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Abstract

Biodiesel production had received a considerable attention as a green, non-
toxic and renewable alternative to petroleum diesel. To avoid using vegetable
oils, which are expensive and compete with food, as feedstock, waste oils have
been proposed. However, these waste materials contain a large amount of free
fatty acids that complicates the production process. In this work, biodiesel
production using an alternative feedstock; namely oils from date-pits, has
been investigated. These oils have the same favorable features of straight oils,
and at the same time are considered waste, since they are extracted from a
waste material. The yield of oils extracted using n-hexane in a Soxhlet appa-
ratus was compared to that of oils extracted using methanol-chloroform sol-
vent mixture. The extracted oils were then converted to biodiesel via transes-
terification with methanol in presence of Novozym 435 or Eversa Transform.
The highest oils extraction yield of 11.7%, per dry weight sample, was ob-
tained using Soxhlet extraction apparatus compared to 8.9% using metha-
nol-chloroform mixture. The highest biodiesel production yield was 30% of
the oil used, achieved after 6 hours using Novozym 435 at 40°C, 5:1 methanol
to oil molar ratio and 10wt% enzyme loading. By using a chemical alkaline
catalyst, NaOH, at the same conditions, the yield was 27%.
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1. Introduction

Biodiesel, a mixture of fatty acid methyl esters (FAME), is commonly produced

from oil-rich feedstocks, such as vegetable oils, animal fats, waste cooking oils
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and microalgae lipids. Commercially, the production takes place via transesteri-
fication using alkali catalysts. Although high yields have been reported, the main
drawback of such process is in the soap formation when a feedstock with high
free fatty acids (FFAs) content is used. Acid pre-treatment therefore become ne-
cessary prior to alkali transesterification. Lipases, on the other hand, can catalyze
both FFAs esterification and triglycerides transesterification to produce high
quality biodiesel [1] [2]. This process has been extensively studied using No-
vozym 435, which is the immobilized form of Candida antarcticalipase B.

The selection of the proper feedstock depends on the contents of water and
FFAs present in the extracted oil. Date palm trees are commonly cultivated in
United Arab Emirates, and used for date production [3]. Date seeds (pits) are
the main waste products from the date industry, which are currently used either
as animal feed or directly burned for heating. Utilization of date pits in the pro-
duction of high value products has received considerable attention. For example,
they have been used to produce activated carbons for wastewater treatment [4]
(5] [6] [7].

It was reported that about 10% of pits chemical composition is oil, with less
than 1% FFAs [8] [9] [10], which suggests their suitability to be used for bio-
diesel production. Although several studies had considered the date-pits cha-
racterization, Jamil et al [11] was one of a few researchers who tested the
production of biodiesel from oils extracted from date pits using potassium hy-
droxide (KOH). In the present study oil was extracted from date pits using a
single solvent, n-hexane, in a dynamic Soxhlet system, and the extraction yield
was compared to that achieved using methanol-chloroform solvent mixture in
a static extraction process. The extracted oil was used then as a feedstock for
biodiesel production catalyzed by lipase, and the production yield was com-
pared to that achieved using conventional alkaline catalyst, sodium hydroxide
(NaOH). A comparison between immobilized and free lipase has also been con-

sidered.

2. Materials and Methods

2.1. Chemicals and Enzymes

All chemicals used in this work were of analytical grade and purchased from
Sigma Aldrich, US. The reference standards of FAMEs containing; 4% myristic
acid, 10% palmitic acid, 6.0% stearic acid, 35% oleic acid, 36.0% linoleic acid,
5.0% archidonic acid and 4% behenic acid were also obtained from Sigma Al-
drich, US. High purity gases of helium (He), hydrogen (H,) and zero-air were
supplied by Abu-Dhabi Oxygen Oxygen Company, UAE. Novozym 435 of
10,800 PLU-g™! (propyl laurate units per gram) enzyme activity and 2% water
content was purchased from Novozyms A/S, Denmark. Samples of Ever-
sa Transform lipase formulation, produced by submerged fermentation of a ge-
netically modified Aspergillus oryzae of 100,000 PLU-g"!, which is close to that
of Novozym'435, was a kind gift from the same supplier. Both enzymes were

stored below 8°C and above 0°C according to the supplier’s instructions.
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2.2. Date Pits Approximate Analysis

