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Abstract: The use of extrusion can be regarded as beneficial due to its short production time and wide variety of foods 
produced by this method. South Africa as a developing country has been involved in food extrusion since the 1980’s and 
this technology is gaining momentum in academic research areas. A number of research efforts related to extrusion in 
South Africa have shown the consumption of extruded dry beans can reduce plasminogen activator inhibitor levels in 
hyperlipidaemic men; the production of sorghum-cowpea extruded instant porridge resulted in a nutritional acceptable 
product and can be used to supplement the diet of young children to assist with protein deficiencies. Furthermore, 
research has proven extruder parameters play a role in the outcome of the product and can influence product properties. 
Based on these research initiatives, Vaal University of Technology/Centre of Sustainable Livelihoods (VUT/CSL) has 
acquired an Extrusion Pilot Plant to implement interdisciplinary research of nutrition and engineering science. The 
research will look at process optimisation studies to obtain maximum product output and evaluating nutritional 
compositions of the products under various conditions. It is hoped the future research efforts at VUT/CSL will address 
food and nutrition insecurity and showcase the pilot plant as a testing facility and potential advancement to 
commercialisation. 
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1. INTRODUCTION 

The global evidence based literature confirmed the 
link to nutrition, well-being and health is food [1-3]. 
However, the availability and consumption of this 
important source of nutrients needed to sustain life is 
compromised due to political, social, economic and 
environmental issues leading to food insecurity, 
inaccessibility and malnutrition. Organisations such as 
World Bank (WB), World Health Organisation (WHO), 
United Nations (UN), Food and Agricultural 
Organisations (FAO), World Food Programme (WFP), 
and International Fund for Agricultural Development 
(IFPD) have dedicated their time and expertise in 
addressing the concerns of food insecurity and 
malnutrition [4]. Although food and nutrition insecurity 
are global concerns, the circumstances faced by 
developed and developing countries do differ from 
each other. For example, in Sub Saharan Africa, other 
than political, environmental and socio-economic 
stresses, food insecurity and malnutrition, can also be 
attributed to extreme poverty, minimal international 
trade, weak infrastructure and development, 
overlooking the usage of resources, supply and 
demand is difficult due to large population size [5-9]. 
Hence, for sustainability and efficacy purposes, 
individual countries and/or regions should look at 
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resources that are available locally to deal with the 
situation of food insecurity and malnutrition.  

In South Africa (SA), the production, acquisition and 
consumption of food products are similar to those of 
Western diet system. Food products in SA are 
processed and packaged by private companies and 
delivered through a well-established network of whole 
and retail sale systems and certain companies use 
specialized processing machinery, such as extruder 
machines [10-12]. This paper highlights extrusion 
cooking as a type of food production method to 
possibly address food shortages and supplying 
nutritious foods in SA. Therefore, the structure of this 
mini review paper is as follows: (i) An Overview of 
Extrusion Technology: the history, advantages, 
disadvantages, extruder types and (ii) Food Extrusion 
in South Africa: academic research efforts and the 
prospects of Vaal University of Technology (VUT) 
through the Centre of Sustainable Livelihoods (CSL) to 
address food and nutrition insecurity.  

2. AN OVERVIEW OF EXTRUSION TECHNOLOGY 

Extrusion is thermo-mechanical, high temperature, 
short time processing technique. Food extrusion is 
whereby raw materials of low or high moisture content 
are chemically modified and transformed into an 
extrudate [13-18]. The food extrusion process is simply 
cooking of dry raw materials by steam. The raw 
materials are added to the feed hopper and via 
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automated pumps fed into the barrel of the extruder. 
Within this barrel there are rotating screws to convey 
the materials to the end of the barrel. As the material 
moves through the screws it is compressed into a 
dough-like substance by steam. After compression the 
dough is conveyed towards the die. At the die section 
(barrel end) the dough expands and is cut by blades 
into the products or extrudates of varying shapes and 
sizes [13,18]. Extrusion technology dates back almost 
200 years ago (a historic timeline is depicted in  
Figure 1).  

