increased as exposure time increased, to reach 80%, 90%, and
100% after exposing for 13, 14, and 15 hours, whereas Mix 2 gave 53%, 63%,
and 84 %, and Mix 3 was found to be less effective, 11%, 20%, and 33% at
the same exposure times, respectively. Moreover, the median effective time
causing mortality of 50% of test insects (LTsp) by Mix 1, Mix 2, and Mix 3
was 10.4, 10.9, and 18.8 hours, respectively; whereas LTgs was 15.2, 24.1, and
27.3 hours, respectively.
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Figure 4.2 Effect of modified atmosphere using gas mixtures on E. cautella adults after expos-
ing for various time periods. Gas mixtures used were: Mix 1 (C0,, 20%; N,, 80% and 0,, 0.0%),
Mix 2 (CO,, 20%; N, 75% and 0,, 5.0%) and Mix 3 (CO,, 30%; N, 55% and 0,, 15%). Source:
Adapted from Abo-El-Saad et al. (2012).
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MA against larvae of E. cautella

Larvae of E. cautella were exposed to MAs with various gas mixtures; they
were strongly affected by Mix 1, however both Mix 2 and Mix 3 were only
slightly effective. The percent mortality of larvae by Mix 1 was progres-
sively increased with increasing exposure times; 6.7 %, 76.7 %, and 100% after
exposing for 12, 24, and 48 hours respectively, whereas Mix 2 caused mor-
tality of 0%, 13.3%, and 16.7%, and Mix 3 gave 6.7%, 16.7%, and 40%,
respectively. The LTsy value of Mix 1, Mix 2, and Mix 3 was 20.6, 84.5, and
61.6 hours, respectively; whereas LTos was 28.1, 188.1, and 178.9 hours,
respectively.

MA against eggs of E. cautella

Eggs of E. cautella were also exposed to MA of variable gas mixes at differ-
ent exposure times, and then incubated for 5 days until eggs in control were
hatched. Percent hatchability was dramatically decreased with an increasing
time exposure. All gas mixes, Mix 1, Mix 2, and Mix 3, exhibited similarity in
the trend of their effects against eggs, where percent hatchability was 42%,
26%, and 34% after exposing for 48 hours respectively. By increasing expo-
sure periods to 96 hours, it was 20.7%, 7% and 9% for Mix 1, Mix 2, and Mix
3 respectively. Eventually, no hatchability with Mix 2 was recorded, however,
Mix 1 and Mix 3 gave 7% and 8% after 120 hours. LTs values of Mix 1, Mix
2, and Mix 3 were 37.2, 30.5, and 45.1 hours, respectively, whereas LTys was
168.0, 96.2, and 112.6 hours, respectively.

In summary, results of Abo-El-Saad et al. (2012) for MA application
against E. cautella as a major insect in storehouses offer an excellent alter-
native to methyl bromide, which is scheduled to be phased out by 2015 under
the terms of the Montreal Protocol. However, studying of economic feasi-
bility for implementation of these findings with private sectors is required
to establish suitable protocols to control insects in date fruit storehouses in
Saudi Arabia and elsewhere.

Biological control of stored-dates pests

Researchers at universities and government agencies are constantly look-
ing for alternatives to chemical pesticides (including biological controls) for
food protection and to develop methods of integrated pest management for
stored products. Trichogramma spp. are the most widely used natural ene-
mies in the world, partly because they are easy to mass-rear and they attack
a number of important insect crop pests. Augmentative biological control by
using trichogrammatid wasps offers a promising new approach for manag-
ing stored-product moths (Grieshop et al. 2006). The polyphagous egg para-
sitoid (Trichogramma evanescens Westwood.) is commercially applied in the
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retail trade and the food processing industry in Germany to control stored-
product moths, mainly the Indian meal moth Plodia interpunctella (Hiibner),
the Mediterranean flour moth Ephestia kuehniella Zeller, and the warehouse
moth Ephestia elutella (Hiibner) (Prozell and Schoeller 1998). Steidle et al.
(2001) also studied the bio-control efficacy of Trichogramma brassicae Bez-
denko, Trichogramma pretiosum Riley, and T. carverae Oatman and Pinto
against E. kuehniella and Ephestia cautella (Walker).

The egg parasitoid Trichogramma as a biological control agent requires
that large numbers be produced by commercial insectaries. Because field
requirements can vary, it is desirable to store large numbers of parasitoids to
meet a fluctuating demand (Bradley et al. 2004). Storage of these parasitoids
assures their availability in sufficient numbers at the time of release (Tezze
and Botto 2004). Cold storage can permit a more cost-effective production
schedule (Glenister and Hoffmann 1998) providing a means to conserve bio-
logical control agents when not immediately needed (Pitcher et al. 2002). A
number of Trichogramma species have been tested by exposing the insects
to cold storage conditions (Ozder and Saglam 2004, Kumar et al. 2005). It is
important to test the amenability of each Trichogramma species to cold since
not all of them are able to be cold-stored (Tezze and Botto 2004).

The effectiveness of Trichogramma as biological agents could be increased
when used in combination with other control measures (Knipling 1992).
For control of lepidopterous pests, the combined release of sterile insects
and trichogrammatid parasitoids would be a potential control strategy. Kni-
pling (1992) suggested that combined releases of Trichogramma and par-
tially sterile moths may be practical and more effective than either technique
used alone.

Microwave energy to control postharvest date pests

Microwaves (MW) are invisible waves of energy that travel at the speed
of light, 3 x 10% meter/sec. In the electromagnetic spectrum, microwaves
lie between radio frequencies and infrared radiation. MW heating is based
on the transformation of alternating electromagnetic field energy into ther-
mal energy by affecting polar molecules of a material. This electromagnetic
energy interacts directly with the commodity’s interior to quickly raise the
center temperature (Tang et al. 2000; Wang et al. 2001a, b). Therefore, an
effective way of killing insects of all kinds is to elevate their body tempera-
ture above a certain lethal value using MW energy (Tilton and Brower 1987).

There has been an increasing interest in using radio frequency and
MW energies as a thermal treatment method for postharvest insect control
in agricultural commodities (Tang et al. 2000). An attractive feature of the
insect control using the electromagnetic field is the possibility that the insects
may be heated at a faster rate than the product they infest. Very rapid in-
depth heating with even temperature distribution throughout the food mate-
rial is one of the advantages of MW heating (Richardson 1985). Another
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Figure 4.3 Effect of microwave energy on larvae and adults of £. cautella in infested dates at
various exposure times. Source: Adapted from Al-Azab (2007).

major advantage of using MW energy is that it is environmentally safe and
leaves no chemical residues in the treated food (Hurlock et al. 1979).

There is limited research on the use of MW heating for elimination of
insects from dried fruits. In one patent application, a process for destruction
of insects in dried fruits (e.g., dates) which has been based on MW heating
using temperatures of 52 to 70 °C for 1-3 minutes has been reported (Baysal
et al. 1998). In another study, Al-Azab (2007) reported that all stages of E.
cautella eggs, larvae, pupae and adults dramatically affected when exposed
to microwave energy at frequency 2450 MHz for different intervals in range
of 6 up to 18 seconds (Figure 4.3). The data indicated that the application
of MW energy against E. cautella stages gave approximately 100% mortal-
ity for all stages within 20 seconds. The LTsy values for complete mortal-
ity against adults, pupae, larvae, and eggs were 8, 7, 11, and 9.9 seconds,
respectively; whereas, the LTys values were 14, 18, 20, and 24.9 seconds,
respectively.

Irradiation treatment

Irradiation involves exposure to gamma rays from the radioactive isotopes
cesium-137 or cobalt-60, electron beams, or X- rays. The ionizing irradiation
has been used as a quarantine treatment for selected fruits and other foods
(Abbas et al. 2011). Research conducted since 1980s on radiation disinfes-
tation of food and agricultural commodities has proven it to be an effective
preservation technique. Abbas et al. (2011) studied the effect of gamma irra-
diation on different developmental stages of Indian meal moth [Plodia inter-
punctella Hiibner (Lepidoptera: Pyralidae)]. Their results showed that a dose
of 400 Gy was adequate to control this pest at all stages of development;
selected results from that study are shown in Table 4.2.
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Table 4.2 Effect of eggs and larvae irradiation on hatchability, pupation, and adult
emergence of Indian meal moth.

Eggs (1-2 days old) Larvae (15 days old)
Dose Hatch Pupation Adult Pupation Adult
(Gy) (%) (%) Emergence (%) (%) Emergence (%)
0 93.75 75.00 61.25 85.62 60.00
150 43.13 35.00 31.87 76.25 45.94
200 31.87 20.62 16.25 51.87 21.25
250 21.25 10.31 8.75 37.50 8.12
300 11.87 4.37 1.87 20.31 0
350 2.81 0 0 5.00 0
400 0 0 0 0 0

Source: Adapted from Abbas et al. (2011).

Ozonation (ozone treatment)

Ozone is a powerful oxidant that has numerous beneficial applications.
Ozone has been used as a water treatment to disinfect, eliminate odors, taste,
and color, and to remove pesticides, inorganic and organic compounds (EPA
1999). Agricultural applications of ozone include the storage and preserva-
tion of vegetables and fruits, the surface decontamination of perishable foods,
and the disinfection of manufacturing equipment, water, and packaging mate-
rials (Graham 1997). Efficacy of ozone has been evaluated to control pests of
stored grain. Ozone is attractive tool because its degradation product is oxy-
gen, thus leaving no undesirable residue, and ozone can be generated on-site,
eliminating the need to store or dispose of chemical containers.

Some studies have been published on its efficacy as a fumigant against pests
of stored products (Kells et al. 2001, Sousa et al. 2008). Maize treated with
50 ppm ozone for 3 days resulted in 92-100% mortality of adult 7. casta-
neum, Sitophilus zeamais, and Plodia interpunctella larvae (Kells et al. 2001);
the same treatment also significantly reduced the viability of Aspergillus par-
asiticus Speare and other fungi on the kernel surface. Ozone acts as a toxic
chemical that can cause oxidative damage of tissues even at low concentra-
tions (Liu et al. 2007). It has been proposed that insects breathe discontinu-
ously to minimize oxidative damage (Hetz and Bradley 2005).

In order to assess the efficacy of ozone in dates pest, different stages of
E. cautella were exposed to 2.0 ppm of ozone at various exposure times 2,
4,8, and 12 hours (Abo-El-Saad et al. 2011, 2012). Their results are shown
in Figure 4.4; clearly demonstrating that adults mortality of E. cautella was
increased by increasing exposure times to ozone, reaching near 90% after
12 hours. Larvae were less sensitive to ozone than adults, where at the expo-
sure time 12 hours, mortality was approximately 30% (data not shown).
When pupae were exposed to ozone, percent emergence was reduced to 50%
after 12 hours exposure time. Hatchability of eggs that have been exposed to
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Figure 4.4 Effect of 2.0 ppm ozone on adults of . cautella at various exposure times. Source:
Adapted from Abo-El-Saad et al. (2011).

ozone for 12 hours was 90% indicating that ozone had very little effect on
egg hatchability. The LTsg values of 2 ppm ozone on eggs, larvae, and adults
of E. cautella were 6.65, 19.27, and 14.30 hours, respectively; whereas, LTos
values were 13.99, 52.88, and 26.29 hours, respectively. In these experiments,
ozone exhibited less effectiveness against eggs and pupae. Exposing eggs and
pupae to 2.0 ppm ozone for 12 hours resulted in 91% hatchability and 50%
emergence respectively. This could be most likely attributed to the chemical
nature of the egg chorion, which could reflect and prevent the ozone to pass
through. The possible explanation for the low susceptibility of pupae to ozone
could be due to its latent stage, which is characterized by different physiolog-
ical properties as compared with other developmental stages in the life cycle
of holometabolous insects. In conclusion, these results have shown that ozone
had proven to be effective against certain stages of E. cautella. Thus, ozone,
at the experimental application, could be used in an integrated management
program against insect pests in stored dates warehouses as a promising alter-
native candidate to methyl bromide.

Conclusion

Most date pests are cryptic or concealed, therefore, they cannot be effec-
tively controlled by contact insecticides. Any strategy to control insect infes-
tation should include prevention as a major approach to minimize direct con-
trol (Blumberg 2008). Preharvest treatment of date pests with non-selective
insecticides may lead to the buildup of resistance in insect population in addi-
tion to the extermination of their natural enemies leading eventually to insect
outbreaks. Poor field sanitation also aggravates the situation and leads to
increased pest population of sap beetles. Mineral oils, insect growth regula-
tors, pyrethroids, carbamates, nicotinoids and acaricides can be used as selec-
tive compounds that are environmentally friendly and have less toxicity to
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humans (Blumberg 2008). The major insects of stored dates develop within
the fruit, therefore, special consideration and prevention of infestation strat-
egy is the best strategy to avoid fruit contamination with the residues of insec-
ticide fumigants. Treatment of dates on the bunches/trees during April to
June will effectively control the lesser date moth, date stone beetle, and the
greater date moth. This will affect positively the control of other ripe fruit
moths and beetles particularly the sap beetle during August to late October.
Precautions must be taken to prevent re-infestation after storage and immi-
gration of insects from outside the storage facilities.
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Introduction

Date Palm (Phoenix dactylifera L.) is one of the oldest fruit trees in the world
and is mentioned in the Qur’an and Bible. It produces a berry fruit (date)
that represents the basic food for North Africa, Arabia, and Persia’s peo-
ples, where hundreds of varieties are grown for commercial purposes and are
deeply rooted in their economy, history and culture. It is thought to have orig-
inated in Mesopotamia (Wrigley 1995) from there its cultivation spread to the
Arabian Peninsula, North Africa, and the Middle Eastern Countries. There
is archeological evidence of date cultivation in ancient times (7000 BCE in
western Pakistan; 6000 BCE in eastern Arabia; 4000 BCE in Mesopotamia and
Egypt). In later times, traders spread dates around South West Asia, northern
Africa, Spain and Italy. The Spaniards introduced dates into Mexico and Baja
California in 1765 (Nixon 1951). In 2011 world date production was about
7.51 million metric tons, the leading producing countries being: Egypt, Saudi
Arabia, Iran, United Arab Emirates, Algeria, Iraq, Pakistan, Sudan, Oman,
and Tunisia. The main exporter countries were: United Arab Emirates, Pak-
istan, Iraq, Iran, Tunisia, and Saudi Arabia, while United Arab Emirates,
India, Morocco, France, and Yemen were the major importers (FAO 2013).
Date palms like very hot, dry weather and lots of water on their roots.

Fresh dates are typically marketed at three of the four stages of its growth
and development (Khalal, Rutab and Tamar) and can be consumed soft,
semi-dry or as dry fruits, depending on their water content at harvest when
fully-ripe, or in various processed forms (Sawaya 1986). According to the
tropical and subtropical fruits classification shown in Table 5.1, date fruits are

Table 5.1 Respiration rate and ethylene production rates of selected tropical and subtropical
fruits at 20 °C.

Respiration rate Ethylene production rate

Range Range
Class (mg C0,/kg.hr)  Fruits (ng/kg.hr)  Fruits
Very low <35 Dates, carambola, <0.1 Dates
pineapple,
Low 35-70 Banana (green), litchi, 0.1-1.0  Pineapple, carambola
papaya, jackfruit,
passion fruit,
mangosteen
Moderate 70-150 Mango, rambutan, 1.0-10.0  Banana, guava, mango,
chiku, guava, durian, plantain, mangosteen,
lanzone litchi, breadfruit,
sugar Apple, durian,
rambutan
High 150-300 Avocado, banana (ripe), 10-100  Avocado, papaya,
sugar apple, atemoya atemoya, chiku
Very high >300 Soursop 100 Cherimoya, passion fruit,

sapote, soursop

Source: Paull and Duarte (2011), Gross et al. (2002).
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non-climacteric fruit, with very low respiration rate and low ethylene produc-
tion, and therefore with very low metabolic activities. They are considered
nutritious and a high-energy food (300 calories/100 g) because they are rich
in: sugars providing quick energy intake (Sawaya et al. 1982, Booji et al. 1992,
Ahmed et al. 1995), minerals (Imad and Abdul Wahab 1995, Hafid et al.
2007, Elleuch et al. 2008), vitamins, phenols, flavonoids, anthocyanins and
carotenoids with functional properties (Al-Farsi et al. 2005a, Hafid et al. 2007,
Biglari et al. 2008, Al-Turki et al. 2010). The soluble fiber helps against consti-
pation (Kulkarni et al. 2008), and the low level of fat high in omega-3, omega-
6, and oleic acid, is heart-healthy. The antioxidant properties of date fruits
vary depending on the amount of phenolics, vitamins C and E, carotenoids,
and flavonoids present (Al-Farsi et al. 2005b, Mansouri et al. 2005).

Losses during harvesting, postharvest handling and marketing are high due
to the incidence of physical and physiological disorders, pathological diseases
and to insect infestation.

Fruit development

Date fruit development goes through four maturity/ripening stages: Kimri
(Khimri), Khalal, Rutab, and Tamar (Tamr). Dates take 5 to 7 months from
the time they first emerge from the spath, bunch or casing until they are fully
ripened.

At 19 weeks after pollination, the fruit reaches the first stage called Kimri.
When picked at this point, dates are small, green, with a hard texture and non-
edible. Moreover, they cannot be ripened artificially beyond a low-quality
Khalal stage. At the Kimri stage, there is a rapid increase in size, weight, and
reducing sugars; it is the period of highest acid activity, moisture (80%) and
tannins content (Sawaya et al. 1982, Myahra et al. 1999).

The second stage, Khalal (Bisir), occurs approximately 25 weeks after pol-
lination. Dates color is yellow or red according to variety, sucrose content
increases, moisture content goes down (60% ), and tannins start to precipitate
and lose their astringency; although some consumers find them still astringent
(Table 5.2). In some varieties, e.g., Barhi (Barhee, Berhi), Hayani, Samany,

Table 5.2 Fruit characteristics at different development stages (Kimri, Khalal, Rutab, and
Tamar).

Attribute Kimri Khalal Rutab Tamar
Edible No Yes Yes Yes

Color Green Yellow/Red Partially browned ~ Amber/Dark brown
Texture Hard Hard/Crisp Softened Soft/Chewy
Moisture 85% 50-85% 30-40% 20-25%
Sucrose +++ + ++ + + + +
Reducing sugars + + + + + + +++ +
Tannins ++++ ++ + + + +
Astringency +++ + ++ + + + +
Storability Perishable Very perishable Perishable Non-perishable

Low (+), Moderate (+ +), High (+ + +), Very High (+ + + +).
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and Zaghlol, this latter process evolves rapidly, which makes them palatable
and reach commercial maturity (Barreveld 1993). Since the fruits are very
perishable due to their high sugar and water content which cause fermen-
tation if not refrigerated properly, they must be transported to the market
immediately after harvest (Glasner et al. 2002).

At Rutab stage (29 weeks after pollination), fruit tip starts turning brown,
weight decreases due to moisture loss (about 35%), sucrose is partially con-
verted into invert sugar, tannins precipitate, the skin turns brown and the
tissues soften (Ahmed et al. 1995, Imad and Abdul Wahab 1995). Dates
at this stage become crisp in texture and are sold as fresh fruit, being the
most desirable due to the wide range of flavors, textures, and aromas devel-
oped. Nevertheless, they are still perishable, changing into Tamar stage
within 4-7 days.

The final stage of date maturation is the Tamar stage (approximately 31
weeks after pollination). Fruits are fully ripe; very sweet, dark brown or
nearly black, soft and chewy, with the lowest moisture and tannin content
(about 25% and 6%, respectively), rich in reducing sugars (fructose and glu-
cose) and low in sucrose (Sawaya et al. 1983, Aleid et al. 1999). At this
stage microorganisms will not be able to grow on dates, however, moisture
uptake and compositional changes may occur if special care is not taken
during storage.

Harvesting

Date palm produces about 40 kg fruit annually, with yields of more than
100 kg possible with intensive management. When farmed with low levels of
inputs and poor management, palms may produce 20 kg or less fruit annually.
Female plants start producing dates at 4 to 6 years of age and reach full pro-
duction within 15 to 20 years (Barreveld 1993, Nixon and Carpenter 1978).
The average economic life of a date garden is 40 to 50 years, but some are
productive up to 150 years. Bunches of dates are usually covered (bagged)
with brown craft paper, white paper, or cotton or nylon mesh bags. Awad
(2007) found that the use of black and blue polyethylene bags increased the
rate of fruit ripening and raised Rutab yield per bunch. Bagging can protect
fruit bunches from high humidity and rain, minimize damage from sunburn,
and decrease losses from birds (Nixon and Carpenter 1978, Zaid and de Wet
2002). These cultural practices increase labor input.

Time of harvest is based on date fruit’s appearance and texture, which are
related to moisture and sugar content (Yahia 2004). Most of these charac-
teristics depend on growers’ experience and date use and destination. Dates
for immediate sale are often harvested when moisture content is still high
whereas dates which will be stored are left on the palms for natural cur-
ing to lose excess moisture. Although some cultivars with low tannins and
high sugars can be harvested at the Khalal stage, dates of other cultivars
harvested before full maturity must be ripened artificially. Very immature
dates cannot be properly ripened artificially and consequently will be of
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poor quality. Deglet Nour fruits should not be harvested before the turn-
ing stage in which the texture is yielding-to-pliable and the color is amber-
to-cinnamon. Fruits harvested with a reddish ring at the perianth end have
better storage potential than fruits left on the palm until the ring has faded
with more advanced maturity (Rygg 1975). Halawi fruits should not be har-
vested before the soft ripe stage. Maktoom and Boufgouss fruits can be har-
vested when 10-25% of the surface is translucent, and then ripened to an
acceptable quality.

Proper timing of harvest reduces incidence and severity of cracking or
splitting of dates, excessive dehydration, insect infestation, and attack by
microorganisms. Dates are harvested in July to August at the Khalal stage
or in September to December at the Rutab and Tamar stages in northern
hemisphere production regions. In the southern hemisphere harvesting takes
place in February, March and April. Date palms are picked several times
during the harvest season since all dates do not ripen simultaneously. Dates
are harvested at or near maturity. Fruit ripening depends on cultivar, heat
units during the growing season and the stage at which the fruit are picked.
For early-ripening cultivars, the fruit within the bunch may take as long as 3-
4 weeks to complete ripening, while for late-ripening cultivars, fruit ripening
within the bunch occurs in about 8-12 weeks. Early harvest is commonly prac-
ticed to take advantage of higher prices in the market and to avoid adverse
weather conditions, cracking or splitting of fruits, excessive dehydration in
early maturing fruits, insect infestation, and microorganism attack. As ripen-
ing of dates is progressive on the bunch some fruits can overripe while others
are still at the Khalal or Rutab stages. Selective picking of individual dates
or strands is often practiced for good quality at prime maturity. When this
approach is adopted, a number of pickings are made before harvesting all
fruits. The common method is to harvest by bunch when the majority of dates
are ripe.

