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I /  I I I  ollic~li/~~c~c~/('tI .srro,t~ (tl TS)  f7.y a strain of Pcr~icilli~l~rt chrysczr gc>i!Lirtl. 
. ~ ~ I ) I O I I I  tlili),~Irogc,~i pl~o,phate arid a co/~r?bir~atiorz of N ~ C L I  ulld ailzmorzilrrrz su!- 
~ l l a t c  1 1  : ' fi~zirrrl to bc the best so1lrce.s of izitroge~r. T'lrc ol~ti~lizlrrz were jCW, 200, 
200, 30. ,:,i 5 iiig per 1iti.c of r~letlizi~/r. Adclition of !race e ler~elz~s  Fe, L%I~r, Co, 
%/I n/id iSk (lit1 1 7 0 1  .s/ro~i, ~ 1 2 ) )  sigtzijcu~zt increase i ~ r  protcin yield. Szrhstl.ate co.vce/z 
 ti^ ( I lo 1 7 %  ( W/ I/) ,ila.r fozinci to be most suitable Jor rnaxir?zal pvotlz~ 
o f ,  .r.igiziJiruil/ eflect ir'as observed tvlzen tap water. rvas used in the p 

I IYJ ,~  r.011, ,11.(,(1 1lli111 .j 011101~ ,stc~ti~l(~riI 111eriiC1 I ~ . Y C ~  to grolil cc l l~~loly t i~:  oi.ga 

O ~ I U ~ I ~ C J ! ~  ,.(1111 /Iic.fi,r.~/lr~~c/ar. llftcr 72 / / I *  g~.olijth cor~taiilatl 341% cl~zl~le pro 
~\,/~c~.ea.s ;/rat Ji.anl //ic shal~e jlasks colztaitzed 38-42% protein. 9.3-96% oj-the 
76"; cc, . ,:lose i lrigi~inil~ prcsenr in  he substrate ( A  TS)  rvus zrtilized by the 
~risiil. 7'. co~~~~er~vioi i  c!f t f  7 3  to crrltle l ~ i ' o i c i ~ ~ ~ v a s  abolc.l 19%. 

Inlsoduction 
I ' , icc:;\~;~ : i', ;I nr;i.jor. agric~.iltu~,nl by- 

] I I ~ ~ ( I , ~ I C I  i t ]  1 1 1  , I I , o I )~ ( ; : ,  ; ~ r~ ( . l  i;: I I Y C ~  111,;,1.ittly :\(; 

;I ca t~ lc  I'c~:tl ~!:sic.lc:; tlrany olllcr n~irtur u:;cs, 
The digcstib, iIy of straw in runiinanls, how- 
ever, is only O' . ; ,  due to its high tigni and 
silicate contc ~cs  a n d  its deficiency in many 
essential nu;:.i-nts6. To feed to ruminant 
animals i t  i . to b-. delignified and supple- 
lnenlcd wi~i irren. Conversion of i t  by 
Sej r~~cnt:~rlii: r o si~~l;lc cell prolein (SCP) 
w i ~ l r ; , ~ ~ ~  //I::, O I I ( :  111 '  ;I:< t ~ ~ i I i ~ : ~ f i o r ~ ,  

Fcrrirc.rii < ~ I O I I  c~f'c:r:ll~~lo:,ic: ~natcl.i;rls fb19 
thc protl i~c~ , , , :I  of' :;(.'I' using bncleria, 
a~tinomycct .:, yc;~s~!;, as wtII as f'ungi has 
been repor! !:(I by :I nurnbcr of workers 

1, 2 ,  4, 5, 7, 8. Filamentous' fungi hav 
been shown to provide an acceptable source 
of ccliblc prolcin 9, I I .  lJsc of Penicillit 
myccliurn :IS n proloin supplcri~~or~t in 3 
mats has been ~.cportcdJ. 

The present investigatio~l .invoIves 
studies to develop a simple, low cost, hi!-  

merged fermentation process f ~ j r  the conver- 
sion of rice straw to SCP by using a slrain of 
Penicillizr~n clzrysogentrt~z. Scalc up of fer- 
~ncn ta l  iorl 1.11) l o  ~:lO-lit~.c lcvel h:~s bee11 cz:trj 

I'enicilliu~n cizrysognzurrt St-I':- 3 It 
this study was obtairied from PJ 



i -. 
i 

Clollection 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 a t  4°C. 
Monthly subcultures were made. 