The advantages of food extrusion cooking are: (i) 
shorter production or cooking time enabling increased 
productivity; (ii) a single equipment with multiple 
operations of kneading, heating, mixing and shaping as 
well as adapting processing conditions allows for a 
variety of extrudates; (iii) high temperature processing 
increases the shelf-life of products by destroying 
microbial contaminants; (iv) as a continuous production 
it is economical and requires less energy due to short 
residence time; (v) high temperatures also improves 
digestibility of starch and proteins and denatures 
harmful anti-nutrients such as trypsin inhibitors and 
fungal allergens [13-14,21-22]. The disadvantages are: 
(i) selecting process parameters are imperative in 
preventing molecular changes which can cause the 
formation of reactive, harmful substances and (ii) initial 
investment into acquiring the equipment is costly and 
the maintenance and utilities need to be managed 
independently to minimize and control additional costs 

[14-15]. Extruders are classified as single-screw, twin-
screw and interrupted flight expanders [13-14]. Single-
screw and twin-screw extruders are widely used and 
the information related to these two types is 
summarized in Table 1.  

3. FOOD EXTRUSION IN SOUTH AFRICA 

The use of extrusion technology in the South 
African food industry began in the1980’s (Figure 1) and 
has since grown and expanded through various stages 
and companies, one of which is the Centre for 
Advanced Manufacturing (CFAM) Technologies (PTY) 
Ltd. CFAM Technologies is a spin-off company from a 
research department within North West University 
(NWU) in Potchefstroom (North West Province, SA) 
and is one of the leading manufacturers of twin-screw 
extruders in South Africa. Additionally, CFAM produces 
a number of commercial products and supplies 
extruders and related machinery to southern Africa and 
international markets [20]. From an academic 
perspective, published data on food extrusion in South 
Africa dates from 2000 to 2016. Among consulted 
literature, several authors from NWU and University of 
Pretoria (Gauteng Province, SA) have reported on the 
effects of using extruded dry beans on human health; 
product development of extruded sorghum-cowpea 
instant porridge; examining physical properties of 
extruded grains; and investigating nutritional quality of 
extruded/micronized porridge [34,37,43-46]. These 
initiatives have encouraged the authors of this paper to 

 
Figure 1: Historical progression of food extrusion technology and milestones related to South Africa [construction of figure 
based on information from references 13-14, 17, 19-20]. 
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look at how extruded food products in SA can play an 
active role in addressing food and nutrition insecurity.  

3.1. Research Initiatives  

Oosthuizen et al. [45] reported on the incorporation 
of extruded dry beans in the daily diets of 
hyperlipidaemic men to evaluate the levels of serum 
lipoprotein (SL), plasma fibrinogen and viscosity 
(PF/PV) and plasminogen activator inhibitor (PAI-1). 
The extruded dry beans were supplied by the School of 
Mechanical and Material Engineering (Potchefstroom 
then the University for Christian Education now 
renamed as NWU) and the products used for the 
experimental analysis were developed by the Dry Bean 
Producers Organisation South Africa. It was found PAI-
1, the elevated of which is a risk factor for thrombosis 
and atherosclerosis [47] was reduced with no effect on 
SL, PF and PV, from a daily amount of 91.9g intakes. 
In a second study, Oosthuizen et al. [46] investigated 
the glycaemic indices (GI) of women and men aged 19-
23 after consuming muffins and pasta produced from 
extruded dry bean flour (supplied by Dry Bean 
Producers Organisation). The test groups showed low 
GI and high GI for the muffin and pasta, respectively. 
Both studies focused on the health aspect of human 
consumption of an extruded type product which proved 
to be beneficial [45-46].  

Food extrusion research by Pelembe et al. [34], 
Dlamini et al. [37] and Vilakati et al. [43-44] focused on 
the extrusion of sorghum. Pelembe et al. [34] studied 
the development of a sorghum-cowpea instant 

porridge. The sorghum-cowpea blends were processed 
using the Continua 37/22D twin-screw extruder 
(Werner & Pfleiderer) operated at a barrel temperature 
of 130⁰C and 165⁰C in order to determine the effects of 
temperature and blend ratios on various properties of 
the final product [34]. With increased cowpea ratio, the 
protein content, nitrogen solubility index, colour, water 
absorption and solubility indexes increased. Whereas, 
when the temperature increased, enzyme-susceptible 
starch and expansion ratio increased, at lower cowpea 
ratios [34]. This research is commendable as it 
showcases raw materials readily available in South 
Africa and the use of a combined starch-protein 
composite can be successfully extruded to address the 
issue of protein deficiencies. Moreover, in comparison 
to Oosthuizen et al. [45,46] the difference to point out is 
processing conditions can impact the properties of the 
extrudate.  

