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Abstract—Coproduction of fructose and ethanol from dates
extract by a glucose-selective S. cerevisiae ATCC 36859 strain has
been studied. Various initial sugar concentrations (i.e., 131.4, 315.3,
408.2, and 500.0 g/) have been tested. The fermentation experiments
were performed in a water shaker bath at 30°C and 120 rpm. The
results showed that highest yields of fructose (95.0%) and ethanol
(72.8%) were achieved for the 131.4 g/l concentration. Increasing the
initial concentration to 315.3 g/l resulted in lower yields of fructose
(82.2%) and ethanol (61.0%). However, further increase to 408.2 g/l
increased the fructose yield (97.5%) at the expense of ethanol yield
(42.0%) due to probable substrate inhibitions that resulted in lower
glucose conversion. At 500 g initial sugar/l the growth rate of ATCC
36859 was highly inhibited.
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|. INTRODUCTION

ATE PALM trees are grown in many parts of the world,

including the Middle East, North Africa and South Asia
[1], [2]. About 7.9 million tons of dates were produced in
2010 world-wide [3]. Egypt, Kingdom of Saudi Arabia and
Iran are the top three dates producers in the world [4]. In 2010,
production of date fruits in the Kingdom of Saudi Arabia
exceeded one million tons; about 14% of world production
[3]-[5]; however, dates export was less than 50000 tons [4].
Although the per capita consumption of dates in Saudi Arabia
was the highest compared to the world, still large amounts of
low quality dates (e.g., Ruzaiz and Sifri) are unconsumed [6],
[7]. These huge amounts of unused dates could be utilized for
the production of fructose, ethanol, acetic acid, lactic acid and
other valuable products. Dates syrups are very rich in
monosaccharides (fructose and glucose), minerals, vitamin
and a small amount of sucrose [8]. Fructose and glucose
constitute over 75% of the dry weight of pitted dates. Fructose
is the sweetest natural sugar; 30% sweeter than sucrose, while
glucose has only 70% of the sweetness of sucrose [9]. In its
monomeric form, fructose is present in fruits such as raisins,
apples, grapes and dates and polymeric form in fructan-rich
plants such as dahlia, chicory and Jerusalem artichoke [10]. It
is used in the food, beverage and confectionery industries as a
natural sweetener [11]. Furthermore, fructose or high fructose
syrups (HFS) have been widely used in diabetic and baby food
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[10]. Commercial production of fructose was achieved mainly
through saccharification of starch followed by glucose
isomerization. Due to equilibrium limitations, such a process
produces syrups with about 42% fructose that could be
enhanced to 90% fructose though complex and rather
expensive multistage chromatographic separation techniques
[12]. The two fructose syrups (42% and 90%) are usually
blended to produce the commonly marketed 55% HFS.

More recently, a process that uses ionic liquids to separate
fructose and glucose from their mixtures has been patented
[13]. Production of fructose and ethanol from synthetic
sucrose media through selective fermentation by S. cerevisiae
ATCC 36859 or ATCC 36859 has been also reported [14],
[15]. It has been reported that carbohydrate or ethanol
concentrations greater than 488 g/l or 62 g/l, respectively
would inhibit the growth of ATCC 36859 [15]. S. cerevisiae
ATCC 36858 has been employed for the production of
fructose and ethanol from dates extract [7], [16]; while wild
strain of S. cerevisiae were used for the production of ethanol
from dates extract [17]. On the other hand, production of
ethanol from wasted dates would provide a clean and
sustainable alternative source of energy [18]-[20].

In this study, the coproduction of fructose and ethanol from
dates’ syrups through selective fermentation of the glucose
component by S. cerevisiae ATCC 36859 will be investigated.
The main focus of this study will be on the effect of initial
substrate concentration on yields of fructose and ethanol. The
results will be compared to a commercial wild strain of S.
cerevisiae.

I1. MATERIALS AND METHODS

Syrups with various initial sugar concentrations (ISC) were
prepared from pitted dates (Ruzaiz variety) dips (a locally
common name for a concentrated dates’ syrup) in 1000ml
conical flasks using deionized water. The substrates were
sterilized for 15 minutes at 121°C.

The glucose selective yeast, S. cerevisiae ATCC 36859 that
was obtained from American Type Culture Collection, USA in
a pellet form, was activated and transferred according to the
standard procedure of the ATCC. The strain was inoculated in
a Yeast Broth that contained 10.0g glucose, 30.0g yeast
extract, 3.50g peptone, 2.0g KH,PO, 1.0g MgSO, 7H,0, and
1.0g (NH,),SO, dissolved in 1.0 liter deionized water. The
broth was sterilized in sterilizer for 15 minutes at 121°C.

Two grams of the wild yeast were added to 200ml of the
above sterilized Yeast Broth and was propagated in a
temperature controlled water bath shaker at 30°C and 120rpm
for 2 days.
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The volume ratio of yeast medium to the substrate was 3:17
in the sterilized 500ml conical flasks (working volume 100
ml). After inoculating with the yeast broth, the final sugar
concentrations were 131.4, 315.3, 408.2, and 500.0g/l. The
fermentation experiments were conducted in a controlled
temperature water bath shaker at 30°C and 120rpm without
controlling pH. Samples were taken using a sterilized
disposable pipette. A portion of the sample was centrifuged at
15000rpm for 1min to separate the cells from the solution and
then the clear solution was transferred to a small vial for
sugars and ethanol analysis. The other portion was transferred
to sterile test tubes for cell count determination.

