Food ©2010 Global Science Books

B

Chemical Composition, Pasting and
Sensory Properties of Iron-Fortified Cassava Gari

Silifat Ajoke Sanni' - Clara R. B. Oguntona’ ¢ E. B. Oguntona’ - Busie Maziya-Dixon®

1 Nutrition and Dietetics Department, University of Agriculture, Abeokuta, PMB 2240, Nigeria
2 Animal Nutrition Department, University of Agriculture, Abeokuta, PMB 2240, Nigeria

3 International Institute of Tropical Agriculture, Ibadan, Nigeria

Corresponding author: * silajok@yahoo.com

ABSTRACT

The need to eradicate nutritional anaemia with a local diet is important for successful intervention at the community level in Nigeria.
Enhancing the micronutrient content of commonly consumed staple foods like cassava gari can reduce iron deficiency in Nigeria. This
study investigates the extent to which inclusion of iron fortificants (sodium iron EDTA, Fe fumarate and Fe sulphate) could affect
proximate and mineral composition, pasting and sensory properties of fortified cassava gari samples. Investment cost of iron fortified
cassava gari was also investigated. Gari was fortified with these three fortificants at three concentrations (25, 35 and 45 mg/kg). There
were significant differences (P < 0.05) in the proximate and pasting properties of iron-fortified gari samples compared to unfortified
samples. Iron content of unfortified gari was 12 mg/kg and this value appreciably increased from 17 to 20 mg/kg, 18 to 25 mg/kg and 21
to 28 mg/kg for NaFeEDTA-, Fe sulphate- and Fe fumarate-fortified gari samples, respectively. There were no significant differences (P >
0.05) in taste, texture and odour of unfortified and fortified samples. In terms of overall acceptability, panellists rated unfortified gari
samples higher followed by samples with 45 mg/kg NaFeEDTA. The rate of return on investment for iron fortified gari is 1.36.
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INTRODUCTION

Iron deficiency is a serious health problem affecting a large
proportion of the world’s population (Ratana er al. 2006;
Sanni et al. 2008). It is considered by World Nutrition Ex-
perts to be the most common worldwide nutritional defici-
ency and affects approximately 20% of the world popula-
tion (Sanni et al. 2008). Its most severe form, iron defi-
ciency anaemia, is reported to have a higher overall cost to
society than any other disease except tuberculosis (Pizarro
and Olivares 2006). Women and young children are espe-
cially at risk. Adverse effects include lower growth rate and
impaired cognitive scores in children and poor pregnancy
outcome and lower working capacity in adults (Walker
1998). The global nature of the problem and its public

health significance has been reviewed by Hambraeus (1999).

Food fortification programs are cost-effective means for
reducing the prevalence of iron deficiency (Cook and
Reusser 1983). The effectiveness of a food fortification
program depends on the consistent and uniform addition of
iron compounds to appropriate food vehicles, such as flour
and milk-based powders, which are widely consumed by
the target population (Mejia 1994). To be effective, a com-
bination of an iron fortificant compound and food vehicle
must be selected which is safe, acceptable to and consumed
by the target population, does not adversely affect the
organoleptic qualities and shelf-life of the food vehicle, and
provides iron in a stable, highly bioavailable form (INACG
2002; Pizarro and Olivares 2006; Ratana et a/. 2006; Sanni
et al. 2008).

Basically, foods of all major groups can be fortified.
The efficacy of food fortification as a nutrition intervention
strategy has been extensively investigated in large field stu-
dies involving thousands of participants (FAO/ILSI 1999).
The fortification of certain foods such as flour, sugar, salt,
etc. is now been practiced in Nigeria with the introduction

of legislation by the Federal Government mandatory forti-
fication of such food items (Omosanya 2002). However,
there are little efforts on fortification procedures for traditi-
onal foods, especially from cassava.

Gari, a fermented cassava product, is widely known in
Nigeria and other West African countries (Igbeka 1987). In
Boukina Faso, it is called atoukpou (Nweke 1994). Certain
processing steps in gari making such as grating and water
expressing are mechanised (Sanni ez al. 1998). Urban con-
sumers prefer gari because it is a pre-cooked convenience
food. It is commonly consumed either by soaking in cold
water with sugar, coconut, roasted peanut, fish, or boiled
cowpea as complements or as a paste made with hot water
and eaten with vegetable sauce (Sanni and Ayinde 2002).
Cassava and its products such as gari is very deficient in
protein and micronutrients such as calcium, phosphorus,
irons, and vitamins such as vitamin C, A, thiamine, ribofla-
vin and niacin. Some of these minerals and vitamins how-
ever are lost during processing (Sanni et al. 1998).

