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ABSTRACT

The results of the present study indicate that glandless cottonseed meal (CSM) can be incorporated in extruded corn
flour snacks at a 10% content level, which increases snack protein content to 12.8% and reduce fat content to 6.2%. To
improve snacks’ nutritional quality, CSM and corn flour were extruded using a simple screw extruder. An expansion
index (EI) ranging of 1.2 - 4.7 was obtained. Penetration force (PF) was 7 - 9 times harder than other extruded products.
High extrusion temperature and high CSM concentrations decreased (p < 0.05) EI, water activity, and water absorption
index. Higher CSM concentrations can be incorporated into extrudates if snacks are processed at higher extrusion
moistures. CSM increased (p < 0.05) extrudates’ PF giving them a unique crunchy texture. CSM decreased (p < 0.05)
extrudates’ water solubility index. Extrusion conditions used showed a 68.5% starch gelatinization, and a starch avail-

ability of more than 97%, which explains the high expansion index obtained.
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1. Introduction

It is generally accepted today that, in order to adequately
feed the world’s rapidly expanding population, increas-
ing amounts of plant proteins should be directly used in
human diets. A feasible option is to use protein obtained
from the cotton plant. Cotton should rank high among
crop production priorities since it provides fiber, a re-
newable resource for garment manufacturing, as well as
edible oil and protein for human consumption and animal
feed [1]. However, it contains gossypol, a natural phenol-
lic aldehyde that permeates cells and acts as an inhibitor
for several dehydrogenase enzymes [2], it can cause ne-
gative effects on growth and reproductive performance,
and it can also result in intestinal and internal organ ab-
normalities [3-5]. Glandless cottonseed flour could po-
tentially be used as raw material for the production of
texturized protein products. This is achieved by geneti-
cally eliminating the toxic compound gossypol from the
cottonseed [6]. Cottonseed meal (CSM) is obtained by
grinding the flakes once most of the cottonseed oil has
been removed.
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Hominy is obtained through a process called nixtama-
lization, which is a traditional alkali treatment in which
corn is precooked with Ca(OH),, conditioned for 6 - 18 h,
and ground to produce corn flour (Gomez et al., 1991).
Tortilla and other corn products are made from corn flour
[7-10]. During nixtamalization, partial starch gelatiniza-
tion and retrogradation take place, while starch birefrin-
gence decreases [8-12]. Nixtamalization increases Lys/Iso
ratio, Ca content, and protein digestibility and decreases
aflatoxin contamination [13-17].

Extrusion is inexpensive, productive and requires low
levels of energy [18]. Snacks can be extruded products
[17]. Because starch gelatinization provides texture and
structure to the end-product [19,20], it is possible to pro-
duce extrudates from pure starch or high starch content
cereals. Because of cottonseed meal’s relatively high pro-
tein and fat content and its low starch content, extrusion
of cottonseed meal is complicated. Other results show
that high protein legumes can be extruded, obtaining an
expansion index ranging between 1.5 and 2 at 18% of
moisture [21]. Expansion, in general, increases with
higher extrusion moisture, pressure and temperature [22].
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Although the use of corn flour and bean flour showed
that expansion index, apparent density, water solubility
index, water absorption index and initial viscosity were
significantly (p < 0.05) higher when bean-corn flour was
extruded at high temperature and low moisture conditions,
the best extrusion conditions were obtained at 190°C and
14.5% moisture [17]. Bulk density can be increased by
decreasing moisture content, barrel temperature and screw
speed. The expansion and texture of extrudates is more
complex for products made with more than one compo-
nent [17,23-25]. The multiphase structure affects the elas-
tic properties of extrudates. Expansion is reduced at con-
centrations of 50% of each component. It has been dem-
onstrated that plant protein can be combined with corn
flour protein as a complement to obtain highly valuable
protein flour, and that extrusion is an alternative proces-
sing method for obtaining extruded products with high
protein content for human or animal consumption [23-
25]. Extruded snacks are quite popular [26]. An extruded
snack made of cottonseed meal-corn flour may increase
its nutritional value. The aim of this study was to evalu-
ate the effect of extrusion temperature, screw speed, cot-
tonseed meal and moisture content on the functional pro-
perties of a snack made from glandless cottonseed meal.

