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Abstract 

 
This study was conducted to investigate the application of extrusion cooking in the production of snacks 
containing soybean (SB) and Moringa oleifera (MO) leaves as inexpensive sources of micronutrients. The 
specific objectives were to examine effects of barrel temperature, residence time and moisture content of feed 
on selected physical properties of extruded snacks (extrudates), namely water absorption index (WAI), water 
solubility index (WSI) and expansion ratio (ER). The extrudates were obtained by blending different levels of 
input ingredients of maize flour (MF) (55 to 80%), full fat soybean flour (FFSF) (10 to 30%), and Moringa oleifera 
leaf powder (MOLP) (5 to 15%).  Extrusion process variables in a twin-screw extruder were at three levels for 
temperature (100, 130 and 160°C), feed moisture content (15, 22.5 and 30%), and residence time (60, 75 and 90 
s). The performed study revealed that the level of incorporation of both FFSF and MOLP, and feed moisture 
content have significant effects on the expansion ratio, water solubility index and water absorption index of the 
extrudates. It was concluded that the role of processing conditions and blending levels have a significant 
contribution to the quality characteristics of the soy-moringa expanded snacks. 
 
Keywords: Moringa oleifera leaf powder, full-fat soybean flour, soy-moringa  extrudates, extrusion cooking,  surface re-
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INTRODUCTION 
 
Because of their high nutrient density, soybean (SB) and 
moringa oleifera (MO) have been increasingly researched 
as inexpensive and sustainable solutions for combating 
micronutrient deficiency, especially in developing countries 
(Malema, 2006; Joshi et al., 2010; Khan and Ghutta, 2010). 
One of the methods to increase the consumption of SB and 
MO is the production of expanded snacks and instant flours 
by using extrusion cooking, the technology which has 
capability to modify physicochemical properties of food 
components by application of pressure and high 
temperature at very short time(Shls, et al., 2005; Guy 2001; 
Liu, 1999; Alonso et al., 2001).In extrusion cooking the 
product quality can vary considerably depending on the 
extruder type, screw configuration, feed moisture, 
temperature profile in the barrel, screw speed, feed rate and 
die geometry.The results of extrusion are gelatinization of 
starch, denaturation of proteins, inactivation of enzymes and 

anti-nutritional factors, reduction of microbial counts, and 
improvement in digestibility and biological value of proteins 
(Riaz, 2007). Incorporation of MOLP in the combination of 
biopolymers of starch and proteins, may complicate the 
transformations during extrusion into expanded structure, 
thereby leading to processing difficulties, and may also be 
detrimental to key quality parameters in snacks (Liu et al., 
2011). The suitability of extruded foods for a particular 
application depends on their functional properties like water 
absorption index (WAI) and water solubility index (WSI), 
expansion index (expansion ratio) (ER), bulk density and 
viscosity of the dough (Hernandez-Diaz et al., 2007). The 
wide variation of WAI, WSI, and ER values of extruded food 
products makes their utilization difficult in food process 
applications (Oikonomou et al., 2012). 
       The objectives of this work were to study the effects of 
barrel temperature, feed composition, feed moisture and re 



 
 

 
 
 
 
tention time (screw speed) on WAI, WSI, and ERof extruded 
snacks from the flour containing maize, soybean and mor-
inga oleifera leaf by using response surface methodology 
(RSM).These functional properties are linked to the estima-
tion of the behaviour of the material if further processed for 
use as a binder, a stabilizer, or a source of protein in bever-
ages, health and nutrition bars, dairy, baked, and emulsi-
fied/ground meat food systems. 
 
 
MATERIALS AND METHODS 
 
Full fat SB flour preparation 
 
The soybeans (SB) were purchased from the whole sale 
grain vendors at local market. The preparation of SB in-
volved sorting, blanching, de-hulling, drying and milling. 
Blanching was for 3 min into a heating medium of greater 
than 1:10 soybeans to water ratio (water boiling at 
99±1°C), whereas sun drying at temperature ranging 
from of 29 to 32°C and relative humidity of 75 to 80% to a 
final moisture content of 10-11% was applied. De-
hulleddry soybeans were milled using the hammer mill 
with a 300µm screen to produce FFSF. 
 
MO leaf powder preparation 
 
Fresh mature MO leaves were carefully harvested from a 
Moringa farm in the outskirts of Dar es Salaam. The 
leaves were washed by clean water at 1:5 leaves to wa-
ter ratio to remove dusts and pests, and subsequently 
drainedon the draining table for about one hour to before 
taking them to the drying sheets inside a ventilated room 
at ambient temperature of 29 to 32°C and relative humid-
ity of 75 to 80% and dried for 2 to 4 days to reach 11 to 
12% moisture content.Dried leaves were milled using the 
hammer mill with a 150 µm screen. Obtained MOLP was 
stored in airtight packages (plastic bags LDPE) which 
also protect the leaves from ultra-violet light to preserve 
nutrients. 
 
