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MICROBIAL UTILIZATION OF SOME AGRICULTURAL
AND AGRO-INDUSTRIAL WASTE PRODUCTS FOR THE
PRODUCTION OF SINGLE CELL PROTEIN (SCP).
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ABSTRACT

The dried residues of corn crop (corn straw) were hydrolysed by 0.5 NH2SO4. Saccharomyces cerevisiae has been allowed to
grow on media containing different concentrations of the corn straw hydrolysate (CSH). The optimal concentration of CSH at which
the maximal biomass gain with the higher content of cellular protein (SCP) was that containing 15% sugars. To this medium cane
molasses (CM) were added in different concentrations, and S. cerevisiae has been grown on it. the maximal biomass containing the
highest amount of SCP was yielded in case of the medium containing CM in 2 g/L concentration.

INTRODUCTION

As the need for single cell protein (SCP) increases more
attention has been constructed for the usage of
unconventional substances as new substrates for the
fermentation processes. Of these substance, agricultural
wastes have been used by many investigators resulting in
converting these wastes into commercially valiable products,
especially single cell protein (Peitersen, 1975; Riviere et al.,
1978; Moriguchi, 1982; Maurizio and Federico, 1986 and
Jwanny et al., 1990). Some investigators used beet and cane
molasses as a substrate for the fermentation process on which
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the micro-organisms have been grown (Peppler, 1968;
Gazaerly, 1983; Olama, 1985; El-Refai et al, 1986 and
Abo-Hamed, 1987). In this investigation we used corn straw
hydrolysate in addition to cane molasses, in an attempt to
obtain a substrate consisting of a mixture of these two wastes
on which the yeast Saccharomyces cerevisiae grows for the
production of a cell biomass containing the highest amount of
single cell protein. Cane molasses is produced in Egypt in
large quantities as a cheap by-product in sugar industries.
Corn straw is also an agricultural waste product produced in
appreciable amounts in Egypt as well as in many countries of
the world. The usage of these cheap agricultural wastes for
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the production of microbial feed and fodder protein was the
aim of this work.

MATERIALS AND METHODS
Maintenance and preparation of the inoculum

Saccharomyces cerevisiae was isolated from local
commercial baker's yeast. The cultures were maintained on
slopes of Phaff's medium of the following composition (g/1):
D-glucose, 10; (NHg)p SOy4, 5.0; KHoPOy, 1.0; MgSOy4
7H7O, 0.5; NaCl, 0.1; Ca Clp, 0.1; pH 5.5. Before
inoculation, the organisms were serially subcultured for at
least three times on the same medium which was used also as
a control and basal medium.

Fermentation media
a) Corn straw hydrolysate medium (CSH):

Corn straw was dried at 80° C and hyrolysed with 0.5 N
H»SO4 at 121° C for 20 minutes. The reducing sugar's

content of this hydrolysate was 34.7%. Seven sets of media
have been prepared, each set consists of 3 replicates, the
sugar content of which was:

1. 5% sugar equals 14.4% straw hydrolysate.

2.10% " " 288% " ",
3.15% " "432% ¢ "
4.20% " "576% " ",
5.25% " "T20% " ",
6.30% " " 86.4 " ",

7. Control (basal medium): ",
b) Cane molasses medium (CM)

Cane molasses has been obtained from 'The Egyptian
sugar and Distillary Company" (Hawamdia Factory, Giza
Egypt). Molasses were analysed to determine their chemical
composition before .use (Table 1). Six sets of flasks (each
consists of 3 flasks) have been prepared, and cane molasses
(CM) were mixed with the optimum concentration of corn
straw hydrolysate (CSH) in the following manner:

1. Control : (CSH) 43.2% in distilled water.
2.CM : 1g/l CSH.

3.CM 2" ",
4.CM 3" "
5.CM 4 " ",
6. CM 5" "

Table 1
Chemical composition of sugar cane molasses (mg/100 mg
fresh molasses).

Constitutens mg/100 mg cane molasses

Water content 21.57
Total solids 78.43
Ash 11.84

Total sugars 54.62
Ammonia - N 0.207
Amino acids - N 0.488

Table 1 Contd.
Constitutens mg/100 mg cane molasses
Peptides - N 0.672
Total soluble - N 1.367
Insoluble N 0.154
Total N 1.521
Protein 9.505

pH was adjusted at 5.5 and the media were distributed in
50 ml amounts in Erlenmeyer flasks and sterilized at 121° C
for 15 minutes before inoculation.

Cultivation:

The yeast cells of age 48 hours were suspended in sterile
distilled water to an optical density of 2.5 at 400 n.m.
(measured on Spekol spectrophotometer). The flasks have
been inoculated each with 5% (V/V) cell suspension and
incubated at 28° C on a rotary shaker at 180 r.p.m. for 6 days.
At the end of the fermentation period, the cells were
separated by centrifugation at 10,000 r.p.m. for 20 minutes,
washed and kept in the refrigerator until analysis.

