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Abstract: The objective of this study was to improve the itiotral quality of
cottonseed deoiled cake (CSDOC) necessary for arfeeding in a cost effective
approach as a competitor to soyabean doc. CSDOQ@mgeEsgone fermentation with
different microbial strains like Bacillus subtilis, Saccharomyces cerevisiae,
Pseudomonas, Rhodosporium, Lactobacillus out of which Saccharomyces cerevisiae
had shown good results when grown on molasses meftin detoxification of
CSDOC and to enhance its nutritive qualities liket@in 48.14%, moisture 13.2%,
lignin 42.3%, lysine 0.084% (g lysine/100g protéiier 25%, total gossypol levels
range between 2000-3000 (mg/kg) and free gossyp@1800 (mg/kg). After solid
state fermentation witlSaccharomyces cerevisiae under maintenance of optimal
condition at temperature of 30°C, time 48hrs, cat®l anaerobic type of
fermentation, moisture 47% maintenance, 800u! y®astdays incubated inoculums
in its YPD medium shows nutritive parameters chamgi increase in protein
content 65.2%, moisture 46.6%, lysine 2.34% (glg&if0g protein) and decrease in
fiber content 17%, lignin 23%, total gossypol 597m8y/kg), free gossypol 149.3
(mg/kg). HPLC gossypol analysis was performed fardifferent Bt and non-Bt
cotton seed varities, revealing a result that Binplariety RCH 779 BG-Il shows
less amount of gossypol levels which is highly reowended to farmers. CSDOC
fermented byS cerevisiae could substantially improve its nutritional valt@ an
extent.

Keywords: Nutritive characters, gossypol, Saccharomycegwvigine, solid state
fermentation.
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INTRODUCTION

Due to increase in demand and high costs of soyimeah, there is an immediate requirement to find
an alternate protein supplement in poultry feedtrilional quality of cottonseed protein is on par
with soybean protein. The potential of CSDOC profer animal nutrition is limited by the presence
of gossypol (GoHsOs) a toxic polyphenolic pigmenwhich is naturally produced in seeds that deters
insect pests. Feeding diets containing gossypanionals would cause negative effects such as
growth depression, reproductive diseases, intdésama other internal organ abnormalitiés
Gossypol is released out into free form from thendbk due to high shear force applied during the
process of extraction of oil from cottonseeds. @pskreacts with protein (€- amino group of lysine)
and with alkyl and phenylamines to form bound gps$yvhich is not toxic as that of free fori.
Gossypol content exits more in Non-Bt plants coragawith Bt plants’ Solid state fermentation is
the growth of microorganisms under controlled ctods in the absence of free water for the
production of desired products

Low availability of water reduces the possibilitiescontamination by bacteria and Saccharomyces
cerevisiae, higher levels of aeration, especiallggquate in those processes demanding an intensive
oxidative metabolisnf. The inoculation with spores facilitates its wnifi dispersion through the
medium solid state fermentation in most cases cheniaed with low energy requirements which may
likely reduce the production co$tA nutritive value of CSDOC is lowered by the mese of bound
gossypol revealing that both free form and bourfdeth of gossypol are useleSs The objective of
this work is to study the nutritive characteristid<CSDOC like protein, fiber, lignin, lysine, maise
content and optimise them usirf@accharomyces cerevisiae by screening fromBacillus subtilis,
Pseudomonas, Rhodosporium, Lactobacillus solid state fermentation so that gossypol freegomatich
CSDOC could be obtained, which has an equal demtid soyabean doc in a cost effective
approach. HPLC gossypol analysis was performed derivBt and Non-Bt varities to recommend
gossypol free and nutritive rich cotton plantsfiomers.

