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Introduction
The production of dates, according to the recent FAO

statistics in the Arab countries, is about 4332208 metric
tons, which accounts to 71.69% of total the international
production (FAOSTAT, 2006). However, the date produc-
tion in many Arab countries faces a wide range of prob-
lems, including the predominance of low quality dates and
change of the local consumers habits. Thus, the demand for
dates has not been matching the increasing production. The
current industries, local market, and export can utilize only
a reasonable part of the quality dates produced, whereas the
main bulk of the low quality fruits are not exploited. As re-
vealed by many publications, the main component of all
date cultivars is sugar. Invert sugar is the dominant saccha-
ride type of the Middle East cultivars, while succrose is the
major sugar type of North African, American and some Ira-
qi cultivars such as Zahdi. The current study focuses on
some promising transmutation industries that convert the
abundant sugar content of dates to added value products.
Concerning the availability of dates as raw material, the in-
vestment in such industries bears the elements of success.
Moreover, these industries provide job opportunity as well
as the required technical expertise. As a result, the sustaina-
bility of the date palm cultivation and its socio-economic
impact will be given further support. 

Sugar Extraction Stages
There are several date processing steps that can provide

the proposed manufacturing with the appropriate juice as
raw material. The first step is the date juice extraction and
filtration. Since sugar is the main target of the extraction
process, any applied technique should be efficient to leach
most sugar content of the date. By definition, the extraction
efficiency is the ratio of the amount of sugars that are actu-
ally obtained, to the actual amount of sugars available in
date. Previous results revealed the effectiveness of continu-
ous double stage counter-current technique to extract a

high percent of date sugar. This has minimum loss of resid-
ual soluble solids compared to a one-stage system, but
maintains the same Brix level in the extracted juice (Al-
Abid, 2005). With respect to the factors affecting the perfor-
mance of the extraction process, the temperature of extrac-
tion and the contact time between material and liquid should
be considered; increase of both will increase the extraction
efficiency. However, the upper limit temperature is consid-
ered to be 65

o
-70

o 
C, to avoid undesired reactions of the

juice sugar (Belitz, 2004 and Al-Abid, 2005). In view of the
fact that the obtained juice can be utilized as source of sugar
assigned for certain application, additional purification steps
of the feed by sophisticated ultrafiltration (UF) techniques
is essential. Currently, ultrafiltration is exclusively used in
the Dibis manufacturing of Saad (UAE) factory. To produce
particular products dates' juice should be decolorized and
demineralized (juice conditioning) first. The archetypal
method to decolorize sugar solutions is based on the utiliza-
tion of carbon. Other techniques have been applied to decol-
orize sugar liquors such as the novel applications of alumi-
num compound based coagulants as decolorizing aids in
sugar refining, moving bed decolorization system, and gran-
ular activated carbon with pulse-bed (Dow, 2002a and Lur-
gi, 2004a & 2004b).

High Fructose Corn Syrup (HFCS) and Sugars
Production

High-Fructose Corn Syrups (HFCS) are now manufac-
tured and used in many countries throughout the world.
HFCS is produced from a variety of starch raw materials in-
cluding corn, rice, tapioca, wheat, cassava, and sugar beet
pulp. HFCS is consumed in large quantity in the United
States by using corn starch as raw material. Crystalline fruc-
tose is now being used in a growing number of food appli-
cations. However its production as sweetener represents a
small percentage of total fructose. In 2005 USDA estimated
HFCS consumption per capita, as 42.2 lbs per year. USDA
data reflected that the utilization of HFCS in food and bev-
erage manufacturing and HFCS consumption increased,
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where as sugar consumption decreased. In Japan, HFCS
provides quarter of the demand for sugar. HFCS vendors
buy domestic produced starch at a fixed rate and U.S. pro-
duced HFCS increased from 2.2 million tons in 1980 to an
average of 9.2 million tons, on dry weight basis, during
2000s. HFCS replaced the most expensive price sugar in a
variety of uses (Bray, 2004). The utilization of date's juice
as feedstock for the production of HFS is competitive to
the units of operation of HFS production from starch, due
to the elimintation of liquefaction and saccharification
steps. The following Flow chart (Fig. 1) summarizes the
production steps of the HFS, crystalline fructose, and glu-
cose. 

