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Abstract: Production methods, viscosity, microbiological quality and organoleptic properties of complementary
food formulations from mixtures of improved rice cultivars (broken fractions of FARO 44, FARO 52, NERICA L
— 34, NERICA L — 19) and local rice (yar Mubi), sorghum malt and soybean (Glycine max - yar Jalingo) flour
blends used for infant formulas were characterized. A 5x2x2 factorial in a completely randomized design
comprising 5 rice cultivars, sorghum malt (0.5%) and soybean flour (0, 30%) were used to produce 20
formulations that were evaluated for viscosity, microbiological and sensory properties. Appropriate blends with
suitable viscosity for infant feeding were considered as criteria for subsequent studies (70% rice, 30% soybeans
with malt). Viscosity of 10% and 20% gruel of rice cultivars, sorghum cultivar, sorghum malt and soybean flours
ranged from 1035.33 to 1957.73 cp and 1816.53 to 3024.57 cp, respectively. Gruel prepared with malt had
reduced viscosity compared to that where malt was added later. Microbial analysis revealed a total plate count
of 2.0 x 10% to 7.2 x 10° CFU/g, an aerobic plate count of 1.76 x 10°to 4.1 x 10° CFU/g and a yeast-mould count
of 0.1 x 10° to 0.2 x 10° CFU/g. The bacterial species isolated included Staphyiococcus saprophyticus,
Staphylococcus epidermidis, Baciflus megaterium, Baciflus thuringiensis and Micrococcus species. Fungi
species isolated included Rhodotorula Sp., Aspergifius Sp., Mucor Sp. and Alfernaria Sp. Sensory attribute
studies of 20 weaning mothers showed no significant (P>0.05) variation compared to conventionally
complementary food. Complementary food formulations with a broken fraction of rice basis thus mimicked high-
grade conventional complementary rice food (Friso-Gold) in terms of sensory attributes.
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INTRODUCTION

“Weaning foods” and “supplementary foods” refer to foods
that are introduced to replace rather than complement
breast milk for infants {(Anderson etf al., 2001). In contrast,
complementary foods can be used to complement breast
milk when the child reaches six months of age.
Complementary foods include breast milk substitutes
(“follow-up formula®™) that are given gradually or fully to
infants usually by the age 6 months with the intention of
replacing breast milk as the child adapts to solid foods or
is weaned {(Mosha and Svanberg, 1983; Chibuzo and Alj,
1994 and 1995, Nkama et a/., 2001, Nwogwugwu et al.,
2012).

In most developed countries, complementary foods are
produced using expensive technologies that render these
foods unaffordable to most families in developing countries
(Mosha and Svanberg, 1983; Gahlawat and Sehgal, 1992;
Chibuzo and Ali, 1994 and 95; Thathola and Srivastava,

2002; Badau ef af, 2006; Asma et af,, 2006; Inyang and
Offiong, 2010; Elemo et al, 2011; Nwogwugwu et af.,
2012). Low cost materials such as broken fractions of rice
together with technologies including malting can be
adopted and scaled to produce formulas that will be
affordable to economically vulnerable populations
(Houston, 1992; Ndindeng et al., 2014; Desikachar, 1980;
Mosha and Svanberg, 1983, Gupta and Sehgal, 1990;
Gahlawat and Sehgal, 1992; Almeida-Dominguez et af.,
1993; Nkama et al., 2001; Thathola and Srivastava, 2002;
Badau et al,, 2005; 2006; Asma et al., 2006; Elemo et al,
2011). Moreover, toasting of raw materials is commonly
used to reduce the presence of anti-nutritional factors in
foods (Ory, 19886; Liener, 1989; Salunkle et al., 1992; lwe,
2003; Badau et af., 2005, 2006). These practices, together
with good manufacturing practices, can enhance the
bicavailability of nutrients in foods (Dahiya and Kapoor,
1994, Schons ef al, 2011; Tripathi ef af, 2011), and
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remove pathogens such as Saimonella, Escherichia colj,
Shigella and other enteric organisms that pose food safety
risks for infants {lwe, 2003; Badau, 2006). Furthermore,
these technologies will improve the sensory characteristics
and influence acceptability by both mothers and infants
(Birch, 1999; Beauchamp and Mannella, 2009; Mannella
et al., 2009; MacDonald ef a/., 2011).

The objective of the current study was to evaluate the use
of low-grade rice (broken fractions of rice cultivars) to
produce low cost complementary foods that have
acceptability characteristics that are similar to grade one
rice-based complementary food {e.g., Friso-Gold).