Cassava fortification in Nigeria has been dominated
with the enrichment of local Nigerian staple foods like gari,
lafun and fufu with soybean protein (Oyewole and Aibor
1992; Oyewole and Asagbra 2003). This was aimed at sol-
ving protein malnutrition in children, pregnant women, lac-
tating mothers, the aged and the sick (Enwere 1998). How-
ever, there is no information on the micronutrient fortifi-
cation of some of these traditional cassava products. This
paper reports our findings on the effects of iron fortificants
(sodium iron EDTA, Fe fumarate and Fe sulphate) on the
proximate, minerals, pasting and sensory properties of iron-
fortified gari samples. Cost and return benefits of iron forti-
fied cassava gari production are also reported.
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MATERIALS AND METHODS
Cassava roots

Cassava roots (TMS 30572, low cyanogens variety) used for this
study were obtained from the research farm of the University of
Agriculture, Abeokuta, Nigeria. The plants were 12 months old at
the time of harvest. Cassava roots were processed within 60 min
after harvesting.

Food grade iron fortificants

Iron (II) sulfate heptahydrate (EINECS 231-753-5, Lancaster),
iron (II) fumarate (EINECS 205-447-7, Lancaster) and ethylene-
diaminetetraacetic acid iron (III) sodium salt (NaFeEDTA, E6760-
500G, Sigma) used in this study were obtained from the UK.

Gari production

The method described by Akingbala et al. (1991) was employed
for gari production at the Pilot Plant of the Cassava EU/SME Pro-
ject, University of Agriculture, Abeokuta, Nigeria. Freshly harves-
ted cassava roots were peeled manually with a stainless steel knife,
washed thoroughly with potable water to remove all dirt and
adhering sand particles. The washed peeled cassava roots were
then grated into mash using a petrol engine driven stainless steel
grater, packed into Hessian sacks and left for 3 days at room
temperature to ferment. After 3 days, the fermented mash was de-
watered using a hydraulic press. The fermented pressed mash was
then sieved manually with a stainless steel sieve to pulverize the
pressed cake and separate fibrous materials. The pulverized cake
was roasted in a large, shallow stainless steel pan with constant
stirring with a stainless steel plate for 7-10 min depending on the
quantity and heat intensity. The resulting gari was spread on a
stainless steel tray to cool and then sieved to obtain granules of
small particle size (1.4 mm) before been packaged into polyethy-
lene bags and stored at 4°C before fortification.

Fortification of gari samples

A Kenwood mixer (Model FP 505, Kenwood, UK) was used for
dry mixing of the three different types of fortificants (iron sulfate,
iron fumarate and sodium iron EDTA) with the cassava gari sam-
ples at 25, 35 and 45 mg of fortificants to 1 kg of cassava gari
samples for 5 min for effective mixing (Philar 2001). Unfortified
cassava gari samples served as the control.

Chemical analysis

Proximate (moisture, protein, carbohydrate, fat, ash, fibre) compo-
sition analysis of the cake samples were determined by the AOAC
(2001) methods. Mineral contents were determined at Waite Ana-
lytical Services, School of Agriculture and Wine, University of
Adelaide, Australia using ICP-ES using the methods of Zarcinas et
al. (1987). A sample of 0.6 g of the ground material was cold
digested in 50 ml tubes overnight using 11 ml of nitric/perchloric
acid mixture (10:1) and made to a final volume of 25 ml. Aliquots
of the digested samples were analysed for iron and other minerals
using inductively coupled plasma Atomic Emission Spectrometry
(ARL Model 3580B, Switzerland). Pasting characteristics were
determined with a Rapid Visco Analyser (RVA), (model RVA 3D+,
Network Scientific, Australia) as described by Sanni ez al. (2003).
All analyses were replicated thrice.