Using chromatographic technique, fructose concentra-

tion can be increased to over 90%. The mechanism of the
nearly all applied separation method which is known as li-
gand exchange chromatography (Paillit, 2000 and Dow,
2002b). However, a variety of types of SMB (Simulated
Moving Bed) chromatographic separation techniques are
recently introducted as efficient methods for the production
of HFCS as well as the separation of fructose and glucose.

Modification of SMB to SSMB (Sequential Simulated
Moving Bed) leads to the optimization of the linear veloci-
ty in the system in each zone; as well as fractions are ex-
tracted under optimal conditions, thus having positive ef-
fects on pressure drops and fraction purity. This technology
requires a highly sophisticated monitoring control system,
when high purities of fractions are needed (Paillit, 2000).
The characteristic of Vogelbusch's modified SMB technol-
ogy is the enclosing of the adsorbent bed in a single vessel.
A circulating liquid stream is continuously passed through
the sorbent bed in a closed cycle. Through this technique,
maximum usage of column capacity and adsorbent resin ki-
netics could be achieved. Additionally, the proper design of
the equipments would be helpful to extend the lifetime of
the adsorbent resin, and also to get a uniform cross flow to
reduce the analytical needs, since the concentration profile
in a steady state and unchanged (Vogelbusch, 2002).

Polyols Production
Polyols, or sugar alcohols, are not regarded as “sugars”

and are regarded as a group of nutritive sweeteners which
exhibit reduced caloric values compared to the respective
value of most sugars, and this makes them suitable as
sweeteners in the so-called  light  foods. Moreover, sugar
alcohols are metabolized independently of insulin and are
thus utilized in diabetic food products. Besides their appli-
cations in the food industry, sugar alcohol, such as manni-
tol, is also used in the pharmaceutical industry. In medi-
cine, mannitol is used to decrease cellular edema (excessive
accumulation of fluid) and increases the urinary output.
Sorbitol is the leastt xpensive crystalline polyol and is used
extensively in the liquid form in oral care. It is used as a
sweetener, plasticizer, and humectant and as intermediate
substance in the manufacturing of vit C. The global market
for polyols, i.e. mannitol and sorbitol, is estimated at
US$1.3 billion (€0.98 bn), with total sales volumes of
1397000 metric tons in year 2000. This volume is expected
to increase at an average annual growth rate of 2.7 per cent
for the next five years to reach 1597000 metric tons. The
estimate of total sales will be US$1.4 billion by year 2005
as the market grows at 1.3 percent, according to a study
done by Business Communications Company (Nutra ingre-
dient, 2005). 

Production of the polyols can take place through hy-
drogenation of purified date syrup that contains both glu-
cose and fructose exclusively in approximately equal
amounts. Therefore, the hydrogenation will produce sorbi-
tol and mannitol. The common hydrogenation process is
performed at high pressure and temperature in the presence
of a metal catalyst (i.e. raney nickel) and hydrogen. In this
catalytic hydrogenation reaction, only the œ-fructose mole-
cules are hydrogenated into mannitol, whereas the ß-
fructose molecules are hydrogenated into sorbitol (Von
Weymarn, 2002). Therefore, when a 50/50 glucose-fructose
mixture (i.e. invert sugar) is used as the starting material, at
neutral pH, only approximately 25% (w/w) of the initial
sugar is hydrogenated into mannitol, whereas 75% is hy-

Fig.1. Production steps of HFCS, crystalline fructose and glucose.
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drogenated and converted into sorbitol. If date HFCS is
used as the starting material and the hydrogenation is per-
formed at alkaline pH, higher mannitol yields can be ob-
tained (Schwarz, 1994). The most frequently used catalyst
for this process is Raney-type Ni, and usually promoted
with Mo due to its excellent settling properties, high activi-
ty and low cost price. However, during the hydrogenation
of D-glucose to D-sorbitol leaching of nickel occurs
through chelating by the produced sorbitol. For food indus-
try, the maximum allowable concentration of Ni is 2 mg/
kg. The leaching out of nickel and chelating by sorbitol can
be overcome by using of ruthenium as catalysts, since ru-
thenium is stable against leaching (Hoffer et al., 2003,
Schimpf et al., 2005).