Inocu?uin: G 48 hr old culture grown on 
li-treated straw (ATS)-mineral med- 

urn was used as inoculum. This was prepar- 
y inoculating the medium (ATS, 1 %) 

spores from a PDA $ant and incubat- 
n a rotary shaker (230 rpm) at room 
erature (23-28°C). 

Substrate: For the purpose of improving 
enzyme digestibility and for delignifying, 
rice straw was washed and pretreated 

with 4% sodium hydroxicle (1: 50 W/V) ant1 
tearned for 60 niin. The straw was then 

hcd free of alkali, dried at 5S°C and 
und. The substrate treated as above was. 
d at I :& (dry weight) level in shake flask 

xperirnetzts. h thc trials with 40-litrc fer- 
nlor, tho substrzite was added in wet 
idition itself, aftel- washing it free of 
ali, at 10% lovol. This corresponded to 
qoximately2% dry weight of the sub- 
te in the medium. 
~ l f i ne l~n l  medi~am: The basal medium 

used for 311 the studies was of the following 
composition: 

Chemicals g/l  Chemicals ang/l 

IC;FH,P04 . 0904 FeS04.71-I,0 4.90 
NaCL, 0.1 27 MnSO,.I-I,O 1.86 
CaCI2.2H,O 0.110 CoG12.6M20 2.01 
MgS0,.7H20 0.101 ZnSO,.7H,O 1.68 

CuSO,.SH,O 0.20 
* 

For selecting a suitable source of nitro- 
gen the various nitrogenous compounds 
lcsted were: NaNO,, Ga(NO,),, NA,NO,, 
NH,CI, (NH,),HPO,. NM411,1'0,, (NFI,), 
PC)Q.31-9,0, (NH4),S04, Urea, and a comb- 
nation of urea and (NM,),SO,. l'n all cascs, 
the nitrogen concentration was kept const- 

ant, the amount of N pr t x n t  in 0.2% 
(NH,),SO, (i.e. 423 m g  N per litre). In the 
case of the combinatiol~ o f  urea anti 
(NI-l,),SO, thcy w c ~ c  incor )rated in such a 
way so as to give equal arno1 rlts af N. 

In  the case of optimis~: - the concent- 
ration of various element .uch as  P, Na, 
Ca and Mg, the nitrogen c f  ~ncontration in 
the medium was lcept at i 10 mg of N per 
litre contributed by the c o ~ :  hined addition 
of urea and (NH,), SO,. 

In the media optimizatio 1 studies glass 
distilled water was used for ~ed ia  prepara- 
tion, whereas in the fern][ ntor trials tap 
water was used ,eliminatinrt the addition of 
trace elements. lni t~al  pH oi  rhe medium in 
all t l ~ c  sluclios was :idju6tcci 1,) 5.0, 

li70r compa~+sicjn of' rowth of the 
organis111 on difkrcnt I ~ ~ J , L  a1 media (with 
ATS as substrate), stanc! id media like 
VRS-medium12, Recse's ~necii 1m1O and NCL- 
medium* (personal commc lication) were 
used. 

Cu(fivatio~z ar~t l  Izarvestir ;.. In all the 
cases 200 ml medium and I :: of the subst- 
rate (ATS) were taken in 500 1111 Erlenmeyer 
flasks. Fo  optin~ization of ~111: ;rate concent- 
ration the substrate was :;/',!cd at levels 
ranging from I to 10 g/l(r ml medium.  
Thc mineral con central^( . also was 
increased corrcspondingly. 'The flasks 
were plugged with colt. , L  wool and 
autoclavcd at 15 psi for 20 i .n (ln the case 
of each variable flasks werc t ken in tripii- 
catcs and the average vnlr: s werc taken). 
After cooling the flasks n8c e inoculated 