MATERIALS AND METHODS

Formulation of complementary food flour blends: The
weaning food was formulated using broken milled rice
fractions from different cultivars (Table 1). The
compositions were either broken fractions of rice cultivars
alone or a 70:30 mixture of rice and soybeans with or
without malt as described by Almeida-Dominguez ef al.
(1993) and Badau ef al (2006). All four formulations
contained 5.00 g vitamin A-fortified sugar and 0.6 g iodide
salt per 100 g. The first two formulations lacked soybeans
and malt. The first formulation contained 94.4 g rice
cultivar flour, while the second formulation contained 89.40
g rice cultivar flour and 5.00 g “power flour”. Power four is
prepared from malted sorghum which is rich in enzymes —
amylasesthat break down complex carbohydrates such as
starches into simpler sugars, process releasing water
trapped in the gelatinous mixture. Power flour makes the
gruels more fluid and enables them to be made richer in
energy (htip://edie.cprost.sfu.ca/genet/ISS4-33b.html). The
third and fourth formulations contained rice and soybeans
ata 70:30 ratio. The third formulation was composed of
66.08 g rice cultivar flour and 28.32 g soybeans. The
fourth formulation contained 62.58 g rice cultivar flour,
26.82 g soybean flour, and 5.00 g “power flour.” During the
mixing process, rice cultivar flours and soybean flours
were blended before adding the sugar, salt and finally the
“power flour’. The mixtures were thoroughly blended to
obtain a uniform particle size distribution. The five roasted
rice cultivar flours and soybean flours were blended with
and without malt flour (Fig. 1). In total, twenty formulations
(Table 1) were prepared as described by Badau et al.
(2006).

Preparation of complementary food gruel: The gruel for
the complementary food formulations was prepared by
dissolving 40 g in 200 ml of distilled water at 95 °C for 7
min to reconstitute a mixture with a 20% (wh)
concentration. “Power flour” was then added to a final
concentration of 5% before or after heating as indicated
(Mosha and Svanberg, 1983; Badau eta al., 2005).
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Viscosity determination: The viscosity of the developed
complementary foods was determined by first preparing
the gruel. The slurries of the weaning food formulations
mix was prepared by dissolving 40 g in 200 mland 20 g in
200 ml of distilled water to give 20% and 10% (wfv)
concentration respectively. The slurries were heated in
water bath (model, HWS26, B. Bran Scientific and
instrument company, England) timed to reach a cooking
temperature of 85°C for 7 minutes. Then, 5% of “power
flour® (Sorghum malt flour) was added before and after
cooking of some of the formulations. The viscosity of the
weaning foods measured with rotational viscometer
{KENEMATICA, AG, Switzeland, Type model Vico STAR
+ L/Serial : VSCL 110 458 (spindle L2 RPM 8, Cp 0 —
5198.9, and spindle L1 RPM 2.5, Cp 0 — 2543.7)} at
appropriate ambient temperature of 32.1°C, Revolution per
minutes(RPM) of 2.5 for 10% wfv concentration with
spindle L, and at 28.9"C, RPM of 6 for 20% wiv
concentration using spindle L, (Mosha and Svanberg,
1983; Badau et a/,, 2008).

Sample preparation and microbiological analyses:
Complementary food formulation samples were placed in
sterile sampling containers and refrigerated prior to
microbiological analyses that were carried out as
described by Collins and Lyne (1970), Harrigan and
McCance (1976), Nkama ef al (1994), Badau et al.
(1999), Badau ef al (2001 a,b,c), Fawole (1988),
Cheesbrough (2000), Diliello (1982) and Jideani and
Jideani (2006).

Preparation of culture media: Potato-dextrose agar,
nutrient agar, MacConkey agar and sabouraud agar
culture media were prepared according to methods
described by Collins and Lyne (1970), Harrigan and
McCance (1976), Nkama et al. (1994), Badau ef al. (1999)
and Badau et a/. (2001 a,b,c).

Isolation and identification of bacteria, mould, and
yeast: One gram of each of the eight complementary food
formulations was resuspended in 9 ml sterile water for a
ten-fold dilution that was then further diluted to a 10°
dilution. Each sample diluent was plated in duplicate using
the pour plating technique as described by Harrigan and
McCance (1976), Nkama et al. (1994), Badau ef a/. (1999)
and Badau et a/. (2001 a, b, ¢}, Singleton {1999) and
Cheesbrough {2000). To assess bacterial growth, plates
were incubated at 37 °C under aerobic conditions for 24
and 48 h. Plates for fungal growth were incubated at room
temperature (32 = 2 °C) for 72 h. After the incubation
period, resulting bacterial and fungal colonies were
counted using a digital colony counter. The average
colony number obtained from the countable duplicate
plates was expressed as colony forming unit per gram
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Table 1. Effect of soybean supplementation and sorghum malt on complementary food formulations from mixtures of improved rice