Sensory evaluation

The sensory evaluation of iron-fortified and unfortified cassava
gari samples was conducted using 15-member trained panellists.
Panellists were selected from the staff and students of the Univer-
sity of Agriculture, Abeokuta, Nigeria on the basis of interest,
availability and familiarity with cassava products. Gari was
poured into boiled water on fire, with constant stirring using a
wooden ladle till a consistent paste was formed. Cooked samples
were coded with 3-figure random numbers and presented in ran-
dom order to each panellist at ambient room conditions (25-30°C).
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The judges were asked to score for odour, colour, texture, taste and
overall acceptability using a 9-point hedonic scale, where 1 and 9
represent dislike extremely and like extremely, respectively (Sanni
et al. 2003).

Economic analysis

Economic analysis was carried out to determine the cost implica-
tions of iron fortified gari samples produced in this study, in order
to ascertain the profitability of adding iron fortificants to cassava
products. Analysis carried out here was standardized on per tonne
basis. Profit was determined using the formula described by Make-
ham and Malcolm (1986):

M=TR-TC

where IT = profit; TR = total revenue (quantity of item produced
multiplied by the price per unit in N) and TC = total cost, which
includes total variable cost and total fixed cost.

Fixed inputs used in the production of these gari samples
were depreciated using the straight line method of depreciation
(Makeham and Malcolm 1986). The relative weight of inputs
(fixed and variable, including the relative weight of the fortifi-
cants) used in production were depicted as percentage of total
fixed cost (TFC), total variable cost (TVC) and TC. Profit was cal-
culated using return to investment which indicates what the poten-
tial entrepreneur gains per unit of money (Naira) invested in the
business is given by total revenue divided by total cost of produc-
tion (Penson et al. 1996).

Statistical analysis

All data obtained were subjected to analysis of variance [ANOVA]
and means were separated with Duncan’s multiple range test
(DMRT) (Larmond 1977) with a statistical significant of P < 0.05
using SPSS Version 10.2, 2002.

RESULTS AND DISCUSSION

Table 1 presents the proximate composition of unfortified
and iron-fortified gari samples. There were significant dif-
ferences (P < 0.05) in the proximate composition of forti-
fied samples compared to unfortified samples. Unfortified
gari sample had the following composition: moisture,
11.35%, protein, 1.13%, sugar, 0.42%, starch, 72.55%,
amylose, 14.60%, fat, 0.0% and ash, 1.19% while iron-
fortified gari samples had moisture content ranging from
11.05 to 11.56% with the least value recorded for gari
fortified with 45 mg NaFeEDTA and the highest value
recorded for those fortified with 35 mg Fe sulphate. Protein
content ranged from 0.46 to 1.14% with the least value
recorded for those fortified with 25 mg Fe sulphate and the
highest value recorded for those fortified with 25 mg
NaFeEDTA. Sugar content range from 0.53 to 0.86% with
gari samples fortified with 25 mg Fe fumarate and highest
value recorded for those fortified with 35 mg Fe sulphate.
Starch content ranged from 53.61 to 75.64% with least
value recorded for gari samples fortified with 35 mg Fe
fumarate and highest value for fortified gari sample with 35
mg NaFeEDTA. Fat content varied from 0.00 to 0.46% with
gari fortified with 45 mg NaFeEDTA having the lowest and
the highest value were recorded by gari fortified with 35
mg Fe sulphate. Ash content ranged from 1.23 to 1.55%
with those fortified with 25 mg Fe fumarate recording the
least value and those fortified with 45 mg Fe sulphate re-
cording the highest value. The percentage starch content
was within the range (6.80-93.2%) reported by various
authors (Oyewole and Odunfa 1989; Ayankunbi ef al. 1991,
Sanni ef al. 1998). Low protein, ash and fibre contents ob-
tained in this study have been reported by Sanni and Aking-
bala (2000). Amylose content of the gari samples falls with-
in values reported by Akingbala et al. (2005). The greater
the percentage of amylose fraction of starch-based foods,
the quicker the formation of the gel (Sanni ef al. 2003).
Amylose content affects gelatinization properties, degree of
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Table 1 Proximate composition (%) of unfortified and Iron-fortified gari.