2. Materials and Methods
2.1. Cottonseed Meal (CSM) and Corn Flour (M)

According to the experimental design, a set of 27 treat-
ments was elaborated with 1.5% of chili flour, 0.5% of
salt and different cottonseed meal/corn flour (CSM/M)
proportions (5/93, 10/88, 1583, 20/78 and 25/73). The
ingredients used were: glandless cottonseed meal (CSM)
(#2812-1, provided by Cotton Incorporated™), white corn
flour (M) (Maseca®), green chili flour (Capsicum an-
nuum) and salt (Shur fine Todized salt™). All ingredients
were milled to less than 2 mm diameter.

2.2. Chemical Composition

Proximate chemical compositions of the optimal treat-
ment as well as two commercial corn-based snacks were
determined in triplicate according to AOAC methods [27].

Crude fiber was measured by acid-alkaline digestion [28].

Nitrogen free extract (NFE) was calculated as the per-
centage difference of the sum of protein, fiber, fat and
ash content.

2.3. Mycotoxins Analysis

Aflatoxins B1, B2, G1 and G2A were analyzed in corn
flour and cottonseed meal following Xinlei’s method
[29].
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2.4. Starch Analyses

Starch gelatinization, total starch and available starch
were measured according to AOAC Method 979.10 [27].

2.5. Extrusion

Treatments were conducted as follows: a Brabender labo-
ratory simple-screw extruder (Model 2003, C. W., Dis-
burg, Germany) was used with the following characteris-
tics: three heating zones (100, 110°C for the first and se-
cond zone respectively, and the third one was adjusted
according to the experimental design), screw compres-
sion force 3:1, longitude/diameter ratio (L/D) 20:1, screw
diameter of 19 mm and an exit die with a 3 mm internal
diameter.

Before extrusion, a formulate mixture was prepared
and humidity content was adjusted from 12% to 20%
following the experimental design. Screw speed and tem-
perature in the third extrusion zone were varied as shown
in Table 1. Desired moisture level was adjusted by sp-
raying distilled water onto the mix of ingredients, which
was then hand mixed for 15 min and conditioned for 12 h
in closed plastic containers at 4°C. Three separate extru-
sion runs were carried out for each sample. The extruded
samples were dried in a convection oven at 80°C for 1 h,
chilled at room temperature for 1 h, and stored in sealed
polyurethane bags at 4°C for later analysis.

2.6. Experimental Design and Data Analysis

A central composite design with four independent vari-
ables was performed. The independent variables consid-
ered were temperature at the exit of the die (X}), screw
speed (X3), moisture content (X3;), and CSM content (X;)
(Table 1). The response variables were expansion index
(EI), water activity (WA), penetration force (PF), water
absorption index (WAI), water solubility index (WSI),
and bulk density (BD). The design was developed and
analyzed using commercial software (Design-Expert
7.0.0%, State-Ease Inc., Minneapolis, MN, U.S.A.). Re-
sults were analyzed by multiple quadratic regressions
(Equation (1)). Experimental data was adjusted to se-
lected models and regression coefficients were obtained.

Table 1. Coded levels of four independent variables.

Variation Levels

Factor
—a -1 0 +1 +a
Temperature (°C) 105 120 135 150 165
Screw speed (RPM) 90 120 150 180 210
Moisture (%) 12 14 16 18 20
CSM content (%) 5 10 15 20 25
(a=2).
FNS
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Statistical significances of the regressions terms were exa-
mined by variance analyzes (ANOVA) for each response.

y=B,+BX +B,X,+ BX,
+B,X,+ B, X[+ B,X;
+ B33X32 + B44X§ +BIZX1X2 (1)
+ B X X, + B, X, X, + B X,X,
+ BZ4X2X4 + B34X3X4

2.7. Process Optimization

Numerical optimization was performed for response va-
riables (WAI, WSI, WA, PF, BD and EI), as well as sur-
face superposition for each treatment. Commercial snacks
were used to determine the intervals for EI (1.40 to 1.81),
BD (258 - 671 kg/m®), WAI (4.17 to 4.39 g/g), WSI
(8.14% to 11.45%), WA (0.09 to 0.15) and PF (18.01 to
20.17 N) in the surface superposition.

