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Nutritional Value of Cottonseeds and It's Derived Products :
Il. Free Gossypol, Available Lysine and In Vitro Protein Digestibility

A. Mujahid, M. Abdullah*, A. R. Barque and A. H. Gilani
Department of Animal Nutrition, University of Agriculture, Faisalabad, Pakistan

ABSTRACT : The study was conducted to evaluate the nutritional value of seeds and various seed fractions of different
varieties of cotton (MNH 147, CIM 240, NIAB 78, FH 87, CIM 109, MNH 93, FH 682, GOHAR 87, SLS I and B 557).
Linter, hull, kernel and meal were obtained from cottonseed by physical and chemical methods. Free gossypol and available
lysine contents of seed and it’s fractions weve determined. /n vifro protein digestibility of cottonseed meal was also
determined. Free gossypol and available lysine contents ranged between 0.22-2.26% and 0.64-1.32% in seed, and 0.03-0.29%
and 1.38-2.36% in meal, respectively. FH 87 was highest both in free gossypol and available lysine content, and NIAB 78
was lowest in free gossypol content and FH 862 was lowest in available lysine content. /n virre protein digestibility of
cottonseed meal ranged between 66.02-79.96%. Statistical analysis revealed significant (p<0.05) varietal differences in free
gossypol, available lyslne and in vitro protein digestibility of cottonseed and derived products. (Asian-Awus. J. Anim. Sci

2000. Vol. 13, No. 3 : 356-359)
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INTRODUCTION

Cottonseed (CS) and it’s derived products have
been attractive protein sources for animal feeds
(Kuiken, 1952) but have limitations due to the
presence  of gossypol, cyclopropene fatty acid and
deficient in lysine (Altschul et al., 1958; Phelps, 1966;
Rojas and Scott, 1969) due to binding of epsilon
aminc group with gossypel during processing
{Anderson and Warnick, 1966; Phelps, 1566;
Waldroup, 1981). Cottonseed meal (CSM) is first
limiting in lysine and further . reduction in lysine
availability . that occurs in nommal commercial
processing additionally impair utilization of cottonseed
meal (CSM) protein (Lyman et al, 1953; Baliga and
Lyman, 1957). The loss of available lysine in CSM, is
partly due to it’s reaction with the pigment gossypol
prescnt in glanded cottonseed (Lyman et al, 1959) but
other compounds are also involved (Martinez et al.,
1967). In cotton plant their exist almost exclusively
discrete bodies called pigment glands in leaves, stem,
roots and seeds (Boatner, 1948) which are source of
gossypol. CS contains both intraglandular and
cxtraglandular pigments, but intraglandular pigments are
more important of these gossypol are most important
as it forms about 35-50% of the total intraglandular
pigments. Concentration of gossypol in CS varies with
the variety, oil content, locality of growth (Schwartze
and Alsberg, 1923; Smitnova, 1936; Cherry et al,
1978), rainfall during the cofton growing season
(Gallup, 1927) and agronomic factors (Pons et al.,
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1950). Malik and Khan (1964) worked on American
varieties and reported that the concentration of
gossypol ranged between 0.75-1.96%. The present:
study was undertaken to determine free gossypol and
available lysine contents of cottonseed and it’s derived
products as influenced by variety and to determine in
vitro protein digestibility of cottonseed meal prepared
from different varieties.

MATERIALS AND METHODS

Certified CS of different varieties (MNH 147, CIM
240, NIAB 78, FH 87, CIM 109, MNH 93, FH 682,
GOHAR 87, SLS T and B 557) were collected from
Directorate of Cotton (Research), Ayub Agrculture
Research  Institute, Faisalabad.  Various  physical
fractions of CS were separated by physical and
chemical methods (AOAC, 1990). Free gossypol
(AOCS, 1972), available lysine (Booth, 1971} ftrue
protein (Munro and Fleck, 1966} and in vitro protein
digestibility (Hsu et al., 1977) were determined. The
data thus collected were subjected to statistical analysis
using analysis of variance technique according to
completely randomized design (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

Free gossypol

Average free gossypol content in seed of different
varieties of cotton was 0.91%. Variable contents of
free gossypol were obtained from seed, highest being
in FH 87 (2.20%) and lowest in NIAB 78 (0.25%).
The free gossypol content ranged between 022 to
2.26% in seeds. Statistical analysis of the data showed
varietal differences (p<0.01). Comparison of means
revealed higher values in FH 87, MNH 93, MNH 147
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and CIM 108.

The findings of present study were in accordance
with prcvious workers who reported  significant
diffcrences in free gossypol content in seeds of
diffcrent cotton varieties (Almashouley and Khan,
1990; Malek and Zandi, 1990; Singh et al, 1991),
while Malik and Khan (1964) reported non-significant
differences due to variety.