MATERIALS AND METHODS

Sample collection:The CSDOC used as a sample for the analysis weagel from kallam agro &
oil pvt. Imt Andrapradesh and from CICR( Centradtitute of cotton research) Maharastra Bt varities
(JK durga Bt, fusion Bt express, RCH 779 BG-Il, $ana BG-Il, Maha sangram BG-II, Commando
BG-Il, Jadeo ganga kavari BG-1l, RCH2C BG-II, KCHK59 BG-II,Bullet KCH 707 BG-Il, VICH-
311 BG-II,PRCH703 BG-II,JKCH2245 BG-Il. Non-Bt vaes (RCH-735, JKCH2245, MRC6301).

Estimation of protein content: Method used for estimating protein was kjeldhal hodt (An
industry service publication. Labconco) determimafprotein under nitrogen level by 3 different step
acid digestion, distillation and titration. To 2§@SDOC sample 0.7g of copper sulphate and 159 of
potassium sulphate and 40ml of concentration sulplacid and some glass beads were added, heat
the flask for 1hr until a pale blue colour is oh&sl now cool it to room temperature to which add
250ml of water; to this add 110ml of 45% NaOH. Dision was performed from which 10ml of
vapour was collected that was distillated of vapeas collected that was distillated. Titration was
performed to this 10ml of sample with methyl red iadicator. Note volume of filtrate after
distillation, base volume added into buret, Voluoheolour obtained during titration. Moles of acid=
molarity of acid* volume used in flask; Moles ofdese molarity of base* volume used in flask; Moles
of Nitrogen= moles of acid- moles of base; g ofrdien= moles of N *atomic mass; %protein=
N*6.25.
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Estimation of moisture content: Initial weight of the CSDOC was weighed before theisture
content was estimatéd weight of petriplate was also noted. Now the sampds allowed to dry for
overnight at 95°C. After the process of drying agaieight of the sample was noted along with
petriplate. %moisture = (wt. of dish with materi@fore drying — wt. of dish with material after
drying) / (wt. of dish with material before dryirgwt. of empty dish) * 100.

Estimation of Lignin content: Weighed out 100mg of CSDOC in 150ml of erlenmayask to
which added 3ml 72% 430, and flask was sealed with Para film, incubatedater bath at 30°c for
30min*** This sample was diluted with 4%${, capped with the aluminium foil and autoclaved at
120°c for 1hr. Now a filter paper was weighed aadgle which was autoclaved was filtered by
using funnel. Dry filter paper in hot air oven forernight at 90°c, later allowed paper to cooldom
temperature and again its weight was taken intowdc % of lignin = (initial wt. of filter paper wit.

of filter paper after filtering &drying in hot agven)*100.

Estimation of fiber content: Weighed accurately 2.5-3g sample and transferradstaxhlet extractor
by using petroleum ether. Air dries the extractachgle and transfer to a dry 1lt conical flask.
Transferred the whole of boiling acid to the flagintaining the defatted material and immediately
connect the flask with a water cooled reflux cors#en& heat so that the contents of flask begin to
boil within 1min,added few drops of octanbl after addition of sulphuric acid. Rotate the flask
frequently & boil till 30min. Filter the sample thugh linen and wash with boiling water turning acid
to litmus. Now wash the residue on the linen irite flask with 200ml of boiling NaOH solution.
Now connect the flask to reflux condenser and bmilexactly 30min. After washing with water
transfer to gooch crucible prepared with a thirefagf ignited asbestos now again wash with water &
15ml ethyl alcohol. Dry the gooch crucible alonghmts content at 105+2°c in an air oven until
constant weight are achieved now cool and weightcthntents and incinerate the contents of gooch
crucible in muffle furnace until all carbonaceousitter is burnt. %Crude fiber= (wt. of gooch
crucible and content before ashing — wt. of goatitible and content after ashing)/ wt. of sample in
dry form *100