Analyses:

Growth of the yeast cells was estimated by drying the
separated cells (after washing) at 70° C to a constant weight.
The' original, as well as the unassimilated sugars were
determined in the media as glucose, according to the method
described by Dubois et al., (1956). The yeast cells were
analysed for their protein content using the procedure
mentioned by Fawcett and Scott (1960). The  cells were
further analysed for their content of ammonia (Chaney and
Marbach, 1962), amino acids (Russel, 1944), peptides (Lowry
et al., 1951), total soluble nitrogen and total nitrogen (Fawcett
and Scott, 1960). The obtained data were statistically
analysed by using F test, Duncan's method and L.S.D. test
(Steel and Torrie, 1980).

RESULTS

a) Selection of the suitable corn straw hydrolysate (\CSH)
concentration:

In the first part of this investigation wherever the corn
straw hydrolysate (CSH) only was used as a sole carbon and
nitrogen source, we observed that the sugar utilization
increased in presence of the low and moderate concentrations
of the straw hydrolysate. Maximal amount of utilized sugar
(491 mg/100 ml) occurred in presence of the waste
concentration which contains 15% reducing sugars (medium
No. 1V), (Table 2). In presence of the higher waste
concentrations, sugar utilization decreased. The minimal
amount of utilized sugar (276.5 mg/100 ml) occurred in
presence of the highest waste concentration (medium No.
VII). The same observation has been found with respect to
nitrogen consumption which increased with the increase of
the waste concentration in the fermentation media till it
reached its maximal value (47.9 mg/100 ml) in the medium
containing 43.2% waste which equals 15% sugar (medium
No. III). Increasing the waste concentration in the
fermentation media over this concentration led to a decrease
in the amount of utilized N. '

Table 3 shows the characteristics of the yeast biomass at
the end of the fermentation process. It is evident that the
presence of the lowest and highest waste concentrations in
the fermentation media lowered the amount of cellular N
fractions under control, while the moderate concentrations of
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: Table 2
Changes in corn straw hydrolysate (CSH) media inoculated with Saccharomyces cerevisiae
throughout the fermentation period. (amounts are represented as mg/100 ml).

Fermentation media Total reducing sugars Total nitrogen pH
Initial Final
Initial Final Uptake  Uptake Initial Final Uptake Uptake
(mg) (mg)  (mg) (%) (mg) (mg)  (mg) (%)
I 998.4 611.2 387.2 38.8 46.94 9.81 37.13 79.1 5.5 4.0
11 489.2 136.4 352.8 72.1 24.74 2.66 22.08 89.25 5.5 3.9
111 997.7 520.1 4776 479 49.51 9.97 39.57 7992 5.5 3.9
v 1494.4  1003.4- 491.0 32.8 73.28  25.38 47.9 65.4 5.5 3.8
v 1996.1 1649.1 347.0 17.4 97.62  60.92 36.7 37.6 55 3.8
Vi 24840 21557 328.3 13.2 12241 89.01 334 27.3 55 39
VII 2996.0  2719.5 276.5 9.2 146.48 177.88 28.6 19.5 5.5 4.0
I Control (basal medium).
11 CSH 14.4%, 5% sugar.

111 CSH 28.8%, 10% .
v CSH 43.2%, 15% .
A\ CSH 57.6%,20% .
VI CSH 72.0%, 25% "
VI CSH 86.4%, 30% .
CSH: Corn Straw Hydrolysate

the waste increased the amounts of these cellular N fractions. waste concentration, the maximal gain of biomass (64.41
Maximal increase of ammonia (35.5%), amino acids (58.9%), mg/100 ml) was yielded, raising over control by 29.5% and.
peptides (39.6%), and total N (40.6%) have been attained in containing the higher cellular protein (SCP) (21.14 mg/100
the medium No. IV which contains the moderate ml) with a 40.5% increase over control (Table 3).

concentration of waste (43.2% & 15% sugars). At the same

Table 3
Biomass characteristics of Saccharoniyces cerevisiae grown on corn straw hydrolysate (CSH)
media throughout the fermentation period. (amounts are represented as mg/100 ml).

