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Asstract. Date seeds and cheese whey are mainly consisted of organic nitrogen
sources, carbohydrates, lipids and minerals. These ingredients were utilized as
natural medium for formation of citric acid by Candida lipolytica. Yield of cit-
ric acid was increased with the increase of fermentation period reaching its
maximum at 96 hr. Yeast biomass was closely associated with citric acid
formation. The best added carbon source was glucose which pushed the output
of citric acid to high titres. The optimum concentration of glucose was
25 mg/ml. (NH,),SO4, NH,Cl and NH,NO; were used as inorganic nitrogen
sources. The experimental organism preferred utilization of inorganic nitrogen
sources in the form of ammonia rather than nitrate nitrogen. Addition of diffe-
rent concentrations of date seed ash into the medium increased the output of
citric acid which reflected importance of certain elements present in date seed
ash such as magnesium, iron, calcium, manganese, zinc and nickel in the
biosynthetic formation of citric acid.

Fermentative production of citric acid from raw materials is continuously in progress,
especially successful trials in which certain yeasts are utilized in the formation of this
important organic acid. As results of many research workers, the main carbon sources
are glucose, glycerol, cerelose, and molasses (beet and blackstrap molasses).
Finogenova et al. (1973) reported that Candida lipolytica grown in medium which
contained vitamin B, (thiamine), glucose, 2.0%, and (NH,),SO4 0.3% at 28-30°C, a
yield up to 26.2% citric acid was achieved. Tachibona (1974) reported that citric acid
was accumulated in appreciable amounts when the fermentation medium of Candida
yeast contained glucose, or glycerol than other carbon sources. Takahoshi and lkeno
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(1974) found that during citric acid formation by Candida species in n-paraffin
medium, addition of lipids at 1-5 gm ! shortened the yeast growth. Candida lipoly-
tica 28 (Fern-P 269) was grown in shaked cultures at 30°C in a medium which con-
tained n-paraffins (dodecane 20.0, tridecane 50.0, tetradecane 28.0 and pentadecane
10.0) 4.0% volume, (NH,4),SO, 2.0, corn steep liquor 2.0, vitamin B; (thiamine)
100 ug, glycerol 5.0, CaCO; 10.0 and antifoam agent 0.5 g/* . The fermentation
time was shortened by one day. Masuda er al. (1975) grew Candida lipolytica in
medium which contained purified palm oil 5.0, (NH,4),SO, 0.2, corn steep liquor
0.26, KH,PO, 0.0125, MgSO,. 7TH,0 0.01, ZnSO, 0.001, CaCO; 0.1% and vitamin
B, (thiamine) 100 ug ! at 30°C for six days. 0.2% CaCO; was also added to the
fermentation medium when the pH was dropped to less than 4.0. After one to two
days of the fermentation process, 0.2% CaCO; was added to the fermentation medium
so that the total addition of CaCO; was 0.5%. Yield of citric acid was 77.0 gm 1.

Many other research workers found that it is essential to provide the citric acid pro-
ducers with carbon, nitrogen and phosphorus sources, vitamins, and micro-nutrients
'such as iron, copper, zinc, manganese, and lead (Johnson et al. 1973, Lewis 1951,
Joshi and Ramakrishnan 1959, Kovats 1961, Hanson et al. 1961, and Hamissa et al.
1982).

The aim of the present research was to utilize local agricultural and industrial by-
products, such as date seeds and cheese whey, in a fermentation medium for formation
of citric acid by Candida lipolytica.

Material and Methods

Cheese whey was obtained from the Danish Saudi Dairy Co. Ltd, Jeddah and date
seeds were obtained from Madina, Saudi Arabia.

Analyses

Determination of sugars in date seeds was made by the method of Somogyi (1945).
Total protein was determined by the method of Miller and Houghton (1945). Identi-
fication and quantitative determination of amino acids present in hydrolysates of date
seeds, cheese whey and yeast biomass were by the LKB-4101 fully automatic amino
acid analyser (LKB Biochrom Ltd.). The pH value of the fermentation medium was
measured by a pH-meter (Corning Scientific Instruments Model 12 research pH -
meter). Crude lipids and ash content of date seeds were determined according to the
Official Methods of the AOAC (1975). Calcium, iron, aluminium, magnesium, man-
ganese, zinc and nickel present in the ash of date seeds were determined by the atomic
absorption spectrophotometer SP-191 Pye Unicam, while citric acid was determined by
the method of Marier and Boulet (1958).