Harvest is generally done by hand, with access to the crown of the tree
being by way of climbing or mechanical lifts. As the palm tree grows taller,
harvesting the dates becomes more difficult, dangerous and more costly.
Hand-harvesting of dates (Figure 5.1) involves the use of aluminum lad-
ders for short palms and picking platforms for taller palms. Ladders may be
mounted on the palm tree to facilitate harvesting or various types of lifts,
such as tree squirrel and self-propelled elevating platform, are used to elevate
the harvesting laborers to facilitate harvesting. The fruits are placed within a
bucket and lowered to the ground, and then packed in bulk bins and sent to
the packinghouse. A usual procedure to climb the date palm trees is the use
of a wide belt woven out of coir to support the climber’s back and cutting
off the whole bunch. Bunches may be lowered either by ropes or by passing
the bunch hand-to-hand. Fruits are also harvested by shaking the bunch and
all mature fruits which detach easily drop onto mats spread on the ground
around the palm. Very soft fruits can be damaged in this process. Mechan-
ical aids for harvesting have been used extensively in the USA, Saudi Ara-
bia (Alhamdan 2006) and United Arab Emirates. Only dry types dates are
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Figure 5.1 Manual harvesting of dates in Saudi Arabia (top) and Egypt (bottom). Reproduced
with permission of Atef Elansari and Awad Hussein. (For a color version of this figure, please
see the color plate section).

suited for mechanical harvesting as the softer types of date can be damaged
by improper harvesting. Frequency of picking depends on several factors such
as type of date (soft, dry or semi-dry), climatic conditions, market demands,
handling methods, cost of handling, and availability and cost of pickers.
Hand harvesting can reach as much as 45% of the operational costs,
and therefore efforts were made to develop mechanical harvesting meth-
ods to carry out the harvesting more conveniently and faster than traditional
method (by hand) (Al-Suhaibani et al. 1991, Ibrahim et al. 2007). Some trials
have been carried out on Deglet Nour dates in the Coachella valley, Califor-
nia, using platforms built on extensible towers, enabling the picker to move
from one palm to the other (Brown 1982). However, picking is done by hand,
as in the hand harvesting procedure. Later, the concept of mechanical har-
vesting of mature fruit bunches was developed, in which whole bunches were
cut off on two occasions. A later development was the use of mechanical
shakers, in which the fruit bunch axis was shaken and fruit collected under
the tree. Mechanical harvesting was found to reduce the operating cost of
harvest to 25%, as well as cutting down the cost of handling and packing by
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Figure 5.2 Hydraulic-crane built on a truck used by the picker to reach the top of the tree.
Reproduced with permission of Davis Karp.

60%. Accordingly, mechanical harvesting method of cutting off the whole
fruit bunches and then using mechanical shakers to remove the fruit became
the standard procedure in the Coachella valley, California. A later develop-
ment was the use of a hydraulic-crane built on a truck and the crane had a
basket used by the picker to reach the top of the tree (Figure 5.2). The picker
cuts off the whole bunch and places it in the basket, which is lowered down
by the crane to a shaker-trailer for shaking. After shaking, fruits fall into the
bulk bins placed beneath the shaker-trailer. The bulk bins are then lifted by
a shuffle and placed in trucks to be transported to the packinghouse. Almost
80% of dates produced in USA are harvested by this method, which reduced
the operating costs by 50% (Rygg 1975, Brown 1982, Hodel and Johnson
2007).

A few date cultivars, such as Barhi (Barhee, Berhi), Hayani, Samany, and
Zaghlol, are harvested at the Khalal stage (partially-ripe) when they are
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yellow or red (depending on cultivar), but many consumers find them astrin-
gent (due to high tannin content). Ripening of Khalal stage dates can be has-
tened by bagging bunches during growth. After harvest, these dates can be
ripened to the Rutab stage by either quick freezing and keeping at -18 °C or
lower temperatures for at least 24 hours and thawing them, or by exposure
to acetaldehyde or ethanol vapors. Most dates are harvested at the fully-ripe
Rutab (light-brown and soft) and Tamar (darkbrown and soft, semidry, or
dry) stages, when they have much greater levels of sugars, lower contents of
moisture and tannins (disappearance of astringency), and are softer than the
Khalal stage dates. Moisture contents of Khalal, Rutab, and Tamar dates are
45-65%, 30-45%, and <30%, respectively (Kader and Hussein 2009).

Khalal (Bisir) dates are sometimes marketed on branches (strands) or
bunches (Figure 5.3). The whole bunches are harvested when the dates are
fully yellow and lowered to ground level, then hung on a carrier for trans-
portation to the packinghouse or to the market. Green to greenish-yellow
and ripe (Rutab) fruits are removed from the branches before packing for
shipment to markets. Date bunches are usually covered with net covers to
collect the fallen ripe fruits.

Figure 5.3 Khalal stage Deglet Nour dates on bunches for sale in Tunisia. Image by E.M. Yahia.
(For a color version of this figure, please see the color plate section).



ARTIFICIAL RIPENING 113

Figure 5.4 Deglet Nour dates at Tamar stage after harvesting in bunches are shaken into bins
to remove ripe fruit. Reproduced with permission of Davis Karp. (For a color version of this
figure, please see the color plate section).

Ripening rate of Khalal stage dates can be increased by preharvest ethrel
application, either in spray or injected into the bunch peduncle. Moreover,
postharvest dipping of fruit at the Khalal stage in ethrel and abscisic acid or
ethanol vapor has been shown to hasten date ripening (Awad 2007).

Rutab and Tamar dates are harvested as whole bunches when the majority
of dates are ripe, which are lowered to ground level and shaken into a bin or
harvested bunches are shaken to remove the ripe dates (Figure 5.4). Alterna-
tively, individual ripe dates are picked from bunches and, on average, three
pickings are required over several days. Pickers use different types of contain-
ers and harvesting aids to lower the dates to ground level. Fallen dates on the
ground, which are subjected to higher mechanical damage, should never be
collected and sold for human consumption because of the increased chances
for microbial contamination and embedding of soil into the flesh when the
dates touch the ground (Kader and Hussein 2009).

Artificial ripening
Dates picked immature to avoid damage by rain, insects or other factors need
to be ripened after harvest. In some African countries where the weather is
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hot and the air sufficiently dry, harvested immature fruits are ripened out-
doors. Although this technique is simple and cheap, the exposed fruits are
subjected to adverse conditions such as rain, dust from winds, bird attack,
rodents, etc, and ripening conditions cannot be controlled.

For indoor ripening, rooms should be equipped with devices to control
temperature and humidity and an adequate air circulation. The exact tem-
perature and time of ripening depends on the type of date, stage of matu-
ration and condition at harvest. A temperature of 40—43 °C is recommended
for ripening Khadrawy, Kustawy, Hayani, Sayer, Khalas, and Sphinks dates
(Hyde 1948). Temperatures of 45-46°C and 70% relative humidity for a
period of 2—4 days or longer are required to ripen cultivars with thick flesh
such as Iteema, Maktoom, and Saidy. Deglet Nour dates should not be
ripened at temperatures above 35°C (to avoid fruit darkening and flavour
loss). Soft cultivars such as Halawi, Dayri, and Zahidi can be ripened at
slightly higher temperatures (35-38°C). Ripening of these cultivars is com-
plete in about 2—4 days when they have lost their translucency and little or no
hard tissue remains. Use of higher temperatures is not recommended because
it increases skin separation from the flesh of the dates. Normally, date ripen-
ing takes 2-5 days depending on their ripeness stage at harvest, temperature,
and relative humidity.

Ripening enhancement of Khalal stage dates can be achieved by treatment
with acetic acid, ethanol, or acetaldehyde. Other techniques and chemicals
have been tested for ripening dates. Dipping fruits of cv. Khasab, widely
grown in Saudi Arabia, in 1% NaCl plus 2% acetic acid resulted in good qual-
ity fruits after ripening (Asif and Al-Taher 1983). In general, flavor quality of
dates ripened after harvest is lower than those ripened on the tree.

Low temperatures, such as freezing for at least 24 hours, can be used to
accelerate ripening of Khalal dates to Rutab stage. Freezing at -35°C to —
50°C, which causes less damage to the tissues, is better than freezing at —1 °C
to —18°C, which causes some damage to cell membranes and walls (Kader
and Hussein 2009).

Drying (dehydration)

Dates need to be dehydrated to the optimal moisture content for preserving
their quality during subsequent handling and storage. The temperature and
duration required to reduce water content depend on the type of date, use
and flesh consistency. Drying conditions such as drying temperature, relative
humidity and drying time will affect color, flavor, shrivelling, separation of
skin and flesh, and overall acceptability. Dehydration is an operation that
aims to achieve an appropriate sugar:water ratio, which should be close to
2 for soft dates, greater than 2 for dry dates, and lower than 2 for very soft
dates. This ratio is a good indicator of date quality behavior in storage. Over-
drying to less than 20% moisture should be avoided to keep the dates soft.
The desired moisture content is 23 to 25%.
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In countries with low air humidity, dates can be dehydrated using solar
energy by spreading the dates on trays that will be exposed to the sun or
under plastic tunnels until drying is completed to the desired moisture level.
Dates are either kept in or separated from the bunch. Alternatively, ambient
air can be forced through the dates spread on stacked trays within a pallet
that is covered by a shrink film with ventilation openings at the top and bot-
tom of the pallet. Similarly, ambient-air drying can be done within plastic
greenhouses with good air circulation. Drying in plastic houses that can be
constructed at a reasonable cost, protect the dates from dust, birds, rodents,
and other damaging factors.

If solar or ambient-air drying is not possible, heated air can be used to
dry the dates to their desired moisture content. Conventional drying requires
high temperatures and long times. Final products are characterized by low
porosity and high apparent density values. Vacuum-dried materials had bet-
ter quality retaining nutrients and volatile aroma but the cost of the process
is high.

Dehydration is also achieved by exposing dates to hot air (<70 °C) inside
a solar or industrial oven to avoid browning of sugars. For drying soft dates,
54°C at 50% relative humidity is recommended, while drying time depends
on initial moisture content. Processing dates by blanching in water at 96°C
and subsequent dehydration at 60 °C for 18-20 hours resulted in good quality
of dehydrate dates as compared those without heat treatment (Kulkarni et al.
2008).

Sometimes dehydration is carried out simultaneously with ripening until a
safer level of moisture content is reached. This process is commonly accom-
plished by recirculating air until high humidity builds up and then introducing
fresh preheated air at very low humidity.

Hydration

If picked ripe and not over-dried, dates do not require hydration. However,
sometimes hydration is used to soften the texture of some hard-type date cul-
tivars. It is achieved by dipping dates in hot or cold water for a certain period
of time. Dates are dipped in hot water or exposed to steam at 60 to 65°C
and 100% relative humidity for 4-8 hours (Yahia and Kader 2011). Steaming
for 10 minutes is enough for some cultivars such as Fardh (Fard). Hydration
changes the dried dates into plump and glossy dates. Forced air circulation
is used to improve uniformity of temperature and relative humidity through-
out the hydration room. In addition, this treatment is effective in controlling
some microorganisms and keeping fruit quality. A treatment commonly used
in California for Deglet Nour dates consists of introducing steam at 5 psi until
the temperature reaches 60 °C for 4-8 hours. In Algeria, the treatment con-
sists of a temperature of 65-70°C and 55% relative humidity for 24 hours.
High acidity dates are difficult to soften by hydration and acidity during the
process changes very little unless neutralizing agents are added. The addi-
tion of alkaline ammonium sulfite during hydration improves the quality of
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hydrated dates that are characterized by moderately high acidity (Rygg 1975).
Dates can be pasteurized by exposure to 72°C and 100% relative humidity
air until their flesh temperature reaches 66 °C, where it is kept for 1 hour.
However, such conditions may induce color darkening of the dates.

Preparation for market: postharvest operations

Good handling practices during and after harvesting can minimize mechani-
cal damage and reduce subsequent wastage due to microbial attack.

Transportation to the packinghouse

The harvested fruit is transferred into large plastic or wooden bins for trans-
port to the packing station. Each container contains 200—450 kg of fruit and
is suitable for dry fruit. Large wooden, plastic, or cardboard cases of various
sizes are also used, as well as baskets, sacks (for very dry fruit), and trays,
focusing on the need to prevent damage to the fruit (especially to soft and
sensitive fruit). The fruit must be transported carefully in the early hours of
the morning to avoid the heat and refrigeration during transport is advisable.
Those varieties marketed on the branches must not be shaken during trans-
portation in order to prevent the fruit from falling off the branches. Speedy
transport will also prevent infection by pests which attack the fruit during the
post-harvesting period.

Quick initial sorting

The first postharvest handling operation consists of separating ripe dates from
immature ones or from those that have been damaged during harvesting, by
insects, birds, rodents, transport, etc.

Cleaning

Dates arriving from the farm may be contaminated with dirt, dust, and sand
particles, plant/field debris, and chemical products and should be cleaned to
remove these particles, which stick to the date skin. Cleaning can be achieved
by blowing air on the fruits and brushing the dates softly to avoid damage to
the fruit skin or by washing the fruits with running water. Dates can also
be cleaned by passing them over damp toweling or with the use of washers.
Spray jets can be used for soft dates instead of washers. Washing with sanitiz-
ers is important to remove soil and debris and for water disinfection to avoid
cross-contamination between clean and contaminated product. Most sanitiz-
ing solutions achieve higher microbial reductions immediately after washing
compared to water washing, however, after storage, epiphytic microorgan-
isms grow rapidly, reaching similar levels. Despite the general belief that san-
itizers are used to reduce the microbial population of the produce, their main
effect is in maintaining the microbial quality of the water.
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Figure 5.5 Manual sorting of dates on a conveyer belt. Courtesy A.A. Kader.

Drying
Air-drying is designed to result in moisture content of 20% or below to pre-
vent growth of molds and yeasts. Temperatures of 55-65 °C for drying of soft

dates are generally used (Barreveld 1993). The conveyer speed in the drying
tunnel must be controlled to achieve consistent results.

Sorting

Dates are sorted to remove culls and to separate them into uniform sizes.
Sorting can be carried out manually or mechanically in crates or on moving
belts (Figure 5.5). Dates can be sorted according to maturity, flesh consis-
tency, color, shape, and size. Within different groups, dates are separated
based on quality. Discarded fruits consist of dates with defects and abnor-
malities such as parthenocarpic (virgin or non-pollinated) fruits, immature
or overripe fruits, fruits mechanically damaged during harvesting or on the
palm, fruits damaged by birds or insects, and fruits with physiological disor-
ders or diseases.

Sizing/grading

This operation is done manually or mechanically to separate dates based on
their size and weight. Uniformity of size in a package is one of the quality
criteria for dates. Date size varies depending on cultivar. Medjhool dates in
the USA are classified into three size categories: Jumbo for less than 10 dates
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per pound, Mixed for 10 to 15 dates per pound, and Conventional grade for
more than 15 individual dates per pound.

In postharvest operations date sorting and grading processes can greatly
delay packaging and marketing of fruit. The reason is that they are repetitive,
labor intensive, and time consuming processes and are carried out by humans
manually through visual inspection (Al Ohali 2011). Raji and Alamutu (2005)
reported that intensive research is being conducted to design and built intel-
ligent, reliable, flexible, and effective systems that can quickly sort a variety
of fruit and other agricultural produce; feasibility and applicability of such
a system are being explored on an increasingly basis to improve quality and
economics. Thus, color, size, surface defects, and texture are external charac-
teristics used in sorting and grading in date industry.

Color is an important factor in distinguishing between acceptable date
fruits and damaged or immature dates. Nevertheless only a few research
papers have focused on applying machine vision technique studying each date
variety solely. Wulfson et al. (1989) used a color camera to capture date fruit
images to determine the relative reflectance in the range of 400-1000 nm for
good and defective dates. They noted that the red band image was most effec-
tive for detecting defective Majhul (Medjhool) dates, while the green band
image performed best for Zahidi dates.

Al-Janobi (1993) reported a machine vision system to grade date fruits
(Deglet Nour variety) into quality classes based on color and texture anal-
ysis. Later on, in 1998 Al-Janobi applied a line scan based vision for inspect-
ing fast moving dates capable to determine the color/quality of the fruits and
in 2000 developed a computer vision system based on color threshold tech-
nique for grading Sifri variety of date fruits. Fadel et al. (2001) designed a
machine with the capability to differentiate between various date varieties as
well as estimating sugar content of each variety. They carried out a study for
date fruits to find out the color properties of different cultivars using (red,
green, blue; RGB) color space to measure the color variation. Their work
showed that color luminosity and red, green, and blue color space can be
used to find out color properties of different dates varieties. Lee et al. (2008)
developed a machine vision system, for automatic date quality evaluation for
commercial production, using reflective near-infrared imaging (NIR) to eval-
uate date quality by analyzing two-dimensional images. Relative to manual
grading, the operational system results in improved grading accuracy and a
substantial reduction in operating costs.

Al Ohali (2011) designed and tested a prototype computer vision based on
date grading/sorting system by a defined set of fruits external quality features
(Figure 5.6). The system uses RGB images of the date fruits. A computer-
mediated fruit quality assessment and sorting system has two subsystems: a
computer vision system and a fruit handling system. The computer vision sys-
tem captures the image of the underlying fruit and transmits it to an image
processor. The processor, after processing the image, presents it to a pattern
recognizer. The recognizer performs the quality assessments and classifies
the underlying fruit into prespecified quality classes, and directs the sorter
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Figure 5.6 Typical layout of a computer-aided fruit sorting system. Source: Al Ohali (2011).
Reproduced with permission of J KSU Comp Info Sci.

to direct the fruit to the appropriate bin. Based on the extracted features
the system classifies dates into three quality categories (grades 1, 2, and 3)
defined by experts (Figure 5.7). The system can sort dates with 80% accuracy
(Al Ohali 2011).

Metal detection

This process is also carried out simultaneously with the grading or sorting. It is
done for the sake of identifying any outside metal particles or items that could
have been picked up with the crop. It is highly recommended for dates to
pass through a metal detector since metals could prove to be highly injurious
during chewing of dates,

Surface coatings

This process is done to reduce stickiness and/or improve appearance of the
dates. Several materials have been recommended for this purpose includ-
ing a 5 or 6% solution of soluble starch as a dip, 3% methyl cellulose, or a
combination of 2% butylated hydroxyanisole, 2% butylated hydroxytoluene,
6% vegetable oil, 90% water and a wetting agent (Ait-Oubahou and Yahia
1999). Surface coatings with wax or other materials (such as vegetable oil,

@) (b) (c)

Figure 5.7 Blemished and graded date fruit: (a) birds flicks, (b) bruises/cuts, and (c) from left
to right - grades 1, 2, and 3 date samples. Source: Al Ohali (2011). Reproduced with permission
of J KSU Comp Info Sci. (For a color version of this figure, please see the color plate section).
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glucose syrup, corn syrup, date syrup, sorbitol, or glycerol) are also widely
used (Kader and Hussein 2009).

Packaging

Packaging protects dates from physical damage, moisture absorption or loss
and insect reinfestation during subsequent storage and handling steps. Date
packages are of several types and sizes. Some dates are marketed in 15-pound
flats of fiberboard or wood (6.8 kg, approximately), others in 5- or 10-pound
cartons (about 2.3 and 4.5 kg, respectively). Large reinforced cartons are used
for packing dry dates, especially for export. Consumer packages in a number
of sizes and shapes are widely used for dates (Figure 5.8). They include trans-
parent film bags and trays overwrapped with film. Round fiberboard cans with
metal tops and bottoms containing 0.5-1 kg are also used. Rigid transparent
plastic containers with a capacity of 0.2-0.3 kg are commonly used. Small
consumer packages are also used such as bags containing about 50-60 g dates
(Ait-Oubahou and Yahia 1999). Barhi variety at the Khalal stage is packed
on branches in cardboard boxes weighing 5 kg in Jordan, Israel, USA, and
Saudi Arabia. Deglet Nour can be packed on branches at the Rutab stage or
unattached when dates are at the Tamar stage.

Data such as weight, country of origin, quality, and date of expiry should
appear on the package labels (Glasner et al. 2002). Additionally, nutritional
labeling, already required on the retail packages by many dates importing
countries, should be added on all retail packages, including those intended
for the local markets.

CE CALIFORNIA DATES |

GROWN IN CALIFOR NiA

Figure 5.8 Various retail-size consumer packages of dates. Courtesy A.A. Kader.
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Cooling

Cooling of dates to below 10°C (preferably to 0 °C) before transportation or
storage under the same temperatures (0-10 °C) and 65-75% relative humid-
ity is recommended to maintain quality. Hydrocooling can be used to cool
Khalal dates to near 0°C in 10 to 20 minutes, depending on initial temper-
ature (Elansari 2008), but requires effective disinfection of the water and
removal of excess surface moisture from the cooled dates before packing in
the shipping containers. Use of a perforated plastic liner within the box can
reduce water loss during transportation and marketing.

The temperature and the speed of refrigeration affect physiological phe-
nomena, such as sugar crystallization, caused by the breaking of cell walls or
the tearing of the skin, facilitating the movement of water inside the fruit or
out of it. This fact is connected to the amount of moisture in the fruit. Thus,
the risk increases when the amount of moisture rises above 20% (also in low
temperatures) (Glasner et al. 2002).

Storage conditions

Storage and transport at low temperatures is the most important way of main-
taining quality of dates because it minimizes loss of color, flavor, and tex-
tural quality; delays development of sugar spotting, incidence of molds and
yeasts, and insect infestation; and prevents development of syrupiness (due to
conversion of sucrose into reducing sugars) and souring of excessively moist
dates.

Khalal dates should be stored at 0°C and 85 to 95% relative humidity to
reduce water loss, delay ripening to the Rutab stage, and maintain their tex-
tural and flavor quality. Packaging in plastic bags or use of plastic liner in the
box helps in minimizing the water loss.

Optimal temperature for Tamar dates is 0°C for 6-12 months storage,
depending on cultivar (semi-soft dates, such as Deglet Nour and Halawi, have
longer storage-life than soft dates, such as Medjhool and Barhi). For longer
storage durations, use temperatures below the highest freezing temperature
of —15.7°C. Dates with 20% moisture or lower can be kept at —18°C for
more than 1 year, at 0°C for one year, at 4°C for 8 months, or at 20°C for
one month; relative humidity should be kept between 65 and 75% in all cases.

Relative humidity is the moisture content (as water vapor) of the atmo-
sphere, expressed as a percentage of the amount of moisture that can be
retained by the atmosphere (moisture holding capacity) at a given temper-
ature and pressure without condensation. The moisture holding capacity of
air increases with temperature. Water loss is directly proportional to the
vapor pressure difference (VPD) between the commodity and its environ-
ment. VPD is inversely related to relative humidity of the air surrounding the
commodity. Relative humidity can influence water loss, incidence of some
physiological disorders, and fungal growth in dates. Condensation of mois-
ture on the commodity (sweating) over long periods of time is probably more
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important in enhancing decay than is the relative humidity of ambient air.
An appropriate relative humidity range for dates is 65-75%; at higher rela-
tive humidity levels, dates will absorb moisture from the room air unless they
are packaged in moisture-proof containers. Water activity of 0.65 to 0.85 cor-
responds with moisture contents of 15 to 35% in dates. The lower the water
activity, the greater the resistance to molds, yeast, and bacteria that attack
date fruits.