2.8. Expansion Index (EI) and Bulk Density (BD)

EI was measured by dividing the diameter of the ex-
truded product by the diameter of the socket opening in
the extrusion exit [30]. BD was determined as described
above [31]. Diameter (d) and longitude (/) were meas-
ured for 10 randomly selected samples. Three diameter
measurements were taken from each sample and the av-
erage value was calculated. Then each extrudate was
weighed (Pm) to calculate density by using Equation (2)
(the results were expressed in Kg/m®):

Pm
2
n(dj /
2

2.9. Penetration Force (PF)

Density = (2)

This is a textural variable evaluated using a texture pro-
file analysis with the TA-XT2j (Texture Technologies
Corp., Scarsdale, NY/Stable MicroSystems, Haslemere,
Surrey, UK). Penetration force was measured by shearing
20 samples from each trial using a Warner Brazler blade
probe with a sensitivity of 1 kg/force and 2 cm-min™'
[17].

2.10. Water Activity (WA)

WA was measured using an AQUALAB 4 TE (Decagon
Devices). Each sample was measured by duplicate with
an accuracy of =0.003.

2.11. Water Absorption Index (WAI) and Water
Solubility Index (WSI)

The water absorption index (WAI) and water solubility
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index WSI) were determined as outlined before [32].

3. Results and Discussion
3.1. Chemical Composition

Fat, protein, fiber, ash, and nitrogen free extract (NFE) of
CSM, CSM/corn flour extrudate and commercial snacks
are summarized in Table 2. Fat and protein content in
CSM is higher than in legumes or corn used for extrusion
by other authors [23,24], while the NFE is lower. Low
NFE concentrations limit significantly the amount of
CSM used for extrusion. Protein and starch content in
CSM/corn flour extrudate is higher, while fat is lower
than commercial extrudates. Our results are consistent
with other studies where a higher protein content was
shown when using composite flours and/or agro-indus-
trial residues for extrusion than when only corn is used
[33-35]. Mixing CSM and corn flour can significantly (p
< 0.05) increase dietary protein and lower fat content in
snacks as shown in this work and other findings, whereas
composite flours can improve the nutritional value of
food [36-39].

3.2. Expansion Index (EI)

Moisture content increased (p < 0.05) EI. The interaction
with higher screw speed and higher CSM concentrations
also resulted in a higher EI (Table 3). These results agree
with findings in soybean flour and high starch content
extrudates [40,41]. High moisture content increases pres-
sure in the extruder, causing the product to expand at the
die, due largely to flashing water vapor caused by abrupt
pressure changes [42-45]. High extrusion temperature
and high temperatures combined with high screw speed
reduced (p < 0.05) EI of extrudates, in contrast to other
studies [46], where extrusion of bean flour alone had a
lower EI at 140°C than at 180°C. At high temperatures,
starch may dextrinize reducing EI, especially with low
starch content mixtures [47-51].

The results also showed that an increase on CSM de-
creases (p < 0.05) EI, unless moisture content is in-
creased. Lowest EI obtained when CSM content is in-
creased may be due to differences in internal structures
of extrudates. It has been demonstrated that there exists a
structural relationship between protein and starch trac-
tions in extrudates. CSM extrudates are composed of a
protein matrix with different uniformity, in addition to
insoluble carbohydrates which are dispersed. Extrudates
with high protein content have small cells with wrinkled
walls [52,53]. This explains why our CSM extrudates are
crunchy, while other extruded products are smooth and
have continuous structures. Crunchiness in CSM extru-
dates is the result of differences in internal extrudate
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Table 2. Chemical composition of commercial snacks and 10% cottonseed meal/corn flour extrudates (g/100g DM).
Sample Crude Fat Crude Protein Crude Fiber Ash NFE Mycotoxins”

Corn Flour - - - - - n.d

CSM 12.6 55.3 1.0 7.83 8.2! n.d
Extrudates 6.2 12.8 1.7 2.23 77.07 -
Commercial Snack-1 26.4 7.2 2.7 4.61 59.09 -
Commercial Snack -2 32.0 6.4 1.5 2.75 57.35 -

NFE = Nitrogen free extract; 'determined as non-fiber carbohydrate; - = not determined; n.d. = not detected; Aflatoxin B1, B2, G1, G2 (ppb), vomitoxin (ppm),

3-Acetyl.