The production of microbial mannitol is based on high
cell density cultures of slowly growing heterofermentative
lactic acid bacteria. The bioconversion of fructose to man-
nitol was performed in slowly agitated membrane cell-
recycle bioreactor equipped with pH and temperature con-
trol. Neither aeration nor nitrogen flushing of the biocon-
version medium is required, which drastically lowers the
investment costs of such a plant due to the re-use of cell bi-
omass in successive bioconversions. The best production
strain (Leuconostoc mesenteroides) can converted up to
95% (mol/mol) of fructose consumed into mannitol. Unfor-
tunately, this is only achieved when a significant amount of
glucose is co-metabolized by the cells (Von Weymarn,
2002).

Citric Acid Production
Citric acid is the most important organic acid produced

in large quantity by fermentation. Global production of cit-
ric acid in 2004 was about 1.4 million tones as estimated in
a recent study of the market by Business Communications
Co. BCC. The report showed that China accounts for 35-40
% of worldwide citric acid production market and is lead-
ing the producers of citric acid of North America and West-
ern European markets. Intensive competition with relative-
ly low prices causes many small citric acid manufacturers
in North America and Europe to leave the business in the
past decade (Soccol et al., 2006). Big producers then bene-
fit to scale up their business economically as a result of this
situation. Citric acid is widely used to impart a pleasant,
tart flavor to foods and beverages. It also has applications
in chemical and pharmaceutical industries (Al-Abid, 2005).
The citric acid process is one of the rare examples of indus-
trial fermentation technology where academic discoveries
have worked in tandem with industrial know how. Never-
theless, the intimate knowledge about the large-scale fer-
mentation and subsequent recovery processes are still re-
garded as industrial property. Although, the date juice has
been investigated in Iraq as carbohydrate source to produce
citric acid the results were kept on the shelves of universi-
ties  and research institutions (Al-Abid, 2005). For more
than 80 years citric has been produced in an industrial scale
by the fermentation of carbohydrates, initially and exclu-
sively by Aspergillus niger. However, in recent year, citric

acid can be produced by Candida yeasts as well, (Kristian-
sen, 1999). Citric acid production is strongly influenced by
the type and concentration of carbon source. The presence
of carbohydrates, which are rapidly taken up by microorgan-
isms has been found essential for good production of citric
acid. Since divalent metal ions such as zinc, manganese,
iron, copper and magnesium have been found to affect citric
acid production a rigorous control of the substrate should be
accomplished. The submerged technique is widely used for
citric acid production. It is estimated that about 80% of
world production is obtained by submerged fermentation.
This fermentation process is employed in large scale bases
requires more sophisticated technique and rigorous control.
On the other hand, it presents several advantages such as
higher productivity and yields, lower labor costs, and lower
contamination risk (Soccol et al., 2006). Liquid surface cul-
ture is the classic citric production process and is considered
the first industrial manufacture. Surface fermentation is still
used in industries for small and medium scale because it re-
quires less effort in operation, installation, and energy cost.
The simplest method to produce citric acid is the solid-state
fermentation, also known by “Koji” process. It has been an
alternative method for using agro-industrial residues. Solid-
state culture is characterized by the development of microor-
ganisms in a low-water activity environment on an insoluble
material that acts both as physical support and source of nu-
trients).

Ethanol Production
In addition to the significance of ethanol as a solvent for

many applications, it is considered as one of the renewable
energy sources to replace the climbing fossil fuel. In spite of
suspicions raised by several researchers, ethanol has long
been a cornerstone of some national policies to many coun-
tries that depend on foreign oil (Svoboda, 2005). The USA
Energy Policy Act of 2005 requires 7.5 billion gallons of
ethanol and biodiesel to enter the nation's fuel supply by
2012, providing 5.75 percent of the nation's transportation
fuel needs (Moreira, 2005).

