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The effect of soaking time, germination time and temperature on the nutrient
content, oligosaccharides and trypsin inhibitor activity in cowpea was evaluated
by response surface methodology. All the three processing variables affected
nutrient content, oligosaccharides and trypsin inhibitor activity. Optimization
was based on conditions that maximized reduction in oligosaccharides and tryp-
sin inhibitor activity and minimized total solids losses. Optimum conditions for
germination of cowpea were: soaking time=8 h, germination time=52 h and
germination temperature =25°C and under these conditions the predicted values
using a polynominal equation for total solids loss, protein, fat and ash contents
were 7.71, 23.30, 1.48 and 2.29 (% dry basis), respectively. The trypsin inhibitor
level was 4.28 mg/g dry solids. The values for raffinose, stachyose and sucrose
were 0.90, 1.96 and 3.61 (% dry basis), respectively. Good agreement was found
between experimental values obtained at optimum process conditions and pre-

dicted values. Copyright © 1996 Elsevier Science Ltd

INTRODUCTION

Cowpeas (Vigna unguiculata) are important in world
agriculture with more than 12 million acres produced
annually (Fery, 1981). Widely grown in Africa, India
and Brazil, cowpeas constitute an important source of
protein and carbohydrate for populations of these
countries and contain 23-30% and 56-68% of these
nutrients, respectively (Bressani, 1985). Although cow-
pea seeds are typically consumed as a boiled vegetable-
alone or in combination dishes (Dovlo et al., 1976),
considerable interest has developed in expanding usage
of cowpeas in other forms as a low cost, high quality
protein supplement and to impart desirable functional
properties in products such as baby food, bread, flour,
paste and extruded products. ‘

Despite the nutritional potential of cowpeas as an
economic source of significant amounts of proteins,
calories and some B-vitamins, the utilization of this
legume has been limited, due to the presence of certain
anti-nutritional factors and undigestible substances
(Iyer et al., 1980). Among the former are trypsin inhi-
bitors which reduce nutritional quality of the protein.
The latter are the flatulence-producing oligosaccharides,
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namely, raffinose, stachyose and verbascose (Reddy et
al., 1980) which due to the absence of a-galactosidase in
humans, are fermented anaerobically by micro-organ-
isms to produce carbon dioxide, hydrogen and methane.

Attempts to increase the utilization of legumes have
employed a wide range of processing techniques such as
germination (East er al., 1972; Hsu et al., 1980; Jood
et al., 1985), cooking (Iyer et al., 1980) and microbial
a-galactosidase treatment (Thananunkul et al., 1976).
Of these techniques, the germination process has been
studied the most. Germination is also an appropriate
low cost, low technology processing option for house-
hold level processing in lesser developed countries.

The effect of germination on the nutritive value of
grain has been reported by several workers (El-Hag et
al., 1978; Price, 1988). During sprouting of dry beans,
the storage materials are converted into other forms
more usable to both plants and humans. Germination
may improve the nutritive value of legumes by inducing
the formation of enzymes, including a-galactosidase
which eliminates or reduces the anti-nutritional factors
(Azhar et al., 1972). Mostafa et al. (1987) and Ologhobo
and Fetuga (1984) reported that germination reduced
trypsin inhibitor activity by 32—41%. Germination can
also reduce the amounts of oligosaccharides in legumes.
Jood et al. (1985) reported that germination for 24 h
led to considerable reductions in oligosaccharides in
legumes, i.e., 17-70% (raffinose), 35-75% (stachyose)
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and 66-91% (verbascose), respectively. East et al. (1972)
found that raffinose in soybeans disappeared after 96 h
of germination and stachyose disappeared after 144 h of
germination. Nnanna & Phillips (1988) reported that
germination temperature had an effect on oligosacch-
arides. The reduction in oligosaccharides was greater at
higher temperatures than at lower temperatures. It has
been reported that germination of faba beans improves
solubility of proteins, water absorption, emulsification
capacity and foaming properties (Kumar & Venka-
tasgmun, 1978). Germinated meal from pea had a better
appearance and taste when compared with the raw
material and, can be utilized as a nutritional and func-
tional ingredient in food products (Jeffers et al., 1978).
However, germination also initiates metabolic processes
and rootlet development, which may produce undesir-
able compositional changes.