Preparation of Dry Date Seed Hydrolysate

Date seeds were obtained from Madina, Saudi Arabia. Date seeds of the date palm
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fruits (Phoenix dactylifera) were dried at 90-95°C and then ground to fine powder in a
pulverizing mill. The powder was then sieved through a 40-mesh sieve and dried again
in an oven until constant weight. A sample of 200 gm of the powdered seeds was
placed into a two litre round bottom flask to which one litre of 3N HCl was added.
The mixture was refluxed for 7 hr, then cooled to room temperature and filtered
through a Buchner funnel. The filtrate was taken and concentrated till dryness. The
dry date seed hydrolysate was then kept in a desiccator.

Maintenance of Candida lipolytica NRRL Y-1552

The experimental yeast was maintained on the following medium which contained
the following ingredients (g r!): glucose 10.0, peptone 5.0, yeast extract 5.0, agar
30.0 and distilled water. The ingredients were thoroughly mixed and portioned into
test tubes. The test tubes were plugged with cotton wool and sterilized at 110°C for 10
min. The sterilized slants were inoculated with Candida lipolytica and incubated at
30°C to obtain luxuriant growth. The slants were kept at 5°C in a refrigerator.

Inoculum Medium

The incolum medium contained the following ingredients (g/?); glucose 20.0,
yeast extract 5.0, NH,Cl 2.0, MgSO,. 7H,0 0.5, KH,PO, 1.0, MnSO,. 4H,0 0.05,
FeSO,4. 7H,0 0.005 and distilled water. The ingredients were thoroughly mixed. The
initial pH value of medium was adjusted to 5.5 and the medium was dispensed into
250 ml Erlenmeyer flasks in 50 ml portions. The flasks were plugged with cotton wool
and sterilized at 120°C for 20 min. When the flasks attained room temperature, they
were inoculated with Candida lipolytica (growth from one slant per flask containing
50 ml inoculum medium) under aseptic conditions. The flasks were incubated on a
rotary shaker at 30°C for 72 hr. At the end of the incubation period the growing cells
were ready to be used in the inoculation of the fermentation media.

Fermentation Medium

The fermentation medium contained the following ingredients (g //): dry date seed
hydrolysate 30.0, dry cheese whey 15.0, KH,PO, 1.0, MgSO,. 7H,0 0.25, MnSO,.
4H,0 0.05, FeSO4. 7H,O 0.005, and distilled water. The initial pH value of the
medium was adjusted to 5.5. The fermentation medium was dispensed into 250 ml
Erlenmeyer flasks in 50 ml portions. The flasks were plugged with cotton wool and
sterilized at 120°C for 20 min. When the flasks attained room temperature they were
inoculated with the inoculum medium under aseptic conditions. The percentage of in-
oculum was 5.0%. The flasks were incubated on a rotary shaker at 30°C for 120 hr.
At the end of the fermentation process, final pH of the fermented medium, dry yeast
biomasses and citric acid yield were determined.

Influences of different concentrations of dry date seeds hydrolysate and cheese whey
on fermentative production of citric acid were also investigated.
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Results and Discussion

Chemical Composition of Date Seeds

Date seeds are natural products and they contain a number of ingredients. Some
analytical results are shown in Table 1 and Fig. 1. Date seeds contain variable ingre-
dients: minerals, carbohydrates, lipids, and amino acids. As date seeds contain these
different ingredients, they may be used as a medium for the growth of Candida lipoly-
tica and formation of citric acid. Therefore, date seeds were ground and hydrolysed.
The hydrolysate was incorporated into the fermentation medium as miscellaneous ing-
redients for the fermentative production of citric acid.