. *Composition of IVCL ic, sdium 

:,Chemical g / l  Gho, a2 nzg/l 
q N 1 - 1 ~ ~ 0  5.0 FeSO, i,O 5.00 % 
KII,PO, 1.0 MnSO, ,.O 1 S G  
MgS0,,7fI2OO.S %nSO,,,:I,O 1,40 
CaC1,.2H20 0.1 CoCI, : 1,O 2.W 
CaCO, 1 .O 
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-. with thc scecl culturc r5';:, VIV)an<lwere 
. incubaletl O I I  a sot.lry : , l ~ ~ ~ k c r  (230 ~ p m )  a t  

rrrn).)lcnl t ~ r l b ] ~ ~ r : t l ~ l  r 1. (?  i ! X" (  ). 
AfLrj C I I ~ I ~ V : ~ I I I I ~ J ,  101 1 '  111 t i i ( :  COI I~( ; I \ (S  

of t11i: l l ;~!, l ' \ t ,  w u  (, I I ~ I L  \ 1 1 1  l )y 11ILt:i I ~ I ) $  a11d 
washing thloug11 ;I 1 'ilot~sly (11 i cc l  and 
weighed filter papcr (WllaLlnari No. 1). 
']Then the product   hi om,^ ,s4-res~due, if any) 

+ was dried at 55"C, weighed and powdered. 
The powdered sample v,ds used for various 
analyses. pl-1 of tllc culeuro iiltrate was 
dctcrlni~~eil using ;i 'I'o~1111lw:tl p l j  il-ictcr. 

< 'p///vu/iot~ jt! ~10-1/11,  / P I  I I I C  1 1 1 0 1  . s ! O - I  I[ I (: 

l r~e( l l [~r~t  wiiq : , I P I I J I I ~  i l  * I I  I ? I 8 ( '  l o 1  20 1iii11 

nncl cooled, Inoc.i~Iatc(l v \ ~ l l ~  'IS 111. olil sccci 
clilturc at 5 %  (V/V) Icbcl 

Rfedium was acra~cd with sterilized air 
at the rate of 1 l~ t r e  of air per litre of 
medium per minute (1 T'Vm) and was agitat- 
ed at 500 rpm. Tempeia~ure waq 111ainta;ned 
at 25:rl'C. Foalning \\A; controlled by the 
addition of diluted znd :;terlllsed Silicorle 21 
Defoamer (Metromark Private Ltcl., Cal-s 
cutta) as and when requli ed. 

The 72 hr old rnycelia In the fermented 

broth was hrtrvestcd by centrifuj;ing using a 
baskct type centrifugc. This was dried at 
55°C ', weighed and powder c:d. 

,S(rn~j~ lc  N I I [ I / ~ , S ( ~ ~ :  E b t  i n ~ : ~ t i o ~ ~  sf cnldch 
()l.ol(.i~~ W;LS do110 by tlclctl~l~illing thc to1;ll 
ni ti ogen by nlicro-Kjcltlu hl method and 
multiplying it by the factor 6.25. 

Non-protein nitrogen was estimated by 
the same method after removing the protein 
by trichlloroacetic acid precipitation. 

Cellulose content was determined by 
Updegrafi's n1ethod.13 

'Tutrd fat cotltollt \v:ls estimated hy 
hlillltlnK'tl AC)AC' nlclliod. 

Results and Discanssoin 

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

'I'A~I r. 1. I ffcrt oj ~d/fcrenr nitro~err sor~rcc.c on the produclion of protein - - . - - 
N I I I  ogcrr courcje f i t  I TotaI yield of the protein yield 

-- 
product g / l  g sub- Percenragc Total nzg/I 

strrile g of nibsrvate 
- --.-..---. - -- - -- - 

Sodium nitrate 7.20 0.820 4.19 34.37 

Calcium nitrate 7.15 0.782 7.04 55.05 

Ainmo~liurn nitrate 2 05 0.593 11.33 67.19 

Amn~oniu~n chloride 1.95 0.692 12.56 86.92 

Urea 7 00 0.562 16.61 93.35 

Ammonium phosphate d~basic 2.10 0.557 17.81 99.20 . 
Ammonium sulphate 2.10 0.457 19.87 90.81 

Anirnoniurn 2.15 0.505 22.00 111.10 

1Jres ; A~nrnonium ~ , u l p l ~ . ~  lc 3.50 0 496 31.56 156.53 

hrn~rlctriiu~n d~hyt!roi:t-a~ 2 40 1) 432 34.48 148.95 

phosphate _ _ _ ___-_ _ _  _--_ - - " - ^ - . - - - - - - -  --- "V. 
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F i g  I .  Blrect of Nitrogen conwntra t ion o n  the production o' i~rotc in .  

obrerved ('Table 1 )  that whore the pE-I in the 
final mediuln was eilher very high or very 
low the growlh of the culture was poor. So 
a pH somewliere between 3 and 6 should bo 
m;iintsined in thc~n~edruni for betIergrow1Ji. 
'l'ltis can hc i~llainctl hy a.tltlillg it combin:l- 
tioii of irr'ca nr i t l  ( N  I S,),SO, i ts  nil rot:c.r~ 
SO\LI'CC. 