Dlamini et al. [37] investigated extrusion on the 
antioxidant levels of sorghum (tannin, non-tannin 
varieties) grains (whole, decorticated). Focusing on the 
extrusion method, sorghum grains were extruded using 
the Clextral BC92 twin-screw, co-rotating extruder 
(Clextral, FIRMINY) at temperatures of 150-160⁰C. 
Sorghum extrusion cooking decreased antioxidant 
levels with the exception of the decorticated NK283 
which is a non-tannin variety [37]. From this study, raw 
material varieties are important when selecting 
products for extrusion and optimisation of the process 
parameters is crucial in improving the quality of the 
extruded grains.  

Table 1: Extruded Products from Various Types of Extruder Models 

Type Products1 Models and Manufacturers2 References 

Single-Screw Corn snacks, Textured 
vegetable proteins, Cereals, 
Pet food, Animal feed, Rice 
bran, DDGS feeds, Barley, 
Maize-soybean blends, Sweet-
potato-soybean blends 

PL2000 Brabender, (Plasti-Corder, South 
Hackensack, NJ,USA) 
TYE-30 (Tai Yu Co., Ltd, Taiwan) 
Almex Battenfeld (Almex BV, Zutphen, The  
Neatherlands) 
20DN Brabender (GmbH & Co, Germany) 

Riaz [13]; Guy [14]; Moscicki 
[17]  
Perez et al. [22]; Iwe & 
Ngoddy [23]; Iwe et al. [24-25]; 
Yang et al. [26]; Ayadi et al. 
[27]  

Twin-Screw Pasta, 3D snacks, Meat 
analogs, Textured vegetable 
proteins, Beverage powders, 
Confectionary sweets, Maize 
grits & snacks, Rice-amaranth 
blends, Expanded rice & wheat, 
Modified rice & almond flours, 
Corn-soybean blends, 
Sorghum-cowpea blends, 
Cauliflower & chickpea flour 
snacks, Corn-common bean 
snacks  

TX32 (CFAM Technologies, Potchefstroom, South 
Africa) 
TX-52(Wenger, Sabetha, KS, USA) 
CM45-F (Cincinnati Milacron, Austria) 
Continua 37 (Werner & Pfleiderer, Stuttgart, Germany) 
DS32-II (Jinan Saixin Food Machinery, Shandong, 
China) 
ZSK 30/57 (Werner & Pfleiderer, Ramsey, NJ, USA) 
MPF 50/25 (APV Baker Inc., Grand Rapids, MI,USA) 
BC-21 (Clextral, FIRMINY, France) 

Riaz [13]; Guy [14]; Ding et al. 
[15]; Moscicki [17]; Jin et al. 
[28]; Lasekan et al. [29]; Guha 
et al. [30]; Ilo et al. [31-32]; 
Mahungu et al. [33]; Pelembe 
et al. [34]; Ding et al. [35]; 
Hagenimana et al. [36]; 
Dlamini et al. [37]; De Pilli et 
al. [38]; Stocjceska et al. [39]; 
Anton et al. [40]; Meng et al. 
[41]; Fallahi et al. [42]; Vilakati 
et al. [43-44]  