There is a lack of information on the interactive
effects of soaking time, germination time and tempera-
ture on the nutrients and anti-nutritional factors and
germination conditions which maximize the reduction
of oligosaccharides and anti-nutritional factors while
retaining desired nutritional content. Therefore, the aim
in this study was to investigate the combined effect of
soaking, germination time and temperature on nutrients
and anti-nutritional factors and to determine optimum
germination conditions for cowpea using response
surface methodology (RSM). Optimization of the
germination process will allow the maximum nutri-
tional benefit to be gained from this simple, low cost
technology.

MATERIALS AND METHODS
Materials

Cowpeas (California blackeyes) were obtained from the
local health food store. The moisture content was
8.08% dry basis.

Experimental design

Response surface methodology (RSM), defined by
Giovanni, 1983 as a statistical method that uses quanti-
tative data from appropriate experimental designs to
determine and simultaneously solve multivariate equa-
tions, was used to examine factors affecting cowpea
germination.

The germination process was assumed to be a system
affected by three independent variables, also called
factors, Z; (in this study, soaking time, germination time
and temperature), which were controlled and measured.
It was assumed that the dependent variables, also
referred to as responses, Y (in this study, solids loss,
protein, fat and ash content and anti-nutritional
factors), defined the system and they were experimen-
tally determined. Furthermore, a mathematical func-
tion, f, was assumed to describe the relationship
between responses, Y, and factors, Z;,

Y=/12,,2,,25) (1)

Due to the unknown and/or complex form of the
function, f, a second degree polynomial equation was
assumed to approximate the true function

3 3 2 3
Y=bo+ D biXi+ > bidi+d > biXiX; (2)
i=1 i=1

i=1 j=it]

where b, b;, b;;, and b;; are constant coefficients and Xis
are the coded independent variables linearly related to
Z;. The coding of Z; into X; was given by the following
equation:

X;=2(Zi- Z)/d; (3)

where Z; is the actual value in original units; Z; is the
mean of high and low levels of Z; and 4| is the difference
(spacing) between the low and high level on the variable
Z,. After coding, the experimental region extends from
—1.682 to 1.682 in terms of X; (Myers, 1971). The levels
of the variables in coded (X;) and uncoded (Z;) form are
given in Table 1. The experimental design consisting of
three-variables at five-levels with 23 runs is shown in
Table 2.

Germination procedure

Cowpea seeds were washed with tap water and then
soaked in tap water at room temperature for different
times (Table 1). Soaked seeds were then spread in a
layer on moist paper and placed in plastic trays, which
were then incubated at different temperatures for dif-
ferent periods (Table 1). The seeds were washed twice a
day with tap water during germination. The germinated
seeds were removed and then freeze-dried. The freeze-
dried seeds were ground into flour with a coffee grinder.

Table 1. Values of independent process variables and their corresponding levels

Independent variables Symbol Levels

Coded Uncoded —1.682 -1 0 +1 +1.682
Soaking time (h) Xy 4 1 32 6.5 9.8 12
Germination time (h) X, t 12 242 42 59.8 72
Germination temperature (°C) X; T 20 22 25 28 30
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Chemical analysis

Proximate composition

Moisture content, crude protein (Nx6.25), fat (ether
extraction) and ash content were estimated by standard
methods (AOAC, 1984).

Trypsin inhibitor activity (TIA)
Trypsin inhibitor levels were determined by the method
of Smith et al. (1980).