Maize flour Preparation 
 
Maize was purchased from the local whole sale grains 
vendor. The sample materials were sorted out to remove 
any foreign materials and damaged grains. Maize was 
washed to remove dusts from the sample then was sun 
dried for one day. The dried grain was milled using the 
hammer mill equipped with a 300 µm screen. MF were 
then stored in airtight plastic bags and placed in a dry 
place with limited visible light. 
 
Blend preparations and moisture adjustment 
 
MF, FFSF and MOLP were mixed at various weight ra-
tios, and the total moisture contents of the blends ad 
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justed to the desired values with a hand as described by 
Zasypkin and Tung-Ching (1998). Weights of the compo-
nents to be mixed were calculated using the following 
formulas as explained by Zasypkin and Tung-Ching Lee 
(1998): 
 

C FFSF ൌ
ሾRFFSF ൈ M ൈ ሺ100  െ  Xሻሿ

ሾ100 ൈ ሺ100 െ XFFSF ሻሿ  
C ܨܯ ൌ

ሾܴܨܯ ൈ ܯ ሺ100 െ  ܺሻሿ 

ሾ100 ൈ ሺ100 െ ሻሿܨܯܺ
   

C MOLP ൌ
ሾRMOLP ൈ M ሺ100 െ  Xሻሿ 

ሾ100 ൈ ሺ100 െ XMOLPF ሻሿ
 
 

ܹ ൌ െܯ ܨܵܨܨܥ െ ܲܮܱܯܥ െ ܨܯܥ
 

 
Where CFFSF, CMOLP and CMF are the masses of FFSF, 
MOLP or MF respectively, RFFSF, RMOLP and RMF are per-
centages of FFSF, MOLP or MF respectively in the blend, 
dry basis.  
(RFFSF +RMOLP +RMF = 100%); M is the total mass of the 
blend; X, the moisture content of the final blend, percent-
age wet weight basis (w.w.b.); W is the weight of water 
added; and XFFSF, XMOLP and XMF are the moisture con-
tents of FFSF, MOLP or MF respectively. 
 
Extrusion cooking process 
 
All extruded products were made by using a twin-screw 
extruder (Quitong-Kneader Model JS-60D). During extru-
sion, samples were extruded as straight rope. The mate-
rial was fed at a rate at 10 kg/h during extrusion of all 
runs. Extruded samples were collected steady states ex-
trusion conditions. Collected samples were sealed in 
plastic bags at ambient conditions (29±1°C). The prod-
ucts were then stored at room temperature (28-32°C) in 
dry place for later analysis. The measurement of diame-
ter and length for extruded samples were taken after 
coolingthe extrudates for 10 minutes at room tempera-
ture. 
 
Experimental design and statistical analysis 
 
Combined design was used to investigate the relation-
ships between the process variables, mixture compo-
nents and response variables. A D-optimal design was 
used for the designing of the experiment with three inde-
pendent process variables and three dependent mixture 
components using a statistical package. Three independ-
ent process variables including feed moisture content, 
barrel temperature and residence time was coded as 
shown in Table 1.  
Dependent mixture components having MF (55–80%), 
FFSF (10–30%) and MOLP (5–15%) was used. 
According to the Design Expert Version DX 7.0.0.1, a 
total of 36 runs from 10 formulations as shown in Table 2 
were studied using response surface method to 
investigate    the    effect     of    the   process and mixture  
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                                    Table 1. A coded level of independent process variables 
  

Variables                                                     Coded levels 
    -1 0 1 
Barrel temperature (°C) 100 130 160 
Feed moisture content (%) 15 22.5 30 
Residence time ( s) 60 75 90 

 

 
                                                Table2. Blend formulations in extrusion experiments 
 

Blend formulations (%) 
  MF MOLP FFSF 
1 60 30 10 
2 80 15 5 
3 55 30 15 
4 71 19 10 
5 80 12.5 7.5 
6 80 10 10 
7 65 20 15 
8 65 30 5 
9 75 10 15 
10 77.5 10 12.5 

 
 
component variables on response variables. Responses 
variable examined were expansion ratio, water solubility 
index, water absorption index and content level of vitamin 
A and iron. 
 