1General extruded products and products related to the models. 
2Models used for food extrusion research studies. 
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Vilakati et al. [43-44] investigated nutritional value of 
sorghum-cowpea porridge by a combination of 
extrusion-micronisation cooking. Sorghum grains were 
extruded using the TX32 twin-screw co-rotating 
extruder (CFAM, Potchefstroom, South Africa) at a 
temperature range of 130-159⁰C and the cowpeas 
were micronized. Both processes resulted in flour and 
the sorghum-cowpea flour composite was blended with 
cowpea leaves to produce a ready-to-eat (RTE) 
porridge [43-44]. The resultant porridge has increased 
protein, lysine, zinc, iron and calcium with reduced 
antinutrients (trypsin inhibitor activity) [43,44]. The 
purpose of this study was to produce an RTE porridge 
to supplement the diet of children between the ages of 
2-5 years old and the outcome of the study was 
positive as the product contained nutrients beneficial to 
the age group under the study. It would be interesting 
to evaluate the use of extrusion cooking only for the 
sorghum-cowpea-cowpea leaves, as Pelembe et al. 
[34] in order to detect if a single cooking technique will 
produce similar results.  

3.2. Prospects of VUT/CSL 

The Vaal University of Technology (VUT) was 
established in 1966 as Vaal Triangle Technikon 
triggered by the Advanced Technical Education Act to 
provide industries with technically skilled individuals 
[48]. Over the past 50 years Vaal Technikon advanced 
to a University and through a number of Technology 
Stations or Centres progressed into research and 
development. One such centre, Centre of Sustainable 
Livelihoods (CSL) (formerly Institute of Sustainable 

Livelihoods) was established in 2006 from initial 
research activities in the Department of Hospitality and 
Tourism, VUT [49]. CSL has devoted it’s time to 
research in food and nutrition science and has served 
local communities in the Vaal area by investigating 
household food insecurity, improving nutritional status 
of children, addressing hypertension, diabetes and 
obesity in the elderly and developing nutritional 
intervention programmes to drive education in nutrition 
[50-51]. A notable aspect of CSL is the involvement in 
stimulating Soy research. A series of Soy 
Seminar/Workshops, the most recent held from 20th-
24th June 2016, was initiated to provide a platform for 
soy grain producers, stakeholders and researchers to 
discuss heightening soy food production and 
consumption, addressing general nutrition concerns, 
and to strengthen the existing knowledge of food 
product technologies in SA. The seminar presentations 
by national and international delegates described 
aspects related to production, applications, metabolics, 
health, small-holder farmer empowerment, emerging 
markets, and school feeding schemes from extruded 
soy products. Theses workshops also included 
practical demonstrations by community leaders on 
household soy cooking techniques and product 
development techniques by privately owned production 
companies. Over the years, a number of presentations 
and demonstrations from local companies in the field of 
extrusion stimulated VUT/CSL in advancing towards 
food extrusion technology. VUT/CSL sought and 
gained both internal and external funding support to 
materialize soy and other grain based extruded food 
product development research studies. These efforts 
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are in collaboration with various Universities and 
research institutions both in SA and abroad. The first 
step in initiating the extrusion research was acquisition 
of funding and purchase of an Extrusion Pilot Plant. 
The plant, purchased from CFAM Technologies (PTY) 
Ltd., Potchefstroom, South Africa is housed at Science 
and Technology Park-Sebokeng, South Africa. A 
schematic representation of the pilot plant and the 
extruder model are depicted in Figures 2a and 2b, 
followed by a description of the components in Tables 
2a and 2b.  

Table 2a: Description of Plant Components  

Labels Components 

A Plant control panel 

B Extruder control panel 

C Extruder dosing water 

D Extruder 

E Raw material storage 

F Live Feeder 

G Milling station 

H Product collector 

I Cooling tower 

J Cooler/Dryer 

K Product storage 

 

Table 2b: Description of Extruder Components and 
Functions 

Labels Components Functions 

A Control panel Automated control system with 
user interface and on/off switches 

for panel and extruder 

B Motor Drive motor 22kW,AC 

C Gearbox Oil to prevent thermal shock 

D Hopper with 
agitators 

Raw material addition point 

E Hopper feed 
throat 

Raw material feed into chute 

F Feed chute Raw material extruder inlet 

G Barrel 33.5mm diameter, houses the 
screws and heat exchanger 

H Twin screws 32:1 (L/D ratio), product processor 

I Heat exchanger Heating/cooling through barrel 

J Temperature 
zones 

Five zones of varying temperature 
profiles 

K Die Product outlet and shaping 

L Dosing water Water to lubricate screws via pump 
tank, dosing syringe and inlet 