Estimation of Lysine content: To 2g of CSDOC 30ml of distillated water was addgdce lysine is
water soluble aminoacid it comes easily from sangisolved in water. To this sample sonication
was performed for 1hr followed by centrifugationlect supernant and added 15ml of 3% FDNB
solution (FDNB in ethanol) and keep in shaker fOm®. Now transfer it to water bath at 95°c
sample, perform strong agitation to prevent préafjgin from this prepared sample collect 15ml and
set p' to 5.0 with 2M NaOH &add 10ml methantft *° 20ul of this sample was taken to perform
HPLC analysis by setting up mobile phase of (35%hamol & 65% 0.01M sodium acetaté $.5
with glacial acetic acid). Amount of lysine= (coraf. calibration curve * 8.33*10"-2)/ (%protein in
sample * wt. of sample)

Estimation of gossypol content:Gossypol is a trepenoid aldehyde & exists in twibedent forms
total &free form. Total gossypol is bounded witlofgin and free gossypol is readily available so
estimation protocol varies for both the forms obgypol*>*> Gossypol is detected by HPLC in
gossypol acetic acid forff %>

Estimation of total gossypol:To 1g of CSDOC, 25ml of complex reagent (2ml ofSivago proponal

+ 10ml glacial acetic acid make up to 100ml withNNdimethyl formamide) was added & placed in

water bath at 100°c for 2hrs. After cooling filicat was performed from which 1ml of filtrate was

collected to this 4ml of N, Ndimethyl formamide wadded out of which 20ul of sample was taken
for HPLC analysis with mobile phase of 80:20 (Acgtidl: 0.01M KH,POy) 2%
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Estimation of free gossypol:To 1g of CSDOC, 50ml of 70% acetone and 10g ofgylasads were
added and placed in a rotator shaker for 1hr at.35fter shaking filtration was performed, 1ml of
filtrate was collected and added 1mlof N, N dimétfyrmamide & 1ml of complex reagent and
placed in water bath for 100°c for 30min. After kg it to room temperature add 3ml of N, N
dimethyl formamide from which 20ul of sample wadlexied to perform HPLC analysié % Area
of sample gossypol peak (y) >18lakh: X=(y+8050021R*dilution factor*volume left over. Area of
sample gossypol peak (y) <18lakh: X=(y-16670/1734difution factor*volume left over.

Inoculum preparation for solid state fermentation: 5g of Saccharomyces cerevisiae was activated
in YPD(yeast extract, peptone, dextrose) mediumfter growth kinetics was observed these yeast
cells were transferred into 10%molasses mediumiaubated for 24hf’. 20ml of this solution was
sonicated allowing cells to disrupt, later cenggfuand pellet was collected. Yeast cells that selea
extracellular enzymes were transferred on to cetted doc in a circular disc plates under strict
anaerobic condition with supplement of Nas to remove all excess €@ perform solid state
fermentation for 48hrs.

Statistical Analysis: The total gossypol, free gossypol, protein, ligriysine response used for
statistical analysis was the meant standard dewig®D) in at least three independent experiments.
All statistical analyses were carried out using SR®rsion 21.0 software (SPSS Inc., Chicago, IL,
USA).one way analysis of variance (ANOVA) was usedompare the significant level of variation
in means between groups. Statistical values of (@ere considered significant, which rejected the
null hypothesis between groups.

RESULTS AND DISCUSSION

Value addition of CSDOC is observed through thecess of application of solid state fermentation
" Improvement of nutritive characteristics is seéter doc is fermented by a extracellular enzymes
released by straiff. Microbial strain selection is performed on thesibaof reduction in gossypol
levelsTable-1.

Initially all these microbes were activated in thgriowth medium for 24hr later they were transférre
on to molasses medium where some of the straiedditobacillus, Pseudomonas, Rhodosporium
could not grow due to insufficient supply of sugamsd imbalance of pin molasses medium;
Saccharomyces cerevisiae and Bacillus subtilis had shown their growth in the mediufigble-2 even
thoughBacillus subtilis had shown reduction in gossypol levels with setate fermentation in doc, it
is not recommended because some of the extrace#ulaymes released by bacterial strain might
cause effect on ruminant intestine when this fetetbmloc is consumed. Suitable microbial strain
that shows reduction in gossypol levelSascharomyces cerevisiae.  2°

Table-1: Microbial strain selection on the basis of gossypduction.

