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Abstract; The effect of extrusion variables on the protein dispersibility index and tyrpsin
inhibitor activity of blends of acha and soybean were studied using response surface
analysis. Soybean flour was mixed with acha flour at 0, 12.5, 25, 37.5 and 50% levels of
substitution. Moisture content of the mixtures was adjusted to 15, 20, 25, 30 and 35%.
Extrusion was carried out in a single screw Brabender extruder by adjusting the screw speed
from 90 to 120, 150, 180 and 210 rpm and barrel temperature from 100 to 125, 150, 175 and
200°C following a 4-variable central composite rotatable response surface design. Protein
dispersibility index and trypsin inhibitor activity of raw and extruded blends were evaluated.
Raw acha, soybean flour and raw acha/soybean flour blends had PDI of 86.84, 91.84 and
74.27%, respectively compared to extrudate PDI which ranged from 3.77-8.70%. Blending
decreased the protein dispersibility index of the raw flours while extrusion cooking
significantly improved the protein dispersibility. For TIA, the results showed that TIA of
extrudates ranged from 4.0-46.1 units, compared to the raw samples (64.5 units for raw
soybean). The results showed that extrusion cooking reduced TTA by about (70.33-97.40%)
with feed moisture and barrel temperature exerting the greatest influence on extrudate TTA.
The decrease in TTA corresponded to increased protein dispersibility of extrudate samples.
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INTRODUCTION

Acha, Digitaria, exilis Skappis Stapf occupies about 300,000 ha in West Africa and provides
foods for about 4 million people (Kwon-Dung and Misari, 2000). In Nigeria, acha is popularly grown
in five states (Bauchi, Kaduna, Kebbi, Plateau and Niger) and the Federal Capital Territory. According
to Kwon-Dung and Misari (2000), acha is one of the world’s best tasting cercals. In recent times,
comparison of dishes of acha and rice showed that majority preferred acha dish. Traditionally, acha
is used in preparation of unfermented porridge food. It is also made into gwette and acha-jollof. Tt is
also used in dietary preparations for diabetic patients (Victor and James, 1991). The protein content
of acha grains is rich in methionine and cysteine (above the recommended levels). These levels are
unusual for cereals. However, Victor and James (1991) reported that with the exception of methionine
and cysteine the essential amino acid content of acha is lower than in other cereals. They therefore
advocated its complementation with protein rich foods to make a balance diet.

Most of the soybeans grown in Nigeria are used for human consumption and are being promoted
as nutritional supplement. The potential for incorporation and utilization of soybeans in the local diet
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is enormous and serves as a basis of the need for adequate processing. Soybeans have been processed
in a number of ways, but a more recent processing method is extrusion cooking (Twe, 2001).

A key problem associated with soybean utilization is the presence of certain antinutritional
factors, which may inhibit the availability of the desirable mutrients such as proteins and minerals.
Some of the prominent antinutritional factors in soybean include trypsin inhibitor, hemaglutinin,
phytic acid, goitrogens, urease activity and flatulence causing factors (starchyose and raffinose) (Osho
and Dashiell, 1995). The significance of soybean Trypsin Inhibitors (T1) lies in their implication in
inhibiting the pancreatic enzymes (trypsin and chymotrypsin) resulting in reduction in protein
digestibility both in humans and animals. It also causes hypertrophy of the pancreas in smaller animals
like cats and chicks (Liener, 1994). Efforts have been made to inactivate or remove trypsin inhibitors
from soybean. Osho and Dashiell (1995), Keshun (1999) and Iwe and Ngoddy (2000} reported that
many approaches had been based largely on heat treatment. According to Iwe and Ngoddy (2000) most
commercially available soybean products intended for human such as tofir, soybean milk, soybean-
based infant formula, soybean protein isolates and concentrates and textured meat analogues have
received sufficient heat treatment to cause inactivation of at least 80% of the TIA present in raw
soybeans. This level of TIA destruction is well above the threshold of 50 to 60% inactivation
found to be necessary for eliminating significant growth inhibition and pancreatic hypertrophy
in rats (Rackis ef af., 1976).