M Water inlet/outlet 
valves 

External water supply to heat 
exchanger 

N Control panel 
connection 

Electrical connection  

 

(Figure 2). Continued. 

 
b 

Figure 2: a. Schematic representation of VUT/CSL Extrusion Pilot Plant. b. TX32 Twin-screw Extruder, manufactured and 
supplied by CFAM technologies (PTY) Ltd., South Africa.  
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The pilot plant will be used for dual research 
purposes of producing nutritional foods to supply local 
South African markets and testing the plant for 
commercialization through optimisation studies. The 
researchers wish to accomplish: a foundation for local, 
affordable products in SA thus reducing import costs; 
for CSL to be a testing and production facility which 
continuously supplies nutritious food to local 
communities; and to further enhance extrusion cooking 
to national and possibly international markets. 

CONCLUSION 

The food extrusion industry and technology relating 
to academic research sectors was considered in this 
paper. This paper examined an overview of extrusion 
technology including its historical development and 
types of extruders used in the food industry. The 
historical progression is briefly outlined from 1797 to 
2016 and the milestones of the South African extruder 
industry were shown. Two types of extruders, the 
single-screw and twin-screw extruders are widely used 
in the food industry and information related to the 
products and worldwide extruder manufacturers and 
models were provided. The main component of the 
paper was to demonstrate the achievements of food 
extrusion in South Africa, by reviewing research work 
undertaken in various provinces. Thus far, published 
research has involved the consumption of extruded dry 
beans to detect its human health implications; 
development of a novel extruded sorghum-cowpea 
porridge; examining changes in the physical properties 
of extruded grains; and evaluating nutritional quality of 
an extruded and micronised porridge. This paper also 
revealed the extrusion pilot plant housed at VUT/CSL. 
The VUT/CSL initiative is to contribute knowledge in 
food extrusion technology by conducting 
interdisciplinary research applied to the fields of 
nutrition and engineering sciences by running an 
extrusion test facility focused on product plant 
optimization linked to achieving extrudates of high 
nutritional quality. 

ACKNOWLEDGEMENTS  

The authors kindly acknowledge: National Research 
Foundation-South Africa and Vaal University of 
Technology, for research financial contributions; South 
African Department of Higher Education and Training 
(DHET) for financial support to first author; Ms. N. 
Taseski (NWU/CFAM), for extruder demonstration and 
training; Mrs LJ. Dube (VUT/CSL), for administrative 
support. 

CONFLICTS OF INTEREST 

The authors declare no Conflicts of Interest. 

REFERENCES  

[1] Huh SY, Rifas-Shiman SL, Taveras EM, Oken E, Gillman 
MW. Timing of solid food introduction and risk obesity in pre-
school aged children. Pediatrics 2011; 127(3): e544-e551.  
https://doi.org/10.1542/peds.2010-0740 

[2] Ohlhorst SD, Russel R, Bier D, et al. Nutrition research to 
affect food and a healthy life span. Am J Clin Nutr 20 13; 
98(2): 620-625. 
https://dx.doi.org/10.3945/ajcn.113.067744 

[3] Bordoni A, Capozzi F. Foodomics for healthy nutrition. Curr 
Opin Clin Nutr Metab Care 2014; 17(5): 418-424.  
https://doi.org/10.1097/MCO.0000000000000089 

[4] Misselhorn AA. What drives food insecurity in southern 
Africa? A meta-analysis of household economy studies. 
Global Environ Chang 2005; 15(1): 33-43.  
https://dx.doi.org/j.gloenvcha.2004.11.003 

[5] Duncan A. The food security challenge for southern Africa. 
Food Policy 1998; 23(6): 459-475.  
https://doi.org/10.1016/S0306-9192(98)00055-4 

[6] Van Rooyen J, Sigwele H. Towards regional food security in 
southern Africa: a (new) policy framework for the agricultural 
sector. Food Policy 1998; 23(6): 491-504.  
https://doi.org/10.1016/S0306-9192(98)00057-8 

[7] Smith LC, El Obeid AE, Jensen HH. The geography and 
causes of food insecurity in developing countries. Agr Econ 
2000; 22(2): 199-215.  
https://doi.org/10.1111/j.1574-0862.2000.tb00018.x 

