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Introduction

Rice stia < is o major agricultural by-
product in (1 - tropics and s used mainly ns
a catile feed sesides many other minor uses,
The digestib: 11y of straw in ruminanis, how-
ever, is only 0", due to its high ligni and
silicate conte its and its deficiency in many
essential nuirients®. To feed to ruminant
animals it i. to be delignified and supple-
mented witl urea. Conversion of it by
fermentatios 1o shigle cell protein (SCP)
widens the o ope of g atilization,

Ferment dion of cellulosic materials for
the producltion of SCP using  bacleria,
actinomyccet 5, yeasls, as well as fungi has
been reporied by a number of workers
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CELL PROTEIN FROM RICE STRAW -

o carvied oul to standardise a medium for the production of single cell
o alkalitreated straw (ATS) by a strain of Penicillivm chrysar geniim, -
dihydrogen phosphate and a combination of urea _and ammonium  sul-
o found to be the best sources of nitrogen. The optimum were 500, 200,
d 5 mg perlitre of mediwn. Addition of trace elements Fe,
Zi nnzl €u did not show any significant increase in protein yield. Substrate concen~ . .,
Lo 1 5% (W/V) was found to be most suitable for maximal production .
No significant effect was observed when tap water was used in the place
Sor wedia preparatian. The efficiedey of the optimised medium .
ared with 3 other standard media used to grow cellulolytic organisims.
wetion of SCP was scaled upto 40 litee fermentor level. The pr()(l!k{c‘{,éj :
com the fermentar after 72 i growth containad 34%, crude protein - ..
ihat fram the shake flasks contained 38-42%, protein. 93-96%, of the 74- = /v
ilose originally present in the substrate (A TS) was wtilized by the orga-"‘ -
o conversion of ATS to crude protein was about 19%. :

Mrz, Co

1,2, 4, 5, 7, 8. Filamentous. fungi have .
been shown to provide anacceptable source
of edible protein 9, 11, Use of Penicilliuta
mycelium as a protein  supplement in ani-
mals has been reported®.

The present investigation ainvoives

studies to develop a simple, low cost, sub-

merged fermentation process for the conver-
sion of rice straw to SCP by using a strain of =
Penicillium chrysogenun.
mentation up to 40-litre

level b bu,n C(Lfll"
¢d oul, ‘

Materials and Methods ‘ ‘
Penicillium chrysogenum St-F-3B u.‘;ed‘ i‘n‘: ‘
this study was obtained from National

Scale up of fer- ./




 Collection of Industrial Microorganisms,

Poona, India and was maintained on a modi-
- fied potato-dextrose-agar medium contain-

ing 0.01%, yeast extract and 0.5% dextrose
{instead of 2%) at 27°C and stored at 4°C.
.. Monthly subcultures were made.
: Inoculum: A 48 hr old culture grown on
- “alkali-treated straw (ATS)—mineral med-
- ium was used as inoculum, This was prepar-
ed by inoculating the medium (ATS, 1%)

~ temperature (23-28°C).
o Substrate: For the purpose of i improving
- the enzyme dlges’ublllty and for dehgmfymg,

i with 4% sodium hydroxide (1: 50 W/V) and
i steamgd for 60 min. The straw was then
‘. washed free of alkali, dried at 55°C and

0 ground. The substrate treated as above was.

~used at 1%, (dry weight) level in shake flask
. experiments. In the trials with 40-litre fer-
. menlory the substrate was added in  wet
.. condition itself, after washing it free of
. alkali, at 109 level. This corresponded to
‘ffjdppr;qx‘nmate‘ly 29 dry weight of the sub-
. stratein the medium. -

- Mineral medium: The basal medium
used for all the studu.s was of the followmg
Lomposmon ‘