A stcody it~crc:~rc 111 lhc pt'olcin lcvcl it] 
the final producl wiis obsclvctl as t11c con- 
ccnt~ation of N was increased from 100 

i 

through 500 mg per , , r c  in the medium. .I 
Further atlditioll of' < .cliil not show any 1 
marked eirecl (Fig. 1 ! 1 

Conce11t:-ation of' ' ; o i j ~ l ~ o r u s  which was 
srlpplietl in tlic rol-m ( :  I ~ . I 1 , ~ 1 ' 0 , ,  was v;~ritd 

1 
I SO I O I I 1 . 1 1 1  0 I I , ) I  
\V IL ; ;  I ? ) I I I ~ ( I  t(,j I)(: :,[1111 to ~ I ~ V I ;  ~ I I ; L X I I I I [ I ~ I I  .' 

Y;CI(,I ~ I Y I I C I I I  (.I:![: ; .  
T 

i o  o I ;  I I I I J I I : j  
nq.t havc :l signiJic:~ni :.lli.cl. l r r ~ t  ntfilit.ion of 1, 
240 n ~ g  Na pcr 1 : :  $: sl~o\+,etl :i slig!lt ' 

, i 
1'. 



' I ' A I ~ I , E  2. l ' r o f ( , i ~~  yivld di/yere~it (:on(!(!nf- 
rot ions of .roc/ilrnr In 111 c nzcdirrm 

,-.--- ............ ..-................. 

Cotacent- fiotol .yield -- I'rotein yield ............... 
ration o f  of prodric.~ l'ercen- 7btal  mg/g 
sodium g / l  g .slrDr- tape sribsfrcrfe 

mgllirre trat,. 
~ 

0 0.47 1 34.1 2 158.32 

T'AIILU S. ~ Y c c t  o f  11 nt'd elements on I / I ( -  p.0- 
teitr procI~i~tio~r whcn tup water andgloss 

d~srillcd wuter. were nsed for - 
metfin prrpcirafion ---- 

Water Trace ele- Total Profeirr yield 
, -- 

used merzrs yield of' Percen- Total 
product [age mg/l 
g / l  g g subs- 

substrote trale - ------.---- - .--- .__I--- 

100 0 443 37 85 167.66 Glass Addcd 0,450 38S7 173.57 
200 0.4?? 38.88 167 96 distilled 

noo O..IL,; 'I !1 .lo 163.20 
wnler Notatlclcci 0.423 37.87 186-70 

,r,lp A ~ I ~ I P ~ I  I 5 7 las,:? 
W ~ l ( ~ 1 1 '  

Not  ;ltldo~l 0.450 3U.75 165.38 
T n u ~ e  3.  PI O I ~ ~ I I I  ! icl~l  (it tliffercnt co1rr.elrt- ---- -- . - +- . L--4-.+ - -- 

rutiol~s , i ( ( I / (  ililrr in tlie rireillutrr 
- 

Concenr- To?('' tL~/d  Yrolcrn yield - 
ration o f  r f p * c  lit1 Prrtentn,oe Tofu1 m g / l  

TABLE 6.  E f ~ f  of dtyerenc media on the 

( ~ I c i j r a  :J 1 * , > x -  g of subs- prodr~clion of protein 
rr;p l l ! r p  irf i  't 
.- - - . - - -- - --.- .??~diils: Br. :!..I. r + D V - ~ ~  L i~ ~222 

- - ?. 8 ,  ;A:  ' :Lr" - > i . Y . Z  - - - - r  
I . s r F  

..L - ..- 

'I'AuI.~! 4. I'ro~citi yield at  d i f i ren t  corrcerzl- 
rrrriotls of r~rrrglresirrm in tire mcdiunr 