Dates should not be mixed with onions, garlic, potatoes, apples, or other
commodities with strong odors that can be adsorbed by the dates. Exposure
to ammonia or sulfur dioxide can be detrimental to quality of dates (Kader
and Hussein 2009).

Responses to controlled atmospheres

Packaging of Tamar dates in nitrogen (to exclude oxygen) reduces darken-
ing of the fruit and prevents insect infestation. Yellow Khalal Barhi dates can
be stored in 20% carbon dioxide enriched air at 0°C and 90-95% relative
humidity for up to 26 weeks as compared to 7 weeks for air-stored dates (Al-
Redhaiman 2005). The elevated carbon dioxide concentration is fungistatic,
inhibiting growth of fungi, but once the dates are transferred to air, the fun-
gal growth will resume, especially under higher temperatures. Mohsen et al.
(2003) noted that vacuum packaging is a useful technique for reducing dark-
ening of dates during lengthy storage. Mutlak and Mann (1984) reported that
both enzymatic and non-enzymatic browning occurred in dates, increasing
with higher moisture content and higher temperatures and inhibited at low
oxygen potentials. Application of partial vacuum packaging increased the
shelf life for Deglet Nour dates at the Tamar stage stored at <20°C from
3.8 months for simple sealing to 9 months (Achour et al. 1998).

Physical and physiological disorders

Several physiological disorders can appear on dates:

* Darkening: Both enzymatic and non-enzymatic browning occurs in dates
and increase with higher moisture content and higher temperatures. Enzy-
matic browning can be inhibited at low oxygen concentrations and low
temperatures.

o Skin separation (puffiness): Skin is dry, hard and brittle, and is separated
from the flesh. This disorder develops during ripening of soft date culti-
vars, which vary in susceptibility. High temperature and high humidity at
a stage before the beginning of ripening may predispose the dates to skin
separation.

* Sugar spotting (sugaring): This disorder, characterized by light-colored
spots under the skin, results from crystallization of sugars in the flesh of
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soft date cultivars. Although it does not influence taste it alters fruit tex-
ture and appearance. Incidence and severity of sugar spotting increase
with storage temperature and time. Storage at recommended tempera-
tures minimizes this disorder, which occurs mainly in cultivars in which
glucose and fructose are the main sugars. Sugaring may be reduced by
gentle heating of the affected dates (Rygg 1975).

Pathological disorders

Susceptibility of date fruit to postharvest diseases increase after harvest,
during ripening, and over prolonged or inadequate storage as a result of
physiological changes in the fruit, favoring pathogen development. Microbial
spoilage can be caused by yeasts (most important), molds, and bacteria.

Yeast species of Zygosaccharomyces are more tolerant of high sugar con-
tent than others found in dates. Yeast-infected dates develop an alcoholic
odor (become fermented). Acetobacter bacteria may convert the alcohol
into acetic acid (vinegar). Fermentation by yeast also results in souring of
dates due to accumulation of ethanol and/or acetic acid with moisture con-
tent above 25% when kept at temperatures above 20°C and its severity
increases with duration and temperature of storage. Storage at low tempera-
tures reduces incidence and severity of souring.

Fungi (Aspergillus, Alternaria, and Penicillium spp.) may grow on high-
moisture dates, especially when harvested following rain or high humidity
period. Growth of Aspergillus flavus on dates can result in aflatoxin contam-
ination that would make them unsafe for human consumption and unmar-
ketable.

Lactic acid bacteria are present only at the Rutab stage in some varieties
(Tafti and Fooladi 2005).

Disease control strategies

Several strategies can be adopted in order to minimize and control disease
development:

1. Dry the dates to 20% moisture or lower to greatly reduce incidence of
molds and yeasts.

2. Maintain recommended temperature and relative humidity ranges
throughout the handling system. In date-producing countries, it is com-
mon to consume fruit at Khalal and Rutab stages during the harvesting
season. Dates at these stages of maturity have high moisture content and
are prone to rapid deterioration. Therefore, for optimum shelf life, such
fruits should be handled and marketed using cold-chain just like any other
perishable commodities. Kader (2003) recommended maintaining cold-
chain throughout the fruit marketing channels (Figure 5.9).
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HARVEST
Protect the product from the hot sun
Transport quickly to the packinghouse

g

COOLING
Minimize delays before cooling
Cool the product as soon as possible

iyt

{ ™

TEMPORARY STORAGE
Store the product at its optimum temperature
Practice “first-in-first-out” rotation
Ship to market as soon as possible

iy

TRANSPORT TO MARKET
Use refrigerated loading area
Cool truck before loading
Put insulating plastic strips inside door or
reefer if the truck makes multiple stops

i1

HANDLING AT DESTINATION
Use a refrigerated unloading area
Measure product temperature
Move product quickly to proper storage area
Display at proper temperature range
Avoid delays during transport )

o

" HANDLING AT FOODSERVICE OUTLETS )
Store product at proper temperature
Monitor product temperature during storage
Use the product as soon as possible

..

Figure 5.9 Maintaining cold chain for the perishable commodities. Source: Adapted from
Kader (2003).

3. Avoid temperature fluctuations to prevent moisture condensation on the
dates, which may encourage growth of decay-causing microorganisms.

4. Use adequate sanitation procedures in the packinghouse and storage
rooms to reduce potential sources of microbial contamination.

Insect pests and their control

Insect pests

Insect infestation is one of the primary causes of postharvest losses in
quality and quantity. Several insects can cause serious damage to dates at
different developmental stages (Carpenter and Elmer 1978, Dowson 1982,
Ait-Oubahou and Yahia 1999):

* Oligonychus afrasiaticus McGregor and O. pratensis Banks are mites that
cause a disorder known as “Bou Faroua” disorder, which affects fruit at
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the Hababouk stage. The larvae develop around the fruit producing a
white filament netting, which in turn causes fruits to drop prematurely.

o Coccotrypes dactyliperda (date stone beetle) has the same consequences,
with the fruit dropping at the immature green stage.

» Parlatoria blanchardii (date palm scale) attacks the fruit while still green
and forms white filaments around the fruit, which reduce photosynthesis
and the fruits do not reach maturity.

o Ectomyelois ceratoniae Zeller (date carob-moth) is another lepidoteran,
which is widely distributed in different producing areas of dates, and
causes significant postharvest losses in stored dates. The moth is common
on dates, pomegranates and carobs.

* Batrachedra amydraula Meyr (lesser date moth), Carpophilus hemipterus
(dried-fruit beetle), C. mutilatus (confused sap beetle), Urophorus humer-
alis (pineapple beetle), and Haptoncus luteolus (pineapple sap beetle), can
cause serious damage to dates on the bunch or after harvest.

o Vespa orientalis (Oriental hornet), Cadra figulilella (raisin moth),
Arenipses sabella (greater date moth), and the Tyrophagus lintneri Osborn
(mushroom mite) can infest stored dates.

o Ephestia cautella Walk (fig-moth) is an important postharvest pest in some
growing regions that can attack dates in the orchard, packinghouses or
stores (Ahmed et al. 1994). Dates at the Kimri, Khalal, and Rutab stages
are not attacked by this insect, only fruits at the Tamar stage.

* Oryzaephilus surinamersis L. (saw-toothed grain beetle) is a serious insect
pest of stored dates in some regions.

Control methods

Fumigation by methyl bromide or phosphine, ionizing radiation, low and/or
high temperatures, and modified atmospheres can be used to control insects
in dates (Paull and Armstrong 1994, Yahia 1998, 2009, Yahia and Kader
2011).

Fumigation

Methyl bromide (CH3Br) at 30 g/m?® (30 ppm) for 12-24 hours at temper-
atures above 16°C is very effective for insect disinfestations (Yahia and
Kader 2011). However, although methyl bromide is very effective in control-
ling stored products insects, its emissions have a deleterious effect on the
atmosphere and it is a tremendous hazard for human health; the Montreal
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Protocol decided to eliminate its production and use by the end of 2015
worldwide.

A potential substitute for methyl bromide is sulfuryl fluoride at 34 g/m? for
24 hours at 20-25 °C, which was recently registered by the United States Envi-
ronmental Protection Agency (USEPA), although environmental groups are
campaigning against this compound due to its potential negative effects.
Phosphine (PHj3) is an effective fumigant, but treatment takes 3 to 5 days
at 20°C and 60% relative humidity. However, using phosphine as a gas can
shorten the required treatment time to a few hours. Current regulations in
each country should be consulted before these fumigants are used. Fumiga-
tion was found to be more efficient when applied under low pressure. Ahmed
et al. (1982) compared methyl bromide fumigation and irradiation of Zahdi
dates and reported that both techniques are efficient for disinfestation during
the first period of storage (25 days), but reinfestation of dates occurred dur-
ing storage leading to detection of live insects. Thus, disinfested dates must
be protected from reinfestation by storage at low temperatures and in insect-
proof packages.

Irradiation

Tonizing radiation at doses below 1 kGy (a level currently approved for use
in fruits and vegetables) has potential for effective insect disinfestations with-
out negative effects on quality of dates (Ahmed 1981, Al-Taweel et al. 1993).
Ahmed et al. (1982) found that a dose of 0.86 kGy was adequate for the
disinfestation of polyethylene-wrapped small date packages, causing com-
plete inhibition of adult emergence of both Ephestia and Oryzaephilus. Al-
Taweel et al. (1990) reported that a dose of 0.44 kGy for 30 minutes was suf-
ficient to disinfest dates and no live insects could be detected after a storage
period of 185 days. Azelmat et al. (2005) found that 0.3 kGy was the mini-
mum needed to prevent damage from feeding and prevent adult emergence,
and 0.45 kGy was required to kill the fourth instar of Plodia interpunctella
(Huber) (Lepidoptera: Pyralidae). Some studies conducted by El-Sayed and
Baeshin (1983), Grecz et al. (1986) and Al-Khahtani et al. (1998) showed that
panellists could not discriminate between control and 0.2 to 6.0 kGy irra-
diated dates. However, Aleid et al. (2013) showed that sensory quality was
affected at >3kGy doses.

Microwaves

Wahbah (2003) reported that microwave radiation at 2540 MHz for 19 to
22 sec was sufficient to cause 50% mortality of the two species O. surinamen-
sis and T. castaneum, respectively, while Al-Azab (2007) indicates that 20 sec
at 2450 MHz were necessary to produce 100% mortality for all E. cautella
stages; with sensitivity being pupae>adults>eggs>larvae.
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Radiofrequency

Alfaifi et al. (2013) reported the potential for developing continuous and
large-scale radiofrequency treatments (deep 28.4-103.7 cm at 27 MHz) for
postharvest insect control in dried fruits.

High temperatures

Heat treatment of dates at 60-70°C for 2 hours killed 100% of both the fig-
moth and the saw-toothed beetle, but resulted in a shiny appearance or glaz-
ing of the fruit (Hussain 1974). Exposing dates to temperatures of 65-80°C
for 30 min to 4 hours at high humidity controls insects (Yahia 2004); how-
ever, this approach is not always very efficient for controlling insects in dates
with high moisture content because high temperatures for prolonged periods
may cause darkening and the appearance of a dull colour and loss of flavour.
Rafaeli et al. (2006) described an effective, short-duration and inexpensive
method using postharvest heating container. They found that the optimum
temperature regime for maximum escape of beetles from the fruit was 55°C
for 2.5 hours attained at a rate of 1.8 °C/min.

Heated air at 50-55 °C for 24 hours (from the time the fruit temperature
reaches 50 °C or higher) is effective for insect disinfestation (Navarro 2006),
but the use of higher temperatures is not recommended because it makes the
color of the dates darker. Forced hot air is recommended to obtain faster and
more uniform heating of the dates. Cooling the dates to the desired storage
temperature (0°C) soon after completion of the heat treatment reduces the
intensity of color darkening. Hussein et al. (1989) reported that boiling water
is more efficient in controlling insect infestation of dates than exposure to hot
air at 70°C. However, very hot water also increases sugar loss that can reach
up to 20%.

Low temperatures

Dates are very resistant to low temperature, and thus can significantly reduce
insect infestation (Yahia 2004, Yahia and Kader 2011). Temperatures below
13°C will prevent feeding damage and reproduction, and temperatures of
5°C or lower are effective in controlling different forms of insect (Barreveld
1993). Fig-moth larva could live for 85 days at 2-6 °C, but storage at 0°C can
result in total mortality of the larva of the fig-moth and adult of the grain bee-
tle after 15 and 27 days, respectively (Hussain 1974). Thus, packed fumigated
dates could be kept free of infestation at 4 °C for as long as 1 year (Hussain
1974). Freezing at —18 °C or lower for at least 48 hr (from the time when the
fruit temperature reaches —18 °C or lower) is enough to kill all life stages of
stored products insects.



128 CH5 HARVESTING AND POSTHARVEST TECHNOLOGY OF DATES

Modified atmosphere (MA) and controlled atmosphere (CA)

Packing infested dates in polyethylene bags with 80-90% vacuum resulted in
100% mortality after two days (Hussain 1974). A 4-hour exposure at 2.8%
O, in N, at 26 °C resulted in over 80% of the initial nitidulid beetles popula-
tions to emigrate from the infested dried dates (Navarro et al. 1998a,b). Al-
Azab (2007) used a mixture of modified atmosphere (65% CO;, 15% N, and
20% O;) and found that an exposure for 24 hours at 34 °C and 65% relative
humidity cause 100% mortality against the adults of E. cautella. E1-Mohandes
(2009) found that 100% mortality was achieved after 36-hour exposure at
CO; concentrations of 75% at 25 °C and 55% relative humidity for the adults
of Oryzaephilus surinamensis and Tribolium confusum. Moreover, applica-
tion of CO, at concentrations of 75% with half dose of PH; at 28 + 2°C and
60 + 5% relative humidity caused 100% mortality, of both tested insects,
after 6 hours of exposure.

0zonation

Niakousari et al. (2010) exposed contaminated dates with all life stages
(adults, larvae and eggs) of Indian meal moth (Plodia interpunctella) and saw-
tooth grain beetle (Oryzaephilus surinamensis) to gaseous ozone (600, 1200,
2000 and 4000 ppm) for 1-2 hours. Exposing samples to ozone concentrations
of >2000 ppm for 2 hours resulted in complete mortality of larvae and adults.
Ozonation at 4000 ppm caused 80% mortality of eggs but exposure to CO,
prior to ozonation did not increase the mortality.

Biological control

Some biological methods for the control of the insect pests of stored dates,
such as sterile insect technique, cytoplasmic incompatibility and the use of
parasites, have been tried (Ahmed 1981, Ahmed et al. 1982, 1994), but none
of these methods is used commercially.

“Organic” dates cannot be treated with chemical fumigants and other
treatments such as carbon dioxide, heat treatments or freezing can be used
for insect disinfestation.

Processing

Various products can be obtained from dates (Barreveld 1993, Al-Abid et al.
2007a,b). Dates are marketed whole, pitted, cut into small pieces, or mac-
erated (ground or chopped) and can be used in pastries. Whole unpitted or
pitted dates may be marketed loose or pressed (compressed into layers using
mechanical force). Dates products include concentrated Tamar juice (dibis),
liquid sugar, production of alcohol and alcoholic beverages, vinegar, and the
production of single cell protein (Sidhu 2006). Date flour can be obtained
from dry or dried dates. Syrup can be produced from very soft dates (drained
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out) or from low quality dates after hydration and maceration. The syrup
obtained is concentrated to 30/35°Brix then filtered to reach a light brown
colour. Sugar is extracted from dates, and vinegar, alcohol and yeast can also
be produced from dates (Munier 1965). Kimri stage (green) dates may be
used for pickles and chutney. Khalal stage dates may be used for jam or dates-
in-syrup (dibis). Rutab stage dates may be used for jam, butter, date bars, and
date paste. Tamar stage dates may be processed into date bars, date paste, or
date syrup. Date processing by-products and low-quality dates may be used
for sugar extraction or production of sugar alcohols, citric acid, ethanol, vine-
gar, or baker’s yeast.

To remove astringency, dates can be dipped in a solution of 3-4% acetic
acid or in vinegar, or fumigated with acetic acid vapor in a heated container.
Immature dates can also be immersed in hot water for a few minutes or incu-
bated at 32-38 °C for a few days, where the fruit softens, become translucent,
and the flavour improves (Ait-Oubahou and Yahia 1999).

Food safety considerations

Safety factors in dates include natural contaminants, such as fungal toxins
(mycotoxins) and bacterial toxins, and heavy metals (cadmium, lead, mer-
cury); environmental pollutants; residues of pesticides; and microbial con-
tamination (Al-Turki and Magid 2004, Yahia 2004). While health authorities
and scientists regard microbial contamination as the number one safety con-
cern, many consumers rank pesticide residues as the most important safety
issue. Unless fertilized with animal and/or human waste or irrigated with
water containing such waste, dates normally should be free of most human
and animal enteric pathogens, unless they have been contaminated if allowed
to fall to the ground. Organic fertilizers, such as chicken manure, should
be sterilized before use in date orchards to avoid the risk of contaminating
dates that contact the soil with Salmonella, Listeria, and other pathogens.
Dates that touch the soil are more likely to be contaminated than those that
do not come in contact with the soil. Strict adherence to “good agricultural
practices (GAPs)” during production, “good hygienic practices (GHPs)” dur-
ing postharvest handling, and “good manufacturing practices (GMPs)” dur-
ing processing are strongly recommended to minimize microbial contamina-
tion. Careful handling and strict observance of proper sanitary measures are
strongly recommended to reduce microbial contamination during all handling
steps (Kader and Hussein 2009).

Kader and Hussain (2009) recommended that date packing and processing
plants establish and consistently implement a Hazard Analysis and Critical
Control Points (HACCP) program to assure safety of their products to the
consumers. Design and implementation of the HACCP system involves seven
essential basic steps, as shown in Figure 5.10. Adopting HACCP program can
check for possible contamination and assure that GMPs are being followed.
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Identify possible food safety hazards
Determine critical control points

Establish preventive measures

G

Monitor the manufacturing process to detect hazards

=

Plan corrective actions

Prepare a method to verify that the HACCP plan is working

Document the HACCP system by maintaining records

Figure 5.10 Basic steps of the Hazard Analysis and Critical Control Points (HACCP) system.

Sanitation standard operating procedures (SSOPs) are specific procedures
that allow the date processing plant to achieve sanitary process control in its
daily operations. These procedures are shown in Figure 5.11.

Proper washing of dates significantly reduces the microbial load on their
surfaces. Clean, disinfected water is required in order to minimize the poten-
tial transmission of pathogens from water to dates, from infected to healthy
dates within a single lot, and from one lot to another over time. Waterborne
microorganism, including postharvest plant pathogens and agents of human
illness, can be rapidly acquired and taken up on date surfaces. Natural date
fruit surface contours, natural openings, harvest wounds, and scuffing can be
points of entry as well as providing safe harbor for microbes. In these pro-
tected sites, microbes are largely unaffected by common or permitted doses of
postharvest water sanitizing treatments, such as chlorine compounds, ozone,
peroxyacetic acid, and hydrogen peroxide. It is essential therefore, that an

Cleanliness of
(Safety and purity of | utensils and 1 ) 2
the water used in all equipment Preventtlon_ Oft(.‘,I’OSS-
operations ) | contamination
( ~ - N

| Protection of food
from contaminants

Hand washing and
clean toilet facilities
|

T_abeling and storage )
of toxic compounds
| safely/separately

Pest control and
management

Monitoring employees
J health, sick workers
not to touch the food

s
.

Figure 5.11 Sanitation standard operating procedures (SSOPs) recommended for postharvest
handling of dates. Source: Adapted from Kader and Hussain (2009).
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adequate concentration of sanitizer is maintained in water in order to kill
microbes before they attach or become internalized in the dates.

In some countries, standards of microbial quality have been established
with a maximum microbial load allowed in any of the samples tested of 1,000
CFU/g yeasts, 10,000 CFU/g molds, and/or 10 CFU/g Escherichia coli. Such
microbial load testing may be helpful in indicating the efficacy of the sanita-
tion procedures used to prevent microbial contamination.

Many businesses can face challenges, but in particular small-scale produc-
ers and traders in developing countries need support in planning and imple-
menting food safety management programs in line with international require-
ments such as CODEX. The CODEX Standard for dates includes three sizes
based on the number of dates per 500 g: small (>110 dates without or >90
dates with seeds), medium (90-110 dates without or 80-90 dates with seeds),
and large (<90 date without seeds or <80 dates with seeds) (CODEX STAN
143-1985).

Conclusions

Only a small proportion, about 10%, of the world production of dates is han-
dled in global trade due to diverse factors including inadequate handling tech-
niques, and lack of information for small farmers, who are the dominant pro-
ducers. Many topics need to be investigated and improved such as: selection
of adequate cultivars for better quality fruits and smaller tree size; improve-
ments of harvesting methods; ripening procedures; dehydration and hydra-
tion techniques; safe methods for insect and pathogen control; prevention
of toxins and development of adequate detection methods; practical meth-
ods for moisture determination; adequate packaging and storage conditions;
and further biochemical studies on sugar interactions, tissue softening, and
browning.

Some of the important means to produce good quality dates and to main-
tain quality after harvest include: selecting the right type of male clones for
pollinating female cultivars, developing adequate date palm mechanization,
especially for pollination and harvesting, adequate use of the cold chain,
packaging and packages, food safety measures, methods of insect control and
prevention of reinfestation during postharvest handling. Use of low temper-
ature during storage and transport is the most important way of maintaining
quality of dates because it minimizes loss of color, flavor, and textural qual-
ity, delays development of sugar spotting, reduces incidence of molds and
yeasts, and insect infestation, and prevents development of syrupiness (due to
conversion of sucrose into reducing sugars) and souring of excessively moist
dates.
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Introduction

Packaging has played a critical role for over a century to preserve and deliver
fresh and processed foods in various forms that are consumed by people
around the world. In the last five decades, packaging has also enhanced the
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shelf life of food products and in its combination with food processing meth-
ods developed high quality foods that gained significant acceptance by con-
sumers and make companies that produce such products as significant busi-
ness giants. From Kellogg’s cereal in a paperboard container, to Coca Cola
beverages in glass bottles and metal cans, and now fresh lettuce from Fresh
Express and Dole, it is packaging in combination with a good food or bev-
erage product that has made the manufacturers of these packaged products
widely accepted symbols of high quality and consumer acceptance.

In this chapter, current and innovative packaging systems and technolo-
gies for fresh dates and date products are reviewed. Packaging technologies
and innovations continue to be challenged in meeting various demands of
consumers. Packaging plays an important role in maintaining quality and
assuring safety of dates, which are always the key concerns of consumers.
In addition to the basic functions of packaging, many date products require
packaging as part of processing. Moreover, packaging is considered an impor-
tant part in selling the products as packaging communicates with consumers.
Packaging design including graphic and shape as well as its special functions
for convenience and use can significantly promote sales. Packaging closely
engages with cost and profit. Optimization between cost and damage or loss
is an important concept for packaging designs.