‘ Chemicals. :‘,j , g/l Chemicals mg/l
o KH,PO, 0904 FeSO,7H,0  4.90
o NaCL 0.127. MnSO,H,0  1.86
|7 CaCLi2H,0 0.110: CoCI.6H,0  2.01
- MgSO JH,O 01017 ZnSO,.7TH,0  1.68
CuSO,SH,0 020

For selectmg a suitable source of nitro-
“gen the various” mtrogenouq compounds’
- tested - were NaNO,, Ca(NOy),, NH,NO,,
NH,CI, (NHQ),,HPOW NH,H,PO,, (NHJ,
©POLIH,0, (NH,),S04, Urea. and a combi-
- nition of urea and (NH,),50,. In all cascs,
W the mtrogen concentratlon was kept const-

Can

.. with spores from a PDA slant and incubat--
“ing on a rotary shaker (230 rpm) at room

~-the rice straw was washed and pretreated -

“ant, the amount of N present in 0.29

(NH,),S0, (i.e. 423 mg N per litre). In the
casc of the combination of ‘urea and
(NH .50, they were incororated in such a
way so as to give equal amo:ints af N,

In the case of optimisin - the concent-
ration of various elements .uch as P, Na,
Ca and Mg, the nitrogen < ncentration in
the medium was kept at )0 mg of N per
litre contributed by the com bined addition
of urea and (NH,), 5O,. '

In the media optimization studies glass
distilled water was used for ; 1edia prepara-
tion, whereas in the fermcntor trials <ap
water was used ;eliminating the addition of
trace elements. Initial pH of the medium in
all the studies was adjusted o 5.0.

For comparsion of growth of the -
organism on different minc-al media (with
ATS as subsirate), stand:rd media like
VRS-medium??, Recse’s medium!® and NCL-
medium* (personal commu iication) were
used.

Cultivation and harvestizz: In all the
cases 200 ml medium and I g of the subst-
rate (ATS) were taken in 500 al Erlenmeyer .

 flasks. Fo optimization of sub irate concent-

ration the substrate was acded at levels
ranging from 1 to 10 g/l ml medium,

The mineral concentratic:  also  was
increased correspondingly. The flasks
were plugged with coticsi wool and

autoclaved at 15 psi for 20 1:in (In the case

of each variable flasks were t.cken in tripli-
cates and the average valucs were taken).
After cooling the ‘flasks we-e inoculated

*Composition.of NCL M edium ,
mg/l

~.Chemical g/f Cher al

NH,50 50, Fe$0, 1,0 5.00
KH,PQ,  1.0° MnSO, "0 1.56
MgSOLTH,0 0.5 ZnSO 11,0 1.40
’CaClz.QHz() 0.1 CoCl,¢ 1O 2.00

CaCoO, 1.0
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with the sced culture (59, V/V)and were
¢ incubated on a rotary shaker (230 rpm) at
ambient temperature (2 3-28°C). ‘
After cultivating Tor 72 by the conlents
of the flusks were harvested by filtering and.
. .washing through a previously dried and
© weighed filter paper (Whatman No. 1).
. Then the product (biomass+residue, if any)
was dried at 55°C, weighed and powdered.
The powdered sample was used for various
analyses. pH of the culture filtrate was
determined using a Toshniwal pH meter.

Cultivation v A0-lise fermentor: 40-litre

medium was sterilizod o 12170 Jor 20 min
and cooled. Inoculated with 48 hr old seed
culture at 5%, (V/V) level.

Medium was aecraicd with sterilized air
at the rate of 1 litre of air per litre of
medium per minute (1 VVm) and was agitat-
ed at 500 rpm. Temperature was maintained
at 25-+-1°C. Foaming was controlled by the
addition of diluted and sterilised Silicone 21
Defoamer (Metromark Private Ltd., Cal-
cutta) as and when required.