[8] del Ninno C, Dorosh PA, Subbarao K. Food aid, domestic 
policy and food security: Contrasting experiences from South 
Asia and sub-Saharan Africa. Food Policy 2007; 32(4): 413-
435.  
https://doi.org/10.1016/j.foodpol.2006.11.007 

[9] Godfray HCJ, Beddington JR, Crute IR, et al. Food 
insecurity: The challenge of feeding 9 billion people. Science 
2010; 327(5967): 812-818.  
https://doi.org/10.1126/science.1185383 

[10] Hill P, Wynder EL, Garbaczewski L, Garnes H, Walker AR. 
Diet and urinary steroids in black and white North American 
men and black South African men. Cancer Res 1979; 39(12): 
5101-5105. 

[11] Day C, Gray A, Budgell E. Health and related indicators. 
South Afr Health Rev 2011; 2011(1): 119-248.  

[12] Pereira L, Drimie S. Governance arrangements for the future 
food system: Addressing complexity in South Africa. 
Environment: Sci Pol Sust Devlop 2016; 58(4): 18-31.  
https://doi.org/10.1080/00139157.2016.1186438 

[13] Riaz MN. Extruders in food applications. Boca Raton: CRC 
Press 2000; p. 1-10, 14-17, 25, 82-84, 168-196. 

[14] Guy R. Extrusion Cooking: Technologies and Applications. 
Cambridge: Woodhead Publishing Limited and Boca Raton: 
CRC Press 2001; p. 1-2, 10-12, 30-38, 42-46, 119. 

[15] Ding Q, Ainsworth P, Plunkett A, Tucker G, Marson H. The 
effect of extrusion conditions on the functional and physical 
properties of wheat-based expanded snacks. J Food Eng 
2006; 73(2): 142-148.  
https://doi.org/10.1016/j.jfoodeng.2005.01.013 

[16] Gonzalez RJ, Torres RL, De Greef DM, Guadalupe BA. 
Effects of extrusion conditions and structural characteristics 
on melt viscosity of starchy materials. J Food Eng 2006; 
74(1): 96-107.  
https://doi.org/10.1016/j.jfoodeng.2005.02.007 

[17] Moscicki L. Extrusion-Cooking Techniques: Application, 
Theory and Sustainability. Weinheim: WILEY-VCH 2011; p. 
1-8. 



122      Journal of Pharmacy and Nutrition Sciences,  2017, Vol. 7, No. 3 Deenanath and Egal 

[18] Adekola KA. Engineering review food extrusion technology 
and its applications. J Food Sci Eng 2016; 6: 149-168.  
https://doi.org/10.17265/2159-5828/2016.03.005 

[19] Shurtleff W, Aoyagi A. History of soy flour, grits and flakes 
(510CE to 2013). Lafayette: SoyInfo Center 2013; p.1905.  

[20] CFAM Technologies (PTY) Ltd. [cited 2016 Dec 5]: Available 
from: www.cfam.co.za 

[21] Castells M, Marin S, Sanchis V, Ramos AJ. Fate of 
mycotoxins in cereals during extrusion cooking: A review. 
Food Addit Contam 2005; 22(2): 50-157.  
https://doi.org/10.1080/02652030500037969 

[22] Perez AA, Drago SR, Carrara CR, De Greef DM, Torres RL, 
Gonzalez RJ. Extrusion cooking of a maize/soybean mixture: 
Factors affecting expanded product characteristics and flour 
dispersion viscosity. J. Food Eng 2008; 87(3): 333-340.  
https://doi.org/10.1016/j.jfoodeng.2007.12.008 

[23] Iwe MO, Ngoddy PO. Proximate composition and some 
functional properties of extrusion cooked soybean and sweet 
potato blends. Plant Foods Hum Nutr 1998; 53(2): 121-132.  
https://doi.org/10.1023/A:100805601985 

[24] Iwe MO, Wolters I, Gort G, Stolp W, van Zuilichem DJ. 
Behaviour of gelatinisation and viscosity in soy-sweet potato 
mixtures by single screw extrusion: A response surface 
analysis. J Food Eng 1998; 38(3): 369-379.  
https://doi.org/10.1016/S0260-8774(98)00126-5 