Table 3. Regression coefficients models (coded factors) of extruded diets.

Coefficients

Response Intercept Lineal Quadratics Interactions R’
bo X X, X; X, X! X: X; X XX XX XX XX XBX XX
EI 281" -031" 0.022 037" -0.78" -0.084 0.1 -0.19 0013 -03" 0.053 0.015 031" 0.006 027 0.75
PF 3483 188 39" 681" 634" 40" 226 269 -095 514" 097 -39 -346 -081 -6.84" 0.62
BD  456.63" 40.75 2354 -184.9" 198.1" —27.61 —60.41 5036 30.92 9537 -3.82 4834 -81.43" —20.6 —112.8" 0.73
WA 024" -0.03" -0.021" 0.029° -0.03" -0.02" —9.6E-4 —0.006 5.0E-5 0.023 -0.034" 0.006 —0.012 0.019 —0.003 0.57
WAI 456" 0.048 0057 052" -0.54" 0.13 0.2 -0.026 -0.047 -0.17 0.037 025" 026" 0.025 025 0.78
WSI 1408 -1.19° -028 085 -1.05" 0.17 105 -069 -029 -1.64" —0.094 0.13 125" -0.12 182" 0.59

X = Temperature; X, = Screw speed; X3 = Moisture content; X, = Cottonseed meal content. “indicate significant difference (p < 0.05). EI = Expansion index, PF
= Penetration force, BD = Bulk density, WA = Water activity, WAI = Water activity index, WSI = Water solubility index.

structure [17]. CSM has high protein content (Table 2),
which results in low EI. We have shown in earlier works
that extrusion of high protein composite flours of bean-
corn flour can be successfully achieved with EI ranging
from 1.6 - 1.8 [17]. Results for this test show an EI rang-
ing from 1.2 - 4.7 (Table 4). Samples with only 5% CSM
have the highest EI. Other results show extruded CSM
with EI ranging from 1.1 - 1.5 [40,54]. Other authors also
obtained similar EI with corn or wheat flour comple-
mented with bean proteins or soybean flour, respectively
[53,54]. Changes in extrudate functional properties such
as EI are due to structural starch transformations [55-57].

3.3. Penetration Force (PF)

PF or hardness was affected (p < 0.05) by extrusion
moisture and CSM concentration (Table 3). Snacks ex-
truded at higher moisture content were softer (p < 0.05)
than snacks extruded at lower moisture. Other authors
also found an effect of moisture on texture properties of
soybean and wheat flour blends [58]. Extrudates with
high CSM concentrations were harder than extrudates
with small amounts of CSM. Hardness increased (p <
0.05) when temperature and screw speed increased, yet it
decreased when CSM concentration and moisture were
simultaneously increased while holding all other vari-
ables constant. Compared to bean/corn flour extrudates
[17], CSM/corn flour extrudates are 7 - 9 times harder

Copyright © 2012 SciRes.

(Table 4). PF represents physical and chemical proper-
ties of the extrudate. It is strongly related to raw material
makeup such as starch content and extrusion parameters,
including temperature and moisture [59].

3.4. Bulk Density (BD)

BD for extruded treatments is directly related to expan-
sion occurring during extrusion [60]. In addition, it is
generally affected by particle size and it plays a decisive
role in package design and product handling [61]. In
keeping with other findings [60,62], BD was not in-
fluenced (p < 0.05) by temperature (Table 3). BD de-
creased (p < 0.05) with increasing moisture content while
it increased with higher CSM content and when tem-
perature and screw speed were increased simultaneously.
Increasing either screw speed and moisture or moisture
and CSM concentration at the same time resulted in
lower (p < 0.05) BD values. A lower BD indicates a bet-
ter extrudate structure and a higher EI [53]. The obtained
bulk density is comparable to the obtained by other au-
thors in bean/corn flour extrudates [17]. Protein-enriched
extrudates have a BD of up to 600 Kg/m’ [53]. Never-
theless, some extruded CSM/corn flour samples in this
study had higher values (Table 4), indicating a rougher
structure of extrudates and hence, a crunchier product.
Other authors have also reported that protein type and
concentration influence EI and BD [63]. A BD decrease
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Table 4. Functional and physical properties of CSM-masa extrudates produces at different extrusion temperature, screw
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speed, moisture and CSM content.