Package functionality

Packaging has evolved in many ways and forms. In its very early stages it
served the foremost and primary function of “containment” of the product
in the package. However, for food products, it is essential that it delivers its
second critical function of “protection” by keeping safe and consistent qual-
ity and enhancing shelf life. Then come “communication” where the “mes-
sage” a package delivers in terms of brand identity, expiration date, quan-
tity, contents, manufacturer, nutrient information, etc. In certain packaging
forms, such as baskets containing fresh dates, this message and communi-
cation function is clearly obvious to the consumer in a retail store or fruit
market. Another function offered by a package is “utility” (e.g., single-serve
consumer packaging also allows features of easy opening and consumption
from the package). Lastly, in the past three decades, various environmen-
tal concerns have risen based on the choice of packaging materials used and
their disposal. Such environmental considerations have been addressed as the
fiftth function by terms in the 1980s of green packaging to the 2000s of sus-
tainable packaging. However, a package must “sell” the product since it is
not beneficial to develop and select packaging forms, materials and methods
that meet any and all functions of package, if that package is not purchased
by consumers.

Packaging and sustainability is increasingly becoming significant con-
cerns of all involved parties, from fruit growers, packaging manufacturers/
suppliers, distributors, retailers, to end consumers. Sustainability includes
economic and social aspects, apparently focusing on environmental issues.
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Many programs and technologies are continually developed to improve and
optimize bulk packaging systems and supply chain with a mission to achieve
sustainable growth.

Current packaging systems for dates

Date palm (Phoenix dactylifera L.) is one of the oldest plants in the world.
The fruit is increasingly receiving attention for consumption as it is known to
provide a wide range of functional and nutritional values (Barreveld 1993).
Several studies have shown that dates contain an important source of bioac-
tive compounds with potential health benefits (Barreveld 1993). Dates are
eaten in both fresh and as processed products. There are various date prod-
ucts, of which most the commonly eaten products are dried and dehydrated
dates. Other processed products include dried powder, paste, syrup, jam,
jelly, juice, extruded snack and frozen fruit, etc. The other parts of dates (e.g.,
pits) are also processed into different products or being part of other prod-
ucts. A variety of packaging systems for dates and date products are used for
preserving the quality while offering convenience for the consumers.

Packaging has been involved in preparing and delivering fresh dates from
farm to fork. Packaging plays a significant role in managing the effective and
sustainable supply chain. Common date supply chain comprises of a delivery
of harvested dates to the collecting facility, packinghouse, or distribution cen-
ter for preparing, sorting and packing the fruits for destined channels (whole-
sales, retails, processing plants) (Chonhenchob et al. 2012).

Packaging of fresh and dried dates

The packaging process is an important step for storage and marketing of fruits
after harvest. Harvested dates are transferred to a packinghouse for appro-
priate postharvest treatments. A cold chain is recommended for maintain-
ing the best quality of dates. In general, processes in the packinghouse for
dates include fumigation, washing, storage/refrigeration, hydration/ dehydra-
tion/curing, sorting, grading, packing and shipping (Zaid 2002). Fumigation is
usually done in the sealed rooms at the packinghouse but may also be done in
the field prior to reaching the packinghouse. Insect control by fumigation is
described in more detail in Chapter 4. Conveyors are used to link packaging
processes in the packinghouse.

Cleanliness of incoming containers is an important factor to ensure food
safety with good manufacturing practice (GMP) and hazard analysis critical
control points (HACCP). The aim is to reduce microbial contamination and
ensure general sanitation. Reusable containers should be cleaned and sani-
tized using approved sanitizers (e.g., sodium hypochlorite, chlorine dioxide,
various peroxides, or ozone). Date packing in an unclean reusable container
poses a risk of cross-contamination.

Bulk packaging should be part of trackability and tracability throughout a
supply chain. Radio frequency identification (RFID) tags or other traceability
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devices such as barcodes and electronic data interchanges (EDIs) are applied
on bulk containers or pallets for improved chain visibility. Embedding RFID
tags in the packaging materials such as paperboard and plastic continues to be
challenged in the new era. This so called “intelligent packaging,” which refers
to packaging that can convey and/or communicate about the product’s infor-
mation and/or properties to users (Rooney 2005) is becoming more popular
from safety and supply chain management perspectives.

Information of fresh fruits/dates is increasingly required by consumers at
shelf to ensure product’s safety and quality for consumption. Delivery of
such information is done by labeling and/or printing on the retail packaging.
This information is, for example, about variety, quantity, grower, processor,
and nutrition facts. Some certifications are required for traded products and
these are also conveyed through retail packaging. Recently, the most impor-
tant one for fresh fruits is a certified global production processes for Good
Agricultural Practices (GAP). The traceability information includes history,
application or location, for examples farm of origin, farm location, produc-
tion history, temperature during shipment, etc. RFID tags can be applied on
the retail packages rather than the bulk containers or pallets for tracing indi-
vidual packs.

Packaging dates for bulk/wholesale

Dates may be harvested and packaged as individual fruits or on branches,
depending on variety, maturity stages (i.e., Khalal, Rutab, or Tamar), produc-
ing countries/regions and market requirements. For example, Barhee dates
at the Khalal stage and Deglet Nour at the Rutab stage are harvested and
packed as bunches, commonly in a 5 kg-corrugated case. Medjhool fruits,
which are soft with high water content, are packed individually in the trays
(Zaid 2002). Harvested dates on branches are placed in the bulk containers
loaded on the truck or placed directly on the clean truck floor or hung on
the special hangers on the truck and transported to the packing house. Date
fruits can also be packaged in the retail-display-ready containers at the farm
then transported to the distribution center and the retail stores. This logistic
model continues to be challenged in fresh produce industry. Both reusable
plastic containers (RPCs) and paper containers are adapted to use for dis-
play purposes at the retail stores (Singh and Singh 2007).

Bulk packaging is primarily used to facilitate delivery of large volume
or quantity of fresh dates throughout a supply chain. It may be used for
various purposes, e.g., harvesting, storage, wholesaling and also retailing.
In most cases, bulk packaging is aimed for wholesaling, in which packing
and/or repacking are required for retailing. Bulk packaging protects fresh
dates from physical damage and increase efficiency in handling and distri-
bution. Primary requirements for bulk packaging for fresh dates include
strength, stackability, ergonomic handling, space utilization and proper ven-
tilation. Other requirements are related to the fruit characteristics depend-
ing on maturity stages at harvest and varieties. In general, Khalal and Rutab
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dates are sold as fresh or natural fruits, while Tamar dates are marketed as
dried dates.

Date bunches may be covered with plastic net, cloth bags, plastic sleeve,
or plastic bag to prevent dates from moisture loss and falling off during han-
dling and distribution. Date fruits should be packaged in the high moisture
barrier materials to protect moisture loss or gain. Moisture content in dates
is related to their quality and shelf life. Moisture loss from dates results in
weight loss, dry skin, and/or hard texture. Moisture absorption should be
avoided for dried/dehydrated dates. This generally occurs when storing dates
in high relative humidity. Optimum relative humidity for storing fresh dates
is about 70-75%. Plastic liners with high moisture barrier property are com-
monly used within the bulk containers, e.g., polyethylene (PE), linear low
density polyethylene (LLDPE), polypropylene (PP), oriented polypropylene
(OPP), cellophane, etc. These plastics are good moisture barriers and are cost
effective as well.

Insect barrier materials are generally required following fumigation, which
is an important method for insect disinfestation since insects are one of the
primary causes of quality losses. Heat treatment (50 to 55 °C for 2-4 hours)
or freezing are used for disinfestations of organic dates (—18°C or lower
for at least 48 hours). Freezing (—35 to —50°C for at least 24 hours) can
also be used to accelerate ripening from Khalal to Rutab dates (Kader and
Hussein 2009). Packaging materials used for these purposes must tolerate
heating and/or freezing temperatures. Common packaging materials used for
freeze—thaw include polypropylene and polyethylene terephthlate.

Major bulk packages commonly being used for fresh dates in the most date
producing countries, which are situated in the Middle East and North Africa
(FAO 2012), include reusable plastic containers (RPCs), single-use paper
containers (corrugated or solid fiberboard boxes or trays), wooden containers
(boxes or crates), leaf basket (e.g., palm leaflet) and plastic bags. For export
or high-end market, dates are commonly packed in individual retail packages
and placed in corrugated containers (Figure 6.1) or directly placed in cor-
rugated containers with plastic liners for local markets, sold by package or
as open stock (Figure 6.2). The bulk container, which encloses several small
retail packages, is gaining more popularity as it can be display-ready at retail
stores allowing consumers to pick up the right-sized portion.

Darkening of dates can occur beyond their natural colors during storage.
This is due to the enzymatic browning reaction involving polyphenoloxi-
dase and non-enzymatic browning reactions involving the Maillard reaction
and tannins (Barreveld 1993). Limitation of oxygen can inhibit enzymatic
browning. Several methods are used to prevent enzymatic browning includ-
ing exclusion of oxygen, which is commonly done by pressing dates, storage
at low temperature and storage in low oxygen concentration; for example,
storage in nitrogen or high carbon dioxide atmospheres. Pressed dates are
traditionally packed in clay pot, jars or baskets. Pressing not only prevents
dates from an exposure to oxygen, which results in browning reduction, but
also limits microbial growth.
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Figure 6.1 Corrugated containers with small-sized retail packages for display-ready at retail
stores. (For a color version of this figure, please see the color plate section).

Retail packaging for fresh and dried dates

Dates for retail are commonly sold as detached fruits as a whole or with-
out pits (pitted dates). Retail packaging is used to deliver a small amount of
product, which is a suitable serving for small household or individual con-
sumption, to the consumer at retail stores. As retail packaging focuses on
consumer requirements, the primary functions of retail packaging in addi-
tion to the basic containment and preservation are communication and use.
These functions play a key role in selling the products including fresh dates
and date products. Retail package design silently conveys a visual message
to consumers at the shelf. Graphics, color, and shape of the retail packages
deliver brand recognition as well as product distinction over the other prod-
ucts. Other design features added to the basic functions could be used as mar-
keting tools in promoting the products.

Figure 6.2 Corrugated boxes with plastic liners for retail marketing: sold by the package (left)
and for open sale out of bulk box (right).
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Maintaining quality and extending shelf life of most fresh fruits can
be achieved by modified atmosphere packaging (MAP) and controlled
atmosphere storage (CA). MAP is practically used for retail packaging while
CA storage is generally used for long-term bulk storage. The concept of MAP
is to match the film’s permeability with the fruit’s respiration. Dates at Rutab
and Tamar stages, which are the most common harvest stages, have low res-
piration rates (<5 mL CO,/kg at 20 °C) (Kader and Hussein 2009). Due to its
low respiration rates, quality of dates after harvest change slowly as compared
to other high respiring fruits. Storage of fresh dates under low oxygen con-
centration was shown to prolong the shelf life of fresh dates. Several studies
demonstrated that packaging of dates under nitrogen or high carbon dioxide
levels delayed quality changes of dates (Aleid 2012). There are limited stud-
ies involving the effect of packaging materials on retaining quality of dates
during storage; typically, only polyethylene, polypropylene and cellophane
films have been studied previously (Salari et al. 2008).

Moisture contents of natural dates vary due to various factors including
maturity stages and varieties. Fresh dates may naturally contain desired mois-
ture levels after harvest or are often dried to preserve the fruit for extended
periods without refrigeration. Drying or dehydration of fresh dates to about
20% moisture content or lower can inhibit microbial processes such as fer-
mentation and souring and microbial spoilage as well as sugar crystallization
(Zaid 2002). Respiration rates also reduce with decreasing moisture contents.
The processes of drying and dehydration are discussed extensively in Chap-
ters 5 and 8 of this book.

Dried and dehydrated dates are apparently the oldest date products. Water
activity (ay) is related to the shelf life of date products as it is directly related
to microbial spoilage. Drying and dehydration reduce water content in date
products. Absorption of moisture tends to occur in dried and dehydrated
products during storage, resulting in texture loss and decay. Dried and dehy-
drated dates and date powders, which are moisture sensitive, should be pack-
aged in a high moisture barrier to prevent moisture absorption. As described
earlier, oxygen is involved in enzymatic and non-enzymatic (Maillard) brown-
ing reactions of dates. The oxygen barrier plays an important role in prevent-
ing color changes from enzymatic browning reaction but not from Maillard
reaction (Barreveld 1993).

There are a wide variety of forms and materials used for retail packag-
ing of dates. The most common types include a paper carton, a clamshell
tray, a plastic tray with a lid, an overwrapped or a heat-sealed film, and a
plastic pouch. Their beneficial/drawback functions and features are discussed
below.

Paperboard containers are commonly used for both bulk and retail
packaging of dates. There are a variety of container styles that can be
custom-made to meet product and market requirements. Folding carton is a
common form that is typically used for dates’ retail packaging. Paperboard
carton offers stackability and attractive printing options. It also provides
protection from mechanical forces due to shock, vibration and compression
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Figure 6.3 Retail packaging of dates in paperboard folding cartons: (a) as a secondary pack-
aging with dates in high moisture barrier plastic bag as a primary packaging; (b) dates in
a clamshell/rigid container and carton with a window; and (c) individually-wrapped dates in
cartons with sealed window. (For a color version of this figure, please see the color plate
section).

during distribution and storage. This, however, depends primarily on the des-
tined markets as well as the maturity stages of dates.

Paper/paperboard cartons for retail packaging are typically made from
paperboard and small flute corrugated board (e.g., E and F flutes). Pri-
mary substrates to make paperboard carton for retail food packaging are
bleached/unbleached Kraft paper. Bleached Kraft paperboard offers higher-
quality printing, better creasing/cutting properties and better taint/odor pro-
tection for food products as compared to unbleached Kraft paperboard, but
it is more expensive. Small flute board offers higher strength than paper-
board and greater flexibility than standard corrugated boards, which are com-
monly used to make shipping containers. Paperboards are usually treated or
laminated with high-moisture barrier substrates. Retail paperboard cartons
used for dates often require high-moisture barrier materials to protect them
from moisture. There are different paperboard carton styles for dates. The
most common styles are folding carton with plastic bag (Figure 6.3a), ther-
moformed tray with plastic lid (Figure 6.3b), or individual date wrap (Fig-
ure 6.3c). Full telescope design container is a two-piece box made from two
trays as body and lid. Paperboard containers occasionally have a “window” to
present the packed products. Printing and design of the retail packages make
a significant impact on purchase decisions.

Plastics have a wide range of water vapor and oxygen permeability. Plas-
tic is generally a competitive material as it is lightweight, cost-effective, and
non-breakable, as well as available in various packaging forms. Multilayer
materials are often used to extend the shelf life of products. They combine
the properties of single materials to meet several requirements, such as bar-
rier properties, strength, sealability, and printability. Plastics with high bar-
rier to oxygen are polyethylene terephthalate (PET), Nylon 6 (0% RH),
Nylon MXD6, ethylene vinyl alcohol (EVOH), polyvinyl alcohol (PVOH),
etc. (Robertson 2005). Plastic films or sheets are coextruded or laminated
to form multilayer structures. Plastic trays are generally made of polyethy-
lene (PE), polypropylene (PP), and PET. These plastics have good moisture
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Figure 6.4 Thermoformed clamshell hinged trays with interlocking feature joining base
and lid.

barrier property, which is typically required for dates. PET is also clear and a
good barrier to oxygen.

Plastic trays are among the most common forms of retail packaging that
are used for many products as well as dates. Plastic trays are inexpensive,
light in weight, and easy to process. In addition, they offer several market-
ing functions, for example, product visibility and serving convenience. Some
tray designs are stackable. Clamshell tray style (Figure 6.4) is the most com-
mon style used recently as it provides interlocking features for base and lid
to secure closure and stacking. Some designs may provide hinges for joining
the base and lid together for easy handling, as well as tabs for easy opening.
Other conventional types of plastic containers typically used for dates are
tray with recloseable lids (Figure 6.5a) and heat-sealed film lids (Figure 6.5b).

(b)

Figure 6.5 Thermoformed trays for retail packaging of dates and date products: (a) with re-
closeable lids; and (b) with heat-sealed film lids. (For a color version of this figure, please see
the color plate section).
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Figure 6.6 Retail packaging of dates in polystyrene foam trays.

Trays can be designed to have individual cell packs to protect dates from
movement during transportation to reduce mechanical damage of dates. This
type of tray is typically used for premium dates for high-end markets. For the
retail market, dates packaged in polystyrene foam (Styrofoam™) trays are
also common (Figure 6.6).

Flexible plastic pouches, though less common for dates, are widely used for
a variety of products both for single and multiple serve purposes. As dates
mainly require a moisture barrier, a low-density polyethylene pouch is most
commonly used due to its good moisture barrier properties, good sealability,
good printability, as well as low cost. In recent years, a stand up pouch has
become a popular form of retail packaging of a variety of products, including
dried/dehydrated products.

Packaging for date products

Like many other fruits, fresh or natural dates are perishable and hence lim-
ited in their shelf life, as they undergo changes after harvest. An effective
method for maintaining quality of dates for the longer shelf life, together
with other postharvest practices, is low-temperature storage. Optimum stor-
age temperatures for fresh dates are —18 to 0°C. In real practices it is not
only complicated but costly to store dates at these recommended tempera-
tures throughout a supply chain. Fresh dates are processed into processed
forms in an attempt to preserve dates for longer periods. Dried and dehy-
drated dates are the most common date products as previously described.
In addition, other products are dried powder, syrup, paste, juice, jam, jelly,
snack, and frozen dates. Packaging requirements vary among processes, prod-
ucts, and marketing/consumer requirements. Some processed products may
require packaging as part of the processing.

Date paste, jam, jelly, and syrup

Many fruit products are preserved by thermal processing, including date
paste, jam, jelly, and syrup, which are other traditional date products. These
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products are processed in a container or by hot filling processes. Packaging
is usually an important part of thermal processing. The most common pack-
aging types for these products are glass containers or metal cans, however
it depends on the product type and marketing requirements. Date paste,
jam, and jelly are usually packaged in glass jars, while a narrow-neck bot-
tle is mainly used for date syrup. Increasingly, plastic containers are being
used in place of glass containers and metal cans for several products or pur-
poses, as they primarily offer handling convenience as well as cost efficiency.
Plastic packaging for these date products come in different forms includ-
ing pouch, tub/tray, and bottle, where the stand up pouch is increasingly
replacing metal cans and glass jars. Closures are also available in various
forms: e.g., plastic lids/caps/closures, laminated aluminum foil/metalized film
peelable lid, etc. Plastic spout closure is often used with a plastic squeeze
bottle, which is not yet common for date products but could be a future
alternative.

For retailing, packages may be unitized and/or packed in a carton as a sec-
ondary packaging. Jam and jelly can be made into the form of confectionery
such as jam cube, jelly cube, jelly sweet, and jelly bean. These products are
similar to dehydrated products in that quality loss is primarily due to moisture
gain (or loss) and require high-moisture barrier packaging.

Frozen dates

As previously mentioned, optimum storage temperatures for fresh dates are
—18to 0°C. Freezing is another method for prolonging the shelf life of dates,
particularly at the Khalal stage, which is convenient for harvest/handling and
has the least amount of infestation. Controlling and monitoring temperature
throughout the frozen food chain is complicated. Intelligent packaging and
RFID can play a big role in frozen dates quality. In addition to the abil-
ity to withstand freeze-thaw temperatures, packaging materials for frozen
dates should be high-moisture barrier in order to protect moisture loss pri-
marily due to freezer burn. Freezer burn occurs from sublimation of water
vapor from the surface of the fruit products and could have an adverse effect
on the product’s appearance. Frozen dates may also come in a bulk pack
(e.g., foam box, paper container), which is thawed and repacked for retail
markets.

Innovative packaging technologies for fresh and
processed dates

The use of innovative packaging technologies (modified atmosphere packag-
ing, active and intelligent packaging) for dates is on a relatively limited basis
as compared to some other fruits. However, potential exists to expand these
technologies to dates and date products to further improve their shelf life and
nutritional quality.
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Modified atmosphere packaging

Modified atmosphere packaging (MAP) has been studied widely and suc-
cessfully commercialized in a variety of fruits (Kader et al. 1989). This tech-
nique actively or passively modifies the atmosphere inside a package around
the product. Optimum modified atmosphere has shown to reduce the fruit’s
respiration rate, ethylene production, or sensitivity and quality loss, hence
increasing the storage life of the fruits. Modified atmosphere within a pack-
age depends on the package’s permeability and the fruit’s respiration rate.
The effects of MAP in maintaining quality and extending shelf life of fresh
and dried dates as well as some date products have been reported in the
literature.

Dehghan-Shoar et al. (2010) compared the effects of MAP under high CO,
on the quality of Sayer dates fruits with low temperature storage and freez-
ing. The results showed that MAP with 85% CO,; + 3% O, and 75% CO,
+ 12% O, maintained the best quality of dates with no physiological disor-
der, and off-odor and off-flavor throughout the 150-day storage. Dates were
shown to be resistant to high CO, as well as low CO,, which is probably
due to the low respiration rate. Aleid et al. (2012) compared dates packed in
MAP in varying CO; concentrations with dates packed in paperboard carton
(control). MAP in high CO, (up to 20%) retarded date ripening and main-
tained the quality and firmness of dates better than the control. Hunter color
“L” and “b” values were stable in MAP samples, especially to day 9, though
decreased at day 18 and day 27 but were still significantly higher than the con-
trol (Table 6.1). The visual appearance of control and treated dates is shown
in Figure 6.7. High CO, MAP has also shown to be effective in eliminating
insects in stored dates (Dehghan-Shoar et al. 2010).

Al-Redhaiman (2004) also reported that storage under high CO, atmo-
sphere extended the shelf life of Barhi date fruits. Shelf life of Barhi dates
stored at 0°C was 26 weeks under 20% CO,, 17 weeks under 5% and 10%
CO,, and about 7 weeks under normal air condition. Storage under high CO,
was shown to reduce decay and weight loss, while maintaining color, firmness,
sensory quality, soluble solids, total sugar content, and total tannins, which

Table 6.1 Effect of modified atmosphere packaging (MAP) on color changes in Khalas dates
during 0°C storage.

“L"” Values® (initial value = 67.4) “b” Values?® (initial value = 73.4)

Day-9 Day-18 Day-27 Day-9 Day-18 Day-27
Control 52.7 36.1 32.1 44.8 35.9 22.6
10% CO0,, air 69.7 61.1 29.5 75.5 49.3 30.3
20% CO0,, air 52.3 60.0 37.0 73.0 49.7 32.8
30% CO,, air 61.4 59.2 45.2 83.0 49.9 40.6
20% CO,, N, 63.2 49.8 34.4 70.2 42.1 31.2

Decreasing “L” and “b” values represent decreasing lightness and yellowness, respectively.
Source: Adapted from Aleid et al. (2012).
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Figure 6.7 Effect of modified atmosphere packaging (MAP) on the visual appearance of fresh
date: (a) Control and (b) MAP. (For a color version of this figure, please see the color plate
section).

are the principal antioxidants in dates. In addition, high CO, atmosphere was
shown to delay the degradation of caffeoyl-shikimic acid, which is one of the
major phenolic compounds in dates.