Determination of oligosaccharides by HPLC

One gram of cowpea flour was extracted with 20 ml of
distiled water for 30 min at 100°C (Kennedy et al.,
1985). The suspension was then centrifuged at 5000 g
for 45 min. The supernatant was decanted and a sample
was centrifuged at 5000 g for 1 h through Millipore
ultrafree filters (Millipore). These filters have a mem-
brane retaining macromolecules of 5000 or greater
molecular weight. The clean filtrate was analysed by
high performance liquid chromatography (HPLC)
without further treatment. 20 ul samples were analysed
by HPLC using a modular system comprised of a 3200
solvent delivery pump (spectra-physics), RI-71 refrac-
tive index detector (Shodex), 3390A recording inte-
grator (Hewlett Packard), Reodyne 7125 injector valve
(Reodyne, U.S.A) and an Aminex HPX-87N
(300x78 mm) resin-based column in the sodium form
(Bio-Rad, Richmond, CA). The mobile phase was
0.015 M Na,SO4 and the flow rate was 0.5 ml/min. The
column was kept at a constant temperature of 85°C.

RESULTS AND DISCUSSION

The second order polynomial eqn (2) was fitted to the
experimental data (Table 2) using SAS (SAS, 1985). The
regression coefficients of eqn (2) are given in Table 3.
The analysis of variance for the model for the eight
response variables (Table 4) indicated that the model
was statistically acceptable at the 1% level, possessing
no lack of fit. Therefore, the model could be used to
predict the eight response variables at different proces-
sing conditions.

Effect of process variables on the nutrient content

From the statistical analysis (Table 5), it was found that
soaking time, germination time and temperature had an
effect on total solids loss, protein, fat and ash contents.
Figure 1 shows the interactive effect of soaking time,
germination time and temperature on total solids loss. It
can be seen from Fig. la that there was a sharp increase
in total solids loss with increase in germination time.
Total solids loss increased gradually as soaking time
increased. However, the combination of soaking and
germination times had a significant effect on total solids
loss. Total solids increased significantly with increasing
soaking and germination times. Total solids loss
rose steadily as germination temperature increased
(Fig. 1b,c). Again, the interactive effect of germination
temperature, soaking time and germination time was
significant.

Table 2. Experimental data for the three-factor, five-level response surface analysis

Experiment Factors Responses
X\ X, X3  Solids loss  Protein Fat Ash TIA  Raffinose Stachyose Sucrose
(% dry wt) (% dry wt) (% dry wt) (% dry wt) (mg/g) (% dry wt) (% dry wt) (% dry wt)
1 +1 +1 +1 11.48 23.2 1.36 2.04 4.05 0.710 1.41 3.70
2 +1 +1 -1 8.229 23.4 1.50 2.44 4.35 0.868 1.92 3.46
3 +1 -1 +1 4,124 233 1.48 2.35 4.60 0.957 3.02 3.10
4 +1 -1 -1 3.880 23.5 1.52 2.65 493 1.02 3.29 2.73
5 —1 +1 +1 7914 23.2 1.44 2.14 4.53 0.825 1.90 3.69
6 -1 +1 -1 5.507 23.7 1.52 2.58 4.81 0.946 2.17 3.70
7 -1 -1 +1 3.393 23.8 1.54 2.80 4.76 1.03 3.26 3.46
8 -1 -1 -1 3.627 24.0 1.56 3.04 5.02 1.05 341 323
9 +1.682 0 0 6.846 234 1.51 2.26 443 0.900 2.25 3.25
10 —1.682 0 0 3.524 23.9 1.59 2.74 4.92 1.02 2.75 374
11 0 +1.682 0 11.01 23.0 1.39 2.15 4.39 0.733 1.01 3.81
12 0 -1.682 0 3.261 23.6 1.56 2.91 5.22 1.05 3.44 2.92
13 0 0 +1.682 7.322 23.1 1.35 2.14 4.14 0.831 2.36 3.51
14 0 0 —1.682 4.753 23.6 1.53 2.74 4.72 0.986 2.96 3.17
15 0 0 0 5.738 23.5 1.51 242 4.47 0.960 2.46 3.52
16 0 0 0 5.693 23.5 1.52 2.40 4.34 0.967 2.51 3.52
17 0 0 0 5.621 234 1.54 245 4.45 0.963 2.52 3.52
18 0 0 0 5.742 234 1.50 243 4.44 0.958 2.44 3.54
19 0 0 0 5.986 235 1.51 2.44 4.44 0.960 2.38 3.54
20 0 0 0 5.535 23.5 1.52 2.42 442 0.964 2.45 3.51
21 0 0 0 5.745 234 1.51 2.46 4.46 0.954 2.40 3.52
22 0 0 0 5.894 234 1.53 243 4.44 0.966 245 3.52
23 0 0 0 5.532 233 [.52 2.44 4.45 0.953 241 3.54
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There was a steady reduction in the protein and Effect of process variables on the anti-nutritional factors
fat content when soaking time, germination time and
temperature increased (Figs 2 and 3). Germination Effect on trypsin inhibitor activity (TIA)
involves the breakdown of seed reserves and their utili- The mean TIA value for the raw cowpea was 6.99 mg/g
zation by the growing shoot and root for respiration dry solid. Kochhar et al. (1988) reported TIA values for
(Abudu & Akinyele, 1990). Thus, the reduction in pro- different varieties of cowpea in the range of 4.6 to
tein and fat content may be a result of the effect of ger- 13.9 mg/g. The TIA value in this study falls within the
mination. Ash content decreased with an increase in range of published results.
soaking time, germination time and temperature (Fig. 4). Figure 5 represents the combination effect of soaking
Similar observations for the composition changes dur- time, germination time and temperature on TIA. TIA
ing germination of soybeans were reported by Mostafa decreased steadily with increasing soaking time (Fig. 5a).
et al. (1987). It can also be seen from Fig. 5a that TIA decreased with