[25] Iwe MO, van Zuilichem DJ, Stolp W, Ngoddy PO. Effect of 
extrusion cooking of soy-sweet potato mixtures on available 
lysine content and browning index of extrudates. J Food Eng 
2004; 62(2): 143-150.  
https://doi.org/10.1016/S0260-8774(03)00212-7 

[26] Yang S, Peng J, Lui W, Lin J. Effects of adlay species and 
rice flour ratio on the physicochemical properties and texture 
characteristic of adlay-based extrudates. J Food Eng 2008; 
84(3): 489-494.  
https://doi.org/10.1016/j.jfoodeng.2007.06.010 

[27] Ayadi FK, Fallahi P, Rosentrater KA, Muthukumarappan K. 
Modeling single-screw extrusion processing parameters and 
resulting extrudate properties of DDGS-based Nile Tylapia 
(Oreochromis niloticus) Feeds. J Food Res 2013; 2(2): 11-
28.  
https://doi.org/10.5539/jfr.v2n2p11 

[28] Jin Z, Hsieh F, Huff HE. Extrusion cooking of corn meal with 
soy finer, salt, and sugar. Cereal Chem 1994; 71(3): 227-
234.  

[29] Lasekan OO, Lasekan W, Idowu MA, Ojo OA. Effect of 
extrusion cooking conditions on the nutritional value, storage 
stability and sensory characteristics of a maize-based snack 
food. J Cereal Sci 1996; 24(1): 79-85.  
https://doi.org/10.1006/jcrs.1996.0040 

[30] Guha M, Zakiuddin S, Bhattacharya S. Twin-screw extrusion 
of rice flour without a die: Effect of barrel temperature and 
screw speed on extrusion and extrudate characteristics. J. 
Food Eng 1997; 32(3): 251-267.  
https://doi.org/10.1016/S0260-8774(97)00028-9 

[31] Ilo S, Tomschik U, Berghofer E, Mundigler N. The effect of 
extrusion operating conditions on the apparent viscosity and 
the properties of extrudates in twin-screw extrusion cooking 
of maize grits. Lebensm Wiss Technol 1996; 29(3): 593-598.  
https://doi.org/10.1006/fstl.1996.0092 

[32] Ilo S, Liu Y, Berghofer E. Extrusion cooking of rice flour and 
amaranth blends. Lebensm Wiss Technol 1999; 32(2): 79-88.  
https://doi.org/10.1006/fstl.1998.0497 

[33] Mahungu SM, Diaz-Mercado S, Li J, Schwenk M, Singletary 
K, Faller J. Stability of isoflavones during extrusion 
processing of corn/soy mixture. J Agric Food Chem 1999; 
47(1): 279-284.  
https://doi.org/10.1021/jf980441q 

[34] Pelembe LAM, Erasmus C, Taylor JRN. Development of a 
protein-rich composite sorghum-cowpea instant porridge by  
 

extrusion cooking process. Lebensm Wiss Technol 2002; 
35(2): 120-127.  
https://doi.org/10.1006/fstl.2001.0812 

[35] Ding Q, Ainsworth P, Tucker G, Marson H. The effect of 
extrusion conditions on the physicochemical properties and 
sensory characteristics of rice-based expanded snacks. J 
Food Eng 2005; 66(3): 283-289.  
https://doi.org/10.1016/j.jfoodeng.2004.03.019 

[36] Hagenimana A, Ding X, Fang T. Evaluation of rice flour 
modified by extrusion cooking. J Cereal Sci 2006; 43(1): 38-
46.  
https://doi.org/10.1016/j.jcs.2005.09.003 

[37] Dlamini NR, Taylor JRN, Rooney LW. The effect of sorghum 
type and processing on the antioxidant properties of African 
sorghum-based foods. Food Chem 2007; 105(4): 1412-1419.  
https://doi.org/j.foodchem.2007.05.017 

[38] De Pilli T, Joupplia K, Ikonen J, Kansikas J, Derossi A, 
Severini C. Study on formation of starch-lipid complexes 
during extrusion cooking of almond flour. J Food Eng 2008; 
87(4): 495-504.  
https://doi.org/10.1016/j.jfoodeng.2007.12.028 