Achour et al. (2003) studied the effect of MAP in combination with vac-
uum on Deglet Nour dates and dates stuffed with almond paste. Dates were
packaged in amorphous PET wrap (APET) and the package was injected
with 10 or 15% of a gas mixture of 20% CO, + 80% N, and stored at 20,
30, and 40 °C. The results showed that both vacuum and MAP reduced dehy-
dration of dates. Shelf life of fresh dates packaged in APET with modified
atmosphere stored at 20 °C was increased to 9 months from 3.8 months in nor-
mal air conditions. Under the similar conditions, dates stuffed with almond
paste had the shelf life of 6.6 months as compared to 4.2 months in normal air
condition.

Active packaging

Active packaging acts more than merely providing a barrier to the external
environment as passive packaging does. Packaging may play an “active” role
by actively changing the environment inside the package to improve quality,
extend shelf life and/or enhance safety of the products. Table 6.2 lists selected
active packaging systems with intended mode of their action. The most

Table 6.2 Selected active packaging systems with intended mode of action
and substances used.

System/action Substances used

Moisture absorbers Polyvinyl alcohol encapsulation, silica gel, clay-based
Antimicrobial releasers Sorbates, benzoates, propionates, silver salts, bacteriocins, zeolites
Antioxidant releasers BHA, BHT, TBHQ, vitamin C, vitamin E

Ethylene absorbers Activated carbon/potassium permanganate
Chemical stabilizers Tocopherols, vitamin E
Flavor/odor absorbers Activated carbon, sodium bicarbonate

Source: Adapted from Floros et al. (1997).
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common examples of active packaging that are being used for fresh fruits
are: oxygen and ethylene scavengers, carbon dioxide scavengers/emitters, and
moisture controllers. These can appropriately be applied for dates. A sachet
containing active substances is among the most common forms of active pack-
aging, with extensive applications. Incorporation of active substances in the
packaging materials, pads, and labels has commercially been used for various
food products. Dates typically have low respiration and ethylene production
rates with very limited or no effect of ethylene, particularly at Rutab and
Tamar stages, due to lower water content, therefore, offering limited use of
active packaging.

Moisture absorbers

Moisture absorbers have found commercial applications in dry food and high
moisture food (e.g., fresh cut products). The main purpose of using moisture
controllers in packaged dates is to control the relative humidity inside the
package headspace to prevent moisture absorption that particularly occurs
in dried dates, or moisture loss that can occur in Khalal dates. In addition,
excessive moisture causes microbial growth, which results in product spoilage
and deterioration. Porous sachets or plastic cartridges containing desiccant
(e.g., silica gel) can be used for dried dates together with high moisture barrier
plastic. Desiccants can also be incorporated in the plastic packages.

Oxygen scavengers/carbon dioxide emitters

Oxygen scavengers and carbon dioxide emitters are some active packaging
examples that offer potential applications in dates and date products. Exclu-
sion or reduced oxygen was shown to reduce darkening of dates as well as
reduce microbial growth and prevent insect infestation (Kader 2012). A vari-
ety of oxygen scavengers have been studied and commercialized. They have
successfully been used in prolonging shelf life of food products by reducing
headspace oxygen in the package. Lowering oxygen retards oxidation reac-
tions and anaerobic microbial growth which are the main cause of food deteri-
oration and spoilage. These oxygen scavenging systems are based on various
approaches: for example, oxidation of iron powder; ascorbic acid and pho-
tosensitive dye (Ahvenainen 2003); enzyme reaction; unsaturated fatty acid;
immobilized yeast on the solid surface (Floros et al. 1997). Iron-based sachet
is the most widely used oxygen scavenger for food products. Nevertheless,
the sachet form poses health risk for accidental ingestion of iron powder and
it is not suitable to use with liquid products (Ahvenainen 2003).

Some studies have reported on incorporation of active substances in pack-
aging materials and attempted for commercial applications. An alternative
approach is the development of natural or biological oxygen scavenger based
on the use of the entrapped microorganisms in the polymer matrix for oxygen
consumption (Gosmann and Rehem 1988). Altieri et al. (2004) proposed the
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entrapment of microorganisms (Kocuria varians and Pichia subpelliculosa)
into polyvinly alcohol (PVOH), which has high macromolecular mobility.

One problem encountered in the use of oxygen scavenging materials is
that active substances initially react with atmospheric oxygen prior to use.
Ultraviolet light has been studied widely to use as an activator to trigger the
oxygen scavenging reaction to prevent the initial reaction with atmospheric
oxygen (Albert and Rooney 2004). Byun et al. (2011) proposed the use of
a-tocopherol and a transition metal coupled with thermal processing as a
potential oxygen scavenger.

Carbon dioxide is effective in inhibiting certain microbial growth, hence
extending the shelf life of dates. The uses of oxygen scavengers and carbon
dioxide scavengers/emitters are associated with the appropriate MAP condi-
tion for dates that requires high carbon dioxide level and low or no oxygen
in the package atmosphere. The use of oxygen and carbon dioxide in pro-
longing shelf life of fruit applications has been studied previously. Recently,
Aday et al. (2011) investigated the effect of active packaging using oxygen
absorbers and carbon dioxide absorbers on strawberry quality. Oxygen and
carbon dioxide absorbers maintained better quality of by delaying carbon
dioxide accumulation and oxygen consumption in the package.

Antimicrobials, antioxidants, and aroma compounds

Several studies and developments of active packaging systems that can
release antimicrobials, antioxidants, and aromas have shown potential appli-
cations for many food products, but have been found challenging for dates
and various date products. Various antimicrobials and antioxidants have been
studied for their applications in active packaging (Suppakul et al. 2006, 2011,
Ramos et al. 2012). In recent years, most studies have focused on the use nat-
ural additives particularly essential oils extracted from plants or spices incor-
porated into packaging materials. These substances are considered Generally
Recognized as Safe (GRAS) by the US Food and Drug Administration and
have a low health risk perception by consumers.

Most previous studies on antimicrobial films were based on polyolefin
films. Ramos et al. (2012) recently developed the antimicrobial films based
on polypropylene incorporated with thymol and carvacrol. The antimicro-
bial films have shown inhibitory effect against Staphylococcus aureus and
Escherichia coli, which are foodborne microorganisms. Several antimicro-
bials were incorporated into nanocomposite films, for example, carvacrol
in methyl cellulose/carvacrol/montmorillonite (Tun¢ and Duman 2011), thy-
mol in polycaprolactone (Sanchez-Garcia et al. 2008). In addition, previous
studies have demonstrated the antimicrobial activity of chitosan based films
(Moller et al. 2004, Zhai et al. 2004).

Ethylene controllers

Ethylene is a plant hormone that plays a key role in plant growth and devel-
opment. Accumulation of ethylene in the package headspace could result in
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accelerating the fruit ripening. Dates are not sensitive to ethylene and the
production rate is very low. Nevertheless, the previous studies indicate the
challenges of ethylene controlling systems in dates. For instance, Lal et al.
(2009) reported that Shamran dates treated with potassium permanganate
(KMnOQy,), which is commonly used as an ethylene scavenger, and are packed
in non-perforated and perforated polyethylene bags, had a longer shelf life
than the untreated dates. Immobilized potassium permanganate in a sachet
form is the most widely used commercial ethylene scavenger product. Other
ethylene scavenging substances include zeolite, active carbon, cristobalite,
and clay. There have been a number of studies involving the incorporation
of these substances in packaging materials with an aim to prolong shelf life
of horticultural produce (Zagory 1995, Lépez-Rubio et al. 2008, Fuongfuchat
2008). In recent years, 1-methylcyclopropene (1-MCP) has found applications
in fresh produce as ethylene binding inhibitor based on the release of gaseous
1-MCP trapped in a-cyclodextrin matrix (Sisler and Serek 2003).

Edible films

Edible films/coatings are not currently used for dates, however, there is good
potential for their use on fresh dates. Edible films and coatings are gener-
ally used in various fruits to protect moisture loss and improve appearance
(i.e., improve glossiness) (Han 2005). Edible coatings have demonstrated the
capability in prolonging shelf life of fruits by regulating moisture and gas
transfer (Lin and Zhao 2007). Edible films/coatings offer additional func-
tions such as edibility and biodegradability, which are interesting aspects for
recent packaging challenges and can be considered “active packaging.” Edi-
ble films/coatings can be used as carriers of active substances such as antimi-
crobials, antioxidants, flavor, and color (Krochta and De Mulder-Johnston
1997, Han and Gennadios 2005). Major categories of edible coatings include
biopolymer, protein, and lipid (Lin and Zhao 2007).

Intelligent packaging

Information carried on the packaged products has increasingly become an
important part of modern trade. Intelligent packaging gives information
about the quality and/or safety of the packaged food products by monitor-
ing them during handling, distribution, and storage. There have been a vari-
ety of intelligent packaging technologies commercially adopted for use with
fresh fruits and fruit products. The major intelligent packaging systems are
time—temperature indicators (TTIs)/time-temperature biosensors — Biett AB
(TTBs), leak detectors, ripeness indicators, spoilage indicators, and pathogen
indicators. Such indicators can be used for dates and date products to enhance
product reliability. Ideal indicators should be rapid, accurate, reliable as well
as cost-effective, non-destructive and safe (Puligundla et al. 2012).
Colorimetric indicators have wide applications in food packaging. Typi-
cally, the indicators are incorporated into packaging materials or attached to
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package structures to identify condition changes of the packed products by
color changes. Temperature is the main factor affecting quality and safety of
fresh produce and food products during distribution and storage. Particularly,
dates should be stored at 0 to —18 °C for a longer shelf life. Time—temperature
indicators can be used in monitoring temperature variation in dates supply
chain. Several new time—-temperature devices have recently been described in
literatures based on various principles, for instance, the growth of metabolic
activity of Lactobacillus sakei (Vaikousi et al. 2008), the reaction between
amylase and starch solution (Yan et al. 2008) the development of microor-
ganisms (Ellouze and Augustin 2010) and the incorporation of anthocyanin
into chitosan matrix (Maciel et al. 2012).

Carbon dioxide has primarily been used as a compound detected in fresh-
ness and spoilage indicators of the quality of fresh produce and food products,
as carbon dioxide concentrations are associated with freshness and safety of
food (Ahvenainen 2003, Puligundla et al. 2012) and can be related to pack-
age integrity (Neethirajan et al. 2009). The freshness indicator systems can
be based on the detection of other compounds such as amines, volatile com-
pounds, hydrogen sulfide, ammonia, acetaldehyde, etc. (Ahvenainen 2003).

In recent years, RFID is among the most challenging packaging trends.
RFID is applied on the packages to provide information exchanges among
the supply chain parties — like a barcode but with enhanced efficiency. The
RFID technology can be used for trackability and traceability from the
grower to consumer throughout the supply chain to ensure the quality and
safety of products. RFID technology will soon be adopted for dates intended
for high-end and export markets.

Summary and future research needs

This chapter presented the multiple roles of packaging for dates and date
products. Protection is an underlying function of packaging in providing qual-
ity and safety of dates. Packaging also plays a critical role in developing a
marketable product, which enhances consumer appeal and shelf presence. To
date this function is shown to be of importance for dates and date products
as dates are unique fruits and products in the market. As current and future
trends have emphasized on environmental concerns, packaging systems are
being developed toward minimizing impact to environment, while maintain-
ing other key functions and selling capability. Typically, dates require pack-
aging with moisture and insect barrier properties along with mechanical and
sealing integrity. Modified atmosphere packaging (MAP) for fresh dates basi-
cally requires high carbon dioxide and low oxygen composition inside the
package, which can be established by commonly available films. MAP and
edible films/coatings could simply be used to improve quality and prolong
shelf life of dates and date products.

Active and intelligent packaging systems continue to be improved for com-
mercial applications. Active substances such as antimicrobials, antioxidants
and aromas are being incorporated into packaging materials and/or package
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systems to improve quality and safety of fruits and fruit products. Intelli-
gent packaging applications are being integrated into packaging systems and
will be of significant part for tracking and tracing in the global supply chain.
Fresh produce and food systems present unique challenges for adoption of
intelligent packaging. The successful implementation of intelligent packaging
involves the interactions among supply chain stakeholders.
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Introduction

Date palm fruit is a berry consisting of pericarp and pit. The pericarp consti-
tutes 85-90% of total fruit mass and it is composed of exocarp, fleshy meso-
carp, and papery endocarp (Hussein et al. 1998). Dates can be consumed as
fresh fruits at Khalal and Rutab stages (short shelf life) or at Tamar stage
(good storability), or may be processed into various products such as date
paste, syrup, or powder, which are used as ingredients in cookies or cake for-
mulations. The largest consumption of dates is at Tamar stage due to their
good storability and availability all year around (Guizani and Singh 2012).
Typically, date-flesh at its Tamar stage contains water (7-38 g/100 g), total
sugars (44-88 g/100 g), fat (0.1-3.3 g/100 g), protein (1.5-5.4 g/100 g), dietary
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fiber (6.4-11.5 g/100 g), minerals, vitamins (such as vitamin C, By, B;, Bs, By,
Bi2, A, riboflavin, and niacin), and phenolic compounds (Guizani and Singh
2012). The physical and compositional characteristic of date fruit is of prime
importance for its quality, and varied strongly depending on the variety,
maturity, processing and storage conditions. The nutritional, physicochem-
ical, mechanical, structural, textural, and sensory properties are necessary
for determining its processing, storage stability, and consumer acceptability
(Rahman 2012a). In this chapter, geometric characteristics, sorption charac-
teristics, structural properties related to the state diagram, and mechanical
properties of date fruit are presented.

Geometric characteristics

Shape, geometric dimensions, volume, and surface area are important char-
acteristics for handling, processing and storage of agricultural products. The
morphological characteristics of dates vary with the varieties, maturity, and
processing conditions. The length, width, and mass of dates varies from 3.1-
6.0 cm, 1.6-2.3 cm and 4.3-12.0 g, respectively (Guizani and Singh 2012).
The geometric shape of date fruit could be considered as an oblate spheroid
shape. Falade and Abbo (2007) measured the surface area and shape factors
of red soft (X,,: 0.59 g/100 g sample), tempo 2 (X,,: 0.60 g/100 g sample), and
tempo 3 (X,,: 0.65 g/100 g sample) (Zabia) varieties. They considered date
fruit as an oblate spheroid shape, using the following equations:

V=3 (ma’b) (7.1)
2
Ay = 2ma?h+ " n { : +e) (12)
— e
Ay
-5 7.3
=2 (7.3)

where a and b are major and minor semi-axes of the ellipse of rotation (m), e
is eccentricity, V is the volume (m?), A, is the surface area of the fruit (m?),
Ay is the surface area (m?) of a sphere having volume equal to that of the
fruit, and ¢ is the shape factor, respectively. Tempo 3 showed a surface area
of 3.704 x 10~ m? and a shape factor of 0.86. The surface area and shape
factor of Tempo 2 and Red soft type were 3.547 x 107> m? and 0.61, and
3.095 x 1073 m? and 0.74, respectively.

Water activity and sorption isotherm

Water activity, a thermodynamic state (i.e., nature of binding with solutes or
solids) of water in food, is defined as the ratio of the vapor pressure of water
in a system to the vapor pressure of pure water at the same temperature or the
equilibrium relative humidity of the air surrounding the system at the same
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temperature. It plays an important role in designing, operation, and control of
drying processes, water adsorption or desorption during storage and packag-
ing, as well as in determining the food’s stability during storage. The reduced
water activity by drying or adding solutes to the dates could enhance preser-
vation by avoiding microbial growth, and deteriorative physical changes and
chemical reactions (Rahman and Labuza 2007).

The moisture sorption isotherm is the dependence of moisture content
on the water activity at a specified temperature. It is usually presented in
graphical form or as an equation. The difference in the equilibrium mois-
ture content between the adsorption and desorption curve is called hysteresis.
The Brunauer-Emmett-Teller (BET) and Guggenheim-Anderson—de Boer
(GAB) equations are mainly used to model isotherm of food materials. The
monolayer value can be determined from BET isotherm and is widely used to
determine the stability of foods. The BET equation can be derived on kinetic,
statistical mechanics, or thermodynamic considerations. The equation can be
written as (Rahman 2007):

a, D-1 1
= ot —— 7.4
My —ay) [ My }a tMD 74

where a,, is the water activity, M}, is the BET-monolayer (g/g dry solids), M,,
is the total moisture content (g/g dry solids), and D is the temperature depen-
dence for sorption excess enthalpy. The value of D indicates how strongly
water is bound to the polar sites of the solid matrix and can be related with

temperature as:
0,
D= — 7.5
* [e"p ( RT)} (7-3)

where Qy is the excess heat of sorption (kJ/kg mole), R is the gas constant
(8.314 x 1073 J/kg mol K), T is the temperature (K) and « is the pre-
exponent factor. The monolayer can be estimated from the slope of the linear
line of the plot a,,//M,,(1 — a,)] versus a,,. The BET equation is valid only
within 0.05-0.50 water activity; thus values within that range should be used
to estimate the monolayer value. The monolayer value is generally at around
water activity of 0.2 to 0.4 (Labuza 1984). In addition, the BET monolayer cal-
culation is an effective method for estimating the amount of bound water to
specific polar sites in dehydrated food systems (McLaren and Rowen 1952).
The BET monolayer values usually varied from 0.01 to 0.14 g/g dry solids (dry
basis) in case of foods and food components. Macromolecules, such as starch,
protein, and agar usually have higher BET monolayer whereas high fat con-
tent foods, such as avocado, peanuts, and whole milk showed lower mono-
layer. In general the monolayer values decreased significantly with increasing
temperature (Iglesias and Chirife 1976). This may be due to the thermody-
namics where higher temperatures increase the escaping tendencies of gas
molecules.
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In the recent years the most widely accepted and represented model for
sorption isotherms for foods has been the GAB equation. This is mainly due
to its accuracy and its validity over a wide range of water activities from 0.1 to
0.9. The GAB isotherm was developed by Guggenheim, Anderson, and De
Boer and can be written as:

M,CKa,,

Mw ==
(1 - Kay,)(1 — Ka,, + CKay,)

(1.6)

where C and K are the model parameters and are related to the temperature.
The GAB isotherm equation is an extension of the two-constant BET model
and takes into account the modified properties of the sorbate in the multilayer
region and bulk liquid properties through the introduction of a third constant
K. It is important to point that BET monolayer has more physical meaning
and acceptability to be used for food stability compared to the GAB mono-
layer although GAB provided better mathematical prediction of isotherm
over the wide range of water activity (Rahman and Al-Belushi 2006).

The BET and GAB models’ parameters for different date varieties are
given in Table 7.1. The BET monolayer values of date flesh varied from 8.88
to 12.43 g/g dry solids, while date pits showed lower value as 4.27 g/g dry
solids. Myhara et al. (1998) also used artificial neural network modeling tech-
nique to predict the moisture sorption isotherm of date as a function of its

Table 7.1 GAB and BET parameters for different varieties of date at Tamr or Tamar stage of
maturity (g/g dry solids).

GAB parameter BET parameter
Varieties My x 100 K C M, x 100 D My,
Barhi? 9.01 1.03 7.76 10.22 6.26 89.97
Fard? 9.59 1.00 6.62 9.02 10.40 88.55
Fard? 9.28 1.01 94.87 - - -
Khalas? 9.23 1.01 103.31 - - -
Khalas® 12.10 0.92 2289.10 - - -
Khalas (freeze-dried)? 10.20 1.00 43.05 - - -
Kadrawi? 8.83 1.01 11.67 8.88 11.34 82.31
Khalas! 7.61 1.06 12.17 11.00 6.39 92.52
Madjol® 9.13 1.04 6.94 9.80 8.61 80.23
Medjhool® 7.90 1.08 16.37 9.77 9.56 86.33
Rizaz! 9.11 1.00 12.47 9.32 10.30 81.35
Haloua® 10.51 1.01 2.78 11.58 2.05 81.74
Kentichi? 9.89 1.01 14.99 11.05 6.75 62.97
Mouche-Deglat! 5.97 1.12 24.89 10.23 2.44 74.82
Deglet Nour (pulp)* 8.73 1.02 5.75 12.43 1.03  70.34
Deglet Nour (whole fruit)? 5.94 1.06 2.25 10.06 2.13 -
Deglet Nour (kernel)? 4.89 0.93 3.76 4.27 52.18 -

Mg, GAB monolayer water; My, BET monolayer water; Mg,: Sugar content.
Source: Belarbi et al. (2000), 2Myhara et al. (1998), >Ahmed et al. (2005).
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12 chemical compositions including fructose, glucose, sucrose, protein, ash,
fibers (total, arabionose, xylose, mannose, galactose, glucose, uronic acids),
and temperature. They observed that chemical composition showed more
impact upon the water sorption isotherm.

Food stability map based on water activity

W. J. Scott, an Australian scientist, proposed that the active water could be
much more important to the stability of a food than the total amount of water
present. The legacy of Scott allowed scientist to develop generalized rules or
limits for the stability of foods using water activity (Scott 1953). In general the
rules of water activity concept are: (i) food products are most stable at their
“BET-monolayer” content or “BET-monolayer water activity” and unstable
above or below BET-monolayer; (ii) there are a critical water activity limits
for a specific microorganism or a class of microorganism for their growth or
toxin production, and biochemical reactions (Scott 1953, Labuza et al. 1970).
For example, there is a critical water activity level below which no microor-
ganisms can grow. Pathogenic bacteria cannot grow below a water activity
of 0.85, whereas yeasts and molds are more tolerant to reduced water activ-
ity, but usually no growth occurs below a water activity of about 0.6. Labuza
et al. (1972) proposed the food stability map based on the water activity con-
cept containing growth of microorganisms and different types of biochemical
reactions. GAB model parameters for dates as shown in Table 7.1 could be
used to predict the water activity at varied moisture contents. In the recent
food stability map, Rahman (2009) showed the trends of microbial growth,
biochemical reactions and mechanical characteristics in the three zones of
water activity (zone 1: BET-monolayer, zone 2: adsorbed multi-layer, zone
3: matrix or solvent water) (Figure 7.1). In fact, the BET-monolayer could
be only achieved in the cases of dried foods. The limitations of water activity
concept were reviewed by Rahman (2010). The limitations of water activity
concepts would not invalidate the concepts completely, but rather make it
difficult to apply universally. However, food industries are now widely using
this concept for determining the stability of their products.

State diagram

The state diagram is a stability map of different phases or state of a food
as a function of water or solids content and temperature (Levine and Slade
1986, Rahman 2004). The main advantages of drawing a map are to help
in understanding the complex changes that occur when the water content
and temperature of a food are changed. It also assists in identifying a food’s
stability during storage as well as selecting a suitable condition of tempera-
ture and moisture content for processing (Slade and Levine 1988, Roos 1995,
Rahman 2006, 2010, 2012b). Figure 7.2 shows a typical state diagram indi-
cating different states as a function of temperature and solids mass fraction
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Figure 7.1 Stability diagram based on the water activity concepts. gh: Microbial growth
trend; ab, nb: chemical reaction trends below BET-monolayer; bc: chemical reaction trends
in the adsorbed water; ce, cd, cf: chemical reaction trends in the solvent water region; ij,
mj: mechanical properties trends below BET-monolayer; jk: mechanical properties trend in the
adsorbed water region; kl: mechanical properties trend in the solvent water region. Source:
Rahman (2009).