Table 3. Regression coefficients of the second order polynomials for eight response variables.

Coeflicient Solids loss Protein Fat Ash TIA Raffinose Stachyose Sucrose
(% drywt) (% drywt) (% dry wt) (% dry wt) (mg/g) (%o dry wt) (% dry wt) (% dry wt)

by 5.723 234 1.52 243 4.44 0.96 2.44 3.53
b 0.942 —0.155 —0.024 —0.138 —-0.148 —0.037 —0.142 -0.139
b, 2.280 —0.150 —0.041 -0.214 -0.218 —0.090 —0.707 0.261
b3 0.731 —0.131 —0.043 -0.175 —0.158 —0.045 —0.162 0.100
bn -0.215 0.102 0.012 0.026 0.081 0.001 0.036 —-0.011
b2 0.663 0.090 0.000 0.075 —0.084 —-0.011 —0.047 0.083
by, 0.474 —0.032 —-0.014 0.037 0.127 -0.023 —0.060 —-0.058
by 0.165 0.035 —0.010 —0.003 -0.011 —0.009 —-0.047 0.047
b3 0.706 —0.055 —0.020 —0.038 0.001 -0.025 —0.045 —0.052
b33 0.086 ~0.017 —-0.027 0.005 —0.006 -0.017 0.093 —0.066

Table 4. Analysis of variance for eight response variables.

Source df Sum of squares for

Solids loss  Protein Fat Ash TIA Raffinose  Stachyose Sucrose

(% dry wt) (% dry wt) (% dry wt) (% dry wt)  (mg/g) (% dry wt) (% dry wt) (% dry wt)
Model 9 102.582 1.16* 0.0782 1.3912 1.71# 0.176* 7.742 1.542
Linear 3 90.412 0.872% 0.0572 1.302# 1.292 0.157¢ 7.47% 1.332
Quadratic 3 4.452 0.187% 0.0172 0.033* 0.361% 0.013* 0.2172 0.123*
Cross Product 3 7.722 0.099? 0.004° 0.056* 0.058= 0.0072 0.051° 0.0942
Residual 13 0.284 0.048 0.003 0.006 0.024 0.0005 0.048 0.003
Lack of fit 5 0.101 0.031 0.002 0.003 0.013 0.0003 0.031 0.002
Pure error 8 0.183 0.017 0.001 0.003 0.011 0.0002 0.017 0.001

2 Significant at 1% level.
b Significant at 5% level.

Table 5. Analysis of variance for the overall effect of the three process variables on the eight responses.