The proximate analysis of the date pits was performed using Thermo Gravime-
tric Analyzer (TGA-Q50). The sample approximate analysis provides informa-
tion about the percentage of moisture, volatiles, fixed carbon and Ash present in
the sample. After warming up and tarring procedures, a 12 mg date pits sample
was tested under constant nitrogen purging at 100 mL-min~". A custom five steps
heating cycle was used: Step 1: temperature was held constant at 25°C for 5 mi-
nutes, Step 2: temperature was ramped to 125°C in 5 minutes, Step 3: tempera-
ture was held at 125°C for 5 minutes, Step 4: temperature was ramped to 900°C

in 38.75 minutes and Step 5: temperature was held at 900°C for 15 minutes.

2.3. 0il Extraction

Fruits of mature palm date, Khalas type, were obtained from local palm trees.
Date pits were manually isolated from the fruits, socked and washed many times
with tap water to remove adhering date flesh, followed by sun drying for two
days. The samples were then grinded into small particles using a grinder (AR1043
Moulinex, China) for a short period of 15 s, and then screened based on their
particle size using sieve analysis (USA Standard Testing Sieves, W.S. Tyler In-
corporated, USA) of 2.36, 0.5 and 0.35 mm mesh sizes.

Two solvent extraction methods were investigated to extract the oils, namely
Soxhlet apparatus using n-hexane and methanol-chloroform solvent mixture.
The weight of extracted oils was determined gravimetrically and used to calcu-
late the extraction yield, as shown in Equation (1). All tests were performed in

triplicate, and the results reported were the average values.

%Y = o100 1)

msample

where, m,;, isthe extract weightand m is the sample dry weight.

oil sample

1) Soxhlet Apparatus

The dynamic extraction of oils was performed using 75 ml n-hexane in a
Soxhlet apparatus (Lab-line instruments, Inc., Melrose Park, Illinois, USA). The
ground and dried date pits (3 g) were placed in a porous cellulose thimble, which
was initially dipped into n-hexane so that the solvent diffused completely into
the sample. After 10 min, the thimble was subjected to the system that contained
n-hexane at 80°C for 12 h. At the end of the extraction process, the oils dissolved
in n-hexane were recovered using a rotary evaporator at 40°C.

2) Methanol-Chloroform

Oils were also extracted from 1 g of biomass using a mixture of chloroform
and methanol at 1:1 v/v, according to Bligh and Dyer [12] method. The samples
were mixed with 40 ml of mixture, and the extraction was allowed to equilibrate
for 30 min, under continuous ultra-sonication using Branson Sonifier 450 (Dan-
bury, USA). This was followed by centrifuging the mixture at 3000 r-min* for 5
min using IEC CL31 multispeed centrifuge (Thermo Scientific, USA). The upper

aqueous layer was discarded and the lower chloroform layer containing the oils
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was separated from the solid biomass. The oils were then recovered from the
chloroform layer using the rotary evaporator at 40°C and the oils is the solids
biomass left at the bottom of extraction tube were extracted using the same pro-

cedure two more times.

2.4. Fatty Acids Profile of Date-Pits Oils

Oil profile was determined after derivatization to esters by methylation with 14%
BF;-methanol mixture, according to Rule [13] protocol. 0.25 ml of 14% BF;-
methanol mixture were added to 10 mg of extracted oils, and the mixture was
heated in a water bath for 45 min at 100°C and then cooled-down, followed by
addition of 1 ml of distilled water and 2 ml of n-hexane, eddying and centrifug-
ing at a low speed. The upper phase containing esters was collected and n-
hexane was evaporated. Produced esters were then analyzed using Gas Chroma-

tograph.