Samples Moisture” Protein Sugar Starch Amylose Fat’ Ash
Unfortified gari 11.35 1.13¢ 042a 72.55¢ 14.60 a 0.00 1.19a
Gari + 25 mg/kg EDTA 11.41 1.14 ¢ 0.54 ab 68.61 ¢ 1423 a 0.02 1.36b
Gari+ 35 mg/kg EDTA 11.54 1.13¢ 0.60 ab 75.64 £ 15.00 ab 0.01 1.33 ab
Gari + 45 mg/kg EDTA 11.05 092b 0.70 be 69.78 cd 16.04 ¢ 0.00 1.30 ab
Gari + 25 mg/kg Fe sulphate 11.12 0.46a 0.67 ab 79.03 g 15.67 be 0.05 1.53¢
Gari + 35 mg/kg Fe sulphate 11.56 0.58a 0.86¢ 60.79 b 19.47 ¢ 0.46 1.53¢
Gari + 45 mg Fe sulphate 11.29 0.46 a 0.67 be 61.60 b 16.40 ¢ 0.12 1.55¢
Gari + 25 mg/kg Fe fumarate 11.38 093 b 0.53 ab 70.74 d 23.14 f 0.37 1.23 ab
Gari+ 35 mg Fe fumarate 11.34 1.14¢c 0.66 be 53.6la 18.30d 0.14 1.25 ab
Gari + 45 mg/kg Fe fumarate 11.12 0.92b 0.63 be 68.80 c 2246 f 0.50 1.30 ab

Values are means of three replicates

Means values having different letters within column are significantly different (P < 0.05)

* = not significantly different (P > 0.05).
Table 2 Mineral contents (mg/kg) of unfortified and iron-fortified cassava gari.
Sample Mn B* Cu* Mo Co Ni* Ca Mg Na K P S Al Ti
Unfortified gari 590abc 190 120 <04 <04 049 1620.00g 300.00b 870e 4400.00b 430.00b 102.00c  9.00ef 0.75ab
Gari + 25 mg/kg EDTA 6.00 cd 2.00 120 <04 <04 056 1570.00e 300.00b 11.00 g 4400.00b 440.00 ¢ 103.00d  9.00 ef 0.68 ab
Gari + 35 mg/kg EDTA 6.00 cd 2.00 130 <04 <04 048 1540.00c 310.00c  12.00h 4600.00d 450.00d 103.00d 8.80d 1.10c
Gari + 45 mg/kg EDTA 590abc  2.00 120 <04 <04 047 1560.00d 300.00b 10.00f 4400.00b 430.00b 101.00b 850c 0.98 bc
Gari + 25 mg/kg Fe sulphate ~ 6.10 200 120 <04 <04 052 1560.00d 300.00b 8.00d 4500.00c 440.00c 101.00b 11.00f 0.66a
Gari + 35 mg/kg Fe sulphate ~ 6.10 200 120 <04 <04 059 1560.00d 300.00b 7.60c  4400.00b 440.00c  103.00d 9.10f 0.75ab
Gari +45 mg/kg Fe sulphate  5.90abc ~ 2.00 1.20 <04 <04 049 1580.00f 290.00a 7.60c 4400.00b 430.00b 107.00f 8.60c 0.72ab
Gari + 25 mg/kg Fe fumarate  6.00 cd 210 120 <04 <04 049 1500.00b 300.00b 7.50c  4400.00b 440.00c  105.00e¢  9.00ef 0.66a
Gari + 35 mg/kg Fe fumarate  5.80 a 200 120 <04 <04 049 1550.00d 300.00b 7.10b  4400.00b 440.00c  103.00d 8.50c 0.67 ab
Gari + 45 mg/kg Fe fumarate  5.90abc  2.00 1.10 <04 <04 0.63 1470.00a 290.00a 6.80a 4300.00a 420.00a  97.00a 830a 0.66a

Values are means of three replicates

Means values having different letters within column are significantly different (P < 0.05)

* = not significantly different (P > 0.05)

swelling and enzymatic susceptibility of starch and starch-
based food products (Gerard et al. 2001). In this study iron
fortification of gari was found to increase the amylose
profile of these products compared with values obtained in
unfortified samples. An increase in amylose content has
also been reported to increase the gelatinization temperature
(Narpinder ef al. 2005). The ash content of a food material

represents the inorganic or mineral constituents of the foods.

The ash content obtained in the present study is conside-
rably lower than the maximum that is recommended by the
Standard organization of Nigeria (Sanni et al. 2005).