"The 72 hr old mycclia in the fermented

broth was harvested by centrifuging using a -
basket type centrifuge. This was dried at
55°C, weighed and powdered. . i
Sample analyses: Estimation of “prude
protein was done by delermining the total
nitrogen by ~micro-Kjeldahl nethod and
multiplying it by the factor 6.25. -
Non-protein nitrogen was estimated by
the same method after removing the protein
by trichloroacetic acid precipitation. -
Cellulose. content was determined by
Updegraff’s method.13 B
Total fat content was estimated by
standard AOAC method.

Results and Discussoin = -

Among ten different compounds tested
as nitrogen source, NH H,PO, and a com- -
bination of urea and (NH,),SO, were, found
to yield high percentage of protein in the
final product. However, the total protein
produced was higher in the latter case
(Table 1). Utilization of nitrates were found -

" to be very poor and it could be further -

Tanry 1. Lffect of different nitrogen sources on the production of protein

Nitrogen souree Final pHf

Total yield of the

Protein yield

Total mgll

product g[l g sub- Percentage

strale g of substrate
Sodium nitrate 7.20 0.820 4.19 34.37
Calcium nitrate 7.15 0.782 7.04 55.05
Ammonium nitrate 2.05 0.593 11.33 67.19
Ammonium chloride 1.95 0.692 12.56 86.92
Urea 7.00 0.562 16;61 1 93.35
Ammonium phosphate dibasic  2.10 0.557 '17.81 ‘ 99.20
Ammonium sulphate 2.10 0.457 19.87 "790.81
Amrmonium phosphate 2.15 0.505 - 22.00 “ 111‘10
Urea -~ Ammonium sulphite 3.50 0.496 31.56 ' 156.53
Ammonium dihydrogen 2.40 0.432 34.48 14895

phosphate
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. FRig. 1. Effect of Nitrogen concentration on the production o protein.

obscrved (Table 1) that where the pH in the
final medium was either very high or very
low the growth of the culture was poor. So
-a pH somewhere between 3 and 6 should be
maintained in the'medium for better growth.
This can he attained by adding a combina-
stion oft urea and (NHLS0, as nitrogen
source. _

A stéady increase in the protein level iu
B the final product was obsorved as the con-
" centration. of N was increased from 109

42

through 500 mg per e in the medium.
Further addition of < did not show any
marked effect (Fig. 1} ,

Concentration of | iosphorus which was
supplied in the form ¢ KH,PO, was varied
from 50 10 400 mg 2o stve and 200 mg £1
was found to be sullic ol (o give maxiniym
yield of protem (171

Addition of Ma o the form of MaC] did
net have a significant cffect, But addition of
200 mg Nua per hie showed u slight
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CasLe % Protein yicld at different  conceni-
ruttmm ()/ wr/lum in l/tc medinm

e

Cancum- Tr)!al yield P’waﬂ yze[d
ration of  of product  Percen- Total mg/,v
soedium gll g subs- tage substrate
mgflitre trate
0 0.47 34.12 15832
25 0.457 34.68 160.40
50 0.449 36.19 162.49
100 0443 37.85 1671.66
200 0.432 38.88 167.96
0,425 AR.A0

400 163.20

TasLe 3. Protein vield at differens concent-
rations of calcium in the medium

Concent-

Tore! vield Protein yield
retion of «of product Percentaze  Total mg[1
Cealeiam gl g of subs-
o trate

158.69

Tasee 4. Protein yield at differens concent-
umuns (lf magnesmm in the medium

Concent- Product Protein yield

ration of yield o/l g  Percentage  Total mgl|l
magne- substrate g substrate-
sium

m;'/lltre

0 0450 31.20 140.40

5 0445 3945 174.22

10 0152 37.98 171.67

15 0.143 39.27 175.07

30 39.14 178.09

0.455

increase in the protein percentage from 34
1o 38 (Table 2).