Process df Sum of squares for
variables
Solids loss  Protein Fat Ash TIA Raffinose  Stachyose  Sucrose
(% dry wt) (% dry wt) (% dry wt) (% drywt)  (mg/g) (% dry wt) (% dry wt) (% dry wt)
Soaking 4 16.578* 0.568° 0.011° 0.317° 0.463* 0.020% 0.083* 0.3372
time (h)
Germination 4 82.077* 0.414* 0.030* 0.7012 0.9622 0.125* 1.732 1.06*
time (h)
Germination 4 11.630° 0.274> 0.040° 0.430° 0.3432 0.0382 0.133* 0.245
Temperature
O

# Significant at 1% level.
b Significant at 5% level.
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Fig. 1. Contour plots of total solids loss (% dry solid): (a) at germination temperature 7=25°C; (b) at germination time ¢, =42 h;
(c) at soaking time ¢ =6.5 h.
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germination time in the early stages and then increased
slightly later as germination time rose. Kakade and
Evans (1966) studied the effect of soaking and germina-
tion on the nutritive value of navy beans. Similar trends
were reported. There was a steady decrease in TIA as
the germination temperature increased. The decrease in
TIA due to the germination process could be attributed
to the leaching out of some elements during the daily
washing of cowpea seeds (Collins & Sand, 1976). There
was about 40% reduction in TIA after soaking 12 h
and then germinating for 72 h. Mostafa et al. (1987)
reported about 30% reduction in TIA after 4 days ger-
mination of soybean. In general, as far as the reduc-
tion of TIA is concerned, germination may not be an
effective method to reduce TIA when compared with
other treatments such as water and steam blanching
(Wang et al., 1996).

Effect on oligosaccharides
The mean raffinose, stachyose and sucrose contents of
the raw cowpea were 1.24, 5.53 and 2.74 (g/100 g dry

N. Wang et al.

basis), respectively. Akpapunam and Markakis (1979)
and Onigbinde and Akinyele (1983} investigated oligo-
saccharide contents of different varieties of cowpeas.
They reported raffinose in the range of 1.1-4.12 (g/100
dry basis), stachyose in the range of 1.21-4.84 (g/100
dry basis) and sucrose in the range of 0.36-3.10 (g/100
dry basis), respectively. The results in the present study,
except that stachyose was slightly higher than that
reported, were within the range of published work.

Figure 6 shows the effect of process variables on the
raffinose and stachyose contents. The raffinose and
stachyose contents decreased steadily with an increase in
soaking time (Fig. 6a,d) while they decreased sharply
with increasing germination time. The combination of
soaking and germination times significantly reduced the
raffinose and stachyose contents. Germination at all
temperatures reduced raffinose and stachyose contents
(Fig. 6(b,c.e.f)). Similar results were reported in chick-
pea and pigeon pea by Jood et al. (1985).

Figure 7 represents the interactive effect of soaking
time, germination time and temperature on sucrose

(a) (b) (c)

70 o 2 A\
1\\% 294\ \\\ \\\ 29 \ \ \\ \\\ "
p k 2, k ?
: — - ) ] . ~ i %

60 -\q \ Q 28 <\-, % B, 2, ~—C 28‘ \ % L % 2 NN
= 1 22 L 274 , \ g274 2 ¥, % \
= :\% \ é ] . \ £
£ :\ . 5 267 2%, g 267
k] p P, a h [=9 1
= 1 2 %, E 254 ® v, \ E 254
c 401 o, s s, > 8 4 s %%,