[39] Stojceska V, Ainsworth P, Plunkett A, Ibanoglu E, Ibanoglu 
S. Cauliflower by-products as a new source of dietary fibre, 
antioxidants and proteins in cereal based ready-to-eat 
expanded snacks. J Food Eng 2008; 87(4): 554-563.  
https://doi.org/10.1016/j.jfoodeng.2008.01.009 

[40] Anton AA, Fulcher RG, Arntfield SD. Physical and nutritional 
impact of fortification of corn starch-based extruded snacks 
with common bean (Phaseolus vulgaris L.) flour: Effects of 
bean addition and extrusion cooking. Food Chem 2009; 
113(4): 989-996.  
https://doi.org/j.foodchem.2008.08.050 

[41] Meng X, Threinen D, Hansen M, Driedger D. Effects of 
extrusion conditions on system parameters and physical 
properties of a chickpea flour-based snack. Food Res Int 
2010; 43(2): 650-658.  
https://doi.org/10.1016/j.foodres.2009.07.016 

[42] Fallahi P, Rosentrater KA, Muthukumarappan K, Tulbek M. 
Effects of steam, moisture, and screw speed on physical 
properties of DDGS-based extrudates. Cereal Chem 2013; 
90(3): 186-197.  
https://doi.org/10.1094/CHEM-08-12-0102-R 

[43] Vilakati N, Macintyre U, Oelofse A, Taylor JRN. Influence of 
micronization (infrared treatment) on the protein and 
functional quality of a ready-to-eat sorghum-cowpea African 
porridge for young child-feeding. LWT-Food Sci Technol 
2015; 63(2): 1191-1198.  
https://doi.org/j.lwt.2015.04.017 

[44] Vilakati N, Taylor JRN, MacIntyre U, Kruger J. Effects of 
processing and addition of a cowpea leaf relish on the iron 
and zinc nutritive value of a ready-to-eat sorghum-cowpea 
porridge aimed at young children. LWT-Food Sci Technol 
2016; 73: 467-472.  
https://doi.org/j.lwt.2016.06.022 

[45] Oosthuizen W, Scholtz CS, Vorster HH, Jerling J, Vermaak 
WJH. Extruded dry beans and serum lipoprotein and plasma 
haemostatic factors in hyperlipidaemic men. Eur J Clin Nutr 
2000; 54: 373-379. 

[46] Oosthuizen W, Venter CS, Nell TA, et al. The effect of 
extrusion processing on the glycaemic index of dry bean 
products. South Afr J Clin Nutr 2005; 18(3): 244-249. 

[47] Vaughan DE. PAI-1 and atherothrombosis. J Thromb 
Haemost 2005; 3(8): 1879-1883.  
https://doi.org/10.1111/j.1538-7836.2005.01420.x 

[48] d’ Almaine F, Manhire B, Samuel OA. Engineering education 
at South Africa’s Technikons. J Negro Educ 1997; 66(4): 
434-442. 

[49] Vaal University of Technology. [cited 2016 Dec 5]: Available 
from: www.vut.ac.za 

 



Initiatives to Address Food and Nutrition Insecurity in South Africa Journal of Pharmacy and Nutrition Sciences,  2017, Vol. 7, No. 3     123 

[50] Oldewage-Theron WH, Dicks EG, Napier CE, Rutengwe R. A 
community-based integrated nutrition research programme to 
alleviate poverty: baseline survey. Public Health 2005; 
119(4): 312-320.  
https://doi.org/10.1016/j.puhe.2004.08.012 

[51] Oldewage-Theron WH, Dicks EG, Napier CE. Poverty, 
household food insecurity and nutrition: Coping strategies in 
an informal settlement in the Vaal Triangle, South Africa. 
Public Health 2006; 120(9): 795-804.  
https://doi.org/10.1016/j.puhe.2006.02.009 

 
Received on 24-03-2017 Accepted on 29-05-2017 Published on 14-07-2017 

DOI: https://doi.org/10.6000/1927-5951.2017.07.03.7 

 

 