S. No Microbial strain Total gossypol (mg/kg) | Free gossypol (mg/kg)
1 Control (Doc) 3071.94 1004.45

2 Rhodosporium 2638.7 789.3

3 Saccharomyces cerevisiae | 1246.06 123.5

4 Pseudomonas 3484.64 569.3

5 Bacillus subtilis 1975.8 235.6

6 Lactobacillus 1932.7 435.7

o028 J. Chem. Bio. Phy. Sci. Sec. D, May 2015 — July2015; Vol.5, No.3; 3001-3011.



Applications ... Karishns al.
2.5E+09 -+
2E+09 -
k%)
®  15E+09 =8=4th day
ks ==3rd day
g 1E+09 - —i=2nd day
500000000 W=1st day
—4=Before SSF
O n
200ul 400ul 800ul 1200ul 1600ul  control
Inoculum concentration

Figure 1: Growth kinetic of yeast at different inoculum contation time as a factor.

Table-2: Selection of microbial strain betwe&accharomyces cerevisiae and Bacillus subtilisin
double recovery of gossypol.

Batch-I Strain 1% recovery Sample Z’recovery
TG(mg/kg) | FG(mg/kg) TG(mg/kg) FG(mg/kg)
Yeast 801.45 430.93 Yeast 337.10 129.89
Bacillus | 1604.37 295.18 Bacillus396.79 235
Control | 2517.16 1129.8 control 151.67 -
Batch-1l | Strain ' recovery Sample "2recovery
TG(mg/kg) | FG(mg/kg) TG(mg/kg) FG(mg/kg)
Yeast 703.26 147.43 yeast 112.92 18.87
Bacillus | 1496.41 259.6 Bacillus165.4 139.04
control | 2795.6 853.29 contro| 82.11 -

After selection of microbial strain suitable forgidadation of gossypol its nutritive qualities hade
enhanced by application of solid state fermentatfofParameters that has to be maintained during
fermentation has a key role, there should be airuamis monitoring check on these parameters until
a desired condition of product is reacRH&dOptimization of fermentation parameters is neagsfor
nutritive change in cottonseed deoiled c&ke-

Table-3: Optimization of moisture content based on inoculaascentration supply before
and after solid state fermentation.

S. cerevisiae concentration | % moisture before solistate | Y%omoisture after solid
fermentation state fermentation

200ul 22.2% 17.2%

400l 39.8% 35.6%

800ul 52% 47%

1200ul 103.2% 103%

1600ul 109% 111%

Control 13.2% 13.2%
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Faster growth rate & Cerevisiae on CSDOC during solid state fermentatiigure 1 and also due
to good smell of ethanol production characterissiz,it was fit for fermenting CSDOC to reduce
gossypol levels and increase nutritive valle

Table-4: Type of fermentation suitable & Cerevisiae for reduction of gossypol levels. Effect of
Total gossypol content in seed varities, which hslvewn statistically significant difference in the
means were selected. One way annova: Between g(bags/98; P<0.05). Free gossypol content in
seed varities, which have shown statistically digant difference in the means were selected by one
way annova: Between groups (F=5.625; P<0.05)

%Moisture| Inoculums| No. of Complete anerobic Complete aerobic Microaerofilic
supply cell
count/ml
TG(mg/kg) | FG(mg/kg)| TG(mg/kg) | FG(mg/kg) | TG(mg/kg) | FG(mg/kg)

17.2% 200ul 51075 | 5916.4 516.1 2307.5 779.5 1574.5 293.7
35.6% 400pl 25*10"5 | 3056.6 834.6 3483.4 800.1 1039.8 200.8
47% 800ul 3*10"7 | 1835.2 125.3 4069.1 590.1 809.1 183.3
103.0% 1200pl | 43*1077 | 2098.6 90.3 2252.1 891.2 810.3 149.3
111% 1600ul | 55*1017 | 2437.5 463.3 3888.5 29.2 948.71 119.9
13.2% control 6*10"3 | 7675.2 935.2 2975.6 1025.6 3020.5 565.4