(Rahman 2009). Thirteen micro-regions were hypothesized in the state dia-
gram for determining food stability. The point C (7, and X) is the central
point of the state diagram indicating the boundary of freezable and un-
freezable water (Rahman 2006). Line ABC is the freezing curve, BDL is the
solids-melting line, ENQFS is the glass transition line, and LNO is the BET-
monolayer line. The state diagram of date flesh was presented for Deglet
Nour variety (Guizani et al. 2010) and Khalas variety (Rahman 2004) by
incorporating the freezing curve, the glass transition line, and the maximal-
freeze-concentration condition.

Glass transition (samples containing freezable water)

Typical differential scanning calorimetry (DSC) heating thermogram of dates
is shown in Figure 7.3 for samples containing freezable water (Rahman 2004).
A sample containing freezable water shows two shifts: one at low tempera-
ture (i.e., first glass transition, marked as A) and another one (i.e., second
glass transition, marked as B) just before the melting endothermic peak of
ice (marked as M). The values of 7, and T;” are determined from the second
transition as shown in Figure 7.3. The freezing point and melting enthalpy can
be determined from the endothermic peak. The initial or equilibrium freez-
ing point was considered as the maximum slope in the ice melting endotherm
(marked as a) as suggested by Rahman (2004). This freezing point data is
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Figure 7.2 State diagram showing different regions and state of foods (updated from Rahman
2006) (Rahman 2009) T4: solids-decomposition temperature, T,: solids melting temperature,
Tyt solids-glass transition temperature, T)': end of solids-plasticization temperature, Ty,: glass
transition of water, 7, (solute crystallization temperature during freeze-concentration), 7,
(maximal-freeze-concentration condition, i.e., end-point of freezing), 7;" (glass transition of
the solids matrix in the frozen sample as determined by differential scanning calorimetry (DSC)),
T} (intersection of the freezing curve to the glass line by maintaining the similar curvature
of the freezing curve), and 7; (glass transition at maximal-freeze-concentration, i.e., glass
transition from the samples without freezable water), T,: boiling temperature of water. Source:

Rahman (2012a).
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Figure 7.3 A typical DSC heating thermogram for dates sample containing freezable water (A:
first glass transition shift, B: second glass transition shift, M: ice melting endotherm, 7 and

T;": apparent maximal-freeze-concentration condition).
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plotted as a function of solids content and considered as freezing curve (i.e.,
line ABC). Sugar-based fruits mainly show two glass transitions.

Freezing curve

The theoretical Clausius—Clapeyron equation is usually used to estimate the
freezing point (i. e., line ABC, Figure 7.2) and the equation can be written as:

B 1- X0
b= In|— v 7.7
Mo n[l—Xg—i—EXg’ 7.7)

where & is the freezing point depression (7, — TF), TF is the freezing point
of food (°C), T,, is the freezing point of water (°C), B is the molar freezing
point constant of water (1860 kg K/kg mol), \,, is the molecular weight of
water, Xy is the initial solids mass fraction, and E is the molecular weight
ratio of water and solids (\,,/\;). The model parameter E was found to be
0.147 g/g dry solids for the Khalas variety of date flesh (Rahman 2004). The
Clausius—Clapeyron equation is limited to the ideal solution (i.e., for a very
dilute solution). Theoretical models can be improved by introducing param-
eters for non-ideal behavior when fraction of total water is unavailable for
forming ice. The un-freezable water content B can be defined as the ratio of
unfrozen water even at very low temperature to total solids. Equation 7.7 can
be modified based on this concept as (Chen 1986):

5= —

Bln[ - X - BX; ] (7.8)

Ao |1— X0 —BX?+ EX’

The model parameters £ and B of Equation 7.8 were estimated as 0.129
and 0.053 g/g dry solids for Khalas dates (Rahman 2004), 0.198 and 0.335 g/g
dry solids for Deglet Nour (Guizani et al. 2010), and 0.128 and 0.341 g/g dry
solids for Barni variety (Kasapis et al. 2000). In the literature the values of B
were determined as negative or positive values. This indicates that the value
of Bis less sensitive (as compared to E) to the model and non-linear optimiza-
tion could estimates within wide variations, although overall good accuracy
for prediction is obtained. This is one of the generic problems when theoreti-
cal based model is extended to fit the experimental data by nonlinear regres-
sion (Rahman 2004).

Maximal-freeze-concentration condition

Specific procedures are used to determine maximal-freeze-concentration
condition as compared to the freezing condition. Samples with freezable
water are first scanned from low temperature in order to determine the
freezing point and apparent maximal-freeze-concentration condition [(7),),
and (7;")a]. After knowing the apparent (7;), and (1;"),, the sample was
scanned similarly with 30 min annealing at [(7),), — 1] and then annealed so
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Figure 7.4 A typical DSC heating thermogram for dates sample containing un-freezable water
(A: glass transition shift, S: solids-melting endotherm).

the maximal-freeze-concentration temperatures (7,,), and (73"), are deter-
mined. The use of annealing condition allows the maximal formation of
ice before the second heating cycle and avoids the appearance of exother-
mic or endothermic peaks before the glass transition. The ultimate-freeze-
concentration condition is then determined from the freezing curve and glass
transition line. The ultimate maximal-freeze-concentration (X;) are deter-
mined from the intersection point of the extended freezing curve (i.e., ABC
in Figure 7.2) by maintaining the similar curvature and drawing a horizon-
tal line passing through ultimate (7)), [average value of the lowest possible
(7),)n]. Finally X was read on the x-axis by drawing a vertical (i.e., CF in
Figure 7.2) line passing through the intersection point as mentioned above.

The ultimate maximal-freeze-concentration condition for Deglet Nour
dates was determined 7;, equal to —38.2°C and T; as —48.0°C with un-
freezable water as 0.22 g/g sample (X;: 0.78), respectively (Guizani et al.
2010). Similarly the 73" and X7 were found as —2.0°C and 0.82, respectively
(Guizani et al. 2010). In the case of Khalas dates, Rahman (2004) determined
T, equal to —43.6°C and 1; as —46.4°C with un-freezable water as 0.24 g/g
sample (X;: 0.76), respectively.

Glass transition (samples containing un-freezable water)

A typical DSC thermogram of dates is shown in Figure 7.4 for the sample
containing un-freezable water. It shows a shift for the glass transition (marked
as A) followed by an endothermic peak for solids-melting (marked as S). The
glass transition temperature of foods and biological materials is commonly
modeled by the Gordon and Taylor (1952) equation as:

X, Ty + kX, T
1, = 7.9

where T, used here is the Ty;, Ty, and T, are the glass transition temper-
atures of mixture, solids and water, respectively; k is the Gordon-Taylor
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parameter and X,, and X, are the mass fraction of water and solids (wet
basis). The parameters T, and k usually determined by considering that glass
transition of pure water as —135°C (Johari et al. 1987). The values of T, and
k were determined as 9.7°C and 2.6 for Deglet Nour (Guizani et al. 2010),
63.4°C and 4.0 for Barni (Kasapis et al. 2000), and 57.4 °C and 3.2 for Khalas
(Rahman 2004).

Other structural changes

Rahman and Al-Saidi (2010) measured different structural characteristics of
dried dates (Tamar stage of maturity) by DSC (conventional linear heat-
ing and isothermal relaxation) and differential mechanical thermal analysis
(DMTA). Isothermal relaxation in DSC showed three regions: limited mobil-
ity, free mobility, and restricted mobility. The onset of free mobility (7}.) and
onset of restricted mobility (7,,) were observed at —40 and 25°C, respec-
tively. The onset of structural glass transition (7;) by linear heating at —50°C
was related to the T,.. The DMTA analysis from —40 to 230 °C showed other
structural changes in dates. The plot of £’, E”, and tan 8 as a function of tem-
perature indicating three characteristic temperatures: mechanical-glass tran-
sition (7};) when a shift or change in slope of E’ starts (i.e., —20°C), liquid-
dominating temperature (7,) when a crossover or matching point between
E’ and E” was observed (i.e., 2 °C, usually considered as the point of loss of
solid behavior), another transition as tan 8 peak (7},) (i.e., 20°C, domina-
tion of liquid behavior over solid), onset temperature of rubbery state (7},)
(i.e., 20°C), and onset of entangled flow temperature (7}.) (i.e., 35°C). The
mechanical-glass transition (7};) could be considered as glass—leather tran-
sition. In most cases the temperature at which the tan 3 peak was observed
corresponded to almost complete plasticization of the material and its loca-
tion depends on the degree of plasticization any material experiences. The
mechanical spectra at higher temperature range (40-230°C) indicated three
characteristics as: entangled polymer flow region, reaction zone, and soft-
ening zone. A decrease in the magnitude of E' and E” was observed as the
temperature increased (i.e., T,, to T). This region was characterized as the
entangled polymer flow (Madeka and Kokini 1996). At the point T, the sepa-
ration between £’ and £’ was observed to be a maximum. As the temperature
exceeded from T, (onset of reaction zone) a sharp increase in E’ and E” was
observed. This was due to a cross-linking reaction occurring once the ability
of the molecules in the date flesh was high enough. In this case molecules
gain enough mobility to come together and caused cross-link formation. The
maximum in E” would suggest melting of the cross-linked structure allowed
to have increased mobility necessary for softening (onset of softening zone).
In the case of date flesh the reaction temperature (7,,) and softening tem-
perature (7,) were 130 and 160 °C, respectively. The DSC thermogram with
linear-heating showed onset (7,,;) and peak (7,,,) of solids-melting tem-
peratures for date flesh (moisture content: 24.6 g/100 g) as 163 and 180°C,
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respectively (Rahman 2004). However completely dried date flesh showed
175 and 191 °C, respectively (Rahman 2004). Therefore, the melting process
by linear-heating DSC method could be related with the thermal-mechanical
reaction and softening temperature. However the onset solids-melting by
linear-heating DSC (T,,;: 163°C) showed similar to the softening temper-
ature by thermal-mechanical method (7, 160°C). Combining isothermal-
relaxation, linear-heating, and mechanical-thermal analyses could explore
different structural characteristics of date flesh within a wide range of tem-
peratures. These structural changes in dates are important, for examples low
temperatures for stability determination, stickiness during storage and pro-
cessing, and solids-melting during high temperature processing (i.e., when
used in baked products).

Instrumental texture profile analysis (TPA)

The mechanical characteristics of food products are usually measured by
one-cycle and two-cycle compression, extension, or shear mode. Instrumen-
tal TPA involves two or more cycles of compression of a sample between
two parallel surfaces or puncture of a sample with a probe. This is mainly
used to imitate the mastication process by instrumental means (Proctor et al.
1955, Bourne 1978). The TPA device usually compresses a bite size piece
food twice and generates a force-time curve, which is then used to define
the textural attributes (fracturability, hardness, cohesiveness, adhesiveness,
springiness, resilience, gumminess, and chewiness). More detailed discussion
of the terminologies is provided by Rahman and Al-Mahrouqi (2009),
Rahman (2012a), and Rahman et al. (2012). Rahman and Al-Farsi (2005)
measured instrumental TPA of date flesh (Tamar stage of maturity) as
a function of moisture content. They observed hardness, resilience, and
chewiness increased reverse exponentially with the decrease of water
content, whereas cohesiveness, adhesiveness, springiness showed a peak at
around 21.5% water content. The trends or curvature above and below the
peaks were different for cohesiveness, adhesiveness, and springiness. The
principal component and factorial analysis showed two factor as: the first
factor indicated the “elastic nature” (characteristics of deformation in first
compression: hardness, adhesiveness and chewiness), and the second factor
indicated the “plastic nature” (fighting back to regain its original shape after
first compression: cohesiveness, resilience and springiness).

Razavi and Karazhiyan (2012) measured the rheological and instrumental
TPA of two types of date paste (golden, solids: 71 g/100 g paste and black,
84 g/100 g paste). They observed that hardness, gumminess, chewiness, and
adhesiveness of black paste showed higher than golden date paste, except for
springiness and cohesiveness. Al-Rawabhi et al. (2005) measured the instru-
mental texture (firmness, hardness, brittleness, adhesiveness or stickiness) of
3 types of formulated candy from date and observed that butter increased the
rigidity and nuts powder increased the hardness by reinforcing the date paste.
Al-Rawabhi et al. (2006) also measured the instrumental and sensory TPA
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of different formulated of date candies and suggested that there could be a
possibility of correlating instrumental and sensory methods. This approach
could help in developing desired commercial date candy with required textu-
ral attributes.
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Introduction

Date palm (Phoenix dactylifera L.) fruit is divided into 2 major categories
depending on their use: table dates and processing dates (Anon. 2003). Dates
are eaten out-of-hand, or may be pitted and stuffed, or chopped and used
in a variety of ways in: breakfast cereals, puddings, bread, cakes, cookies,
ice cream, or candy bars. Surplus dates are made into cubes, pastes, spreads,
powders (date sugar), jams, jellies, juices, syrups, vinegar, or alcohol. Discol-
ored and filtered date juice yields a clear invert sugar solution (Anon. 2003,
Morton 1987).

Despite their importance and the large areas in which date palms can be
cultivated, field and postharvest losses are high, and methods for measuring
product quality and use of date products and by-products need improvement.
To address these issues, most date producing countries in central and west
Asia and North Africa have made the date palm a high priority for research
(Erskine et al. 2003). Processing of dates not only refers to products but also
to basic treatment of a product for hygienic and quality control purposes, as
well as stabilization for the long-term. These basic and essential steps include
fumigation, cleaning or washing, drying, sorting and sizing, weighing, and
packaging. This processing enhances quality and preserves product character-
istics so that the product remains natural and can be marketed as a fresh and
sumptuous table date (SBI 2010). This chapter provides a detailed overview
of date processing operations and processed products and by-products.

Role of chemical composition in date processing

Knowledge of the qualitative and quantitative chemical composition of the
date fruit is of prime importance to the packer, processor, or trader, because
it affects the possibilities and limitations of the raw material for the intended
end use (Saleem 2005). Differences in composition are mainly variety-
dependent. Although dates undergo many common physiological and quality
changes while ripening, there are unique parameters that affect their quali-
ties during processing (Table 8.1). Such intrinsic chemical parameters of the
fruit include moisture, sugars, enzymes, fibers, volatiles, and minerals, as well
as antioxidant activity and phenolic content. Each of these characteristics is
addressed further in the following sections.

Moisture and water activity

Moisture is an essential characteristic of the date fruit that affects its quality
and storage stability. The moisture content of dates varies from 60% at matu-
rity to approximately 25% after drying (Barreveld 1993), and safe moisture
content for storage of dates is 24-25%. Toutain (1976) considered dates soft
if they had a water content >30%, semi-soft between 10 and 30%, and dry at
<10%.
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Table 8.1 Effects of chemical characteristics on date processing.

Parameter Description Effect
Moisture Safe moisture content for date Water activity in the range of
storage is 24-25%. 0.6-0.65 is needed to maintain
quality and chemical stability.
Sugars Major sugars are glucose, fructose, Below 0.7 water activity, mold
and sucrose. Sugars contribute to growth is inhibited. Browning
sweetness and control water from sugars contributes to
activity. darkening at elevated
temperatures (>40°C).
Enzymes Polygalacturonase and With proper manipulation of heat
pectinesterase contribute to and humidity, enzyme activity can
softness and cellulase causes be stimulated or depressed to
textural changes. Polyphenol obtain the desired result.

oxidase is responsible for
biological changes in polyphenols
related to discoloration.

Fiber Fiber is chemically bound to During the ripening process, these
insoluble proteins of the date substances are gradually broken
flesh, and is mainly composed of down by enzymes to more soluble
cellulose, hemicellulose, lignin, compounds, rendering the fruit
and lignocellulose. tenderer and softer.

Volatiles Esters, alcohols, lactones, Volatiles contribute aromas and
aldehydes, and ketones. flavors with desired sensory

characteristics.

Minerals At least 15 minerals are present Minerals increase the alkalinity of
(dates are high in potassium, the dates.
phosphorus, and iron).

Antioxidant Antioxidant activity is due to Oxidative browning of phenolic
activity and phenolic compounds, vitamins C compounds causes darkening at
phenolic and E, carotenoids, and elevated temperatures. Insoluble
content flavonoids. tannins are responsible for

non-enzymatic oxidative
browning.

The concept of water activity (ay) has been adopted by food regulatory
agencies in safety regulations regarding growth of undesirable microorgan-
isms, definitions of food hazards, critical control points, standards for various
preserved foods, and packaging requirements (Fontana 2000). Water activ-
ity is defined as the ratio of the vapor pressure of water in a food to the
vapor pressure of pure water at the same temperature. The graphed rela-
tionship between a range of moisture contents and the corresponding water
activities of a food at constant temperature is known as a moisture sorption
isotherm (MSI), an indispensable parameter for food technologists (Labuza
1984). Water activity and glass transition temperature (7,) are important
tools for predicting available water in foods and the physical state of solid
foods (Roos 1995).
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Sugars

Dates contain 50-80% sugars and soft dates are rich in reducing sugar and
poor in sucrose; fructose and glucose are the primary sugars (Aleid et al.
1999, 2000). Polysaccharides from dates have been used as a functional food
(Ahmed et al. 1995). Because date sugars are sweeter than table sugar due to
high fructose content, such sugar extracts are an ideal replacement for refined
sugar in various food formulations such as soft drinks, chewing gums, and
other confections (Mikki 1998).

Proteins

Dates have approximately 2-3% protein consisting of 23 amino acids, some of
which are not present in popular fruits such as oranges, apples, and bananas
(Ahmed et al. 1995). Based on SDS-PAGE results, most date palm proteins
are high-molecular-weight proteins between 80 and 135 kDa, with minimal
levels of low-molecular-weight proteins <55 kDa. Dates contain high con-
centrations of aspartic acid, proline, glycine, histidine, valine, leucine, and
arginine, but low concentrations of threonine, serine, methionine, isoleucine,
tyrosine, phenylalanine, and lysine, and very low concentrations of alanine
(El-Sohaimy and Hafez 2010).

Minerals and vitamins

The mineral composition of date varieties varies by geographical origin (Al-
Showiman 1998). Youssef et al. (1982) reported that mineral variations in
fruits in general showed considerable variation, not only between species and
varieties, but also within the same variety cultivated under different agrocli-
matic conditions. Potassium, phosphorus, and iron are higher in dates than in
other fruits, e.g., three to five times higher than in grapes, apples, and oranges.
The abundance of minerals in dates results in alkalinity. This alkalinity is as
high as 10 meq/100 g for dates, compared to 4-8 meq/100 g for other fruits
(Levine et al. 1999).

There are at least 15 minerals in dates, varying from 0.1 to 916 mg/100 g,
depending on the mineral. The minerals and salts found in various propor-
tions include boron, calcium, cobalt, copper, fluorine, iron, magnesium, man-
ganese, potassium, phosphorus, sodium, and zinc. Dates contain elemental
fluorine, useful for protecting teeth against decay. Selenium, which experts
believe helps prevent cancer and boost the immune system, is also found in
dates (Ahmed et al. 1995). Date fruit, being rich in potassium and very low
in sodium, is a desirable food for hypertensive persons who are advised to
consume low-sodium diets (Ahmed et al. 1995).

Dates contain at least five vitamins, including vitamin C, vitamin B1
(thiamine), vitamin B2 (riboflavin), nicotinic acid (niacin), and vitamin A
(Ahmed et al. 1995). Barreveld (1993) reported the following contents of
vitamins and minerals in dates (mg/100 g): vitamin C, 2.7-7.7; A, 0.72; By,
0.73; B,, 0.2; and nicotinic acid, 0.33-2.2.
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Fiber

Dates contain 5-10% dietary fiber; Elleuch et al. (2008) reported that insol-
uble dietary fiber, the majority of total dietary fiber, made up approximately
10% (dry weight) of date flesh in the Deglet Nour and Allig varieties. Dietary
fiber concentrates have a high water-holding capacity (approximately 15.5 g
water/g sample) and oil-holding capacity (approximately 9.7 g oil/g sample)
as well as pseudoplastic behavior. Thus, dietary fiber concentrates from dates
may not only be an excellent source of dietary fiber, but also a useful ingre-
dient in the food industry. Fiber is believed to prevent many metabolic and
digestive diseases, such as constipation, colonic cancer, diverticulitis disease,
coronary heart disease, cardiovascular disease, atherosclerosis, diabetes, and
obesity (Grigelmo-Miguel et al. 1999, Al-Farsi et al. 2007a).

Volatile compounds

Identification of the volatile components of dates makes it possible to assess
their organoleptic quality. This information is of technological interest to
agro-industrialists in processing dates and producing flavor extracts from low
quality varieties, thereby increasing their commercial value (Harrak et al.
2005). Aroma is often used as a fruit quality marker, and several researchers
have analyzed volatile compounds to characterize aroma in dates.

The advent of the electronic nose (e-nose) with minimum handling of the
sample has become a fast and efficient alternative to these techniques. This
relatively new tool, simulating the behavior of the human nose, aroused our
interest for application to dates (Lebrun et al. 2007). Nine Moroccan date
varieties at the Tamar stage were subjected to e-nose analysis. The e-nose was
sensitive to the volatile emissions of the dates, and all studied varieties were
well separated. Differences in the aromatic profiles of the eight Moroccan
date varieties were determined and the specific volatile components identi-
fied. Forty-seven components were identified, of which 23 had not been found
in dates previously. Five components were found in of all the varieties: 2,3-
pentanedione, 2-methyl-butanal, hexanal, n-pentanol, and limonene (Harrak
et al. 2005). The effect of maturity on the physicochemical composition and
volatile components of date palm fruits was investigated at three different
stages (El Arem et al. 2011). Eighty volatile compounds were identified dur-
ing various maturation stages, 43 of which were newly identified in Tunisian
date fruits.

Antioxidant activity

Antioxidants can be classified into two groups according to their solubility:
hydrophilic antioxidants (water-soluble), including the majority of phenolic
compounds and ascorbic acid, and lipophilic antioxidants (fat-soluble), such
as carotenoids and vitamin E (Namiki 1990). Dates have substantial antiox-
idant activities and contain antioxidant phenolic and flavonoid compounds.
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Interest in antioxidants has been growing due to their strong ability to scav-
enge free radicals associated with various diseases (Silva et al. 2007). Thus,
dates have the potential to be used as antioxidative functional food ingredi-
ents (Biglari et al. 2008).

Correlation analyses have indicated that there is a linear relationship
between antioxidant activity and the amount of phenolic and flavonoid com-
pounds in date fruits (Alliath and Abdalla 2005). Antioxidant compounds in
dates increased following storage at 4 °C for 6 months followed by additional
1-week storage at —18 °C. Fruits of different date palm cultivars have differ-
ent total phenolic contents and antioxidant activities (Al-Farsi et al. 2005a, b,
Al-Turki et al. 2010). The antioxidant properties of date fruits vary depend-
ing on the amount of phenolics, vitamins C and E, carotenoids, and flavonoids
present (Al-Farsi et al. 2005b, Mansouri et al. 2005).