The mineral contents of unfortified and iron-fortified
gari samples are presented in Table 2. Manganese (Mn)
contents ranged from 5.90 mg/kg for the unfortified sample
to 5.80-6.10 mg/kg for iron-fortified gari samples. Boron
(B) ranged from 1.90 mg/kg for the control to1.90-2.10
mg/kg for iron-fortified gari samples, while copper (Cu)
ranged from 1.20 mg/kg for the unfortified sample to 1.10-
1.30 mg/kg for iron fortified gari samples. Nickel (Ni)
ranged from 0.49 mg/kg for unfortified to 0.47-0.59 mg/kg
for iron-fortified gari samples. Calcium (Ca) ranged from
1620 mg/kg for control to 1470-1620 mg/kg for iron-forti-
fied gari samples. Magnesium (Mg) ranged from 300 mg/kg
in the control to 290-310 mg/kg for iron-fortified gari sam-
ples. Sodium (Na) ranged from 8.70 mg/kg in the control to
6.80-12.00 mg/kg for iron-fortified gari samples. Potassium
(K) ranged from 4400 mg/kg in the control to 4300-4600
mg/kg for iron-fortified gari samples, while Phosphorus (P)
contents ranged from 430 mg/kg to 420-450 mg/kg for the
control and iron-fortified gari samples, respectively. Sul-
phur (S) ranged from 102 mg/kg to 97-107 mg/kg for the
control and iron-fortified gari samples, respectively. Alumi-
nium (Al) ranged from 9.00 mg/kg to 8.30-11.00 mg/kg for
the control and iron-fortified gari samples, respectively. Tin
(Ti) ranged from 0.75 mg/kg in the unfortified sample to
0.66-1.1 mg/kg for iron-fortified gari samples while molyb-
denum (Mo) and Cobalt (Co) contents were less than 0.40
mg/kg respectively. Variations in mineral contents of iron-
fortified gari samples were consistent with the results of
previous studies (Oyewole and Odunfa 1989; Ayankunbi et
al. 1991; Osagie and Eka 1998). High amounts of minerals
such as calcium, magnesium obtained in this study are ex-
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Table 3 Heavy metal contents (mg/kg) of unfortified and iron-fortified
cassava gari.

Samples Cr Cd Pb Se

Unfortified gari 0.28 <0.09 <1.00 <4.00
Gari + 25 mgkg NaFeEDTA  0.40 <0.10 <1.00 <4.00
Gari+ 35 mg/kg NaFeEDTA <0.2 <0.10 <1.00 <4.00
Gari+ 45 mg/kg NaFeEDTA  0.26 <0.09 <1.00 <4.00
Gari + 25 mg/kg Fe sulphate  0.31 <0.09 <1.00 <4.00
Gari+ 35 mg/kg Fe sulphate  0.59 <0.09 <1.00 <4.00
Gari + 45 mg/kg Fe sulphate  0.29 <0.09 <1.00 <4.00
Gari + 25 mg/kg Fe fumarate 0.30 <0.10 <1.00 <4.00
Gari+ 35 mg/kg Fe fumarate 0.24 <0.09 <1.00 <4.00
Gari + 45 mg/kg Fe fumarate  0.48 <0.09 <1.00 <4.00

pected to be useful after consuming iron fortified cassava
products. The lower values of iron, copper, zinc, iodine and
selenium obtained in this study are within the previous
values reported by various authors for fortified food com-
modities (Dennison and Kirk 1982; Tannenbaum et al.
1985; Greenwood and Earnshaw 1998). These micronutri-
ents are nutritionally important as they are needed at lower
level compared with macronutrients.

Table 3 presents the results of heavy metal contents of
iron-fortified cassava gari samples. For iron-fortified cas-
sava gari, chromium (Cr) ranged from < 0.20-0.59 mg/kg,
cadmium (Cd) was < 0.09 mg/kg, lead (Pb) was < 1 mg/kg,
selenium (Se) was less than 4 mg/kg. The low values of
heavy metal contents of unfortified and iron-fortified cas-
sava products samples provided enough support for their
safety (Ahmed and Al-Swaidan 1993; Garrow and James
1993) and expected nutritional benefits (Greeword and
Earnshaw 1998) of the iron-fortified cassava products to
humans. Philpott and Pickering (2004) reported permis-
sible limits of 1.0 ppm, 1.0 ppm and 200 mg/kg for arsenic,
lead and tin respectively for bread, flour and similar prod-
ucts. The implication of this study is that iron fortification,
if properly carried out with the use of clean processing
equipment and less polluted environment, will produce safe
and wholesome cassava products (Sanni et al. 1998). The
Codex Alimentarius Commission (CODEX) standard for
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Table 4 Pasting properties of iron-fortified and unfortified cassava gari.