Determination of product physical properties 
 
Expansionratio 
 
Sample products were extruded as a piece of different 
length from extruder. The diameter of the extrudates was 
measured by a Verniercalliper having 0.05 mm accuracy. 
A mean value of diameter of 5 measurements was re-
corded for each experimental run. The expansion ratio is 
defined as the ratio of the diameter of the extrudate to the 
diameter of the die hole. Therefore expansion ratio was 
calculated as the diameter of the extrudate divided by the 
diameter of the die as in equation 5.  
 

 
ሻܴܧሺ ݅ݐܽݎ ݊݅ݏ݊ܽݔܧ ൌ

݁ܦ
2

݀ܦ
2 

    (5)  
Where: De= Diameter of extrudate; Dd= Diameter of die 
 
 
Water absorption index (WAI) and water solubility in-
dex (WSI) 
 
WAI and WSI of the extruded products were determined 
according to Anderson et al. (1969). The extrudates were 
ground to fine powder of particle size approximately 250 
μm using a laboratory hammer mill. Sample of about 
1.25g was weighed and placed in about 40 ml centrifuge 
tube and suspended in 15ml distilled water. The sample 

was incubated by using a shaker at about room tempera-
ture for 30 minutes and was centrifuged at 3000g for 5 
minutes. The supernatant was decanted carefully into the 
pre-dried evaporation dish (dried at 105°C for 24 h) with 
known weight. Mass of sample (weight of the gel or ab-
sorbed water) after decantation of supernatant was 
measured. The WAI was calculated as grams of ab-
sorbed water per gram of dry sample mass (1.25g) as il-
lustrated in equation 6.  
 

ܫܣܹ ൌ
ݐ݄ܹ݃݅݁ ݃ܽ݅݊ ݂ ݈݃݁ ሺ݃ሻ

ݕݎܦ ݐ݄݃݅݁ݓ ݂ ሺ݃ሻ ݁ݐܽ݀ݑݎݐݔ݁
 
 

 
The clear supernatant of the sample obtained in analysis 
of WAI was weighed. Supernatant preserved during WAI 
measurement was evaporated at 105ºC for four hours. 
The mass of dried solid as residual were measured. The 
WSI was calculated as a ratio of dry residue to the origi-
nal mass (about1.25g) used to estimate WAI and the re-
sult was expressed as percentage. See equation 7. 
 

 
WSI ൌ

WDS

WD ሺgሻ

 
Where: WDS: Weight of dry solids in supernatant; WD: 
Weight of extrudates 
 
 
RESULTS AND DISCUSSION 
 
Water absorption and water solubility indices 
 
WAI has been used as a measure of quality attributes of 
extruded  products  and  considered  as  indicators of the  
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Figure 1. Response surface plots for WAI (1) and WSI(2) as a function of components at 
21.43% moisture content, 77s residence time and 125 °C barrel temperature (A: MF, B: 
FFSF, C: MOLP)  
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                              Figure 2. Response surface plots for WAI (1) and WSI (2) as a function of components at 15% moisture content, 60s  
                               residence time and 19% FFSF 
 
 
degree of starch gelatinization. On the other hand WSI 
can be used as an indicator for the degradation of 
molecular compounds and measures the degree of 
starch conversion during extrusion (Ding et al., 2006; Zhu 
et al., 2010). The values for WAI ranged between 
2.02±0.04 to 4.93± 0.04 g/g and the WSI varied from 
9.46±1.11 to 39.8 ± 0.38 g/g dry sample. 
       The response surface graph (Figure 1) shows that 
the maximum WAI value was found at lower temperature 
and lower value of MOLP in the blend. While lower val-
ues were observed at higher barrel temperature and 
higher level MOLP in a blend. MF was increased as 

MOLP decreased in a blend, hence starch content in-
creased as the fact that MF has higher starch content. 
WAI depends on availability of hydrophilic groups like 
starch materials which bind water molecules and lead to 
gel forming capacity of macromolecular. Eliasson (1983) 
studied on wheat-starch gluten mixtures reported that the 
lack of protein in raw materials could make starch gelati-
nization easier, since there is no material that can com-
pete with starch in water absorption characteristic. 
      The surface response (Figure 2) shows that the 
higher WSI was obtained at higher barrel temperature 
and higher level of MF and lower level of MOLP. On the  
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Figure 3. Response surface plots for WAI (1) and WSI(2) as a function of feed moisture content and temperature at and 71 % MF, 
19% FFSF, 10 MOLP and 77.14s residence time and 19% FFSF. 
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Figure 4. Response surface plots for ER as a function of components at 15% 
moisture content, 60s residence time and 100°C Barrel Temperature (A: MF, B: FFSF, C: MOLP). 