Fermentation media L.S.D.
Item

) I i il v \ VI A%l 0.01 0.05

Ammonia Amount 0.062 0.041 0.076 0.084 0.069 0.033 0.027 0.038 0.026
% Change - ()339 (+)226  (+)35.5 (+) 113 (-) 46.8 (-) 56.5

Amino acids Amount 0.124 0.092 0.136 0.197 0.103 0.075 0.051 0.081 0.055
% Change - (258 (+)97  (+)589 (-) 169 () 395 (-) 58.9

Peptides Amount 1.978 1.224 1.989 2,761 1.474 0.966 0.575 1.25 0.85
: % Change - (381 (+)0.56  (+)39.6 (-)25.5 {(-)51.2 (-)70.9

Total soluble N Amount 2.164 1.357 2.201 3.042 1.646 1.074 0.653 1.36 0.93
% Change - (9373 17 (+)406 () 239 (-) 50.4 (-)70.7

Insoluble N Amount 0.243 0.152 0.246 0.340 0.183 0.117 0.076 0.147 0.100
% Change - (0374 #H12  (#)399 (-) 247 (-)51.9 (-) 68.7

Total N Amount 2.407 1.509 2.447 3.382 1.829 1.191 0.729 1.53 1.04
% Change - (373 W17 (405 (-)24 (-)50.5 (-) 69.7

Dry weight Amount 49.72 31.54 50.2 64.41 38.47 25.92 16.15 2.81 191
of biomass % Change - (-) 36.6 (#)0.96  (+)29.5 (-)22.6 (-)47.9 (-) 675

SCP Amount 15.04 9.43 15.29 21.14 11.43 7.44 456 0.95 0.65
: % Change - (-)37.3 #)1.7 () 405 (-)23.9 (-)50.5 (-) 69.7
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Table 3 Contd.
Fermentation media L.S.D.
Item
I 11 11 v v Vi v 0.01 0.05
Protein % Amount 30.24 29.89 30.46 32.82 29.7 28.7 28.24
dry btomass
PCC Amount 3.8 2.7 32 4.3 33 2.3 1.6
EC Amount 12.8 8.9 10.5 13.1 11.1 7.9 5.8
CSH Corn straw hydrolysate
Medium I Control (basal medium)
" II CSH 14.4%, 5% sugar. PCC : Protein conversion coefficient
" I CSH 28.8%, 10% . Weight of protein
" v CSH 43.2%,15% . = x 100
" v CSH 57.6%,20% . utilized sugar
" VI CSH 72.0%, 25% "
" VI CSH 86.4%, 30% . EC : Economic coefficient

b) Growth-relationship to cane molasses:

In the second part of this investigation, analyses of the
fermentation media which consist of corn straw hydrolysate
(CSH) in addition to cane molasses (CM), were carried out. It
is evident that the presence of cane molasses in the
fermentation media raised the sugar uptake from these media
over control except in the medium containing the highest
concentration of molasses where the sugar uptake decreased

weight of dry biomass
= x 100
utilized sugar

SCP : Single cell protein

than control. Maximal sugar uptake (532 mg/100 ml)
occurred in the medium containing 2 g/l cane molasses,
(Table 4).

With respect to N utilization, it is clear that N utilization is
positively affected by the presence of cane molasses in the
fermentation media. Maximal N uptake (63.54 mg/100 ml)
occurred in the fermented medium containing 2 g/ cane
molasses, (Table 4).

Table 4
Changes in cane molasses media (CM) inoculated with Saccharomyces cerevisiae
throughout the fermentation period. (amounts are represented as mg/100 ml).

’

Total reducing sugars Total nitrogen pH
Initial Final
Medium Initial Final  Uptake  Uptake Initial Final  Uptake Uptake
(mg) (mg)  (mg) (%) (mg) (mg) (mg) (%)
1 1494 998 496 332 7334  13.61 59.73 81.44 55 3.8
I 1549 1035 514 33.2 74.63 13.24 61.39 82.26 5.5 3.8
m 1604 1072 532 33.2 75.96  12.16 63.54 83.65 5.5 3.7
v 1659 1147 520 313 77.21 15.25 61.96 80.25 5.5 3.7
v 1714 1219 506 29.5 78.53 17.31 61.22 77.96 5.5 3.7
VI 1768 1294 485 27.4 79.88 19.62 60.26 75.44 5.5 3.6
0.01 2.24 5.93
L.S.D. )
0.05 1.62 4.29
Medium I Control (Corn straw hydrolysate CSH)
" II CSH + 1 g/l cane molasses (CM)
1" III 1" + 2 1" " " 1"
" IV " + 3 1" 1 " 1"
n V " + 4 " 1" n 1"
n VI " + 5 n " n 1"
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Analyses of biomass showed that the amounts of N
fractions accumulated within the yeast cells increased over
control in presence of cane molasses (Table 5). The increase
of N fractions was maximum in case of the media containing
cane molasses in a concentration of 2 g/l. Maximal
percentage increase of ammonia was (61.79%), amino acids:
(50.77%), peptides: (28.32%), and total N: (30.6%) over
control.