Samples Peak (RVU)  Trough Break down Final viscosity Set back Peak time Pasting
(RVU) (RVU) (RVU) (RVU) (min)* temperature (°C)

Unfortified gari 107.75b 65.29 ¢ 42461 191.54 b 126.25b 7.00 80.03 e
Gari+ 25 mg/kg NaFeEDTA  105.88 b 58.38 be 47.50 be 203.75b 145.38 be 7.00 76.55 ¢
Gari+ 35 mg/kg NaFeEDTA  129.88 ¢ 81.96d 47.92 be 234.67 ¢ 152.71 cd 7.00 78.84d
Gari + 45 mg/kg NaFeEDTA  115.09b 64.67 ¢ 50.42 be 209.88 b 145.21 be 7.00 80.03 ¢
Gari+ 25 mg/kg Fe sulphate  152.46d 101.59 ¢ 50.88 be 265.96 d 164.38 cd 7.00 78.53d
Gari+ 35 mg/kg Fe sulphate  145.09d 86.00 d 59.09 ¢ 257.05d 171.05d 7.00 77.63 ¢
Gari + 45 mg/kg Fe sulphate ~ 146.67 d 88.59d 58.08 ¢ 259.92d 17133 d 7.00 78.28d
Gari+ 25 mg/kg Fe 65.59a 4042 a 25.17a 128.63 a 88.21a 7.00 5893 a
fumarate
Gari + 35 mg/kg Fe 75.50 a 46.67 ab 28.84a 14292 a 96.25 a 7.00 73.48 b
fumarate
Gari+ 45 mg/kg Fe 71.83 a 44.58 a 27.25a 13550 a 9092 a 7.00 72.05b
fumarate

Values are means of three replicates

Means values having different letters within column are significantly different (P < 0.05)

* = not significantly different (P> 0.05)
Table 5 Sensory qualities of Iron fortified and unfortified cassava gari.
Samples Appearance* Taste* Texture* Odor* Overall acceptability
Unfortified gari 6.80 7.00 7.20 6.40 7.50 a
Gari + 25 mg/kg EDTA 6.20 6.00 6.00 6.40 530¢
Gari + 35 mg/kg EDTA 6.20 6.00 6.10 6.10 570b
Gari + 45 mg/kg EDTA 6.40 6.80 6.80 6.00 6.80a
Gari + 25 mg/kg Fe sulphate 6.30 6.30 5.30 6.30 550b
Gari+ 35 mg/kg Fe sulphate 6.10 6.20 5.60 6.00 550b
Gari + 45 mg/kg Fe sulphate 6.00 6.50 6.60 6.00 6.20b
Gari + 25 mg/kg Fe fumarate 6.30 6.00 5.40 6.20 550¢
Gari + 35 mg/kg Fe fumarate 6.40 6.00 5.70 6.00 580¢
Gari + 45 mg/kg Fe fumarate 6.40 6.60 6.80 6.00 6.30b

Va Values are means of scores of 30 panelists.

Means values havine different letters within colimn are sionificantlv different (P < 0 05)

gari and edible cassava flour specifies that the products
should be free from heavy metals in amounts which may
represent a hazard to human health (CODEX STAN 151-
1989 and 176-19890). The values of heavy metals in the
fortified and unfortified gari were very low to constitute a
health hazard to the consumer.