Figure 2: Solid state fermentation occurring in a circudesc (59 sample/ ul) at
different inoculums concentrations

Parameters necessary to maintain during solid &ateentation is time required for fermentation
necessary for reduction of both total gossypol fied gossypol was at 48hr$aple-6). Inoculum
concentration of. Cerevisiae required for reduction of gossypol levé&$s8300ul depending on the cell
count total gossypol found to be degraded upto 48%free gossypol to 8.37%dble-5). Type of
fermentation required fo6 Cerevisiae for major amount degradation of total gossypol 1835
(mg/kg) and free gossypol 125.3(mg/kg) at 800ulcutom concentration in complete anaerobic
condition were all the respiratory gases are remdmeN, supply Table-4). Percentage of moisture

required for best reduction of gossypol is 47Rake-3).
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Table-5: Degradation/conversion of free gossypol/total gpebwt different inoculums concentrations.

S. Cerevisiae | Total gossypol (mg/kg) Free gossypol(mg/kg)

concentration | Control | S. Cerevisiag % degradation Contrpl S. Cerevisiae dedgradation
200pl 2556.7| 1842.6 72% 1004.4  315.9 31%
400pl 2840.8| 2089.5 73% 1200.2  330.7 27%
800ul 2912.4| 1400.7 49% 1123.3 94.1 8.37%
1200pl 2084.2| 1343.5 64% 1002 174.5 17.4%
1600pl 2178.4) 1005.5 46% 116.9 140.2 12.5%
2000p1 2279.4| 976.7 42% 1123.5 115.3 10.2%

Table-6: Fermentation time required for reduction of totasgypol and free gossypol ByCerevisiae.

Time Total gossypol(mg/kg) €&e gossypol(mg/kg)
Batch-| Batch-II Batch- Batch-II
Control | 400ul | 800ul | Contro| 400ul | 800ul | Contro| 400ul| 800ul| Control | 400ul| 800ul
24hr | 2556.7| 2089.51450.7| 2746.7 | 2718.3 2187.7| 1004 330.7] 94.1| 1041.% 220{2 110.2
48hr | 2556.8| 2820.22459.9| 2746.7 | 3235.5 2542.3| 1004 26.7 | 167.2 1041.% 129{1 150.1
72hr | 2556.7| 1877.81878.9| 2356.1 | 1793.4 1678.5| 1004 383.8| 180.2 10415 2596 173.2

Initial characteristics of CSDOC were found to bighwprotein content of 48.14%, moisture content
13.2%, lignin content 42.3%, fiber content 25%altgossypol ranges between 2000-3000 (mg/kg),
free gossypol ranges between 800-1000 (mg/kg)ndysontent of 0.084% (g lysine/100g protein).
Change in nutritive characteristics in CSDOC seféer &olid state fermentation with Cerevisae
found to beincrease in protein content 65.2%, moisture 46.§%ne 2.34% (g lysine/100g protein)
and decrease in fiber content 17%, lignin 23%,l tgtssypol 597.8 (mg/kg), free gossypol 149.3
(mg/kg). S Cerevisae shows growth on CSDOC by utilising supply of sugarsl0% molasses
medium and other nutrients available on CSDOC.

Mechanism of Change in nutritive parameters isead by action of extracellular enzyme Sf
Cerevisiae degrading cottonseed proteins which act as a salidtrate during fermentation. CSDOC
on fermentation witlS. Cerevisae shows degradation in prote(frigure 3), already available free
gossypol now plays an ideal role by forming a bauitth interaction with degraded proteins i.e FG-
lysine converting gossypol into bounded from, faroxic state to non-toxic stat&Simultaneously