Being produced in vast amounts from corn kernels in the
United States and from sugarcane in Brazil, ethanol is the
most common plant-to-fuel product, or biofuel, currently
available. Standard gasoline engines can run on blends of
gasoline containing up to 15% ethanol. Flexible-fuel vehi-
cles can use blends with up to 85 percent ethanol. Brazil
uses 20-24% ethanol with some engine and fuel system
modification and the EU recommends that 5% ethanol to be
mixted with petrol will be adopted before 2010. Ethanol
burns cleaner and more efficiently than petrol, resulting in
less environmental pollution (Thompson, 2005). Etahnol
produced from corn starch requires an additional process,
however date juice could be almost directly fermented with-
out an additional process. In Iraq dates juice has been the
main feedstock for ethanol production for many decades. In
fact, the fermentation of dates extract needs the least pre-
treatments and gives higher yield compared with the other
available sugar sources such as molasses and liquefied and



wŽ«—e�« ¡U/ù«Ë —UL¦²Ýö� WOÐdF�« W¾ON�«

702006 lÐ«]d�« œbF�« ≠ wŽ«—e�« —UL¦²Ýô« WK−�

saccharified starch (Al-Abid, 2005). Thus, the feasibility of
the fermentation from date juice is ensured. Moreover, the
values of the by products is supporting the revenue of the
ethanol industry. Ethanol is produced through biochemical
processes based on fermentation using date juice as sugar
source. After preparation of a mash with the appropriate
concentration of sugars and solids, the sugars are trans-
formed into alcohol by using certain species of yeast, most
importantly, Saccharomyces cerevisiae, as the catalyst. The
biochemical reaction liberates a significant amount of CO2

and heat. Much of the CO2 liberated can be captured and
converted into marketable products, such as dry ice, liquid
CO2 for soft drinks, fire-fighting foams, filtration products,
and various industrial uses. After fermentation, the ethanol
is distilled from other by-products, resulting in a level of
purity of approximately 95%. A variety of Distillation col-
umn design and number are applied to purify ethanol ac-
cording to the requirements of the end usage (Al-Abid,
2005 and Linas Technology, 2006).

Vinegar Production
According to Mintel Custom Solutions, the overall non-

food products containing vinegar increased by 131% be-
tween 2004 and 2005 (Presented in the annual meeting of
the Vinegar Institute (VI), 2006). Household products ac-
counted for over 50% of non-food consumption containing
vinegar in the sub-category in 2005, which increased by
100% in comparison with 2004. In addition, they reported
that non-foods containing vinegar increased significantly
in Asia, Pacific and Europe between 2004 and 2005. New
reports point out that the vinegar market is projected to
reach $415 million by 2010. This potential growth is at-
tributed to premium and organic tar, "often dressed up in a
palette of flavors"; in addition to the health benefits of vin-
egar (i.e., its ability to limit the rise in glucose levels) (VI,
2006). Recent, studies suggest that vinegar may increase
calcium absorption and extraction from foods. Moreover,
vinegar is regarded currently as an effective component of
environmentally safe disinfectants, deodorizer and cleaner
(VI, 2006). The demand for vinegar in GCC countries
shows an ascending trend because of the expansion of
some food and chemical industries that apply vinegar as
ingredient (Al-Abid, 2005).  

Nowadays, submerged culture technique is applied for
the manufacture of most commercial vinegars of major
consumption. It is carried out in a vessel that is heavily ox-
ygenated by air bubbles supplied through an aerator or
sparger. Throughout such sparger, it is likely to achieve a
linear relationship between the overall acetic acid produc-
tion and the volumetric oxygen transfer coefficient (kLa)
(Fragapane, 1999). With the single stage, vinegar is pro-
duce with up to 17.5%. However, the dual stage produces
vinegar with an acidity of up to 20.5%. It should be point-
ed out; that production of vinegar with acidities up to 20%
requires particular strains of vinegar bacteria. Recently,
the industrial trend is to achieve the acetic degree by a
quick acetification process (submerged culture) and the

product is aged in wooden barrels afterwards. The purpose
is to produce vinegars with similar quality in a shorter peri-
od.