 
other hand the low WSI was observed at higher level of 
MOLP and low level of MF. This result indicates that, at 
higher temperature starch macromolecules are subjected 
to degradation resulted from extrusion cooking (Colonna 
et al 1989; Ding et al; 2005).  
      The feed moisture and temperature were found to 
have significant effect on the WAI as shown on Figure 3. 
Generally, WAI increased significantly as feed moisture 
increased from 15% to 30%. At high moisture content, 
the viscosity of the starch would be low, allowing for ex-
tensive internal mixing and uniform heating which, in turn, 
would account for enhanced starch gelatinization (Lawton 
et al., 1972); it also may lead to increased water absorp-
tion. At higher temperature, WAI increased significantly 
as feed moisture increased. Similar change was ob-
served at low temperature. WAI decreased as Tempera-
ture increased from 100°C to 160°C. However, at higher 
feed moisture, there were no significant changes in WAI 
as a function of temperature. The result agreed with the 
report of Olletet al., (1999) and Ding et al., (2005).They 
explained that initial increase and subsequent decrease 
in WAI for the extruded products as temperature in-
creased. At high moisture content, the viscosity of the 
starch would be low, allowing for extensive internal mix-

ing and uniform heating which would account for en-
hanced starch gelatinization. 
        On the other hand, this study showed that WSI was 
significantly affected by barrel temperature and feed 
moisture content as shown on Figure 3. WSI increased 
significantly when the barrel temperature increased from 
100°C to 160°C. The effect of temperature was consid-
erably higher when compared to that of feed moisture 
content.  As feed moisture increased from 15% to 30%, 
WSI decreased slightly.  WSI indicates the extent of mo-
lecular degradation with the intensity of extrusion condi-
tion (Olletet al., 1999). Higher moisture content in extru-
sion process can diminish protein denaturation and 
starch degradation. 
 
 
Expansion ratio (ER) 
 
The experimental data on sectional expansion ratio 
ranged from 1.07 to 3.76 (mm2 sectional area of extru-
date to sectional area of die), within to those reported for 
moringa-cereal-based extrudates (Liu et al., 2011). The 
response surface plots (Figure 4) illustrate the interaction 
of the effect of MF, MOLP and FFSF. The ER was found  
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Figure 5. (1) Interaction graph of two dimension plot (2) Response surface plots for ER as a function of tempera-
ture and feed moisture content at 60s residence time and 71 % MF, 19% FFSF, 10 MOLP. 

 
 
to be most dependent on MF and MOLP content rather 
than FFSF content. 
        Higher MF and lower MOLP addition resulted to 
higher ER in the studied experimental range. The steady 
decrease in ER with increasing MOLP and FFSF could 
be due to the addition of increasing amounts of fibre and 
protein to the blend which may affect the extent of starch 
gelatinization and thus the rheological properties of the 
melted material in the extruder (Camire and King, 1991). 
The non-starch polysaccharides in fibre may bind water 
more tightly during extrusion than do protein and starch. 
This binding may inhibit water loss at the die and thus re-
duce expansion. Yanniotis, Petraki, and Soumpasi (2007) 
observed pectin reduces radial expansion by increasing 
the melt viscosity and reducing the availability of water for 
the gelatinization process. 
         The effects of temperature and moisture content 
were found to be dependent to each other (Figure 5). The 
ER was found to be higher at higher moisture content 
and higher temperatures. On the other hand decrease at 
low temperature and low moisture content. The response 
of expansion property on barrel temperature is relative to 
the saturated vapour pressure and viscosity of extrudate 
during extrusion. Pan, Zhang, & Jane (1998) observed 
that when screw speed was high, low moisture and tem-
perature resulted in less expanded product than other 
conditions which could be due to less water vapour pres-
sure and viscosity developing during extrusion. It was ob-
served that extrudate viscosity decreased with an in-
crease of temperature. The decrease of the viscosity of 
the extruded dough would be beneficial to the generation 
of bubbles and lead to an increase in expansion (Ding et 
al., 2005). 

CONCLUSION 
 
In the present work, it has been demonstrated that 
extrusion cooking process significantly produced 
extruded starchy food fortified with FFSF and MOLP with 
desirable physical and chemical properties and suitable 
nutritional properties. Extrudates having various blending 
ratio of MF, FFSF and MOLP provided suitable physical 
and chemical properties such as higher ER, WAI and 
WSI and low water activity (aw). Increasing the MOLP 
level resulted in increased iron content. High processing 
temperature and low aw reduces the level of microbial 
activity on the extrudates. The sensory evaluation of 
extrudates suggests that extrusion of FFSF flour and 
MOLP in combination with maize flour can produce 
acceptable extruded snack which can be used as 
supplementary meal and subsequently help in combating 
micronutrient malnutrition for children and children 
bearing mothers. 
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