Pasting properties of unfortified and iron-fortified gari
samples are presented in Table 4. There were significant
differences (P < 0.05) in the pasting properties of fortified
gari samples except for peak time. The peak viscosity for
unfortified gari was 107.75 RVU for control and 105.80-
129.88, 145.09-152.46, and 65.59-71.83 RVU for the dif-
ferent concentrations of NaFeEDTA, Fe sulphate- and Fe
fumarate-fortified gari, respectively. The pasting tempera-
ture viscosity for unfortified gari was 80.03°C and 76.55-
80.03, 77.63-78.53, 58.93-73.48°C for NaFeEDTA-, Fe sul-
phate- and Fe fumarate-fortified gari, respectively. The hot
paste (trough) for unfortified gari was 65.29 RVU and
58.38-81.96, 86.00-101.59 and 40.42-46.67 RVU for
NaFeEDTA-, Fe sulphate- and Fe fumarate-fortified gari,
respectively. The final viscosity for unfortified gari was
191.54 RVU and 203.75-234.67, 257.05-265.96, 128.63-
142.92 RVU for NaFeEDTA-, Fe sulphate- and Fe Fuma-
rate-fortified gari, respectively. The breakdown viscosity
for unfortified gari was 42.46 RVU and 47.50-50.42, 50.88-
59.09, 25.17-28.84 RVU for NaFeEDTA-, Fe sulphate- and
Fe Fumarate-fortified gari, respectively. The setback vis-
cosity for unfortified gari was 126.25 RVU and 145.21-
152.71, 164.38-171.33, 88.21-96.25 RVU for NaFeEDTA-,
Fe sulphate- and Fe fumarate-fortified gari, respectively.
The variations in the peak viscosities for unfortified and
iron-fortified gari samples showed some level of starch
granule modification (Sanni and Akingbala 2000). The
cooking time was fairly close to pasting time, which de-
pends more on the rate of granule swelling (Zobel 1984;
Shittu er al. 2001). Also, the more accessible the internal
matrix is, the faster the rate of swelling. Therefore, the
higher inclusion of iron in cassava products could have
caused its faster rate of cooking especially for NaFeEDTA-
and Fe sulphate-fortified products. The higher temperature
recorded for NaFeEDTA- and Fe sulphate-fortified cassava
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products required more heating before the flour paste. Paste
consistency is a notable quality of starch dough like gari.
When the dough is warm or cold, paste consistency affects
hand-feel and the ease of swallowing. Higher set back val-
ues may result in reduced dough digestibility (Karlsson and
Svanberg 1982). Unfortified gari and Fe sulphated-fortified
gari samples are least prone to this effect as they had the
lowest setback viscosities.

As presented in Table 5, there were significant (P <
0.05) differences in overall acceptability of iron-fortified
gari samples at 45, 35 and 25 mg/kg inclusion of iron forti-
ficants, respectively. There were however, no significant
differences (P < 0.05) in the sensory attributes (taste, texture,
and odour) of fortified gari samples compared with the
control. NaFeEDTA-fortified gari sample at 45 mg/kg was
rated highest by the sensory panellist (6.80) for overall
acceptability. The variability in overall acceptability of cas-
sava products fortified with NaFeEDTA and Fe sulphate
may be due to the nature and quantity of the fortificant level
used. Ratana et al. (2006) reported that NaFeEDTA is more
bioavailable and acceptable than Fe sulphate. The higher
sensory scores given to the NaFeEDTA followed by Fe
fumarate-fortified gari samples by panellists indicates that
there was little interference of iron complex in colour
change of the product. Addition of iron fortificants to cas-
sava products, when done properly, does not alter in any
way the taste, colour, and appearance of gari. Fortification,
when done properly, is usually invisible to the consumer
(INACG 2002; Ratana et al. 2006). In this study, iron for-
tification did not appear to significantly (P > 0.05) alter the
taste, odour and texture of fortified gari.

As in Tables 6-8, the return per kg gari produced after
fortification is N32 and the return to investment is 1.36 for
all the fortificants. Relative to the production of gari, the
use of these fortificants has also been shown to be profita-
ble. At the same price per unit of output, gari production
using ferrous sulphate was however most profitable. This is
reflected in the profit per tonne of N31, 998.99 and the
return to investment of 1.36. This was followed by gari for-
tified with Fe fumarate with profit per tonne of N31, 998.86
and gari fortified with sodium iron EDTA with profit per
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Table 6 Analysis of cost and return for modified gari using ferrous
fumarate as fortificant.

Table 8 Analysis of cost and return for modified gari using ferrous
sulphate as fortificant.