T/rpm/EM CSM (%) EI PF (N) BD (kg/m®) Water activity WAI (g/g) WSI (%)
135/150/16 5 4.64 £ 0.365* 16.45 +5.201 95.12 +24.069 0.34+0.024 5.67+0.671 15.34£2.163
150/120/18 10 3.29+0.284 18.64 +£4.422 170.63 +£27.233 0.15+0.020 5.18+£0.014 15.74 +£3.911
150/180/14 10 1.23 +£0.027 45.44 +£20.785 972.50 + 37.849 0.10+0.013 3.55+0.084 9.43 £2.441
120/180/18 10 4.09 +0.259 12.42+4.192 131.32 £ 19.949 0.19+0.010 5.85+0.149 17.90 £ 0.362
120/120/18 10 2.56+£0.106 52.85 + 33.406 399.80 + 50.861 0.46 +0.033 5.25+0.486 10.43 +£2.932
150/180/18 10 3.81+0.324 16.17 £ 5.066 136.25 +28.379 021+ 0.022 5.58 +£0.276 13.87 £1.931
150/120/14 10 3.96+0.274 20.76 + 8.163 124.59 +£22.298 0.28 +0.002 5.51+0.232 15.71 +£1.382
120/120/14 10 3.85+0.173 18.02 + 6.984 151.82 +£17.367 0.20 +0.029 5.15+0.084 19.22 £1.776
120/180/14 10 4.12+0.227 12.05+£3.325 124.88 £ 19.277 0.18 +£0.033 5.58+0.222 19.77 £2.758
135/150/16 15 1.22 £0.029 64.89 +22.438 1044.84 + 44.042 0.11 +0.007 3.29+0.194 8.23 £0.555
105/150/16 15 3.26+0.122 16.93 +7.521 196.95 +15.273 0.18 +£0.008 4.81+0.043 16.23 £2.353
165/150/16 15 1.78 £ 0.518 19.86 +10.443 476.54 +£255.512 0.11+£0.014 5.39+0.032 13.58 £ 1.525
135/150/20 15 2.96+0.116 29.82 +8.592 257.99 + 18.863 0.27 +£0.035 5.57+0.276 12.39 +1.599
135/210/16 15 3.57+0.262 17.29 + 6.644 170.13 £29.056 0.23 +£0.026 5.57+0.392 17.30 +2.077
135/90/16 15 2.94+0.188 33.47 +14.087 240.97 +39.647 0.23+0.010 4.56 +0.053 19.53 +£0.809
135/150/16 15 3.57+0.160 19.99 +£5.910 167.84 £21.262 0.34 £ 0.020 5.10 +0.090 16.42 +0.259
135/150/16 15 3.63 +0.295 19.60 + 7.800 157.22 + 33.467 0.25+0.048 5.27+0.071 17.59 +0.689
135/150/12 15 1.23+£0.032 60.54 = 19.743 1039.29 +28.216 0.15+0.027 3.38+0.079 10.57 +0.835
150/120/14 20 1.49 £0.073 38.90 £ 16.620 667.89 + 65.740 0.14 +0.007 4.17 £ 0.064 12.73 £0.161
120/180/18 20 3.19+0.259 19.43 +£10.542 202.74 £41.501 0.23+0.019 4.92+0.237 22.62 +1.528
150/180/14 20 1.15+0.026 33.52+12.613 892.61 +35.893 0.22+£0.015 3.48 +0.090 9.58 £0.735
120/180/14 20 1.24 £ 0.022 55.02 +20.530 1049.98 + 26.036 0.14+0.019 3.07 +0.030 8.54 +£0.545
120/120/18 20 2.92+0.203 28.51+£15.218 276.00 £51.918 0.33 £0.006 4.74 £0.055 16.40 +0.174
150/120/18 20 2.05+0.349 25.74 £9.387 401.91 +95.653 0.18 +£0.008 4.88+0.019 14.14 £ 1.652
150/180/18 20 1.82+0.385 19.39 £ 8.296 479.94 + 198.248 0.15+0.014 5.42+0.373 11.28 +£3.527
120/120/14 20 1.25+0.019 71.34 +21.905 1090.95 + 35.787 0.18 +£0.042 3.22+0.016 10.74 + 1.006
135/150/16 25 1.17+0.015 44.76 14.982 1046.64 + 35.540 0.13 +£0.045 3.11+0.052 10.78 £ 1.273