Iwe et af. (2001) have observed that protein solubility is an important target parameter and in the
animal and feed industry the protein dispersibility index is often used to characterize the protein
quality of raw materials. Poel ef af. (1990) and Camire ef a/. (1990) reported that PDI could be used
as a chemical indicator for inactivation of antinutritional factors and effects on finctional properties.

Several investigators (Leslie and Dale, 1990; Iwe, 2001; Tayeb ef /., 1992; Frazar ez al., 1982;
Iwe ef af., 2000; Mullen and Ennis, 1979; Meyer, 1976) had noted that the one-variable-at-a-time
method of experimentation is not good strategy in many situations. Response Surface Methodology
(RSM) basic principle of relating product properties (mechanical, functional, nutritional and sensory)
to process variables (geometry, raw material, operating variables) (Iwe ef a., 2000) could eliminate
most of the observed limitations. There is however dearth of information on acha/soybean blending
while there is no information on acha extrusion cooking. The objective of present study was to assess
the effect of extrusion variables on the protein dispersibility index and tyrpsin inhibitor activity of
blends of acha and soybean using response surface analysis.

MATERIALS AND METHODS

This study was carried out in 2005 as follows: The extrusion was conducted at the Federal
Polytechmic Mubi Adamawa State, Nigeria.

Acha and soybean flour were prepared for extrusion as shown in Fig. 1. Feed moisture content
was adjusted at five levels according to Wilmot and Nelson (1998). Extrusion was carried out using a
Branbender Laboratory single screw extruder (DUISBURG DCE-330 Model). It was powered by a
decoder drive (Type 832, 500) and driven by a 5.94 kw motor. The grooved band had a length/diameter
ratio of 20:1. The extruder had variable screws and heaters with a fixed die diameter of 2 mm and length
of 40 mm. A feed hopper mounted vertically above the end of the extruder and equipped with a screw
that rotated at a constant speed of 80 rpm on a vertical axis takes feed into the extruder. The wet flour
was allowed to equilibrate for 2-3 h before extrusion. The extruder runs was stabilized using acha flour.

Experimental Design

The experimental design was a Central Composite Rotatable Design (CCRD) response surface
analvsis. Four independent variables including Feed Composition (FC), Feed Moisture Content
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Fig. 1: Laboratory preparation of extruded acha-soybean flour blend

(FMC), Screw Speed (SS) and Barrel Temperature (BT) were tested at 5 levels coded (-2 to +2)
(Meyers, 1976, Iwe, 2003). This experimental design required 36 experiments of which 16 were
performed at the factorial points, 8 at the axial point and twelve at the center point. After steady state
conditions were attained emerging extrudates were collected and air dried at ambient temperature
(24-27°C) for about 12 h, then packed in cellophane packs and stored in the refrigerator at 4+°C.

Sample Analysis

Protein dispersibility index was determined at the National Cereals Research Institute Laboratory
Badeggi Niger State Nigeria while the trypsin inhibitor activity was assayed at the Secil Science
Laboratory, University of Nigeria Nssuka.

Protein solubility and protein dispersibility index were determined on 20 g sample of raw acha
flour, soybean flour and 75:25% mixture of acha/soybean flour along with extruded samples according
to the methods described by Twe ef of. (2001). Milled samples of raw and extruded blends that passed
a 1 mm sieve were blended with 300 mL of distilled water for 10 min in a warring blender operated at
8500 rpm and 21£1°C. The slurry was allowed to settle for 10 min. After decanting, 50 mL of the
decantate was centrifiged at 2500 rpm (614x g) for 10 minutes. The supernatant (20 mL) was pipetted
into Kjedhal tubes for protein determination according to AOAC (1984). Percentage solubility and
protein dispersibility indices were calculated as shown:

Protein solubility (%) = 6.25x14 {(mL HCl-mL HClr) x
N/300 mL/20 mLx100/wt of sample

Where,
ml, HCl = Titre value
ml HClr = Value of blank
N = Normality of acid (0.1 N HCI)
PDI (%) = % protein solubility/Total protein content of sample 100
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Trypsin Inhibitor Activity

This was evaluated following the procedures reported by Tanteeratarm and Weingartner (1998):
Finely ground samples (1.0 g) that passed 100 mesh were extracted with 50 mL of 0.01 N NaOH.
Extracts were allowed to stand for 1 h while the pH of the suspension was adjusted from 9.5 to 9.8
with NaOH. Portions (0, 0.6, 1, 1.4 and 1.8 mL) of the suspension were pipetted into duplicate sets
of test-tubes and adjusted to 2.0 mL with distilled water.

Trypsin solution 2.0 mL was added to cach test-tube; the tubes were placed in a water bath at
37°C. To each tube, 5 mL solution of BAPA (Benzoyl-DL arginine-p-mtroanilide) hydrate dissolved
in dimethyl sulfoxide and diluted to 100 mL) previously warmed to 37°C was added. Exactly, 10 min
later, the reaction was terminated by adding 1ml of 30% acetic acid. After thorough mixing, the
contents of each tube were filtered (Whatman Paper NO. 3) and the absorbance was measured against
blank at 410 nm.

Expression of Activity

One Trypsin Unit (TU) is arbitrarily defined as an increase of 0.01, absorbance umits at 410 nm
per 10 mL of the reaction mixture. Trypsin Inhibitor Activity (TIA) was expressed in terms of
Trypsin Units Inhibited (TUT).

RESULTS AND DISCUSSION

Protein Dispersibility Index (PDI)

The results of extrudate PDI ranged from 3.77-87.08%. Raw acha flour, raw soybean flour and
raw acha/soybean flour blends had 86.84, 91.84 and 74.27%, respectively. The results showed that
most extrudates had over 63% reduction in PDI. This level of (PDI) reduction is an indication of
adequate heat treatment and hence enhanced nutritional status. Soybean flour had an increased
dispersibility of 96.54%, while acha flour dispersibility increased by 89.8%. Twe ef al. (2001) reported
similar results with potato flour extruded with defatted soybean flour. The results of regression
analysis of the effect of process variables Feed Composition (FC), Feed Moisture Content (FMC),
Barrel Temperature (BT) and Screw Speed (8S8) on protein dispersibility index of extrudate samples
is shown in Table 1.

The results showed that only the cross product effect of FC*FMC significantly (p<0.05) affected
the protein dispersibilty index (Fig. 2). Analysis of variance (Table 2) showed that there was no
significant (p>0.05) model difference. The coefficient of determination R? (0.54) also indicated no
significant (p>0.05) fit of the modsl to the linear regression. These results agresd with the observations
of Twe ef al. (2001) that increased starch percentage decreases protein dispersibility probably due to
reduced protein percentage. Decreasing the FMC and level of acha flour in the blends led to decrease
in PDI. These results agreed with Camire ez af. (1990) who reported that products with higher protein
contents had lower nitrogen solubility’s attributable to greater denaturation and aggregation of protein
molecules.

Aguilera and Luasas (1986} also reported decreased solubility for extrudated corn/sovbean blends
compared to that of unextruded materials. According to Iwe ef of. (2001) PDI range of 25-28% was
acceptable for products containing soybean. The results of this study fell within this acceptable limit.