we could observe decrease in fiber content, ligoiment and gossypol content enhancing protein and
lysine content. Analysis of gossypol content betwBe and non-bt varities was performed revealing
less amount of both total gossypol and free godg¥jgure 5) is seen in Bt varities.
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Figure 3: SDS-PAGE analysis of protein fractions of CSDO@é&k Molecular marker; Lane2:
CSDOC,; Lane3: Before SSF CSDOC; Lane 4: CSDOC feteaebyS. Cerevisiae.
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Figure 4: At maximum concentration standard gossypol peaké at retention time of
5.316min at a flow rate of 1ml/min.
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Figure 5: Distribution of Total gossypol (TG) content inféifent Cotton seed samples. Effect of Total gossypo
content in seed varities, which have shown sta#Bl}i significant difference in the means were sild. One
way annova: Between groups (F=38.95; P<0.0Bjistribution of free gossypol in cottonseed vastiEffect of
Total gossypol content in seed varities, which hstvewn statistically significant difference in theans were
selected.One way annova: Between groups (F=38€8&0B).

CONCLUSION

Solid state fermentation of cottonseed deoiled aaikle S Cerevisiae shows reduction of both total
gossypol and free gossypol forms to an extent aithancing protein content and lysine content with
less fiber and lignin content in a cost effectippr@ach giving a high demand with soyabean deoiled
cake serving as an alternate protein rich feeaintry animals.

REFERENCE

1. Berardi,L.C. and L.A.Goldblatt. Gossypol In: (E&.l.liener), Toxic constituent of plant
foodstuff, 2% edition Academic press.1980,183-237.

2. Robinson, P.H., G.Getachew,E.J. De Peters and ®@athoun. Influence of variety and
storage for up to 22 days on nutrient compositioth gossypol level of pima cottonseed
(Gossypium Spp). Animal Feed Sci. Technol. 2001,91(149-156).

3. Conkerton,E.J., Frampton,V.L. Reaction of gossypith free €-amino groups of lysine
in proteinsArch.Biochem.Biophys.1959,81(130-134).

4. Dechary,J.M. The pigments of crude cottonseednitilegen containing pigments derived
from gossypalJ.Am.Oil Chemists Soc.1957,34(597-600).

5. R. chandra shekar, karunkar rao kundle, P. jyotiditanya, N. lakshmi bahavani.
Gossypol analysis in Bt and non-Bt cottonseed etdrdy high performance liquid
chromatography (HPLC)nt.J.herb.medi. 2013,2(53-58).

efefolel J. Chem. Bio. Phy. Sci. Sec. D, May 2015 — July2015; Vol.5, No.3; 3001-3011.



Applications ... Karishns al.

6. Jiaxiaofeng, yaojunhu, liaike. Effect of solid sté¢rmentation on gossypol detoxification
and protein degradation of cottonseed mBadsertation. 2008.

7. Zhong-tausun, Chengliu, jin-huadu. Optimisation @&frmentation medium for
detoxification of free gossypol in cottonseed powhbg geotrichum candidum GO7 in
solid state fermentation with response surface auetlogy annals of microbiology.
Annals of microbiology. 2008,58( 683-690).

8. Bashir sajo mienda, Ahmad Idi, abdulhamid umar.rbtological features of solid state
fermentation and its applicatiorbRes.biotech. 2011,2(21-26).

9. Hongsun, jiang-wutang, xiao-hong yab al. Improvement of nutritional quality of
cottonseed meal by bacillus subtilis and the aoidiof papainJ.Agr.Bio. 2012,12(563-
568).

10. Orhevba bosede adelola, Efomah Andrew Ndudi. Etitnacand characterization of
cottonseed (gossypium) oil.Basic App.Sci. 2012,1(398-402).

11. Jose rodrigues, Oskar faix, Helena Pereira. Detetioin of lignin content of eucalyptus
globules wood using FTIR spectroscopipl zforschung. 1998,52(46-50).

12. Kirsten Brinkmann, Lothar Blaschke, Andrea pollengparition of different methods for
lignin determination as a basis for calibrationnefar infrared related spectroscopy and
implications of lignoproteind.chem.Ecol. 2002,28(2483-2501).