........... . . -- 
Concent- Protluct - Prulein yield 
ration of yield I ! / ]  g Percentage Total lngjl  
magne- s~ibs [rate g srrbstrate~ 

s i u~n  
~nh~/l i trc 

increase I n  111e j ) rotc~n percenlage from 34 
?8 ('j : l l ) l f ;  " ) ,  

l ' t r l ' l ~ f l ~  : I I  i111i of I!)c ~ S \ P ~ ! I \ I I Y I  wit!] 30 1111: 

t ,I { )PI  j j t ,  1 , / ( I ; ,  fOlili(1 1 1 1  t > i ~  O J ~ ~ ~ ~ ~ I I I J ~ I  

N C L  C.518 30.68 158.92 
Recsc'sl O 0.494 31.43 155.26 
I~ormulatetl 0 440 41.40 182.16 
in this 
laboratory 

Further increase in Ca tended to slightly 
lower thc protein percentage (Table 3). 

Incorporation of Mg in the illedium at 
5 mg per lilro level gave rise to rnasinuunt 
yielcl cf p~.otcin ('Table 4). 

Iivcn tllo~rgh OILY sitbslralc, tho al!tal i- 
treated straw wliicl~ 1 s  not a pure cellukosic; 
material, n ~ a y  have various elerne~tis in it- 
self fortification of tlie incdiurn with the 
above n~entioned elements was required for 
a better growth of the organism. 

I lowcvc~-, th!. c~ddition of 1r;lcc ~lcrnents 
~ i c h  ;LY I((:, M t t ,  t'o, XI) : i i ~ i .  ' ~ j  {lit1 s~ot 
crlrtjvd itr~y a~/!nilic:\t~t cflkct 01 rttcIl;inciiig 
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e utilization of substrate was Chernical d l  < 

when the substrate concentra- 1 

i 
the range of 1-3% (W/ V) and * (NH,),SO, 1.180 L 1 

0.903 E 
Urea 0.536 1 

ng on the above observations a NaC L 0.508 1 

g the followillg composition CaC 1 ,,2H,O 0.110 1 
ted which supported the best MgS0,.7H,O 0.050 
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I I -  0 ~ o t c l l  p r o t e i n  

Fig. 3. Ef!c.-t of Substrate (ATS) concent~ation on the production of protein 

'['he prolcin yicltl was very much bcttcr 
in thc abovc rncrlic~i~l a \  cornj~ared to that 
in lhc VRS,  Rccsc's, or NCL, mincral med- 
ium, under the S;LIILC cu1tur;ll condi~ions 
tested in this worl.. i'l'ablc 6 ) .  Typical fer- 
mentations in the fr)~ inuhtcd lnecliuln yield- 
ed a product h :~ \ in% 38 to 427;) crude 
prote~n 0111y 5 10 6":, of ~ l i i c l i  \vas eontri- 
butcd by non-p;ote~n nitrogen. The total 
product yicld rangccl 1'1 om 430 to 460 mg per 
gram of thc rub,tr::t (ATS) ('Tables 2,3,4, 
and 5) .  The to[al c c-Il~~lo\c content of the 
s.rlb\lr:l(c (A'I'S) w;~s . t lr(catcd to bc  71 to 

76%. From 93 to 96:{ of this cellulose was 
utilizod by thc organism 18 to 19':/, of the 
total substratethat disappeared was recover- 
ecl as mycelial protein ('kables 2,3,4 and 5).  
In addition to protein the final product was 
found to contain 4.5 to 5.0% of fat. 

The protein yield from the 402litrc fer- 
mentor was quite comparable to the yicrd 
from the shake f l a s k s , t o t a l  yield of' the 
final product was 562 per 1 g kg of ATS. Thc 

L d  product was found to conta~n 34% prolein. 
Thus,  thc total conversion of A'TS to pro- 
tein was about 19%,. 
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H A R C O  

1 Most trusted Brand in Canned I:! >[its, Jams, 1 'k!Aaco kgctabks,  Iuices, and Soups, such as i-.cd Cherries, 
I 

Peaches, William Pears, Plums, StrawF:rries, Apri- 
l 

i 
cots, Asparagus and White Button hlel~) ]rooms. j 

9 
i Nicest thing from Kashmir-Awarcietl First Prizes, i 'B.iAR68 Medsis and Trophies both from Centi.:lt and State 

Government. 
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I '!JAh$O A i n  ;I( A I ~  Indi;~ ~ p p l c  Sllow i~cld in . , 

Madras and organised by  Govi. or rncli:. 1 
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H.A. Rahim & Co. 
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