Table 1. Chemical constituents present in date seeds

Components Percentage
A. Elements /100 g ash of date seeds
Magnesium 5.900
Iron 4.100
Aluminium 3.250
Calcium 1.400
Manganese 0.150
Zinc 0.088
Nickel 0.032
B. Sugars /100 g of date seeds
Soluble sugars 4.00
Insoluble sugar 2.76
C. Total lipids 7.10
D. Ash 2:20
E. Water content 9.50

Whey as an industrial waste product was obtained from the Danish Saudi Dairy Co.
Ltd., Jeddah, Saudi Arabia (Ashy er al. 1981). Milk whey is a natural product and it
contains a number of ingredients. Some analytical results are shown in Table 2. The
following amino acids: arginine, lysine, histidine, phenylalanine, tyrosine, leucine,
isoleucine, methionine, valine, cystine, alanine, glycine, proline, glutamic acid,
serine, threonine and aspartic acid were present in whey as identified by amino acid
analyser (Fig 2). As whey contains these miscellaneous ingredients, it may be used
besides date seeds hydrolysate as a medium for the fermentative formation of citric
acid by Candida lipolytica.
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Fig. 1.Amino acids present in the hydrolysate of date seeds as identified by amino acid analyser
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Table 2. Chemical constituents present in cheese whey
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Components Percentage
g/100 g
Ash 1.0
Lactose 5.0
mg/100 g of ash
Calcium 21.0
Magnesium 1.3
Manganese Undetected
Iron Undetected

Fermentation Period

The results obtained (Table 3) show that the fermentation period influenced
biosynthesis of citric acid by Candida lipolytica. Citric acid yield was increased with
the increase of incubation period reaching its optimum at 72 hr, above which a decline
in the yield of citric acid was recorded. The initial pH value of the medium was ad-
justed to 5.5, and when the fermentation process began, the final pH value of the
fermented medium was shifted towards acidic side (2.34-3.3), and this shift was due
to formation of organic acids, especially citric acid. Cellular biomasses of Candida
lipolytica increased with the increase of fermentation period reaching its maximum at
72 hr, above which a decrease in cellular biomasses was recorded. Formation of citric
acid increased with the increase of cellular biomasses, therefore the output of citric

Table 3. Fermentation period and biochemical aspects of citric acid biosynthesis by Candida

lipolytica.

Incubation Final pH * Dry biomass Citric acid
Period Value (mg ml!) (mg ml™)

24 3.9 5.2 10

48 2.8 10.5 12

72 2.6 12.8 17

96 2.7 12.7 17

120 2.5 10.6 16

144 2.4 9.4 15

* The initial pH value of the fermentation medium was adjusted to 5.5.
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acid yield was associated with the anabolism of cellular constituents of the ex-
perimental organism.

Date Seed Hydrolysate and Whey

The results obtained (Table 4) show that the different concentrations of date seed
hydrolysate affected the biosynthetic formation of citric acid. Citric acid yield was in-
creased with the increase of date seed hydrolysate reaching its maximum at 55 mg m/l.
A drop in the final pH value of the fermentation medium was recorded, and the shift
in pH value to acidic conditions was mainly due to formation of organic acids, espe-
cially citric acid. Yeast cell biomass was also increased with the increase of hydroly-
sate concentration.

Total sugars present in date seed hydrolysate were insufficient to give good yield of
citric acid. Therefore, the fermentation medium lacked incorporation of enough carbon
source to perform good yield of citric acid.

Table 4. Influences of date seed hydrolysate and whey concentration on citric acid formation by
Candida lipolytica.

Ingredients Final pH * Dry biomass Citric acid
(mg mI") Value (mg ml?) (mg ml™)
Date seed
hydrolysate

30" 2.7 11 16
35 2.4 11 17
40 2.3 12 19
45 2.3 13 20
50 2.4 14 22
55 2.6 14 23
60 2.4 15 22
Whey
15%* 2.6 12 17
20 2.4 13 19
25 2.3 14 20
30 23 16 27
35 2.4 17 27
40 24 18 24

»  The initial pH value of the fermentation medium was adjusted to 5.5.
»»  The basal fermentation med.um contained date seed hydrolysate 30.0 mg and whey 15.0 mg/ml.
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Addition of different concentrations of whey into the fermentation medium partially
increased citric acid yield. The citric acid output increased with the increase of whey
concentration reaching its maximum at 30 mg ml™'. The final pH value of the fermented
medium was shifted towards acidic side, and yeast cell biomass increased with the
increase of whey concentration.