Baker’s Yeast Production
Baker’s yeast (Saccharomyces cerevisiae), is considered

the most intensively cultivated and commercially producted
microorganism, and has been extensively used for the pro-
duction of single-cell protein (SCP) for human and animal
consumption, and ethanol (industrial and potable alcohol)
from fermentable sugars because of its GRAS (Generally
Regarded As Safe) status (Akinyemi et al., 2003). In addi-
tion, it is widely used in leavening of dough because of its
ability to produce carbon dioxide, aroma and flavor of
bread. Today the global baker's yeast industry produces
about 2500 kton per annum (Van Hoek and Aristidou,
2003). About 80% of the yeast sold is in the form of either
suspended cells (cream yeast) or compressed yeast. The re-
mainder is sold as viable dried yeast. The global yeast mar-
ket for baking is valued at over $ 2.5 billion (Australian).
The international baker's yeast market is expanding at
about 4% per annum as a result of population growth and
dietary changes. In many cases the new and expanding mar-
kets are not best suited to wet yeast product, due to lack of
ideal transport and storage conditions, in comparison to
dried yeast which is the best option. Therefore, it is expect-
ed that the ratio of wet to dried yeast consumption over the
next five years will be changed significantly. Another mar-
ket opportunity is represented by the yeast required for ap-
plication in the multi-million dollar frozen dough manufac-
turing processes that are growing particularly in Europe and
North America. The large demand for high quality (drink-
ing) water in downstream processing of commercial bak-
er’s yeast (>15 m3 wash water used per ton yeast produced)
provides an environmental and economic incentive for nov-
el fermentation processes on food-grade media (Van Hoek
and Aristidou, 2003).The final yeast produced can be used
in food applications without the need for downstream pro-
cessing. A further inducement for sustainable production
technology is that, due to improvements in refining of beet
and cane sugar and the quality of molasses, the convention-
al feedstock for baker’s yeast production is declining. Thus,
the filtered dates extract is an appropriate substitute espe-
cially in the major date producing countries that have no
beet or cane sugar production.

Several researches focus on the production of baker's
yeast from date extracts Æ These researches were mainly di-
rected to test the suitability of date extracts versus molas-
ses. Good results were obtained and it seems that there is
no technological constrain in using date extract except for
the water requirements, which is limited in the greater part
of these countries. Accordingly, the major challenge is to
reconcile the conditions necessary for High Cell Density
(HCD) cultivation with the quality requirements for indus-
trial baker s yeast (high dough-leavening power and high
storage stability). The first stage of yeast production con-
sists of growing the yeast from the pure yeast culture in a
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series of fermentation vessels. The sequence of the main
fermentation stages varies among manufacturers. About
half of the existing yeast operations are 2-stage processes
and the remaining are 4-stage processes. When the 2-
stage final fermentation series is used the pure cultivare

stage is followed by the stock and trade fermentations,
and when the 4-stage fermentation series is used, the pure
culture stage is followed by intermediate, stock, pitch, and
trade fermentations. 

Fig. 2. Suggested Dates Derived Industries Compound.
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Recommended Dates Transmutation Indus-
tries

Obviously, some of the units of operation could supply
more than the industries, mentioned in this study, with the
sugary feedstock. Definitely, the multi usage of some
compound units will generally decrease the cost. Thus, the
design basis of the proposed industries, as depicted in fig-
ure (2), consider the similarities of the raw material re-
quirement, isolation steps and effluent management. Mod-
ern process and plant design must reduce the raw material
cost, capital investment, plant energy investment, plant en-
ergy consumption, inventory in the plant, and the amount
of pollutant generated. The proposed project need im-
proved process flexibility, safety and control technology.
Process design should be based more on computer model-
ing, fundamental principles, and molecular simulations
than today's semi-empirical approaches. The importance
of design is demonstrated by the fact that during process
design (about 2% of the total project cost) decisions are
made that will fix the major portion of the capital and op-
erating expenses of the final plant. Economic analysis is
an important part of the process and plant design, The
fixed capital investment of such a project consists of a
number of items like purchased equipments, equipment in-
stallation, piping, instrumentation and control, electrical
utilities, civil engineering and contingencies.