Items Input cost % of TFC % of TC Items Input cost % of TFC % of TC
@® (G)
(a) Fixed inputs (a) Fixed inputs
Hydraulic press 1333.33 9.80 1.52 Hydraulic press 1333.33 9.80 1.52
Grating machine 4666.67 34.29 5.30 Grating machine 4666.67 34.29 5.30
Sealing machine 845.50 6.21 0.96 Sealing machine 845.50 6.21 0.96
Sacks 1095.00 8.05 1.24 Sacks 1095.00 8.05 1.24
Frying bowls 3500.00 25.72 3.98 Frying bowls 3500.00 25.72 3.98
Knives 800.00 5.88 091 Knives 800.00 5.88 091
raffia sieves 250.00 1.84 0.28 Raffia sieves 250.00 1.84 0.28
Rent on building 1000.00 7.35 1.14 Rent on building 1000.00 7.35 1.14
Sieve 120.00 0.88 0.14 Sieve 120.00 0.88 0.14
(b) Total fixed cost 13610.50 15.47 (b) Total fixed cost 13610.50 15.47
(¢) Variable cost (N) % of TVC  0.00 (¢) Variable cost (N) % of TVC  0.00
Cassava 40000.00 53.77 45.45 Cassava 40000.00 53.77 45.45
Staff salary 24000.00 32.26 27.27 Staff salary 24000.00 32.26 27.27
Fuel wood for frying 1890.00 2.54 2.15 Fuel wood for frying 1890.00 2.54 2.15
Maintenance and repair 4500.00 6.05 5.11 Maintenance and repair 4500.00 6.05 5.11
Polyethylene bags 4000.00 5.38 4.55 Polyethylene bags 4000.00 5.38 4.55
Ferrous fumarate 0.64 0.00 0.00 Ferrous sulphate 0.51 0.00 0.00
(d) Total variable cost 74390.64 84.53 (d) Total variable cost 74390.51 84.53
(e) Total cost (b+d) 88001.14 (e) Total cost (b+d) 88001.01
Revenue Revenue
1,000 kg of gari at N120 per kg 120000.00 1,000 kg of gari at N120 per kg ~ 120000.00
Profit 31998.86 Profit 31998.99
Profit per kg gari produced 32.00 Profit per kg gari produced 32.00
Return to investment 1.36 Return to investment 1.36

1$ =N121 as at January 2008

Table 7 Analysis of cost and return for modified gari using NaFeEDTA
as fortificant.

Items Input cost % of TFC % of TC
®
(a) Fixed inputs
Hydraulic press 1333.33 9.80 1.52
Grating machine 4666.67 34.29 5.30
Sealing machine 845.50 6.21 0.96
Sacks 1095.00 8.05 1.24
Frying bowls 3500.00 25.72 3.98
Knives 800.00 5.88 0.91
Raffia sieves 250.00 1.84 0.28
Rent on building 1000.00 7.35 1.14
Sieve 120.00 0.88 0.14
(b) Total fixed cost 13610.50 15.47
(¢) Variable cost (M) % of TVC  0.00
Cassava 40000.00 53.77 45.45
Staff salary 24000.00 32.26 27.27
Fuel wood for frying 1890.00 2.54 2.15
Maintenance and repair 4500.00 6.05 5.11
Polyethylene bags 4000.00 5.38 4.55
Na+ EDTA 1.28 0.00 0.00
(d) Total variable cost 74391.28 84.53
(e) Total cost (b+d) 88001.78
Revenue
1,000 kg of gari at N120 per kg~ 120000.00
Profit 31998.22
Profit per kg gari produced 32.00
Return to investment 1.36

1$ =NI21 as at January 2008

tonne of N31, 998.22. Any economic barrier in fortified
food consumption must favour the low income group in
which nutritional aneamia is more prevalent (Cook and
Reusser 1983). The uniform rate of return on an investment
of 1.36 obtained for iron-fortified gari implies that use of
the fortificant does not impose additional noticeable cost on
the producer but given value addition to the product, the
producer can decide to increase the unit price per kg of gari
from N100.00 (the ruling market price) to N150; which
makes it more profitable than selling at the ruling market
price. Sanni and Ayinde (2002) reported that large-scale
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1$ =N121 as at January 2008

dried cassava (fufu) production is a profitable venture with a
positive present value and a cost benefit ratio of 0.81 as
well as internal rate of return of 43%. It can therefore be
concluded that using any of these fortificants at this rate
will be potentially profitable to a gari producer.

CONCLUDING REMARKS

Specifically, based on the results of this study, it can be
concluded that:

e This project has demonstrated the feasibility of iron-
fortified cassava gari with NaFeEDTA, Fe fumarate and Fe
sulphate as fortificants, especially NAFeEDTA, at 45 mg/kg,
an acceptable level of fortification.

e The rate of return on investment for iron fortified gari is
1.36. This implies on a general note that using fortificants
for value addition of cassava products is profitable.
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