The sugars (glucose, fructose and sucrose) and ethanol were
determined quantitatively using high performance liquid
chromatography (HPLC; Agilent 1200 Infinitely series)
equipped with an RID detector and Aminex® column. Cell
count was determined by NucleoCounter® YC-100TM system
cell counter.

1. RESULTS AND DISCUSSION

The results of the fermentation are presented in Figs. 1-4.
The total in the figures indicates the total sugar concentrations
(i.e., the summation of glucose, fructose and sucrose at any
time). The fructose fraction (FF) is defined as the amount of
fructose at any time to the amount of total sugars. The fructose
loss (FL) is the amount of fructose that had been fermented to
the initial amount of fructose. The ethanol yield (EY) is the
amount of ethanol that had been produced to the amount of
theoretical ethanol that would have been produced based on
consumption of total sugars. All FF, FL and EY are given as
percentages in the figures.

Fig. 1 shows the kinetic profiles of the various sugars and
ethanol resulting from the fermentation of the dates’ syrup
having an initial concentration of 131.7g/l by the commercial
S. cerevisiae strain. As evident from Fig. 1 (a), both glucose
and fructose have been fermented by the commercial strain;
though the initial consumption of glucose was much higher
than that of fructose. After 24h of fermentation time, all
glucose and fructose were consumed. The fructose fraction
(FF) was zero and of course the fructose loss (FL) was 100%
as shown in Fig. 1 (b). The ethanol yield (EY) after complete
fermentation was 77.6% of its theoretical value. These results
indicate clearly the nonselective nature of this strain.

The kinetic profiles of the sugars and ethanol are shown in
Fig. 2 (a), whereas the fructose fraction, fructose loss and
ethanol yields are shown in Fig. 2 (b) for the fermentation of
dates’ syrup by using S. cerevisiae ATCC 36859. The initial
sugar concentration was 131.4 g/l. The high selectivity of
ATCC 36859 towards glucose is evident from Fig. 2 (a).
While glucose was completely consumed, fructose was almost
unfermented. The fructose fraction was 93.4% with minimum
fructose loss (5.0%). These fructose losses were much less
than those reported in literature [15] where ATCC 36859 was
used to ferment Jerusalem artichoke extract (20%). The
ethanol yield was less than that obtained with the commercial
strain.
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Fig. 1 Fermentation of dates extract by wild S. cerevisiae at 30°C and
initial sugar concentration 131.7g/l. (a) concentration profiles of
sugars and ethanol; (b) fructose fraction (FF), fructose loss (FL) and
ethanol yield (EY) profiles
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Fig. 2 Fermentation of dates extract by S. cerevisiae ATCC 36859 at
30°C and initial sugar concentration 131.4 g/l. (a) concentration
profiles of sugars and ethanol; (b) fructose fraction (FF), fructose loss
(FL) and ethanol yield (EY) profiles
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Increasing the initial sugar concentration to 315.3 g/l
resulted in the kinetic profiles shown in Fig. 3 (a) for the
selective fermentation using ATCC 36859. As shown in Fig. 3
(b), the fructose fraction was still high; however, fructose
losses increased to 17.2% which close to the 20% fructose loss
that was obtained when the same strain was used to ferment a
mixture of glucose and fructose [15]. Also, the ethanol yield
dropped to 41.1% compared to that obtained at 131.4 g ISC/I.
at 99% fermentation of glucose (about 74h), fructose losses
were less than 12%.
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Fig. 3 Fermentation of dates extract by S. cerevisiae ATCC 36859 at
30°C and initial sugar concentration 315.3g/l. (a) concentration
profiles of sugars and ethanol; (b) fructose fraction (FF), fructose loss
(FL) and ethanol yield (EY)

Further increase of initial sugar concentration to 408.2g/I
elongated the fermentation and only 2/3 of the glucose that
was initially present was fermented after 280h as shown in
Fig. 4 (a). This confirms the findings of Koren and Duvnjak
[15] that higher sugar or ethanol concentration will inhibit the
growth of ATCC 36859. Although, fructose losses were low,
the fructose fraction was also low due to unconverted glucose
as shown in Fig. 4 (b). Table | shows percentage fructose
fraction (FF), fructose losses (FL), ethanol yield (EY) and
fermented glucose (FG) for the two S. cerevisiae strains at
various initial sugar concentrations (ISC). The extreme
inhibition to yeast growth [15] is quite evident from the results
at 500 g ISC/I given in the table.
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Fig. 4 Fermentation of dates extract by S. cerevisiae ATCC 36859 at
30°C and initial sugar concentration 408.2 g/l. (a) concentration
profiles of sugars and ethanol; (b) fructose fraction (FF), fructose loss
(FL) and ethanol yield (EY) profiles

TABLE
COMPARISON OF FERMENTATIONS AT VARIOUS INITIAL SUGAR
CONCENTRATIONS (ISC)

Strain ISC FF FL EY FG
wild 131.7 0.0 100.0 77.6 100.0
ATCC 36859 131.4 93.9 5.0 67.2 100.0
ATCC 36859 315.3 96.8 17.2 51.6 100.0
ATCC 36859 408.2 75.1 2.7 41.1 67.5
ATCC 36859 500.0 51.6 0.3 0 6.0

IV. CONCLUSION

Dates provide sustainable substrates for the coproduction of
fructose and ethanol. Compared to the commonly marketed
55% fructose syrups, selective fermentation of dates extract
provides syrups having more than 90% fructose. ATCC 36859
is very effective in selective fermentation. Compared to wild
S. cerevisiae, the mutant strain ATCC 36859 showed very
little fructose losses at complete fermentation of glucose.
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