Definitely, the plant capacity/cost relationship is deter-
mined for the estimation of total cost, taking into consider-
ation all auxiliaries outside the main process, such as envi-
ronmental installation and material handling and storage.
Other elements of the process economics like the manu-
facturing cost, profitability and breakeven point should be
calculated as well. Prudentially, the economical analyses
have to consider all previous parameters for each plant and
for the whole compound. In addition, the dates as a novel
feedstock for these assorted industries add extra burden on
the designer, scientist, engineers and the executive staff. It
is therefore important to include the industry compound a
research and product development center besides the usual
quality control laboratory, which is specified for each
product. 

Conclusions
•  The dates as raw material with various modifications

is quite suitable for the transmutation industry.
•  The higher production of particularly low quality

dates in most of the Arab countries ensure the supply
of the raw material.

•  Most of the date transmutation industries utilize the
same feedstock as starting material (i.e. filtered or
conditioned date juice).

•  The market overview of the date derived industry
products shows a potential increase.

Recommendations
•  Conduct official feasibility studies of dates transmuta-

tion industries by large scale date producing countries
to encourage investors.

•  Promote researches that develop dates derived indus-
tries.

•  Start media campaigns to introduce the dates derived
industries to the investors community.

•  Encourage large-scale production companies to move
to dates as raw material through effective marketing
policies.
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—uL²K� WOK¹u×²�«  UŽUMB�«

1
 b³F�« w{«— vHDBÔ� b]L×Ô�

W ö)«
W?O½ôbO?B�«Ë W?Oz«c?G�«  UŽUMB?�« w� UN?�«b?
²?Ý« sJLÔ¹ W?OK¹u?×²�« —u?L?²�«  U?ŽUM	 ‰öš s� W?�U?C?Ô� WL?O?�  «– œ«u� ÃU?²½≈ ]Ê≈

Ác¼ w� Æ dL²�« qO
½  U¹œUB²�« rŽœ w� dO³� ÌbŠ v�≈ r¼U�ÔOÝ WOŽu]M�« W¾¹œ— —uL²�« s� WO�]Ë_« UNð]œU� ÊuJð U�bMŽ W]	UšË W¹ËULOJ�«Ë

WÝ«—b�« ÆWOðUOŠ WOMI?ðË W¹ËUOLO�≠W¹ËU¹eO� qzUÝË WDÝ«uÐ ¨ÈdšÔ√ Ìœ«u� v�≈ —uL?²�« w� w�Ozd�« Ê=uJÔL‡�« u¼Ë d]JÔ��« ‰]u×Ô¹  UŽUMB�«

 ôu?×J�«Ë “u�uKJ�«Ë “u?²?�dH�« ‚u?×�?�Ë “u²?�d?H�UÐ wMG�« »«dA�« ÃU?²½S?� WOK¹u?×²?�« —uL?²�«  UŽUM	 rEF?Ô� ÷d?F²?�ð WO�U?(«
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ÆUN?łU²½≈ ÚlÓ�ÚeÔ¹ …]œU� qJ� …d=�u?²ÔL‡�« WO?�u��«  U�uKF*« ÀbŠ_ `�?� l� dL²�« d?OBŽ vKŽ bL?²FÔL‡�« ÃU²?½û� WLz«uÔ� UNKF?'  UŽUMB�«

q�UJ²?Ô�Ë dJ²?³?Ô� j]D
?Ô� ÕÓd?Ó²?IÔ¹ t?OKŽ  Î¡UMÐË …œ]b?×?Ô�  UO?	uð ‰ö?š s� U¼d?A½Ë W?OK¹u?×?²�«  U?ŽUMB�UÐ ÂU?L?²¼ôUÐ W?Ý«—b�« w	uÔð

dOB?Ž ’ö
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ÆWOB
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