Date seed hydrolysate and whey were good nutrient sources for the growth of Can-
dida lipolytica, especially amino acids and other naturally occurring constituents, but
they lacked sufficient carbon sources to be elaborated by the organism to citric acid.
Therefore, the fermentation medium contained date seed hydrolysate and whey was
supplemented with different concentrations of glucose, maltose and sucrose to increase
its potentiality for citric acid formation.

Role of Different Concentrations of Carbon Sources on Citric Acid Production

Different carbon sources such as maltose, sucrose and glucose were added separate-
ly into the ingredients of fermentation medium. The amount of each experimental car-
bon source was 5.0 to 30.0 mg ml"'. The media contained the different concentrations
of carbon sources with the other ingredients of fermentation medium were thoroughly
mixed and adjusted to pH 5.5. The media were dispensed into 250 ml Erlenmeyer
flasks in 50 ml portions. The flasks were plugged with cotton wool and sterilized at
120°C for 20 min. When the flasks attained room temperature, they were inoculated
with the inoculum medium under aseptic conditions. The percentage of inoculum was
5.0%. The flasks were incubated on a rotary shaker at 30°C for 120 hr. At the end of
the fermentation process, the required determinations were carried out.

The results obtained (Table 5) show that addition of different concentrations of glu-
cose, maltose and sucrose separately into the fermentation medium markedly influ-
enced the biosynthetic formation of citric acid by Candida lipolytica. The most effi-
cient carbon source was glucose. Citric acid yield increased with the increase of glu-
cose concentration reaching its maximum at 25 mg ml™'. The final pH value of the fer-
mented medium was shifted to acid side, and yeast cell biomass also increased with
the increase of glucose concentration. Supplement of the fermentation medium with
different concentrations of maltose and sucrose was also inductive to the biosynthetic
formation of citric acid by Candida lipolytica, but their potentialities were lesser than
glucose. The suitabilities of carbon sources according to their potentialities for citric
acid formation were descendignly arranged as follows: glucose > maltose > sucrose.

Influences of Inorganic Nitrogen Sources on Citric Acid Production

Different concentrations of inorganic nitrogen sources such as (NH4),SO4, NH,CI,
NH4NOj;, NaNO; were added separately to the ingredients of fermentation medium.
The concentrations of inorganic nitrogen sources were in the range of 1.0 to
5.0 mg ml”. The ingredients were thoroughly mixed and adjusted to pH 5.5. The media
were dispensed into 250 ml Erlenmeyer flasks in 50 ml portions. The flasks were
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Table 5. Effects of different carbon sources on biosynthetic formation of citric acid by Candida

lipolytica.
Carbon sources Final pH* Dry biomass Citric acid
(mg ml'") Value (mg ml) (mg ml™?)
Control** 2.7 14.5 25
Glucose
5 2.6 15.0 27
10 2.4 15.5 30
15 2.7 25.0 32
20 2.9 16.7 35
25 3.1 17.6 40
30 3.0 17.4 40
Maltose
5 2.9 14.7 26
10 2.8 15.2 29
15 3.2 14.8 32
20 3.1 14.0 33
25 2.7 155 34
30 3.4 17.4 36
Sucrose
5 3.0 15.0 27
10 2.9 15.4 28
15 2.7 14.3 30
20 3.2 15.7 32
25 3.3 16.0 33
30 3.5 17.6 32

* The final pH value of the fermentation medium was adjusted to 5.5.
»* No addition of the experimental carbon sources.

~plugged with cotton wool and sterilized at 120°C for 20 min. When the flasks attained

room temperature, they were inoculated with the inoculum medium under aseptic con-
ditions. The percentage of inoculum was 5.0%. The flasks were incubated on a rotary
shaker at 30°C for 120 hr. At the end of the fermentation process, the required deter-
minations of final pH value, dry yeast biomasses and citric acid yields were con-
ducted.