Enzymes

Enzymes play an important role in the formation and maturation processes
of the date fruit, and their activities are of particular interest for final prod-
uct quality. Polygalacturonase and pectinesterase both convert insoluble pec-
tic substances into more soluble pectin, contributing to softness of the fruit.
Cellulase breaks down insoluble cellulose into shorter-chain substances with
increasing solubility, eventually forming glucose, thus decreasing fiber con-
tent and causing textural changes. Enzymes such as phytase, invertase, and
peroxidase have also been isolated in dates (Nadkarni 1976). Polyphenol oxi-
dase is responsible for biological changes in polyphenols that cause tanning,
i.e., non-oxidative browning reactions.

Knowledge of the function and activity of enzymes is of practical impor-
tance to the packer and processor, as by proper manipulation of heat and
humidity, enzyme activity can be stimulated or slowed to produce the desired
result (Morton 1987). For example, prolonged storage of dates under refriger-
ation or freezing slows down enzyme activity. A better knowledge of the ther-
mal stability of polyphenol oxidase activity in dates, involved in the browning
process, is required to preserve fruit quality after processing. Enzymes heat
stability is often reported as the “optimal temperature.” The polyphenol oxi-
dase activity of Deglet Nour date extracts decreases after heat treatment at
25-70°C (Belarbi et al. 2001b). Peroxidase and polyphenol oxidase activities
in dates increased after 4 days at 21 °C, 14 days at 5 °C, and only slightly after
90 days at —18 °C (Alkhalifa and Dilshad 1998).

Khali and Selselet-Attou (2007) investigated the effects of heat treatment
(55°C/20 min) on polyphenol oxidase and peroxidase activities as well as total
phenolic compounds in the Deglet Nour variety at the Tamar (fully ripe)
stage from dates stored for 5 months at ambient temperature and in cold
storage (10°C). The results initially showed a high percentage of total phe-
nolic compounds. The percentages of these compounds decreased slightly
as the fruit was stored at ambient temperatures, whereas they remained
high in heat-treated and cold-stored dates. Deglet Nour dates exhibited a
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decrease in both polyphenol oxidase and peroxidase activities during storage
in both heat-treated and non-treated date samples. Mutlak and Mann (1984)
reported that microwave treatment of dates efficiently inactivated polyphe-
nol oxidase and peroxidase, requiring only short treatment times compared
with the lengthy blanching in boiling water required to inactive enzymatic
activities.

Date harvesting and postharvest processing

The color of dates indicates the correct harvesting time. At the Khalal stage,
dates are partially ripe with a yellow or red color, depending on the variety.
At this stage, some dates are already being harvested, although the moisture
and tannin content is still very high. Most dates are harvested at the fully
ripe stage showing a deeper color, when the sugar content is higher and/or
moisture and tannin content is lower. Generally, whole dates are harvested
and marketed at three stages of development: mature firm (Bisir or Khalal),
fully ripe (Rutab), or dry (Tamar). The decision to harvest at one stage or
another depends on cultivar characteristics, particularly the soluble tannin
level, climatic conditions, and market demand (Glasner et al. 2002).

Harvesting is planned to ensure that the fruit has the appropriate texture
when it reaches the market. It must be soft and elastic, so that it can be packed
and preserved without changing shape. Its moisture content should be 20-
26% when fresh, with an equilibrium relative humidity (ERH) of not more
than 65%. Dates with <65% ERH are resistant to microbial proliferation
such as mold, yeast, and bacteria that attack the fruit. Therefore, harvesting
should take place while the fruit has a relatively high water content to prevent
the fruit from losing water and hardening (Navarro 2006).

There is a greater need for dates processing plants to enhance the economic
feasibility of packaged dates, providing growers, traders, and exporters with
rapid, standardized, and quality processing and packaging of dates. Hygieni-
cally processed and properly packaged dates have substantial market poten-
tial in both local and international markets. The processes involved are fumi-
gating, washing, sorting, grading, pitting, glazing, polishing, weighing, and
packaging (SBI 2010). In the packaging process, fumigated dates are trans-
ferred to a feeding line elevator and automatically dumped over a shaker
for preliminary washing. The shakers are equipped with water sprayers that
remove dust and other coarse foreign matter. The dates are then sorted by
passing them over a grading and sorting conveyer, during which defective and
inferior dates are separated from superior dates. Finally, the dates are washed
on a conveyer using fresh water mixed with food-grade detergent, e.g., Super-
Chlor (sodium salt of dodecylbenzene sulfonic acid) or DuBois 317 (dimethyl
naphthalene sulfonate), as a disinfectant. A hot air blast removes excess
water and the dates are then loose or press-packed, sealed, wrapped, and
placed in cold storage (Mikki et al. 1986). A general flow diagram for the
commercial date packaging process is shown in Figure 8.1.
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Harvesting
(raw date fruits, choice of variety)

Inspection
(freshness, moisture, color, size, insect infestation, damaged dates, and overall appearance)

Fumigation
(protect dates from insect infestation, typically, 2% phosphine with carbon dioxide as a carrier gas used) :

Cold or frozen storage
(for fresh dates, 0 °C for medium-term storage <6 months, or —18 °C for longer storage up to a year)

Processing line
(utility requirements such as hot water, compressed air, and chilled water are provided along the
processing line)

Sorting, sizing
(removal of dates with any indication of infestation or particles and damaged dates)

Washing and conditioning
vibrating screen with water or steam washing nozzles, washing with sanitizers to reduce microbial counts
and remove soil and debris)

Inspection
(moisture, microbial load, and chlorine residue)

|
Drying and cooling
(mild air blast for date dewatering, moisture control to required value in drying-cooling tunnel,
55-65 °C for drying of soft dates)
|
Dosing
(by electro-pneumatic doser to thermoformed trays)

Packaging and inspection
(conveyor to tray filling, vacuum tray packaging, vacuum sealing machine, overflow return conveyor to
buffer conveyor; Inspection of labels)

Warehousing and marketing
(for packaged dates warehouse storage at 0°C and retail market display at 4°C)

Figure 8.1 Flow diagram for the commercial date processing.

Fumigation

Fumigation is the first step after harvesting and protects the fruit from infesta-
tion. Dates with insect infestations must be treated to maintain export quality
(OFTS 2002). Infestations of dates with moths (almond moths, meal moths),
the fig moth Ephestia cautella, the Indian meal moth Plodia interpunctella,
beetles (sap beetles, sawtoothed grain beetles, flour beetles), rats, mice, and
ants result in contamination and loss of volume (Glasner et al. 2002, Morton
1987). The presence of larvae inside the dates gradually reduces their market
value. Therefore, these insects are important from a plant quarantine stand-
point and present a serious storage problem of great economic significance
(El-Sayed and Baeshin 1983). To store dates for long periods (several months
to a year), they must be completely cleaned of any pests (eggs, pupae, larvae,
or adults) through fumigation. However, fumigation must not be carried out
when the fruit is fresh, harvested at the Khalal stage, or stored under deep
refrigeration.
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Methyl bromide is highly effective for controlling insects in stored prod-
ucts. However, methyl bromide emissions have been found to have deleteri-
ous effects on the atmosphere and present a hazard to human health. There-
fore, in accordance with the Montreal Protocol, its production and use will
be eliminated by the end of 2015 worldwide (CRA 1985). Alternatives to
methyl bromide include the following: (1) phosphine, the principal alterna-
tive to methyl bromide; (2) a controlled atmosphere high in carbon dioxide;
and (3) physical control methods such as filtering, heating or cooling regimes,
active oxygen (ozone or hydrogen peroxide), and irradiation. However, some
of these methods are very costly (Glasner et al. 2002). Heat treatment is
a common alternative for disinfestation of dates replacing methyl bromide
fumigation (Belarbi et al. 2001a, c).

Unlike for conventional dates, methyl bromide or other chemical pesti-
cides cannot be used for processing of organic dates. As an organic alterna-
tive, disinfestation with 100% carbon dioxide for 1-2 days is recommended
(OFTS 2002).

Sorting, washing, drying and packaging

Sorting of dates is conducted manually. A chain conveyor for sorting dates is
shown in Figure 8.2. During this step, workers sort and remove dates with any
indication of infestation as well as other particles and damaged dates (OFTS
2002).

Dates are typically washed in a circular washer with sprinklers and are
cured and dried using a hot air blower system in a hygienic environment
(SBI2010). Date processors generally rely on wash-water sanitizers to reduce
microbial counts to maintain quality and extend the shelf-life of the end prod-
uct (Gil et al. 2009). Washing with sanitizers is important to remove soil and
debris and for water disinfection to avoid cross-contamination between clean

Figure 8.2 Chain conveyor moving Khalal dates after sorting. Reproduced with permission of
S.M. Aleid. (For a color version of this figure, please see the color plate section).
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and contaminated product. Most sanitizing solutions achieve higher microbial
reductions immediately after washing compared to water washing; however,
after storage, epiphytic microorganisms grow rapidly, reaching similar lev-
els. The use of potable water rather than water containing chemical disinfec-
tants for washing fruits is advocated in some European countries. However,
chlorine-based sanitizers are among the most effective and efficient sanitizers
when appropriate doses are used (Gil et al. 2009).

Air-drying is designed to attain moisture content of 20% or below to pre-
vent growth of molds and yeasts (OFTS 2002). Temperatures of 55-65 °C for
drying of soft dates are generally used (Barreveld 1993). The conveyer speed
in the drying tunnel must be controlled to achieve consistent results.

Fancy dates are usually packaged in date processing factories, involving
packaging of compressed or non-compressed whole dates in flexible plas-
tic packages under vacuum (Al-Hamdan and Hassan 1999). Mohsen et al.
(2003) noted that vacuum packaging is a useful technique for reducing dark-
ening of dates during lengthy storage. For packaging loose dates, cleaned and
graded dates are weighed and packaged in cardboard boxes. Generally, the
capacity of these packages may be 1-20 kg depending on local or interna-
tional requirements. Salari et al. (2008) investigated the effects of polyethy-
lene, polypropylene, and cellophane packaging films on the physicochemical
properties of dates stored for 6 months at three different temperatures (25, 5,
and —18°C). They found that time, temperature, and the types of packaging
films have noticeable effect on date quality. In all packaging films at 5 °C, few
variations in date quality were observed until 2 months storage. For storage
of more than 2 months, polyethylene and polypropylene films were associ-
ated with a decrease in °Brix and total and reducing sugars. Selection of the
best packaging film depends on the processing method, the type of product,
and consumption rates.

Modified atmosphere packaging (MAP)

Increases in temperature during shipping, handling, and retailing may
decrease package O, levels, because respiration tends to increase to levels
higher than the permeability of O, through polymeric films. Trucks that are
not precooled, improper handling at transfer points, and retail display under
non-refrigerated conditions contribute to this problem. Some of the reported
benefits of tropical fruits may be due to maintaining a humid atmosphere
around the commodity rather than to modification of O, and CO, concentra-
tions (Yahia et al. 2004).

Modified atmosphere packaging (MAP) is now being used to extend shelf-
life and reduce wastage of a wide variety of fruits. In MAP systems, the gas
mixture surrounding the fruit in the package is modified. Elevated concentra-
tions of CO, and reduced levels of O, inside the package reduce respiration,
ethylene production and sensitivity to ethylene, softening, and decay (Kader
et al. 1989). Active MAP introduces a desired gas mixture into the package
prior to sealing, more rapidly achieving an equilibrium atmosphere (Zagory
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and Kader 1988). MAP techniques preserve the initial date quality against
yeast and mold proliferation, and eliminate insects and dehydration. Vacuum
and MA packaging decrease date dehydration during storage, depending on
the water content.

For stuffed dates with almond paste stored at 20°C in small amorphous
polyethylene terephthalate (APET) wrapping, a 10% gas mixture (20% CO;
and 80% N,) injection allowed a shelf life of 6.6 months compared to 4.2
months for simple sealing with this wrapping. For Deglet Nour natural dates
at the Tamar stage stored at <20°C, application of partial vacuum packag-
ing increased the shelf life from 3.8 months for simple sealing to 9 months
(Achour et al. 1998). However, variable results of existing research on MAP
are due to lack of experimental controls, particularly with respect to different
types of polymeric films used without appropriate characterization.

Dehydration and rehydration

Dehydration is an important stage of date processing, as conditions such as
drying temperature, relative humidity, and drying time will effect color, fla-
vor, shriveling, separation of skin and flesh, and overall acceptability (Yang
and Atallah 1985). Conventional drying requires high temperatures over a
long time, and the final product is characterized by low porosity and high
apparent density values. Vacuum-dried materials are characterized by better
retention of nutrients and volatile aromas. However, the cost of this process
is high (Tsami et al. 1998). Microwave ovens can also be used for rapid and
uniform drying. The uniformity of microwave drying, shorter drying times,
and reductions in both microorganisms and the nutritive value of the food
result from thermal effects rather than microwave energy (Schiffmann 1995).
By choosing the most suitable drying method and conditions, final product
quality can be controlled. Dehydrated fruits such as dates are used either as
food products or as industrial ingredients in processing various foods, such
as bakery products and instant fruit powders (Hussin 1995, Mohamed et al.
2005).

A drying temperature of 54°C at a relative humidity of 50% is recom-
mended for drying soft dates (Dowson 1962), and temperatures of 55-65°C
are typically used (Barreveld 1993). The drying time depends on the initial
moisture of the fruit. A temperature of 39°C for 12 or 16 hours is recom-
mended by Fasihian (1986) for drying the Shahani and Kabkab date varieties,
respectively. Belarbi et al. (2001a, b) studied the effects of hot air drying
(60-80°C, 65% relative humidity, 2 meter/sec air velocity) on two primary
quality criteria of the Deglet Nour date, clear color and soft texture. They
concluded that heat treatment must be conducted under controlled condi-
tions to avoid non-enzymatic browning, but must be sufficient for inactivation
of the enzymes involved in enzymatic browning.

Kulkarni et al. (2008) evaluated processing and dehydration conditions for
preparation of dehydrated dates from immature date fruits (Khalal stage).
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Processing of dates was carried out by blanching in water at 96 °C and subse-
quent dehydration at 60 °C for 18-20 hours, resulting in higher quality dehy-
drated dates than dates dried without heat treatment.

Artificial maturation to soften the texture and equilibrate sugars can be
achieved through postharvest hydrothermal treatment of date palm fruits
to enhance quality and consumer acceptance of Deglet Nour hard dates,
because these dates are unfit for direct consumption. Drying and quality tests
have identified pretreatment by soaking at 30°C for 8 hours followed by
drying at an intermediate temperature (60 °C) as the optimum method for
obtaining a final high-quality product with a standard moisture content of
35% (Boubekri et al. 2010).

Storage

Dates may need to be stored for long periods, typically 10-12 months. Tem-
perature is the most single important factor that affects the shelf life and qual-
ity of fresh produce. When stored under non-optimal conditions, dates may
be subject to various quality degradation phenomena such as sugars crystal-
lizing at the surface of the dates, drying of soft dates, hydration, fermentation
or surface color changes, and biological alterations due to microorganisms,
as well as insect infestation). Therefore, the choice of humidity and tempera-
ture conditions during storage is critical and must be based on full knowledge
of the equilibrium between the ambient air and the moisture content of the
dates (Achour et al. 1998). Preservation of dates by packaging in sealed plas-
tic containers or use of polyethylene-polyamide (PE-PA) bags under vacuum
is a common practice.

Date storage conditions depend on the anticipated duration of storage as
well as the variety. The optimum storage temperature is 0 °C, which allows
for a storage period of 6-12 months. Semi-soft dates, like Deglet Nour and
Halawy, have a longer storage life than soft dates like Medjhool and Barhi.
For longer storage durations, dates may be kept frozen at —18 °C. For shorter
storage times, the temperature should be <13°C (to prevent insect feeding
damage and reproduction) or <5 °C (to control new insect infestations). The
humidity in storage rooms should be 70-75%. High moisture in combination
with higher temperatures increases enzymatic and non-enzymatic browning
of dates (OFTS 2002). The Food and Agriculture Organization (FAO) has
developed several approaches to prolonging the storage of dates using refrig-
eration or freezing. The process is mainly based on slowing down fruit matu-
ration. The vast majority of dates are harvested at full maturity (Tamar stage)
when the color and sugar content characteristic of the cultivar has fully devel-
oped. Also, Tamar stage fruit has the longest potential storage life (many
months) compared to Rutab or Khalal (several weeks maximum). For fresh
dates harvested at the Tamar stage, storage at —18 °C provides the maximum
extension of shelf life (up to a year) and preservation of edible product qual-
ity (FAO 2008).
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Date Paste ' Date Jam

Figure 8.3 A sampling of processed products from dates.

Processed date products

Processed date products include syrups, paste, jams, and jellies (Figure 8.3).
Each of these products is described below in terms of its uses, properties,
processing methods, storage, and other considerations.

Date paste

Date paste is used in the baking industry as a filling in pastries and biscuits, as
well as an ingredient in cereals, puddings, breads, cakes, cookies, ice cream,
and confectionaries. The dates are steamed, de-stoned, macerated, and con-
verted to a semi-solid form known as paste. Paste is an intermediate moisture
(20-23% moisture) product with water activity <0.6. Date paste has been
used as filler and also as a substitute for sugar in many food formulations.
Date paste is a major ingredient in the confectionary industry (Al-Hamdan
and Hassan 1999).

Processing of date paste

Processing of dates into paste is one method of preserving the fruit. Date
pit removal is a primary step in date paste processing. Pitting is carried out
either by crushing the fruit or in a more sophisticated manner by piercing
the dates and removing the pits, leaving the fruit whole. The calyces may
also be mechanically removed. In processing date paste, Yousif et al. (1991a)
reported that the optimum steaming time is 3-5 min and soaking should be
conducted for 5-10 min at 25 °C. Clean pitted dates are mixed or minced with
simultaneous addition of controlled quantities of steam. A moisture content
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Figure 8.4 Date paste (a) from a mixing extruder and (b) packaged in polyethylene bags.
Reproduced with permission of S.M. Aleid.

of 23% (0.06 ay) for date paste is considered the lower safety limit to avoid
microbial spoilage. Hysteresis is apparent in the date paste isotherm and over
the entire relative humidity range. The extruded date paste is usually pack-
aged in high- or low-density polyethylene or polypropylene packaging (Fig-
ure 8.4).

For producing a better quality date paste, adoption of HACCP and GMPs
is recommended, especially for product intended for export markets where
following these quality interventions may be a requirement. Figure 8.5 shows
a sample HACCP plan for date paste processing plants.

Chemical composition of date paste

Chemical composition greatly affects date paste storage. For example, date
paste prepared from the Ruzeiz date variety has a low water activity value
(0.41) and its water sorption isotherm is sigmoid. Date paste has a high per-
centage (78%) of invert sugar, is a good source of minerals and trace ele-
ments, and its high dietary fiber (7%) is of particular interest (Yousif et al.
1991a). Sanchez-Zapata et al. (2011) reported that date paste of the Med-
jhool variety had a high sugar content (53%), particularly reducing sugars
(fructose and glucose), as well as total (7%) and insoluble dietary fiber (4%)
and natural antioxidants (polyphenol content 225 mg GAE (gallic acid equiv-
alent)/100 g). The chemical and microbiological properties of organic and
conventional date pastes produced from the Deglet Nour cultivar were inves-
tigated by Mrabet et al. (2008). Significant differences were observed in water
content, sugar profiles, and pH among the date pastes. Low moisture and high
acidity of organic date paste are two important positive attributes for storage
and potential manufacturing uses.

Aleid (2009) reported that processing of date paste from Khalas variety
gave 90% yield. The date paste had 11.2% moisture content and 88.8% dry
matter. The total soluble solids were 83.2% and the protein content was
2.13%. The pH value of the date paste was 5.05, while the titratable acid-
ity (expressed as % citric acid) was 0.38%. The obtained date paste had 80%
total sugars (41% fructose, 38% glucose, and 1% sucrose). Total solids were
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related mainly to sugar content, given the high sugar concentration in the
paste. Glucose and fructose were the only monomers among the reducing
sugars. In general, date paste of the Khalas variety contained more fructose
than glucose. The crude fiber was 2.2% and ash was 1.23% of the paste.
The mineral composition of the date paste was as follows (in mg/100g): 5.0
sodium, 50.9 potassium, 2.0 calcium, 3.7 magnesium, and 0.2 iron.

Ahmed and Ramaswamy (2006) noted that color is an important sensory
quality attribute of date paste because it is usually the first property the con-
sumer observes; thus, minimizing color loss during processing and storage is
of primary concern to the processor. Color varies among varieties and differ-
ent stages of maturity. The color of date paste also changes during processing
and storage.

Storage of date paste

Yousif et al. (1991b) reported that date paste storage involves many chal-
lenges, including hardening, microbial spoilage, and darkening of color.
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Ascorbic acid or a combination of ascorbic and citric acid are effective in min-
imizing pH changes in date paste stored at 25°C (Yousif et al. 1991b). How-
ever, organoleptic evaluation of the acidified date paste showed that addi-
tion of more than 0.2% citric acid was not desirable, due to the acidic taste,
pH ~5.4 (Yousif et al. 1991a). The date paste retained an acceptable color
for 8 and 16 weeks when stored at 25 and 5 °C, respectively. Moisture loss
was considerable in polyethylene-packaged date paste after 16-week storage.
A marked and gradual increase in the hardness of the date paste was also
observed during storage. Viscosity and water activity were slightly affected
by storage over time (Yousif et al. 1991b).

Drying and hardening of date paste is the primary problem facing pro-
cessors, which can be overcome by adding water or oil; however, this prac-
tice leads to a low quality final product. Changes in the mechanical proper-
ties of untreated date pastes with time have also been reported (Al-Hamdan
and Hassan 2003). Experiments were carried out by Al-Abid et al. (2007)
in an attempt to prevent solidification of date paste. Exposure to steam for
10 min was recommended based on the resulting moisture, pH, compression
force, color, water activity, and sensory evaluation. Al-Hamdan and Hassan
(1999) reported that water sorption isotherms of pastes of three date culti-
vars, Ruzeiz, Khudri, and Khalas, were highly dependent on the temperature,
while dependence on the cultivar type was not as strong.

One common problem that producers of date paste encounter is degrada-
tion of color. Mrabet et al. (2008) reported that conventional date paste can
be preserved using natural additives such as Juniperus phoenicea and olive
oil (conditioned paste). At a given mixture of J. phoenicea and olive oil and
after pasteurization, mold colony-forming units were reduced by 95% and
yeast populations were reduced by 84% after 45 days at 25°C.

Use of date paste in bakery products

Mikki et al. (1983a) reported experimental use of dates in various products,
such as bakery products. Replacement of sucrose by date paste in breads and
cookies improved their nutritional quality by increasing levels of both miner-
als and vitamins. Most date sugars are invert sugars, which increase the soft-
ness of bread and cookies. Aleid (2009) investigated incorporation of date
paste (Khalas variety) into an Arabic bread recipe as a sugar source at 10, 20,
and 30% of the flour weight. Flour from 80 and 95% extractions were used.
The baked loaves were tested for internal and external quality characteris-
tics. The results of the baking tests showed a positive relationship between
total bread quality and the addition of date paste. Addition of date paste up
to 20% of the recipe for bread was recommended.

Mustafa et al. (1986) made bread from wheat flour (72% extraction) with
addition of date paste. The results of rheological tests indicated a decrease
in flour water absorption with an increase in date paste addition. Increases in
date paste also resulted in reduced dough development time and increased
dough softening time. The bread-specific volume reached a maximum when



PROCESSED DATE PRODUCTS 187

8% date syrup was used in the recipe, due to the high sugar content con-
tributed by the date paste. Acceptability tests showed that use of date paste
at 8% improved the bread.