13. T. Kent Kirk, John. R. Obst. Lignin determinatioAgademic press incdMethods in
enzymology. 1988 161(87-101).

14. AOAC official method 962.09. Fiber (crude) in aninfieed and pet food. First action
1962. Final action 1971.Revised first action 1982.

15. Hernandez, M.A. Serrano, M.M Mune al. Liquid chromatographic determination of
total available free and intrachain lysine in vasdoods.J.Chrm.sci. 2001,39(39-43).

16. G. Castillo, M.A. Sanz, M.A. Serranet al. An isocratic high-performance liquid
chromatographic method for determining the avdilgbiysine in foods.J.chrm.sci.
1997,35423-429).

17. K.J. Carpenter. The estimation of available lysmenimal protein foodsBiochem. J.
1960,77(604-610).

18. J.J Warthesen, P.L. Kramer. High pressure liquidmiatographic method for evaluating
free lysine stability in lysine-fortified wheat-lo products.scientific journal series article.
Cereal Chem. 2004,55(481-488).

19. Jan Alexander, Diane Benford, Andrew Cockbweinal. Gossypol as undesirable
substance in animal fee@-SA Journal. 2008,908(1-55).

20. Mahmuod A. Khalf, Samir A. Meleigy. Reduction ok& gossypol levels in cottonseed
meal by microbial treatmeni.Agr.bio. 2008,10(185-190).

21. X. Wang, C.P. Howell, F. Chen, J. Ya al. Gossypol a polyphenolic compound from
cotton plantAdv.food.nutr.res. 2009,58(6).

efoke] J. Chem. Bio. Phy. Sci. Sec. D, May 2015 — July2015; Vol.5, No.3; 3001-3011.



Ap

plications ... Karishns al.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

. M. Carl cate, Carl M. lyman. Effect of bound gosslyjm cottonseed meal on enzymic
degradationlipids. 1970,9(765-769).

Yingfancai, Hongzhang, Yuzerg al. An optimized gossypol high performance liquid
chromatography assay and its applications in etialuaf different gland genotype of
cotton.J.biosci. 2004,29(101).

N.A. Botsoglou. Liquid chromatographic determinatiof unbound and acetone-soluble
bound gossypol in cottonseed meal and mixed fedmgnal of AOCS international.
1992,5(815-823).

AOCS free gossypol;official methods and recommengeaktices of American oil
chemists society; American oil chemists societyai@paign. ILa.1987.

Wen Juzhang, Zirongxu, Shun-hongzheial. Optimization of process parameters for
gossypol levels in cottonseed meal by candida italjd ZD-3 during solid substrate
fermentationToxicon. 2006,48(221-226).

Maurice Raimbault. General and microbiological atp@f solid substrate fermentation.
J.EJB. 1998,1(1-15).

Millard C. Calhoun. Variations in nutrient and ggssl content of whole cottonseed and
cotton seed meaDissertation. 1987, (-37).

Sun Zhong-Tao, Tian lin-mao, Liuchemy al. Bioconversion of apple pomace into a
multienzyme biofeed by two mixed strains of asghkrgjiniger in solid state fermentation.
J.EJB. 2008,12(1-13).

A.l. Atia, G.A. Abdel- Rahim. Detoxification Treatimts of Free Gossypol in Cottonseed
Meal by Microbial Treatment of Mixed Cultures antb&hemical Evaluation on Rabbits.
J. Rad. Res. Appl. <ci. 2009,2(397-415).

Chabanon.G.,I.Chevalot. X.,Framboisier et al. Hijyis of rapeseed protein
isolates:kinetics, characterization and functiopabperties of hydrolysateProcess
biochem. 2007, 42(1419-1428)

Corresponding author: R. Srinivas Reddy:
Department of Bioprocess engineering, K.L. Univgri&reen fields,

Vaddeshwaram, A.P. India

C{oykM J. Chem. Bio. Phy. Sci. Sec. D, May 2015 — July2015; Vol.5, No.3; 3001-3011.