Trypsin Inhibitor Activity

The results showed that TIA of extrudates ranged from 4.0-46.1units compared to the raw
samples (64.5 mg g=") and acha/soybean blend at 75:25 ratios (54.5 mg g™%). Iwe and Ngoddy (2000}
and Delvelle er al. {1983) reported TIA values of 58.8 and 40-50 mg g~ for whole soybean,
respectively.
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Fig. 2. Effect of feed composition on protein dispersibility

Table 1: Estimated regression coefficients for extrudate protein dispersibilty index

Regression on Coefficients

constants -300.76 SE p-values R?
FMC 519 2339 0.425 0.54
SS 213 383 0.737

BT 0.80 4.04 0.886

FC*FC 136 4.43 0.096

FMC*FMC -0.23 0.10 0.868

35*88 -0.58 0.00 0.679

BT*BT 0.74 0.00 0.664

FC*FMC -2.18 0.00 0.043

FC*38 -0.96 3.61 0.353

FC*BT -0.27 361 0.794

FMC*SS -3.22 0.14 0.694

FMC*BT -3.61 0.15 0.651

SS*BT -0.45 0.02 0.593

FMC*SS*BT -0.40 9.34 0.967

FC*FMC*S8*BT 1.61 9.55 0.145

FMC = Feed Moisture Content; S8 = Screw Speed;, FC = Feed Composition and BT = Barrel Temperature #Sign of
combination

Table 2: Anova for extrudate protein dispersibilty index

DF 88 MS
Regression 15 4418.03253 294.53550
Residual 20 3659.28854 182.96443
F 1.60980 SIGN. F.0.1584

The difference in these reports might be due to differences in variety of soybean used and other
agronomic factors. The results indicated that extrusion processing reduced TIA by about (70.33-
97.40%).

The result of regression analysis on the effects of process variables on Trypsin Inhibitor Activity
(TIA) is shown in Table 3. The analysis of variance (Table 4) showed a significant (p<0.05) model
difference indicating that the model fitted the experimental data. The coefficient of determination of
of R? = 0.6 showed that the model could be used for predictive purposes since over 60% of the total
variability in the data was explained by the model. Removing the non-significant terms, the model
equation for TIA inhibition became
TIA=4222-12.59 BT — 13.16 FMC — 1.98 FC*FMC =3.07 BT? + 13.29 FMC*BT —9.74 S§
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Regression on Coefticients

constants 842.22 SE p-values R?
FMC -13.16 12.12 0.03 0.63
SS -9.74 1.98 0.10

BT -12.59 2.09 0.02

FC*FC 1.01 2.29 0.02

FMC*FMC 2.35 0.05 0.17

SS*SS 0.68 0.00 0.08

BT*BT 3.07 0.00 0.05

FC*FMC -1.98 0.00 0.04

FC*SS 0.14 0.87 0.88

FC*BT -0.59 1.87 0.52

FMC*SS 10.41 0.07 0.17

FMC*BT 13.29 0.07 0.08

SS*BT 10.55 0.01 0.13

FMC*SS*BT -11.30 4.84 0.19
FC*FMC*SS*BT 1.46 4.94 0.14

FMC = Feed Moisture Content, SS = Screw Speed, FC = Feed Composition; BT = Barrel Temperature, *Sign of
combination

Typsin inhibition activity

Fig. 3: Response surface plot of the effect of feed moisture content and barrel temperature on
extrudate trypsin inhibitor activity

Typsin inhibition activity

Fig. 4: Response surface plot of the effect of screw speed and feed moisture content on extrudate
trypsin inhibitor activity
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The response surface plot of FMC, BT and TIA units (Fig. 3) showed that increasing FMC and
BT led to reduction of TIA units up to 84.97% at 150-200°C and 25 to 32% moisture content.
Tsen et al. (1975) reported TIA inhibition or destruction from 50 to 100% when extrusion temperature
was raised from 115 to 140°C at approximately 25% moisture. Philip et al. (1983) reported TIA
inactivation at increased temperature. The results from this study are in agreement with these reports.
However, at 32% moisture content, even at 100°C TIA inactivation began to reduce. The results
showed that TIA reduction was dependent more on the moisture content than on temperature. This
phenomenon may be due to the fact that increased moisture beyond the 32% exerted pronounced shear
lowering which in turn reduced extruder internal temperature leading to decreased extrudate exit
temperature.