2.5. Transesterification

The production of biodiesel production was carried out using oils extracted via
Soxhlet apparatus. Extracted oils (1 ml) were transesterified with methanol at
40°C and 5:1 methanol to oil molar ratio. The reaction vials were placed in a
temperature controlled water bath (Daihan Labtech, Korea) set at 40°C at 90
r-min~". In the alkali based transesterification, the extracted oils were mixed with
methoxide solution, prepared by dissolving 0.1 g (correspond to 10% catalysts)
of NaOH in methanol. In enzymatic reactions, the 0.1 g NaOH was replaced
with 0.1 g of enzyme, either Novozym©®435 or Eversa®Transformlipase. Due to
methanol negative effect on lipase activity, the specified amount of oil and en-
zyme were first added to the reaction vial, followed by the methanol addition.
After six hours, n-hexane was added to dissolve the produced biodiesel, which

was then separated by centrifugation in at 3000 r-min™* for 5 min.

2.6. Analysis

Fatty acid compositions of extracted oils via Soxhlet was determined using Va-
rian Gas Chromatography (GC) (CP-3800, USA) equipped with flame ionization
detector (FID) and CP-Sil 88 FAME capillary column (100 m x 0.25 mm X 0.2
um, Varian, USA) with auto-injector (CP 8410. Varian, USA). The column tem-
perature was programmed from 150°C to 220°C at 4°C/min and the injector and
detector temperature were set at 260°C.

The amount of produced FAME during transesterification reactions were also
determined using the GC. The identification and quantification of the products
were achieved by comparing them with FAME standards. Then the biodiesel
yield % was found using Equation (2).

%Y, e = %xmo )

oil

where, M, is the total produced esters found in produced sample.
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3. Results and Discussion
3.1. TGA Results

The TGA results can be used to determine the proximate analysis of the date pits
and can also be used to quantify the oils content. Figure 1 shows the percentage
of weight loss as a function of temperature and its corresponding thermogravi-
metric derivative analysis (DTG).

The pyrolysis underwent three steps: 1) dehydration, 2) devolatilization and 3)
solid decomposition. The first dehydration stage began from the room tempera-
ture to around 220°C, where moisture was released and weight loss of around
3% was recorded. This low value is expected, as dried date pits were used. The
major biomass reduction was observed in the second devolatilization stage at
temperatures between 220°C and 500°C, with weight loss of about 75%. It is
found that the devolatilization went through the two steps demonstrated by the
two peaks. The first peak, at around 300°C, is attributed to protein and carbo-
hydrate devolatilization, and shows that their combined content was (55% — 3%
=52%). The second peak, at around 390°C, is attributed to lipids, and shows that
its content was (65% — 55% = 10%). This result agrees with the gravitational de-
termination of the oils in the date pits. In the third solids decomposition stage,

the carbonaceous solids were degraded.

3.2. Date-Pits Oil Extraction Yield and Profile

For comparison, the dynamic extraction in the Soxhlet apparatus using n-
hexane, which is commonly used as a baseline to evaluate extraction processes
efficiency was compared to that of static extraction using solvents mixture,
namely methanol-chloroform (1:1). Sample of different sizes were tested. It is
important to note that the in the static mode, the extraction was assisted by ul-
tra-sonication, which was not the case in Soxhlet tests. Table 1 shows the per-