‘5 9 e‘b = 244 g s 244 '_‘s %, \
£ 3 . ] % ~ETN s 2
E 30!\ v\ é 23“\ <. 2y, § 237 'c\
[ ] p= 9 >, = L
I :%e e:"’ 2, % E 22\ %, * S~ E 221 % » 280
I~ >, . 4 o 1 ?, 7 2, 24, (V] N 2 S~
203 > O a4, @ ~C 24 % o
12, <, \ \ Ie, \ 4 %, \
'.\\.,,7 U VL Vi P A SR VR U WU N— 20..‘L,....,,m,m..,,..'.., .
1 2 3 4 5 6 7 8 9 1011 1 2 3 4 5§ 6 7 8 9 10 11 20 30 40 50 60 70
Soaking time (h) Soaking time (h) Germination time (h)
Fig. 4. Contour plots of ash content (% dry solid): (a) at germination temperature 7'=25°C; (b) at germination time #,=42 h; (c) at
soaking time ¢, =6.5 h.
(a) (b) (c)
70 : / / - 4
] 29 4 \ \ \ 29 4 \
1 J CC PRy
60 1 // / / L ~ 28 -\ P\ '\ =g h . —/
] & L 3 P, 8) e %, &) b \ 0
NN 2 PR LR R N 1 T 1\ EER %
= 1 b © 27 % 227N V&3
o 50 ] . 2 ] 2 4\ % "’a\/
E ; \.___— E 26 - :.‘ 4.)1/ g 26 ]
p=] o a. h =%
g 0] £ 254 £ 25 -
g 40 1 g1 £ i !.r, t.2.-/‘ 8 ] \, /
g ] %, m/ g 24: Y g 24 4 ‘a ® 4.40
£ ] » 8 % =
g 30 4 ) \-‘.ﬂ/ S 234 " g = 23 : \ %
= ] '*Q, S~ £ R 48t k= \ 2\% = Y /
@] . &m/—_— E 22 _& —‘ ,1 % g n]\ et 3 43¢

20 -N\ " Sul% ] g 1%

1 Ty 500" 21 21 {4 \ /
] €10 ] \ {¢ "
- 20 LENE SELIN SEL SN ¢ rrr T 20 \ T Ty “clvvrr]

30 40 6 70

2 3 4 5 6 7 8 9
Soaking time (h)

10 11

s
5 6 7 8 9 1011

Soaking time (h)

A
,,,,,,,, e
50 0
Germination time (h)

Fig. 5. Contour plots of TIA (mg/g dry solid): (a) at germination temperature T=25°C; (b) at germination time ¢, =42 h; (c) at

soaking time 7;,=6.5 h.



Optimization of germination process of cowpea 335

content. It can be seen from Fig. 7 that the sucrose The increase in sucrose content during germination may
content increased as germination time and temperature be due to the hydrolysis of raffinose and stachyose into
increased while it decreased with increasing in soaking sucrose (Labaneiah & Luh, 1981). The combined effect
time. Nnanna & Phillips (1988) reported an increase of soaking time-germination time and germination time-
in sucrose content with increasing germination time. germination temperature on sucrose content was to
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increase the sucrose content while the combination
of soaking time-germination temperature decreased
sucrose content steadily. However, the overall effect of
these factors was to increase total sucrose content in
germinated cowpea seeds.

The germination conditions had a great effect on total
solids loss, TIA and oligosaccharides. There was a slight
reduction in protein, fat and ash contents. Therefore,
the optimization of the germination process was based
on maximum reduction of oligosaccharides and TIA
and minimal total solids loss.

Localization of optimum conditions

The stationary points were obtained by canonical ana-
lysis (Myers, 1971) and the response surfaces around
these stationary points were developed. It was found
that these stationary points were not only located out-
side the experimental space but also were saddle points,
implying that the analytical method could not be used

N. Wang et al.

to identify the optimum conditions. A graphical method
was therefore used (Floros & Chinnan, 1988).