Gossypol contents vary with the variety (Taneja et
al., 1993), geographic and species variation as well as
isomeric contents (Percy et al, 1996) and shown
polygenic inheritance (Singh et al, 1991). Seed
gossypol contents are also affected by environmental
conditions (Smimova, 1936; Aras and Hermnandez,
1977). Gossypol glands differed significantly due to
genotype in gland distribution (Mohan et al., 1991)
and number of seed gossypol glands are highly
associated with seed free gossypol contents (Mohan et
al., 1995). Gossypol contribute 838-90% of total CS
phenolic contents (Tchiegang and Bourley, 1990) and
it’s concentration increased with increasing soil zinc
icvels (Kashyap et al, 1988),

Average free gossypol content in  hulls was
0.047%. Considerable variations were found in free
gossypol contents in hulls from different varieties of
cottonseed, highest being in case of MNH 93 and FH
87 (0.068%) and lowest in case of NIAB 78
(0.016%). The free gossypol ranged from 0011-
0.089% in hulls of cottonseced varieties under study.
The statistical analysis of the data showed varetal
diffcrences. The concentration of free gossypol in CS
and CSM influenced the concentration in hull (table 1)
as higher value in seed and meal reflected the same
trend in hull and vice versa.

Table 1. Free gossypol content (%) in seed and it’s
derived products of different cotton varieties (on dry
matter basis)
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frce gossypol in meal was found in FH 87 (0.212%)
and lowest in case of NIAB 78 (0.034%). The free
gossypol contents ranged from 0.026-0.289% in meal
from cottonseed varieties under study. Statistical
analysis of the data showed varietal differences
(p<0.01). FH 87, MNH 147 and MNH 93 differed
among themselves and also had higher levels with
regards to other varieties .

Jonston and Watts (1964) reported that free
gossypol content of commercial graded cottonseed
meal was 0.05%, which was in agreement with the
findings of present study. DBressani et al. (1975)
reported lower free gossypol content (0,017-1.76%) in
American cottonseed meal. Similarly the wvalue for
Yugosiav CSM (Rajic and Kordic, 1976) was also
lower (0.025-0.063%) than the findings of present
study. The difference in free gossypol content might
be due to different environmental conditions (Smirmova,
1936; Arias and Hemandez, 1977), varieties (Taneja et
al., 1993), geographic and species varition (Percy et
al., 1996). The free and total gossypol contents of
Turkish CSM (Tuncer and Yalcin, 1986) were 0.057
and 0.418% in extracted, and 0.069 and 0.565% in
expeller meal, respectively, which was in agreement
with the results of present study. Greek CSM also
showed almost the same trend (0.034-0.128%) of free
gossypol as reported by Papadopoulos and Ziras
(1987). The free gossypol contents of meal from Pars
and Margarin (0.026%) and from Varamin (0.16%)
were in agreement with the findings of the present
study (Malek and zandi, 1990).

Available lysine

Average percentage of available lysine in seed and
its derived products of different varieties of cotton is
presented in table 2,

Table 2. Available lysine content (%) in seed and
it’s derived products of different cotton varieties (on

Varicty Seed Meal Hull

MNH 147  1.63*008° 0.208£0.002° 0.061*0.007°
CIM 240  038%003° 0.041+0004° 0.044 £0.003°
NIAB 78 0252001 0.034+0003° 0.016+0.002°
FH 87 221£0.02° 0.212+0.004° 0.068 *0.004°
CIM 109  1.19%2003% 0.120+0008" 0.046£0.006°
MNH 93  2.04%005" 0.193%£0.026° 0.068*0.005%
FH 682 0.37+0.02° 0.057+0.001% 0.051*0.005%
GOHAR 87 036+0.03 007220004 0.061+0.006™
SLS I 0.32+0.02" 0.052£0.005% 0.028 £0.004*
B 557 036+003 0047%0.005¢ 0030+0.002°
Mean T SEM 0.91+0.10 0.103£0.010 0.047+0.003

Same letters on means in

differences.

Avcrage frec gossypol content in meal of different
varieties of cotton was 0.103%. Highest percentage of

a column show non-significant

dry matter basis)

Variety Seed Meal Hull
MNH 147 09770060 1.79£0.04° 135+0.03"
CIM 240 0.830+£0.029%" 1.67£0.05* 127+0.03™
NIAB 78 0.83210042% 1.72+0.08° 1.31%0.07
FH 87 1.197£0.032° 2073007 152%0.04°
CIM 109 1.107£0.040" 204+0.06 143+0.04®
MNH 93 1.070£0.022° 1.90+0.08° 142+0.05®
FH 682 0.765+0.012% 1.58%0.05 1.11£003°
GOHAR 87 092510032* 1.81+0.13% 1.36+0.09"
SLS I 0.783+0.056" 1.70+007° 1.26+0.05%
B 557 0900+0.035% 1.79+0.11% 1.36+0.08"
Mean:SEM  0.939+0.94 1.81£003  1.3410.02