The results obtained (Table 6) show that different concentrations of inorganic nit-
rogen sources affected j..tially biosynthetic formation of citric acid. The fermentation
medium was supplemented with different inorganic nitrogen sources, namely
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Table 6. Influences of inorganic nitrogen sources on citric acid formation by Candida lipolyti-

ca.
n““l:gl:;gas:l:rces Final pH* Dry biomass Citric acid
g Value (mg ml") (mg mi™)
(mg ml™)
Control** 2.9 16.5 39
(NH,4),S04
1 2.7 16.7 42
) 2.8 16.9 45
3 2.6 17.0 44
4 2.4 16.7 43
5 2.3 17.0 42
NH,C!I
1 2.8 15.8 40
2 27 16.1 42
3 2.8 15.7 40
4 2.6 16.2 38
5 2.9 17.0 37
NH4NO5
1 2.7 16.4 40
2 2.9 15.8 41
3 3.0 14.7 39
4 3.1 15.2 39
5 3.0 14.3 37
NaNO;
1 4.9 14.5 37
2 5.0 13.4 35
3 5.2 14.5 34
4 5.4 14.0 34
5 4.7 12.0 33

*  The initial pH value of the fermentation medium was adjusted to 5.5.
**  No addition of the experimental inorganic nitrogen sources to the fermentation medium.

(NH4)2S04, NH,4Cl and NaNO;. The best inorganic nitrogen source was (NH,),SO;,.
Citric acid yield slowly increased with the increase of (NH,),SO, concentration
reaching its maximum at 2 mg ml’', and a slight increase in yeast biomas was obtained
with the increase of (NH4),S04. The final pH value of the fermented medium was
shifted to acid conditions. (NH4),SO, and NH,Cl were more efficient inorganic nit-
rogen sources than NaNOs. The experimental organism preferred utilization of inorga-
nic nitrogen sources in the form of ammonia nitrogen rather than nitrate nitrogen.
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The fermentation medium already contained date seed hydrolysate and whey which
contained miscellaneous ingredients, especially organic nitrogen sources, therefore the
medium was rich in organic nitrogen sources. Addition of inorganic sources in the
form of (NH,4),SO, slightly increased yield of citric acid.

Role of Different Concentrations of Date Seed Ash on Citric Acid Formation

Different concentrations of date seed ash were incorporated into the fermentation
medium. The ash concentrations ranged from 0.1 to 1.0 mg ml™'. The ingredients of the
medium were thoroughly mixed and adjusted to pH 5.5. The media were dispensed
into 250 ml Erlenmeyer flasks in 50 ml portions. The flasks were plugged with cotton
wool and sterilized at 120°C for 20 min. When the flasks attained room temperature,
they were inoculated with the inoculum medium under aseptic conditions. The percen-
tage of inoculum was 5.0%. The flasks were incubated on a rotary shaker at 30°C for
120 hr. At the end of fermentation process, the required determinations of final pH
value, dry yeast biomasses and citric acid yields were carried out.

The results obtained (Table 7) show that different concentrations of date seed ash
influenced partially the biosynthetic formation of citric acid. Date seed ash contained
magnesium, iron, aluminium, calcium, manganese, zinc and nickel. The presence of
these elements affected citric acid formation. Citric acid yield increased with the in-
crease of ash, reaching its maximum at 0.2 mg ml"' above which a slight decrease in
citric acid yield was obtained.

Table 7. Role of date seed ash on the fermentative formation of citric acid by Candida lipolyti-

ca.

