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PROTEINS : PROTEINS : 
Constituent elements of material structure. 
Coexistence of several species which act on  
physico-chemical properties of solution and films

FATS (FATS (oiloil) :) :
Hydrophobic components. 
Influence on emulsion behaviour of solution and
barrier properties of films  

GOSSYPOL (Free or GOSSYPOL (Free or BoundBound) : ) : 
Highly reactive terpenoïd. Give color. 
Binds to protein and acts as a natural crosslinker.
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REACTIVE LYSINE : REACTIVE LYSINE : 
Lysine with free ε-amino group. 
The most amino-acid involved in crosslinking reactions.

AMINOAMINO--ACIDS : ACIDS : 
Influence of transformation processes on amino-acid profile.

SUGARS : SUGARS : 
Hydrophilic components. Could act as plasticizers or react with
Proteins through Maillard like reaction  

FIBERS (cellulose, FIBERS (cellulose, hemicelluloseshemicelluloses, , ligninlignin) : ) : 

Lower the protein fraction. 
Influence on mechanical properties of films
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CRUDE
PROTEIN
CONTENT

CRUDECRUDE
PROTEINPROTEIN
CONTENTCONTENT

Elementary analysis of nitrogen : internal procedure N° PS0931.
Conversion factor according to De Rham, 1982.
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DETERMINATION OF THE PROTEIN CONTENT DETERMINATION OF THE PROTEIN CONTENT 

TOTAL N2
(% DM)

TOTAL NTOTAL N22
(% DM)(% DM)SAMPLESAMPLESAMPLE PROTEIN

(% DM)
PROTEINPROTEIN
(% DM)(% DM)

x 5.3
(De Rham factor)

Combustion
+ Dry matter

PROTEIN CONTENT OF RAW MATERIALS (dry basis)  PROTEIN CONTENT OF RAW MATERIALS (dry basis)  

* Glandless 
cottonseed 

sample

Cotton seed meal : 28 – 35 % [36 %]*

33 – 46 % [56 %]*

50 – 60 % (from meals)
45 – 56 % (from cakes)

85%

Cotton seed cake :

Protein concentrate :

Freeze-dried Protein isolate : 
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FATS
CONTENT

FATSFATS
CONTENTCONTENT

From Bourély, J.
"COTON ET FIBRES TROPICALES ",1982, Vol 37, fasc.2, 183-195
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DETERMINATION OF FAT CONTENT DETERMINATION OF FAT CONTENT 

DRY
SAMPLE

(W1)

DRYDRY
SAMPLESAMPLE

(W(W11))

DRY 
DEFATED
SAMPLE

(W2)

DRY DRY 
DEFATEDDEFATED
SAMPLESAMPLE

(W(W22))

Soxhlet 
extraction

FATS CONTENT OF RAW MATERIALS (dry basis)  FATS CONTENT OF RAW MATERIALS (dry basis)  

Freeze-dried Protein isolate : 

Hexane
FATS

(% DM)
FATSFATS

(% DM)(% DM)

Weight 
difference
(W1-W2)W1

Cotton seed meal : * Glandless 
cottonseed 

sample

28 – 36 % [38 %]*

4 – 10% [1 %]*

2 – 10% (from meals)
4 – 20% (from cakes)

N 

Cotton seed cake :

Protein concentrate :



French Agricultural French Agricultural ResearchResearch Centre For International Centre For International DevelopmentDevelopment

FREE and TOTAL
GOSSYPOL
CONTENT

FREE and TOTALFREE and TOTAL
GOSSYPOLGOSSYPOL
CONTENTCONTENT

Adaptation of the method of Marquié, C. and Bourély, J.
In  "COTON ET FIBRES TROPICALES " 1991, Vol 46, fasc.1, 33-55
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DETERMINATION OF GOSSYPOL CONTENT DETERMINATION OF GOSSYPOL CONTENT 

FG
aliquot
FGFG

aliquotaliquot
SAMPLE

(PS < 400 µm)
SAMPLESAMPLE

(PS < 400 µm(PS < 400 µm))
HPLC

UV – 236 nm

GOSSYPOL CONTENT OF RAW MATERIALS (dry basis)  GOSSYPOL CONTENT OF RAW MATERIALS (dry basis)  

Cotton seed meal :

Cotton seed cake :

Protein concentrate :

FREE

0.4 – 1.3 %

Neglig.

Neglig.
Neglig.