Same letters on means in a column show non-significant

differences.
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Average content of available lysine in different
varicties of CS was 0.939%. Variations in available
lysinc content in seed of different varieties of cotton
were observed, highest (1.197%) in case of FH 87
and lowest (0.765%) in case of FH 682, The available
lysine ranged between 0.640-1.320% in CS. The
statistical analysis of the data revealed varietal
differences (p<0.01),

Average content of available lysine in kemels of
different varieties of cottonseed was 1.34%. Variable
amount of available lysine was recovered (0.98-1.69%),
highest in casc of FH 87 (1.52%) and lowest in case
of FH 682 (1.11%). Comparison of means revealed no
difference among means of varieties FH 87, CIM 109,
MNH 963, GOHAR 87, B 557 and MNH 147; NIAB
78, CIM 240 and SLS 1 and between SLS 1 and FH
682. Nwokolo et al. (1976) reported 89% lysine
availability in CSM. Tchiegang and Bourely (1990)
reported that chemical reaction between gossypol and
kermel constituents especially lysine, resulted in
decreased  availability and protein quality while
deereasing  gossypol toxicity, Eskin et al. (1995)
developed model system in which time temperature
and level of gossypol used produced a 33-38%
decrease in lysine availability. CSM heated with
gossypol at a ratic of 161 at 90T for 30 min
reduced the available Iysine from 21-22 to 12-14
mmol/100 g protein. A significant (p<0.05) increase
in available lysine was evident in the presence of 0.8
and 1.6x 10" M choline and ethanolamine.

Averagec content of available lysine in meal of
different varieties of cottonseed was 1.81%. Variable
amount of available lysine was recovered in meals
highest in case of FH 87 (2.07%) and lowest in case
of FH 682 (1.58%). The available lysine ranged from
[.38 to 2.36% in meals. The statistical analysis of the
data showed varictal differences (p<0.01). Comparison
of means revealed no differences among FH 87, CIM
109, and MNH 93; MNH 93, GOHAR &7, MNH 147,
B 557, NIAB 78, SLS 1 and CIM 240 and between
CIM 240 and FH 682,

True protein

Average content of true protein in seed, kemel and
meal of different varieties of cotton was 2042, 3021,
and 43.65%, respectively. Variable content of true
protein in seed kernel and meal was observed in
different varieties of cotton, highest in case of FH 87
and lowest in case of FH 682. The true protein in
sced kemel and meal ranged between 13.77-28.06,
22.83-37.57, and 31.96-55.23%, respectively. Statistical

analysis of the data revealed varietial differences
(p<0.05).
in vitro protein digestibility (IVPD)

Average IVPD of meal of different cottonseed
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varieties is presented in table 3. Considerable variation
in IVPD of meal was observed from seeds of different
varieties of cotton, highest being in case of FH 87
(78.15%) and lowest in case of GOHAR 87 (66.78%).
The IVPD of meals ranged from 6602 to 79.96% in
CS. The statistical analysis of the data revealed
varietal differences (p<0.01). Comparison of means
showed higher values in FH 87 and CIM 109 while
no differences among means of varieties SLS 1, MNH
147 and MNH 93 and NIAB 78, among B 557, CIM
240, FH 682 and GOHAR §7.

Table 3. Crude protein, true protein and in vitro
protein digestibility (IVPD) of meal of different
cottonseed varieties (on dry matter basis)

Crude protein True protein IVPD (%) -

Variety (%) (%)

MNH 147 4654+ 1.06 4340%141° 70.54+0.85°
CIM 240  43.73%£1.15° 4148+1.18% 67.14+021e
NIAB 78  44.10+£238° 4091+3.01° 69.31+043°
FH 87 55.65+1.60° 51.37+1.39° 78.15+0.61°
CIM 109 5337145 47.65=1.63° 76.16+097°
MNH 93  5043+1.87" 4585177 69.43+0.51%
FH 682 41975124 3848+090° 66.96+0.30°
GOHAR 87 4643327 4287+361% 6678+023°
SLS I 4333177 4115214 7133105
B 557 46.03+2.69° 433473.09% 67237046
Mean=SEM 47157080 43651079 70301052

Same letters on means in a column show non-significant
differences.

El-Refai et al. (1987) reported that digestibility of
glandless CS flour was slightly higher than that of
casein. Craig and Broderick (1981) reported true
digestibility as 91%, in unheated meal, 84% after 60
min and 71% after 120 min of autoclaving. They also
teported IVPD of solvent extracted and screw pressed
meals to be 80-85% which was slightly higher than
the findings of the present study, while contradictory
results with cottonseed flour were due to extensive
dehulling, low fiber content and heat treatments by
Craig and Broderick (1981), which effected the true
digestibility of protein by reducing free gossypol
toxicity.
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