Stachyose was the major oligosaccharide in cowpeas.
Germination effectively reduced the level of stachyose
with increasing soaking and germination times. How-
ever, germination also increased total solids loss. It is
necessary to make an acceptable compromise for the
optimization of the germination process. In this case the
following criteria were used: reduction in stachyose was
set at more than 64%, total solids loss less than 8% and
TIA level reduced by more than 38%.

The contour plots in Fig. 8 were obtained from the
predictive model of stachyose by holding germination
temperatures at 20, 25 and 30°C. The shaded regions
indicate that the reduction in stachyose content was
more than 64%. Contour plots for total solids loss at
germination temperatures of 20, 25 and 30°C are shown
in Fig. 9. The regions which satisfy both conditions, i.e.
the reduction in stachyose content more than 64%, total
solids loss less than 8%, were obtained by superimposing
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Fig. 11. Optimum region obtained by superimposing contour

plots of all three responses. The shaded region (see arrow)

represents stachyose <2%, total solid losses <8% and
TIA <4.3 mg/g dry solid.

Fig. 8 over Fig. 9 to obtain the shaded areas shown in
Fig. 10(a,b). Two regions could be found to meet those
conditions. The first region, represented as a shaded
area in Fig. 10a, is a superimposition of Fig. 8a over

Fig. 9a. The second region is given in Fig. 10b; it was
obtained from Fig. 8b and 9b. Both regions had a
reduction in stachyose content more than 64% and total
solids loss less than 8%. A similar procedure was fol-
lowed to obtain an optimum region for a reduction in
stachyose content more than 64% and maximum
reduction in TIA (more than 38%). Results are shown
in Fig. 10(c.d), respectively. The optimum region for the
combined effect of all three responses is shown (shaded
area) in Fig. 11 which was obtained by superimposing
Fig. 10(b,d). There was no overlap by superimposing
Fig. 10(a,c). A combination of optimum germination
process conditions can be selected from the area shown
in Fig. 11. The point at soaking time =8 h, germination
time=152 h and germination temperature=25°C could
be recommended as the optimum process conditions.
The estimated values using eqn (2) for the eight
response variables are shown in Table 6.

A verification experiment at the optimum conditions
was performed. The results are given in Table 6. The
results showed that the experimental and predicted
values are reasonably close.
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Table 6. Predicted and experimental values for the eight response variables at optimum conditions

Solids loss Protein Fat

Ash TIA

Raffinose  Stachyose Sucrose

(% dry wt) (% dry wt) (% dry wt) (% dry wt) (mg/g) (% dry wt) (% dry wt) (% dry wt)
Predicted 7.71 23.3 1.48 2.29 4.28 0.90 1.96 3.61
Experimental 7.80+0.045 2341040 1.45+0.046 2.31+£0.065 4.31+0.074 0.88+0.04 1.89:£0.042 3.54+0.089

CONCLUSIONS

Response surface methodology was used to evaluate the
effects of soaking time, germination time and tempera-
ture on total solids loss, protein, fat and ash contents,
trypsin inhibitor activity and oligosaccharides and to
establish the optimum process variables for the germi-
nation cowpea. Predicted models for total solids loss,
protein, fat, ash content, TIA and oligosaccharides were
developed as functions of soaking time, germination
time and temperature. Germination process conditions
yielding an optimum process (maximum reduction in
stachyose and TIA and minimum total solids loss) were:
soaking time, 8 h; germination time, 52 h and germina-
tion temperature, 25°C. The predicted values using a
polynominal equation for total solids loss, protein, fat
and ash contents under these process conditions were
7.71, 23.30, 1.48 and 2.29 (% dry basis), respectively.
The trypsin inhibitor activity level was 4.28 mg/g dry
solid. The values for raffinose, stachyose and sucrose
were 0.90, 1.96 and 3.61 (% dry basis), respectively.
Experimental values obtained at the above optimum
process conditions were compared with the predicted
values and good agreement was found.

From a practical standpoint, the results of this work
could be applied at both household and commercial
levels.
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