T = Temperature ("C); rpm = screw speed (rpm); EM = extrusion moisture (%); "SD of the mean.

(p < 0.05) at low CSM concentrations occurs as a result
of higher starch content in these products (greater ex-
pansion, less density).

3.5. Water Activity (WA)

WA determines shelf life of a product on the basis of
chemical, biochemical, microbiological and physical
changes [64]. Table 3 shows WA regression analysis.
Temperature, screw speed, moisture content, and CSM
concentration have an effect (p < 0.05) on extrudate WA.
An increase on extrusion temperature, screw speed or
CSM concentration results in a decrease (p < 0.05) on
WA of extrudates. Extrusion at higher moisture content

Copyright © 2012 SciRes.

also increases (p < 0.05) extrudate WA unless extrusion
moisture and temperature are increased simultaneously.
High temperature and screw speed, which increase deg-
radation of mechanical energy into thermal energy, in-
crease water evaporation and reduce WA. According to
the results, CSM restricts water availability. A similar ef-
fect has been observed in soy protein and soluble protein
[65,66]. WA is below 0.4 in all extrudates (Table 4),
which represents a microbiologically stable product [64].
WA for aquaculture extruded feed is between 0.58 and
0.44 [67]. The lower WA finding confirms that CSM
decreases WA in the product due to high protein content,
as explained above.
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3.6. Water Absorption Index (WAI) and Water
Solubility Index (WSI)

Water absorption index (WAI) was not affected (p > 0.05)
either by temperature or screw speed (Table 3). This
finding is consistent with other researches [17]. WAI was
affected (p < 0.05) by moisture and CSM content. High
CSM concentrations decreased WAI. The resulting val-
ues are consistent with other findings where bean protein
shows a negative effect on WAI [53], although these
same authors report an increase in WAI by adding high
protein bean fractions to extrudates. Other authors report
no effect of bean protein on WAI [17]. These contradict-
ing results are due to differences between bean protein
and CSM protein. Other authors [46,68,69], also found
that moisture had an effect (p < 0.05) on WAI for just
bean flour. WAI is between 3.0 and 6.0 (Table 4). Val-
ues in this study are higher than those reported by other
authors [17,70]. High WAL indicates good water-holding
capacity [62,60]. WAL is first and foremost linked to the
amount of water absorbed by starch granules after swal-
low in water excess, and it can be used as a gelatinization
grade index [70-72]. Second, WALI is related to the mix-
ture’s protein hydrophilic balance which changes accord-
ing to the denaturalization grade of the aforementioned,
where the extrusion process changes solubility profiles
[73]. Increasing moisture content results in higher WAI
due to an increase in water availability for starch gran-
ules [60]. In addition, amylose and amylopectin chains
form at high temperature an expandable matrix that tran-
slates into a higher water retention capacity [60,61]. A
high fiber and protein content in CSM creates a more
compact structure, thus restricting water retention capac-
ity within the matrix [61].

Water solubility index (WSI) decreased (p < 0.05)
with increasing extrusion temperature and CSM content
(Table 3), yet it increased (p < 0.05) when either screw
speed and moisture content or moisture and CSM content
increased simultaneously. WSI is directly related to lev-
els of starch degradation occurring inside the extruder
[18]. Results indicate that starch depolymerization did
not take place at high temperatures in keeping with pre-
vious results [17]. This because, at high temperatures,
protein denaturalization contributes to exposing hydro-
phobic groups located within the protein structure, which
in turn results in solubility reduction [74-76]. High pro-
tein extrudates have a lower WSI than corn extrudates
[46,53,68]. CSM proteins can interact with starch through
crossed bonds formation [77,78], thus reducing product
solubility. WSI values ranged from 8.23 to 19.77, and are
consistent with those reported by other authors [17,72].
Other authors found that high protein extrudates have a
lower WSI than corn extrudates [46,53,68].
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3.7. Mycotoxins