Ash Final pH* Dry biomass Citric acid
(mg ml) Value (mg ml'") (mg ml")
Control** 2.7 16.4 45

0.1 2.9 15.7 50

0.2 2.8 16.2 54

0.3 2.6 15.6 50

0.4 2.5 15.5 47

0.5 2.9 16.2 45

0.6 2.6 16.0 46

0.7 2.8 15.8 47
0.8 3.1 15.0 40
0.9 3.2 14.7 40
1.0 3.0 14.5 40

«  The final pH value of the fermentation medium was adjusted to 5.5.
**  No addition of ash.
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Amino Acids Present in Yeast Biomass

The results obtained (Table 8) show that the following amino acids: alanine, valine,
glycine, isoleucine, leucine, proline, threonine, serine, methionine, phenylalanine,
aspartic acid, glutamic acid, lysine, tyrosine, arginine, cysteine and other undetectable
amino acids were present in yeast biomass. Total proteins present in the yeast biomass
was 40%. Yeast proteins contained eight essential amino acids: Valine, leucine, iso-
leucine, threonine, methionine, phenylalanine, lysine and arginine. Therefore, cell
biomass of Candida lipolytica could contribute good source of proteins.

Table 8. Amino Acids present in cell biomass of Candida lipolytica.

. . % in the % in
Amino acids . .
dry biomass protein
Alanine 2.48 6.20
Valine 2.28 5.70
Glycine 2.02 5.06
isoleucine 2.18 5.46
Leucine 2.74 6.86
Proline 1.96 4.90
Threonine 2.10 5.26
Serine 3.12 7.80
Methionine 0.54 1.36
Phenylalanine 1.38 3.46
Aspartic acid 4.70 11.76
Glutamic acid 6.84 17.10
Lysine 3.20 8.00
Tyrosine 1.42 3.56
Arginine 1.38 3.46
Cysteine 0.66 1.66
Undetermined amino acids 1.00 2.40
Total 40.00 100.00
Conclusion

Citric acid is one of the organic acids known for a long time as the principal acid of
citrus fruits. Its widespread presence in nature indicates that it has a great physiologi-
cal significance which, nowadays, can be confirmed by great varieties of applications.
Citric acid is the principal food acid used in preparation of soft drinks and syrups,
desserts, jams, jellies, wines, candy, preserved fruits, frozen fruits and vegetable
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juices. Citric acid is also used in gelatin food products, and artificial flavours com-
pounded materials such as soft drink tablets and powders. In pharmacy, citrates are
used in blood transfusion, and the free acid is used in effervescent products. Citric
acid is widely used in cosmetics, electroplating, metal cleaning, leather tanning, prin -
ting, reactivation of oil wells, inks, floor cements, silvering compounds, algicide for-
mulation, dyeing of fabrics and removal of contamination of radioactive isotopes.

The discovery of citric acid formation by fermentation is still very interesting point
of research, as many workers devoted their efforts to produce citric acid by fungi,
namely Aspergillus niger. Recently, yeasts are successfully used in the fermentative
production of citric acid.

In the present work, Candida lipolytica was used as citric acid producer. The basal
fermentation medium contained natural products, namely date seed hydrolysate and
whey as miscellaneous ingredients for the biosynthetic formation of citric acid. Date
seed hydrolysate and whey contained good nutrients, especially organic nitrogen
sources for the growth of Candida lipolytica and the biosynthetic formation of citric
acid. The deficiency of carbon source was overcome by the addition of glucose into
the fermentation medium which increased the output of citric acid. Date seeds and
whey are cheap natural products which could be utilized in formation of citric acid.
They contained also other valuable ingredients, especially lipids and minerals, which
were beneficial to the fermentative formation of citric acid. Lipids are active-surface
agents and could be utilized as carbon sources in absence of carbohydrates, and also
the presence of certain elements such as calcium, iron, manganese, zinc and nickel
induced the experimental organism to give good yield of citric acid. Biochemical
aspects of the fermentative formation of citric acid by Candida lipolytica were char-
acterized with a drop in the final pH value of the fermentation medium, formation of
yeast cell within 72 hr of the fermentation period, and formation of citric acid was
closely associated with increase of yeast biomass. From the economic view-point, uti-
lization of cheap raw materials such as date seeds and whey in formation of citric is
more better than to use expensive ingredients in the form of carbohydrates and other
organic nitrogen sources.

Saudi Arabia occupies an advanced position among the date producing countries in
the World. The percentage of seeds in the total weight of date is about 12.5. The date
seeds are considered as agricultural waste product and represent a big source as a raw
material for the production of several products such as citric acid.
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