centage of extracted oils from the different particle sizes. The performances of
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Figure 1. TGA and DTG curves of date pits.
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both methods were comparable, with Soxhlet extraction showing better perfor-
mance for smaller sizes samples. When large particles were used, Soxhlet extrac-
tion was less effective than the static method. This was expected as ultrasonic-
cation enhanced the extraction efficiency by a caustic-induced cavitation that
can disrupt the sample and facilitate solvent penetration, and therefore enhanced
the contact between the solvent and the solute. The comparison revealed that
dynamic extraction was 18% and 31% higher than the static mode when medium
and small particle size samples were used, respectively. By decreasing samples
particle sizes, the extraction yield increased dramatically for more than 3 folds,
reaching 11.67% when n-hexane was used with small size particles, compared to
the large particles. The effect was less when the static mode was tested, where
only 8.9% yield of oil was obtained with small size samples (equivalent to 75% of
total extractable oils using n-hexane). Generally, by reducing particle size, the
increased specific surface area enhances oils exposure to the solvent, therefore
dissolving and extracting more oils. The results found in this work are in agree-
ment with previously reported oil contents in date pits [8] [9] [10] [11].

The composition of extracted oils was determined, and the results are shown
in Table 2. As shown, extracted oils contained mainly of trans-9-elaidic and li-
noleic acids. These together accounts for more than 45% of the total fatty acids
present in the oil. Palmitic acid is the second highest acid in accounting for
around 20% followed by myristic and stearic acids. The results found in this
work were in agreement with previous results on date pits [10] [14] and other

potentials biodiesel feed stocks, such as microalgae lipids [15].

Table 1. Effect of samples particle size on extracted oil yield.

Extraction yield
Size of sample (PS)

Soxhlet Methanol:Chloroform
Large (PS > 2.36 mm) 2.38% 3.19%
Medium (2.36 mm > PS > 0.5 mm) 7.95% 6.72%
Small (0.5 mm > PS > 0.35 mm) 11.67% 8.9%
Table 2. Date-pits oil composition.
Fatty Acid Composition, w/w%
Unidentified 11.3
Myristic 9.4
Palmitic 19.8
Stearic 8.6
Trans-9-Elaidic 32.6
Linoleic 14.0
Linolenic 2.9
Archidic 0.2
Behenic 1.1
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3.3. Biodiesel Production

The production of biodiesel from extracted date pits oils was tested using dif-
ferent catalysts; namely NaOH, Eversa Transform and Novozym435. Reac-
tions were carried out with methanol to oil molar ratio of 5:1 for six hours.
Produced FAMEs were dissolved in 10 ml n-hexane before being analyzed.
Comparable yields were obtained when the reaction was carried using No-
vozym 435 and NaOH. As shown in Figure 2, the highest yield, reaching 30%,
was achieved in the presence of Novozym'435. A slightly lower yield of 27%
was obtained in NaOH. By using Eversa Transform a yield of only 11% was
achieved.

Despite the comparable yields obtained using Novozym'435 and NaOH, the
profiles of the produced esters were different, as shown in Figure 2. It was found
that the selectivity of NaOH was high toward transesterifyingtrans-9-elaidic ac-
ids compared to other acids. Whereas Novozym 435 equally transestrified most
acids present in the oil sample. Similar observation was also found using the liq-
uid Eversa Transform lipase. It is important to mention that this is the first work

to test the use of this lipase in biodiesel production

4. Conclusion

The potential of using waste date-pits as a new source for oil to be used in bio-
diesel production was examined. From grinded date pits, in size ranging of 0.5 -
0.35 mm, maximum extraction yields of 11% and 7.9% were achieved using
Soxhlet and methanol-chloroform solvent mixture extraction methods, respec-
tively. The effectiveness of using lipase from different sources in producing the
biodiesel was investigated, and compared to that of conventional alkaline cata-
lyst. The highest biodiesel yield of 30% was obtained at 40°C, 5:1 methanol to
molar ratio after 6 hrs using Novozym'435. The possibility of using liquid

35
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Type of catalyst

Figure 2. Biodiesel production yield after six hours from oils extracted from
date pits using different enzymes.
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Eversa Transform lipase was also examined; however, a lower yield was ob-

tained.
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