Aflatoxins (B1, B2, G1 and G2 are the most common)
are produced as metabolites by Aspergillus Flavus, and
Aspergillus Parasiticus, which are found in nature all
over the world. Aflatoxin B1 is the most toxic followed
by G1. Toxicity for B2 and G2 is relatively weak [29].
Due to high toxicity and carcinogenicity to human and
animals, the European Commission has set maximum
levels for aflatoxin B1 at 2.0 to 8.0 pg/kg and for the
total sum of all four aflatoxins (B1, B2, G1 and G2) at
4.0 to 15.0 pg/kg for crops such as nuts, grains and dried
fruits [79]. The action level was set by US FDA at 20 to
300 pg/kg for human food and animal feed, respectively
[80]. Table 2 shows the results of aflatoxins analyses,
which indicate the safety of the product.

3.8. Starch Analyses

The results indicate that CSM/corn flour extrudates (Fig-
ure 1) have starch concentrations similar to taro, corn
flour, bean/corn flour and corn extrudates [25,72]. EI in-
creases as gelatinization in extrudates increases [81]. The
extrusion conditions used showed good starch gelatiniza-
tion (68.5%), which explains the high EI obtained (Table
4). High gelatinization was reached because corn flour
was pre-gelatinized during the nixtamal process and be-
cause the loss of crystalline order in the starch granule
[26,81]. Although 30% of the starch is not gelatinized,
97.5% of the starch is available after extrusion (Figure
1). This shows that while not all starch is gelatinized,
changes in the native structure of the starch granules take
place during extrusion and result in starch availability.
With gelatinization and starch availability, speed and ef-
ficiency at which enzymes and microbes can break down
starch bonds to release energy are increased, thus obtain-
ing microbial protein from the irreversible destruction of

-
IN]
=]

=
o
S

®
(=]

40 1

20
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Figure 1. Total starch content, available starch and gelati-
nized starch of CSM/masa extruded snacks. T indicate SD
of the mean.
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the starch granules’ crystalline order and making the sur-
face of every molecule accessible to solvents or reactants
[82].

3.9. Optimization

Numerical optimization was performed by superimpos-
ing different surface responses (establishing to maximize
EI, WAI, and WSI; and minimize BD, PF and WA) for
each one of the evaluated treatments. The optimal condi-
tions were at a temperature of 120°C, screw speed of
179.9 RPM, cottonseed meal content of 10.0 % and moi-
sture content of 16.8% with an EI of 4.36, BD of 12.72
Kg/m®, WAI of 5.88 g/g, WSI of 18.89 %, PF of 10.59 N
and a WAI of 0.23.

4. Conclusion

Extruded snacks were prepared containing 10% of cotton
seed meal. They are nutritionally superior than commer-
cial snacks, with 88% more protein content and less fat
content. No mycotoxins were detected in the main in-
gredients. Availability of starch was high (97.5%). Mixing
CSM and corn flour can significantly (p < 0.05) increase
dietary protein and lower fat content. Glandless cotton-
seed meal, an agro-industrial byproduct was used to deve-
lop an affordable snack. CSM extrudates are unique in that
their protein matrix allows for a harder and crunchier pro-
duct with lower water activity compared to other extruded
snacks. Nevertheless, low levels of non-fiber carbohydra-
te in cotton seed meal limit the amount of CSM that can be
used for extrudate production. Optimal conditions for ex-
trusion were: temperature of 120°C, screw speed of 179.9
rpm, cottonseed meal content of 10 % and moisture con-
tent of 16.8%. Glandless cottonseed meal can be a viable
option for human and animal consumption. This not only
in terms of nutritional value, but also in terms of extrudate
production costs, since it possible to use both low tempe-
ratures and moisture contents. This research was con-
ducted in close cooperation with the private sector in order
to develop a product with a direct industrial application
and commercial value.
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