Light and scanning electron microscopy were used by Yousif et al. (1995) to
evaluate changes during dough mixing and baking and to compare the struc-
ture of wheat and mixed wheat-date paste doughs and breads. They reported
that adding 4% date paste to the bread recipe improved the structure of the
bread crumb compared with 12% paste, which had an adverse effect. Well-
developed gluten protein in doughs containing 4% date paste or 3% sucrose
was identified by microscopic examination. Ruptures and discontinuities in
the 12% date paste-supplemented doughs were also apparent (Yousif et al.
1995).

Date paste can be dried and milled into powder, which extends the shelf life
and reduces storage cost. El-Sharnouby et al. (2012) investigated the effect
of supplementing wheat flour with 1:1 (w/w) wheat bran and date powder on
the nutritional value and quality of biscuits. A highly acceptable biscuit was
obtained when 20% wheat bran and date powder mixture was used in the
formulation. The quality of the biscuits was acceptable up to 30%. Dietary
composition analysis of these biscuits showed that fiber was enriched in bis-
cuits made from wheat bran and date powder.

Date syrup

Low quality or cull dates can be used as raw material for production of date
syrup (date concentrate), which is a good source of glucose and fructose.
Another sugar present in significant quantities is sucrose. Sugars are respon-
sible for much of the physical quality of the syrup as well as its hygroscopy
(Tavakolipour and Kalbasi-Ashtari 2007). Date syrup can replace sugar in
cases where the resulting color is of least importance. In addition, date syrup
can be converted to white sugar by applying various decolorization processes
(Wolf et al. 1976). For example, use of sulfonated divinylbenzene-styrene
copolymer achieves significant decolorization of date juice. Date palm syrup
provides unique functionality when used with milk in producing yogurt,
including sweetening, flavoring, and increasing nutritional value. Numerous
health benefits beyond nutritional value have been associated with consum-
ing yogurt enriched with up to 10% date palm syrup (Gad et al. 2010). Date
syrup added yogurt was shown to have favorable sensory quality attributes
(Table 8.2).

Date syrup extraction

In date syrup extraction, the dates are placed in a vessel and the required
amount of water is added. The temperature of the mixture is adjusted and
it is mixed for a given time period (Hamad et al. 1983, Mikki et al. 1983b,
Mustafa et al. 1983, El-Shaarawy et al. 1989). The rate of mixing is held con-
stant and the vessel is covered to minimize evaporation of water. At the end
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Table 8.2 Sensory evaluation scores of yogurt enriched with date syrup.

Date syrup addition (%)

0 2 4 6 8 10
Color 8.2 8.1 8.0 7.8 7.6 7.4
Smoothness 8.6 8.5 8.4 8.2 7.8 7.5
Taste 7.6 7.6 7.9 8.1 8.3 8.5
Sweetness 5.5 5.6 5.6 5.8 6.2 7.6
Sourness 7.8 6.7 6.6 6.4 6.4 6.2
Flavor 6.5 6.9 7.0 7.2 7.7 7.8
Acceptability 6.6 6.7 7.5 7.7 7.9 8.2

9-point hedonic scale: 1 = dislike extremely to 9 = like extremely.
Source: Adapted from Gad et al. (2010).

of the run, the mixture of the sugar solution and date fibers is filtered to sep-
arate the solid materials and obtain a clear solution. To prevent the growth
of various fungi, fungicide is added to the solution (van Handel 1998). The
obtained dilute solution has a °Brix of 12-15. This solution can be heated
under vacuum and concentrated to 70 °Brix, which is appropriate for a long
shelf life. Evaporation is normally carried out at 55-60°C to prevent burning
of the sugars. The optimum conditions for maximum extraction in the water-
date system are as follows: (a) temperature ~70°C, above that sugars may
burn, (b) water-to-date weight ratio of 3, above which the required energy
for evaporation may offset the additional extraction of sugars, and (c) contact
time duration of ~30 min, beyond which the amount of extraction is negligi-
ble. From each 1 kg of dates, approximately 600 g of 70 °Brix date syrup can
be obtained.

The efficiency of extraction of sugars from dates is important (Mowla and
Mowla 2007) and the water-to-date ratio is a key parameter in solids extrac-
tion, for technical and economic reasons (Ramadan 1998). Abbes et al. (2011)
investigated production of enzymatically treated syrup with high commer-
cial value from second-grade dates with a hard texture. They observed that
a pulp-to-water ratio of 1:3 treated with 50 units of pectinase and 5 units of
cellulase for 120 min at 50 °C gave the highest recovery (72%) of total solu-
ble solids (fresh basis) and lighter color (higher L* color value) than a con-
trol untreated with enzymes. Hedonic evaluation demonstrated that enzyme-
treated date syrup was more favored by consumers.

Enzymatic extraction exerts significant effect on the viscosity of date
mash/syrup. Al-Hooti et al. (2002) extracted syrup from Birhi and Safri
dates using pectinase-cellulase preparation. The apparent viscosity of date
fruit pulp increased up to 1 hour and then consistently decreased with the
passage of time at all enzyme concentrations used (Table 8.3). There was
almost 100% reduction in the viscosity values among all the pulp sam-
ples treated with pectinase/cellulase enzyme preparations. The initial slight
increase in viscosity of date fruit pulp was suggested to be due to the increased
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Table 8.3 Effect of 0.5, 1.0, and 2.0% pectinase-cellulase enzymes and the incubation time
on the apparent viscosity (cP) of pulp from Birhi and Safri dates.

Birhi dates pulp viscosity Safri dates pulp viscosity

Incubation

Time (hr) 0.5% 1.0% 2.0% 0.5% 1.0% 2.0%
0 24.2 29.3 29.7 20.3 23.5 23.4
1 34.9 42.4 32.9 22.7 25.9 24.1
2 30.1 30.8 27.0 20.7 23.2 17.4
3 25.7 24.7 19.5 17.0 18.9 16.8
4 24.1 21.3 17.5 14.5 15.6 13.3
5 22.0 17.6 16.0 13.0 14.8 12.8
24 14.8 12.8 12.5 11.5 12.1 10.2

Source: Al-Hooti et al. (2002). Reproduced with permission from Elsevier.

extraction of pectic substances through the action of these enzymes on the cell
wall materials of date fruits.

The use of ultrasound (sonication) was explored for improving the quan-
tity and quality of date syrup extraction by Entezari et al. (2004). Their results
showed that sonication under the proper conditions can lead to a higher
extraction level in a shorter time with a product of better physical quality.
Additionally, sonication significantly decreased the microbial count in com-
parison to the traditional date syrup extraction method. This study also con-
firmed the presence of anti-microbial substances in date fruit, and that ultra-
sonic waves can enhance their beneficial effects.

Date syrup can also be produced as an incidental by-product when bagged
humid dates are heaped for several months and syrup oozes out by the force
of their own weight (FAO 1996). Aleid et al. (2007) utilized second-grade
dates of the Ruzeiz variety to extract date syrup through high hydraulic pres-
sure at room temperature. The sugar content of the obtained syrup was 70—
85% dry weight; most of the sugars were reduced sugars. This process gave
a yield of 40-50%. The color of the syrup was light brown compared with
syrup from a heat extraction experiment (85-95 °C) that had a dark color as
well as a caramelized flavor due to a high extraction temperature. However,
the extraction time for the heat extraction process was relatively short, with
a higher yield than the cold extraction process.

Clarification of date extracts

Various industries, such as those producing date beverages, require date juice
with the high clarity and low turbidity. Pectin is the agent causing the most
turbidity in date extracts, which contain 2-6% pectin depending on the vari-
ety (Iranmanesh 2000). Trade pectinases typically are a mixture of pectin
esterase, polygalacturonase, and pectin lyase, which act on the pectin chain to
convert it to soluble compounds (Alkovarta et al. 1998, Kashyap et al. 2001).
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Efficient clarification of date syrup has been achieved using calcium phos-
phate precipitation, too. Ehrenberg (1977) reported that treating date extract
with lime followed by purification with cation and anion exchange yielded
syrup with a purity of 99.26%. Nakahara and Tetsujiro (1977) reported the
use of an ultrafiltration membrane with a molecular weight of 20,000 to obtain
a clear date syrup that could be used as flavoring agent for processed foods.
According to Nowatzyk (1976), an excellent liquid sugar can be obtained
from date extracts through clarification with lime at pH 10.6 followed by
desalting with ion exchange and concentration under vacuum. Niazmand
et al. (2007) used formic and malic acids in combination with pectic enzymes
for the clarification of date fruit extracts. The type of acid used for initial pH
adjustment had a significant effect on the color and clarity. The microorgan-
ism load was also reduced due to the use of acid in the process.

Color of date syrup

The high sugar content of date syrup favors its use as a source of liquid
sugar in many food applications. However, the high concentration of col-
oring agents found in date syrup limits its use for this purpose; the color
of date syrup is typically light or dark brown. Generally, date syrup con-
tains as much as 4.08% total coloring agents (Mohamed and Ahmed 1981).
Pigments present in fresh Egyptian dates include carotenoids, anthocyanins,
flavones, flavonols, lycopene, carotenes, flavoxanthin, and lutein (Barreveld
1993). Mohamed and Ahmed (1981) reported that color groups, degradation
products of reducing sugars, melanoidins, and iron-polyphenolic complexes,
contribute to the characteristic color of date syrup. The melanoidin com-
pounds, which comprise the majority of syrup colorants, had low selective
adsorption on both charcoal and anion resins. The charcoal mixture adsorbed
only 45.6% of the date syrup colorants, with the remaining amount precipi-
tating after treatment of the charcoal-bed filtrate with ethyl alcohol.

Chemical composition of date syrup

The high level of acidity in date syrup (pH 3.4-4.0) contributes to its sta-
bility against microorganisms. Reducing sugars are dominant and comprise
~96% of its total sugar content. In addition to sugars, date syrup con-
tains various amounts of pectins, proteins, minerals, and hemicellulose sub-
stances (Aligedi and Beshokov 1976). Pectin, a hydrophilic colloidal sub-
stance, greatly increases date syrup viscosity. Their presence makes filtration
process difficult thereby rendering clarification of the date extract quite dif-
ficult. Proteins have a similar effect on date syrup. Thus, elimination of pro-
teins and pectins requires specific materials having the ability to adsorb such
colloidal matter (Ehrenberg 1977) or use enzymes treatment, which is more
common. Date syrup is rich in sodium, potassium, calcium, magnesium, and
iron, and has a low sodium to potassium ratio (1:8.3). This may be of dietetic
importance, particularly for those on restricted sodium intake (Aleid et al.
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1999). Moisture content strongly impacts storage stability of syrups, since it
directly affects the likelihood of undesirable fermentation (Aleid et al. 2007).

Ben Thabet et al. (2009) reported that syrups from date palm sap have
good nutritional value, and are high in sugars (58-75% ), minerals (2.1-2.6%),
and phenolics (14.76-22.45 mg ferulic acid equivalents/100 g), all expressed
on fresh-weight basis. Date syrup also has antioxidant activity due to its total
phenolic content. The rheological properties of date syrup are Newtonian
from 10 to 55°C, and are well modeled by the Arrhenius equation.

Storage of date syrup

Moisture content is the most significant factor that determines the storage
life of syrups, as it bears a direct relationship to the likelihood of undesirable
fermentation. The primary sugars in date syrup are fructose and glucose, with
sucrose also present in significant amounts. During cooking or heat steriliza-
tion of food, 5-Hydroxymethyl-2-furfural (HMF; C¢HgO3, molecular weight
126.11) is formed. Extensive HMF can be present as a breakdown product of
sugar solutions, particularly those containing glucose and fructose. HMF in
syrup may be considered evidence of overheating, and implies loss of fresh-
ness of the syrup.

Aleid et al. (2000) investigated the correlation between sugar types and
HMF formation in syrups stored for 6 months. Formation of HMF in syrups
stored at 45 °C for 6 months was strongly correlated with their fructose con-
tent (R?> = 0.87) as well as their glucose content (R> = 0.74) (Figure 8.6a).
Higher values of moisture/(glucose + fructose) resulted in lower HMF pro-
duction (R? = 0.92) in 45 °C stored syrup (Figure 8.6b). These results indi-
cate that HMF production is a function of sugar content as well as the ratio of
moisture content to sugars. Storage at 25 °C did not prevent some HMF for-
mation; this varied according to the syrup type, and depended on fructose and
glucose content. Storage at 45 °C considerably increased the HMF content of
the syrups.

Abbes et al. (2011) reported that experimentally prepared date syrups
were free from aerobes, molds, coliforms, and Enterobacteriaceae, and were
microbiologically stable during 5 months storage.

Use of date syrup in bread making

Use of dates in bread recipes has long been practiced in small traditional
bakeries in Saudi Arabia (Mustafa et al. 1986). Such bakeries are disappear-
ing gradually with the automated bakeries being introduced throughout the
country. Al-Saidy and Al-Dujaili (1979) studied the use of date syrup as a
substitute for table sugar in bread making. They found that more than 3%
of the sugar could be replaced by date syrup without affecting bread charac-
teristics. Al-Zubaydi et al. (1983) studied the effects of various date syrups
on experimental breads using the straight dough procedure. They reported
that use of date syrup substantially increased the weight and volume of the
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Figure 8.6 Relationship between HMF produced by syrups stored at 45°C for 6 months and
(a) the predicted values for fructose and glucose, and (b) the ratio of moisture to glucose +
fructose. Source: S.M. Aleid (unpublished data).

loaves, and also improved the texture of the finished bread. They also found
that use of date syrup resulted in improvement in all characteristics except
crumb color, which was adversely affected by all types of date syrups.

Aleid (1998) reported on the incorporation of date syrup into bread dough
recipes as a sugar substitute at syrup contents of 0, 3, 6, 9, and 12% using
flour of 75, 85, and 95% extractions. The baked loaves were tested for inter-
nal and external characteristics and loaf volume. There was a highly signif-
icant correlation between the date syrup percentage and bread volume and
aroma. Breads with 6 and 9% date syrup at 85 and 95% extraction exhibited
a high total bread score compared with no sugar or 4% sucrose treatments.
Loaves with date syrup had slightly higher volumes than those with or without
sucrose (Figure 8.7). Date syrup had no effect on crumb lightness. Replace-
ment of sugar with date syrup up to 6% was recommended for optimum bread
quality.

Date jams and jellies

Besbes et al. (2009) utilized second-grade Tunisian dates (with a hard
texture) as raw materials for jam production. The resulting jams were
characterized in terms of chemical composition, physical properties (texture
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Figure 8.7 Effects of date syrup and flour extraction on volume and crumb lightness of white-
pan bread. Source: S.M. Aleid (unpublished data).

and water retention capacities), and sensory properties. The date variety had
a significant effect on the composition and physical characteristics of the date
jams, which had high overall acceptability. These results provide essential
information that can be used to promote the commercialization of date jams.

Masmoudi et al. (2011) prepared four jelly formulations using date juice
enriched with pectin and lemon flavoring. Reduced quantities of sugars (45%
and 55%) were added to the juice at two pHs (3.0 and 3.5). The prepared
jellies were evaluated for physicochemical and sensory properties. The water
activity values for the jellies ranged between 0.77 and 0.80, rendering them
safe from growth of the majority of bacteria. Addition of lesser quanti-
ties of sugar, as well as decreased pH, resulted in significantly firmer jellies
with higher adhesiveness, chewiness, and cohesiveness. Consumer acceptance
tests showed that the prepared jellies were highly acceptable for taste and
firmness on a 7-point hedonic scale. The most preferred jellies were those
prepared with the lowest sugar content, with a slight preference for those
with a pH of 3.5.

Other products

Recently, Aljasass and Siddiq (2013) studied the feasibility of preparing a
canned chickpea-date product. Date bits were added to chickpeas at 10, 20,
and 30% replacement levels. Total phenolics, antioxidant activity, color and
sensory characteristics of the new canned product were evaluated. Chick-
peas with added dates had significantly higher amounts of total phenolics and
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antioxidant activity. Adding dates to canned chickpeas had a significant effect
on chickpea color, which became light- to dark-brown with increasing level
of dates. The canned chickpeas—dates were also tested for palatability param-
eters in terms of aroma, texture, appearance, and the overall acceptability as
compared to the control. Canned chickpeas with 20% dates bits had the high-
est mean scores for aroma, texture, appearance, color, and overall acceptabil-
ity. The control had the lowest scores for all sensory attributes.

Quality management in date processing

Ensuring the safety of dates is a joint effort involving the growers, suppliers,
the processors, and the distributors. Date products must be of marketable
quality and also be safe for consumers to eat, even at the smallest production
scale. The primary risks are contamination by microorganisms, toxins, chem-
ical contaminants, and foreign matter; excess moisture content; degradation
of nutritional value; and pest infestations. Most of these risks can be readily
prevented or mitigated by better knowledge of the risk factors for dates, safe
handling, careful inspection and analysis when required in short, by better
management of this commodity (WFP 2012).

Processors should develop a quality assurance system to ensure safe prod-
ucts through following these steps: (a) review every stage of the process,
from raw material selection to distribution of products, to identify the fac-
tors that can affect either product quality or safety; and (b) develop proce-
dures to monitor and control these factors so that they do not cause problems
(UNIDO 2004). This process results in a food quality assurance system that
includes good agricultural practices (GAP) at the farm level and good man-
ufacturing practices (GMP) and hazard analysis and critical control points
(HACCP).

GMP in date processing

GMP refers to the minimum sanitary and processing conditions required for
a properly constructed processing plant. GMP details cleanliness and sanitary
requirements for personnel, buildings and facilities, and equipment and uten-
sils, in addition to food processing requirements and controls. GMP not only
reduces introduction of biological, chemical, and physical contamination, but
eliminates existing contamination. GMP includes the following aspects:

e Dates must be held under conditions that prevent contamination and
growth of undesirable insects and microorganisms.

* Processing and packaging steps such as fumigation, sorting, cleaning, dry-
ing, and packaging must be performed in a manner that provides ade-
quate protection from contaminants that may reach the dates, adequately
cleans and sanitizes all date-contact surfaces, uses containers and pack-
aging materials that are safe and suitable, and uses an HACCP program
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to check for possible contamination and ensure that GMPs are being fol-
lowed.

* Measures such as sorting, cleaning and metal detecting must be used to
protect against the inclusion of extraneous materials and metal in dates.

* Measures such as fumigation, irradiation, or controlled heating must be
adequate to destroy or prevent survival/growth of undesirable insects and
microorganisms.

* By-products that must be disposed of without contaminating processing
facilities and must be appropriately handled (Hyder 2006).

Essential quality tests must be performed during process steps and random
samples should be tested to ensure appropriate grading, cleaning, drying, and
packaging (OFTS 2002). Other measures to ensure product quality are listed
below:

e Avoid temperature fluctuations to prevent moisture condensation on
dates that supports growth of microorganisms.

* Maintain clean and hygienic conditions in packinghouses, storage rooms,
warehouses, etc.

e Store dates separately, because ripe dates absorb the aromas of other
products (e.g., garlic, onions, herbs, and spices).

* Package dates under nitrogen to exclude oxygen and reduce enzymatic
browning (darkening) of dates.

HACCP in date processing

The primary criteria governing the date processing and packaging industry
are national and international codes and standards, the HACCP system, and
specific conditions set by individual customers and importers. Increasing com-
petition in the international date market requires exporters to implement
these codes and standards in postharvest treatment of their products and in
their packaging houses. Implementing numerous criteria set by national and
international bodies inevitably increases the retail price of dates and date
products (Raoufat and Heshmati 2001). It is necessary to process, package
and store dates under conditions that will minimize the potential for undesir-
able microbiological, chemical, and physical deterioration or contamination.
This requires careful monitoring of such factors as time, temperature, and
moisture via an HACCP program.

Successful implementation of an HACCP system involves defining the
important hazards in the postharvest, packaging, and storage stages to reduce
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Table 8.4 Hazards, critical limits, inspection procedures, and postharvest remedies in dates

processing.

Hazard source

Critical limits

Inspection
practice

Remedies

Water: microbiological,

chemical, and
physical hazards

Raw date: biological,

chemical, and
physical hazards
Storage

Processing: disinfecting,

washing, sorting,
processing, and
packaging

Metal in final product

Final product

International
standards

Factory standards

Factory standards

Factory standards

Customer, factory,
and national
standards

Weekly sampling
and testing

Sampling and
testing each
consignment

Sampling and
testing each
consignment
(45-day period)

Sampling and
testing after
each operation

Metal detector
Sampling/testing
product batches

Clarification and
purification

Rejection/
disinfection

Disinfestation and
temperature
control

Return to previous
operation(s)

Reject and control
Reject/withholding
unacceptable

products

Source: Adapted from Raoufat and Heshmati (2001).

or eliminate hazards and increase hygiene and safety levels. The hazards
defined by the HACCP system fall into 3 categories—biological, chemical,
and physical hazards. Biological hazards include macrobiological organisms
such as flies, insects, and pests, and microbiological hazards such as coliforms,
Escherichia coli, yeasts, molds, and Bacillus cereus. Chemical hazards include
allergic agents and pesticide and insecticide residues. Physical hazards include
glass, stones, metals, wood chips, plastic chips, hair, birds, feathers, rodents,
and bird organs (Raoufat and Heshmati 2001). The hazards, critical limits,
inspection procedures, and remedies after harvesting date palms are outlined
in Table 8.4.

US and European markets demand that growers document quality control
processes, and in particular require a report on treatments for insects. This
report includes a list of the chemicals permitted for use and approved by an
official agent, in addition to the timetable for spraying with details of the
materials used, the date, concentration, and number of days before harvest,
as well as the resulting levels of pesticide residue (Glasner et al. 2002).

Conclusion and perspectives

Global production of dates and their products is expected to rise, requiring
new markets for introducing dates into various food products. The demand
for processed noble dates in the international market is also increasing. As
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a result, there is vast potential for fresh dates and date products of higher
quality to be processed into value-added products, such as packaged dates,
date paste, date syrup, and date jams and jellies. This in turn helps reduce the
yearly surplus of dates and introduces value-added products, increasing their
economical return. Thus, there is a strong need for scientific research in the
date palm industry as well as development of new products, particularly in
date-producing countries.
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Introduction

The date (Phoenix dactylifera) is a nutritious fruit that is famous for its dis-
tinctive flavor and bright golden-brown color. Food scientists and the food
industry are engaged in developing new methods to generate cost-effective
and enhanced quality products from dates. For dates, different meanings
are attached to the word “processing.” For the purposes of this chapter, its
meaning is limited. There are examples where processing is confused with
“value-addition.” Therefore, processing will be defined as the basic action
on the product (SBI 2010). Considerable improvement in human health and
well-being can be achieved by increasing fruit consumption (Pomerleau et al.
2003). However, increasing fruit consumption encounters several critical bot-
tlenecks, including the following: (1) insufficient quality and safety of fruits
and fruit products for consumption; and (2) high prices of fruits and fruit
products compared to competing products, such as unhealthy snacks and soft
drinks. Innovations in