YFortification of the medim with 30 myp
£ por it found 1o be

ik oplirangm,

.y AUt fung

TaBLE 5. Effect of trace elements on the pros
tein. production when tap water and glags. '
distilled water were used for - -
media preparation”’

Water Trace ele-  Total ‘lg"‘ratefn! yiéld .
used ments vield of . Percen~ T?)?J .
product - tage omgll
gl g ' g subs-
substrate traje
Glass Added 0.450 38.57 1713.57
distilled ~ R
water Not added  0.423 37.87 18670
Tap Added QA% 3557 15820
wifor ) . N
Not added  0.450 3675 1(5 h

TABLE 6. Lffect of drﬁerent medm on the
production of protein

Mediim
VRS2 0.652 15.18 98.97
NCL 0.518 30.68 158.92
Recse’sl0 0.494 31.43 155.26
FPormulated 0.440 A1.40 8214
in this : :
laboratory

Further increase in Ca tended to slightly
lower the protein percentage (Table 3).
Incorporation of Mg in the medium at

5 mg per litre level gave rise to maximum *

yield ef protein (Table 4),

Even though our substrate, the alkali- ~
treated straw which is not a pure cellulosic |+ -

material, may have various clements in it-"-

self -fortification of the mcdxum ~with the =
above mentioned clements was required for A

a better growth of the organism. : o

However, the ‘ul( ition of trace a‘lurmntf;
such as e, M, Fneand oo did onot
Hlmw, Wy s nmh zm‘t effect of crchancing

43
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. Effective utlhzatlon of substrate was
found: only when the substrate concentra-
‘t;‘on wis in the range of 1-3%, (W/V) and
when it was above 59, the growth was found
to be neglxgxb]e (Fig. 3).

Depending on the above observations a
medla -having -the following - composition
Was f'ormulated whlch supported the best

growth of the ory

Phosphorous conc. mg /I

Fig. 2. Effect of phosphorus concentration on the production of protei:

ganism wh . substrate

(ATS) was addced at 19 level.

‘Chemical

(NH,),S0,
KH,PO,
Urea

NaCL ,
CaCl,,2H,0
MgS0,.7H,O

g/l

1.180
0.904
0.536
0.508
0.110
0.050
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The protein yicld was very much better
in the above medinm as compared to that
inthe VRS, Recse’s, or NCL mineral med-
jum, under the swne cultural conditions
tested in this work (Table 6). Typical fer-
mentations in the formulated medium yield-
ed a product having 38 to 429 crude
protein only 5 to 6%, of which was contri-
buted by non-protcin nitrogen. The total
product vield ranged from 430 to 460 img per
gram of the substratc (ATS) (Tables 2,3,4,
and 35). The total ccllulose confent of the
substrate (ATS) was ectimated to be 74 to

JULY-AUGUST 98]

76%. From 93 to 96 o, of this cellulose was
utilized by the organism 18 to 19% of the =~
totalsubstratethat disappeared was recover-

ed as mycélial protein (Tables 2,3,4 and 5).

In addition to protein the final product was e

found to contain 4.5 to 5.09 of fat, i

The protein yield from the 40-litre fer-
mentor was quite comparable to the yield
from the shake flasks, The total yield of the

final product was 562 per 1 g kg of ATS. The - -
. . <~ . '

product was found to confain 349, protein. -

Thus, the total conversion of ATS to pro-

tein was about 199,

A
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HARCO

| ﬂgﬁ? &gﬁi@@’ Most trusted Brand in Canned F:uits, Jams,

i lall Vegetables, Juices, and Soups, such as ked Cherries,

f ~ Peaches, William Pears, Plums, Strawborries, Apri-
cots, Asparagus and White Button Musirooms.

Nicest thing from Kashmir—Awarded First Prizes,
Medais and Trophies both from Centru: and State
Government.

This year (e 1981) also awarded Vit Prize for
Apple Tinned at All India Apple Show held in
Madras and organised by Govt. of Indic.

Props:

H.A. Rahim & Co.

Raj Bagh, Sri Nagar-196008
KASHMIR

Phone Nos: 72591 & 75228
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