Concerning the biomass yield and its protein content, it is
evident that the presence of cane molasses in the fermentation
media increased the biomass yield, such increase was
accompanied .with a concomitant increase of cellular protein
(SCP) over control (Table 5). Maximal biomass yield (76.42

mg/100 ml) with a percentage increase of 17.9% over control
was reached in case of the fermentation medium containing
cane molasses in 2 g/l concentration. This biomass gain
contained the highest amount of protein (SCP) which was
(27.84 mg/100 ml) constituting a 30.6% increase over
control. As the concentration of cane molasses in the
fermentation media increased, the biomass yield and its
protein content decreased, but they remained higher than
control. All yeast cells produced in presence of cane molasses
contained percentages of cellular protein (SCP) higher than
that present in case of control, but the highest percentage of
SCP (38.61%) was attained in presence of 2 g/l concentration
of cane molasses. Biostatistical analysis revealed the presence
of significant differences between the data.

Table 5
Biomass characteristics of Saccharomyces cerevisiae grown on media consisting of
corn straw hydrolysate (CSH) and cane molasses (CM) throughout the fermentation period
(amounts are represented as mg/100 ml).

Fermentation media L.S.D.
Item
I )| 11 v v VI 0.01 0.05
Ammonia Amount 0.089 0.107 0.144 0.126 0.101 0.094 0.043 0.031
% Change - (9202 (H) 618  (+)41.6 (+)13.5 (+)5.6
Amino acids Amount 0.195 0.236 0.294 0.272 0.251 0.205 0.076 0.055
% Change - (+)21.03 (#)50.7 (395 (+)28.7 (+)5.13
Peptides Amount 2.782 2.990 3.570 3212 3.065 2.920 0.55 0.39
% Change - (9748 (#2832 (#)1546 (1017 (+) 4.96
Total soluble N Amount 3.066 3.333 4.008 3.610 3.417 3.219 0.65 0.47
% Change - (8T #307 #1717 (+)11.4 (+) 4.99
Insoluble N Amount 0.346 0.373 0.447 0.405 0.382 0.359 0.072 0.052
% Change - (+) 2.6 292  #H171 (+)10.4 (+)38
Total N Amount 3.412 3.706 4.455 4.015 3.799 3.578 0.719 0.519
% Change - (+) 8.6 306 (#1717 (+)11.3 (+) 4.9
Dry weight Amount 64.83 67.71 76.42 73.54 69.92 66.79 8.84 6.39
of biomass % Change - (+) 4.4 179 (134 +)79 +)25
SCP Amount 21.32 23.16 27.84 25.09 23.74 22.36 4.86 3.52
% Change - (+) 8.6 (306 (D177 (H 113 (+)49
Protein % 33.1 35.12 38.61 35.98 35.68 35.71
of dry wt.
PCC 4.3 45 5.2 438 4.7 46
EC 13.0 132 14.4 14.1 13.8 13.7
Medium I Control (CSH medium without CM)
" II CM 1gmper L CSH CSH : Corn straw hydrolysate
" III CM 2 " [} n "
" v CM3n noonmon CM : Cane molasses
1 V CM 4 " " [} 1t
i VI CM 5 n n " "
DISCUSSION media containing moderate concentrations of corn straw
o hydrolysate is higher than that of the cells grown on the
Preliminary results indicated that Saccharomyces media containing either the low or the high concentrations of

cerevisiae could grow and convert corn straw hydrolysate, as
well as cane molasses, to useful products, especially single
cell protein. this agrees with the findings of El-Refai et al,,
(1986), Abo-Hamed (1987), Omobuwajo er al., (1987) and
Abo-Hamed (1993).

The crude protein content of the dry cells grown on the
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this waste. The results obtained at the low concentrations of
CSH could be attributed to the fact that the nutrients present
at this concentration are insufficient for the vital processes of
the yeast cells. On the other hand, the decrease in both yeast
biomass and its content of crude protein at the high waste
concentrations may be attributed to the high osmotic pressure
of the fermentation media at these high concentrations of the
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waste, which hinders the yeast cells to absorb and assimilate
the nutrients from these media.

The crude protein of the yeast cells grown on the
fermentation media which consist of a mixture of CSH and
cane molasses is higher than that of the cells grown on CSH
only.

The production of a yeast biomass in a large quantity with
a high level of protein content after growth of the yeast cells
on fermentation media consisting of a mixture of corn straw
hydrolysate (CSH) and cane molasses (CM), can be explained
on the basis that cane molasses contain appreciable amounts
of sugars and other nitrogen fractions which are satisfactorily
assimilated by the yeast cells.

Finally, it can be concluded from the results of the present
work, that corn straw hydrolysate can be utilized in a mixture
with cane molasses by Saccharomyces cerevisiae as a carbon
and nitrogen sources for the production of feed and fodder
yeast rich in SCP.
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