The response surface plot of TIA to changes in the independent variables of FMC and SS
(Fig. 4) showed that increasing FMC and SS led to reduction of TIA units. It was observed that FMC

Table 4: ANOVA for extrudate tyrpsin inhibitor activity

DF SS MS
Regression 15 1683.44882 112.22992
Residual 20 982.09746 49.10487
F2.28551 Sign. F.0.04

Typsin inhibition activity
TIA

Fig. 5: Response Surface Plot of the Effect of Screw Speed and Barrel Temperature on Extrudate
Trypsin Inhibitor Activity

Typsin inhibition activity

Fig. 6: Response Surface Plot of the Effect of Feed Composition and Feed Moisture Content on
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played more significant role than SS and had a quadratic effect. The results showed similar pattern with
that of FMC*BT. Similar results have been reported by Harper (1980) and Philip ef af. (1983).
Increased TIA destruction at decreased moisture content may be dug to the increase in extruder shear
(which would favour more inactivation) moisture content (Cheftel, 1984; Camire ef al., 1990; Liener,
1994; Twe and Ngoddy, 2001).

The relationship between the extruder S8 and BT and TIA (Fig. 5) showed that BT had both a
linear and quadratic effect on TIA retention. The results indicated that the linear effect was greater than
the quadratic hence decreasing BT and SS recorded increased TIA retention which was expected. Below
120 rpm and 160°C, TTA units were as high as 26 TIA. At higher SS and BT, TIA inactivation
(reduction) rose. Several authors, Tsen ef af. (1975) Philips ef af. (1983), Harper and Jansen (1985)
Lorenz et af. (1980), Iwe and Ngoddy (2000) had reported the reduction of TIA at extrusion
temperature of 121-150°C. Operating conditions for increased TIA inactivation was located at 120 S8
and 175°C giving over 50.93% inactivation at 30% FMC and 12.5% soybean flour substitution.

The response of TIA to the FC and FMC (Fig.0) showed that decreasing the level of substitution
of soybean and the FMC resulted in reduction of TTA. This was expected as the analysis showed that
raw soybean contained more than 89.38% of the total TIA content of the raw blend. Iwe er af. (2001)
showed a similar occurrence in the extrusion of sweet potato/soybean blends. The results indicated that
addition of soybeans up to 60% in the feedstock would lead to rise in TIA ratio of 37 units of the
original FC. This takes place at about 32% moisture content.

Table 5: TIA predicted using developed model equation

Extrusion Runs Observed values Predicted values
1 32.60 33.00
2 14.32 14.00
3 32.30 31.59
4 10.59 11.12
5 5.20 6.00
6 30.70 31.10
7 5.60 5.60
8 30.90 30.90
9 6.70 6.70
10 6.10 6.50
11 10.90 10.80
12 23.00 23.11
13 6.60 6.60
14 6.70 9.70
15 10.40 11.80
16 12.70 12.80
17 7.80 7.80
18 10.90 10.90
19 31.40 31.70
20 14.40 14.50
21 5.20 5.30
22 26.60 26.80
23 16.20 16.00
24 31.40 31.41
15 12.70 12.90
26 13.60 13.50
27 13.40 13.50
28 14.50 13.90
29 14.20 14.00
30 10.80 10.70
31 10.90 10.80
32 10.90 10.80
34 11.00 10.80
35 12.00 12.10
36 11.00 12.10
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CONCLUSIONS

The results from this study showed that the range of heat treatment applied in this study
provided satisfactory inactivation of antinutrients and produced acceptable functional products with
good protein dispersibility indices. However, because of low R2and lack of model significance (p>0.05)
the model for protein dispersibility was not used for predictive purposes. The predicted results of
trypsin inhibitor activity (Table 5) approximated experimental results. It was therefore concluded that
the second order polynomial was adequate in predicting the dependence of TIA on the process
variables.
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