TOTAL

0.9 – 1.7 %

0.3 – 1.1 %

1.9 – 3.2 % (from meals)
0.2 – 1.5 % (from cakes) 

TG
aliquot
TGTG

aliquotaliquot

EXTRACT°
KINETICS

FREE
Gossypol
FREEFREE

GossypolGossypol
ACN 50%, Tamb

TOTAL
Gossypol
TOTALTOTAL
GossypolGossypolACOH , 100°C
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REACTIVE LYSINE
CONTENT

REACTIVE LYSINEREACTIVE LYSINE
CONTENTCONTENT

Adaptation of the method of Marquié C., Tessier A. M., Aymard C., Guilbert S. 
in J. Agric. Food Chem. 1997, 45, 922-926.
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PROCEDURE OF REACTIVE LYSINE (RL) DETERMINATIONPROCEDURE OF REACTIVE LYSINE (RL) DETERMINATION

SAMPLE 
in NaHCO3

(2) HCl, 8N
(110°C, 18h)

Neutralization
NaOH, 9N

EtOH removal

(1) DNFB/EtOH
(2h, Tamb)

RL
content

RLRL
contentcontent

HPLC analysis
(UV 364 nm)

of 
ε-DNP-Lysine

Conversion
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RL CONTENT OF RAW MATERIALS (dry basis)  RL CONTENT OF RAW MATERIALS (dry basis)  

Cotton seed meal : 0.9 – 1.4 % [1.5%]*

0.7 – 0.9 % [2.14%]*

1.7 – 2.3 % (from meals)
0.8 – 1.4 % (from cakes)

2.7 – 3.2 % 

Cotton seed cake :

Protein concentrate :

Freeze-dried Protein isolate : 

* Glandless 
cottonseed 

sample
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AMINO ACIDS
COMPOSITION
AMINO ACIDSAMINO ACIDS
COMPOSITIONCOMPOSITION

(Internal procedure)
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PROCEDURE OF AMINOPROCEDURE OF AMINO--ACIDS PROFILE ACIDS PROFILE 
DETERMINATIONDETERMINATION

Air 
removal

Nitrogen
injection

SAMPLE

1/ HYDROLYSIS
(60 min, 150°C)

CHCH33SOSO33HH
+

Tryptamine

pH > 9
(NaOH, 4N)

Filtration

PROTEINS FREE AMINO ACIDS
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PROCEDURE OF AMINOPROCEDURE OF AMINO--ACIDS PROFILE ACIDS PROFILE 
DETERMINATIONDETERMINATION

DERIVATIZATION
(70°C, 10 min)
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PROCEDURE OF AMINOPROCEDURE OF AMINO--ACIDS PROFILE DETERMINATIONACIDS PROFILE DETERMINATION

Cyst

Glu
Asp
Arg
Lys
His

Ionisable

Gln, Asn
Thr, Ser

Tyr

H bonds
Leu, Ileu
Ala, Val
Phe, Met
Trp, Gly

Pro

Hydrophobic
interactions

AMINOAMINO--ACIDS COMPOSITION OF RAW MATERIALSACIDS COMPOSITION OF RAW MATERIALS

HPLC 
analysis
(436 nm)

HPLC 
analysis
(436 nm) AMINO ACID

PROFILE Cy
AMINO ACIDAMINO ACID

PROFILEPROFILE

Glu
TyrTrp

sArg

His Lys
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SUGAR
CONTENT

SUGARSUGAR
CONTENTCONTENT

(Internal procedure)
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DETERMINATION OF THE SUGAR CONTENT DETERMINATION OF THE SUGAR CONTENT 

SAMPLE in EtOH 60%

Centrifugation
Filtration

Extraction
(10 min, reflux)

Sugar
content
SugarSugar

contentcontent
HPLC analysis

RI detection

SUGAR COMPOSITION OF RAW MATERIALS (dry basis)SUGAR COMPOSITION OF RAW MATERIALS (dry basis)

Raffinose                                               

6.7 – 8.2

3.4 – 6.4

TOTAL

Saccharose                                               

Stachyose                                               

Glucose 
+Fructose                                              

1.1 – 1.6

1.1 – 1.3

0.2 – 0.4
% DM% DM
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CRUDE 
CELLULOSE
CONTENT

CRUDE CRUDE 
CELLULOSECELLULOSE
CONTENTCONTENT

(NF V 03-040 - 1993)
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DETERMINATION DETERMINATION 
OF CRUDE CELLULOSE CONTENT OF CRUDE CELLULOSE CONTENT 

Insoluble fibre fraction after 
acidic (H2SO4, 0.26M) 

alkaline (KOH, 0.23M) treatments 
enzyme action (amylase)

CELLULOSE CONTENT CELLULOSE CONTENT 
OF RAW MATERIALS (dry basis)OF RAW MATERIALS (dry basis)

14 - 23%14 - 23%

Great influence of 
shells fragments and linters (short cellulosic fibers) 

and grinding/sieving operations
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CONCLUSIONSCONCLUSIONS
Great heterogeneity of raw materials 

with highly variable chemical composition 
depending on :

- Nature and past of starting RM (cakes)
- Fractionation steps (crushing, sieving)
- intermediary processes (Protein conc./isolate)

…with crucial influence 
on final material properties
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