cultivars
Sorghum Vitamin A lodide

Formulations Rice Soybeans malt fortified sugar salt Total
Ratio of rice to soybeans (100:0) without malt
FARO 44 94.40 - - 5.00 0.60 100
FARO 52 94.40 - - 5.00 0.60 100
Nerica L-34 94.40 - - 5.00 0.60 100
Nerica L-19 94.40 - - 5.00 0.60 100
Local rice 94.40 - - 5.00 0.60 100
Ratio of rice to soybeans (100:0) with malt
FARO 44 89.40 - 5.00 5.00 0.60 100
FARO 52 89.40 - 5.00 5.00 0.60 100
Nerica L-34 89.40 - 5.00 5.00 0.60 100
Nerica L-19 89.40 - 5.00 5.00 0.60 100
Local rice 89.40 - 5.00 5.00 0.60 100
Ratio of rice to soybeans (70:30) without malt
FARO 44 66.08 28.32 - 5.00 0.60 100
FARO 52 66.08 28.32 - 5.00 0.60 100
Nerica L-34 66.08 28.32 - 5.00 0.60 100
Nerica L-19 66.08 28.32 - 5.00 0.60 100
Local rice 66.08 28.32 - 5.00 0.60 100
Ration of rice to soybeans (70:30) with malt
FARO 44 62.58 26.82 5.00 5.00 0.60 100
FARO 52 62.58 26.82 5.00 5.00 0.60 100
Nerica L-34 62.58 26.82 5.00 5.00 0.60 100
Nerica L-19 62.58 26.82 5.00 5.00 0.60 100
Local rice 62.58 26.82 5.00 5.00 0.60 100

Table 2: Viscosity (Centipoise) of rice cultivars, sorghum cultivar, sorghum malt and soybeans flours

Parameters

10%

20%

FARO 44
FARO 52
Nerica L-34
Nerica L-19
Local rice

Sorghum cultivar

Sorghum malt
Whole soybean
Soybean bran

1637.03+£2.87°
1957.73+1.16%
1758.1041.78°
1276.304£2.52°
1279.47+0.67°
1822.57+3.43"
1720.57+0.93"
1286.97+1.42
1035.33+4.24"

24357741 .31°
3009.7321.47"
2996.87+2.30°
1956.80+5.76°
1969.27+2 46'
3024.57+2.29°
2654.33+5.17¢
1825.50+3.97"
1816.53+3 .23

Each value is a mean+SD of triplicate determinations. Mean values in a column not sharing common superscript letters are significantly

(p=<0.05) different

Table 3: Viscosity (centipoises) of complementary food formulations

Formulations

10% gruel with malt added after

20% gruel with malt added after

20% cold paste with malt

FARQ-44
FARO-52
Nerica L-34
Nerica L-19
Local rice

1324.53+0.31°
1400.93+1.10°
1483.57+0.40°
1435 67+0.06"
1261.53+0.23°

2640.97+0.57°
2650.97+0.32°
2609.13+0.50°
2643.20+0.44°
2650.63+0.55°

2648.13x0.21°
2681.10£0.10°
2653.10+0.20"
2649.030.67"
2651.80£0.70°

Each value is a meanSD oftriplicate determinations. Mean values in a column not sharing common superscript letters are significantly
(p=0.05) different as assessed by Duncan multiple range test

Table 4: Total

microbial

count of complementary food

formulations from mixtures of improved rice cultivars as
affected by soybean supplementation and sorghum malt

Formulations

Total plate count

Fungal plate count

FARO-44
FARO-52
Nerica L-34
Nerica L-19
Local rice

23x10°
2.8x10°
7.2x10°
2.0x10°
3.1x10°

0.2x10°
0.1x10°
0.2x 10°
0.2x10°
0.2x10°

Each value is a mean of triplicate determinations
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(cfuig). All pure cultures of bacteria, moulds and yeast
were maintained on nutrientagar, and sabouraud dextrose
agar slants, respectively. These isolates were refrigerated
prior to identification.
The cultural characteristics of discrete bacterial colonies
such as colour, shape and pigmentation were observed
and noted before microscopic characterization of cell
morphology and Gram reaction was carried out on 24 h
cultures (Harrigan and McCance, 1976; Singleton, 1999,
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Cheesbrough, 2000; Jideani and Jideani, 2006).
Biochemical tests were conducted on each isolate. The
isolate was inoculated into peptone water and incubated
at 37 °C for 24 h. Biochemical tests of starch hydrolysis,
catalase activity and sugar utilization were carried out on
all isolates. The sugars used were glucose, sucrose,
mannose, mannitol, xylose, arabinose, lactose, galactose,
starch, maltose and fructose. Voges Proskauer, nitrate
reduction, indole and motility tests were carried out using
methods described by Collins and Lyne (1970), Harrigan
and McCance (1976), Singleton (1999), Cheesbrough
(2000). Results obtained from these tests were compared
with literature standards using diagnostic tables showing
the biochemical reactions identified for many genera and
bacterial species (Cowan and Steel, 1961)

Fungal isclates were identified based on cultural and
morphological characteristics and were carried out by
taking an inoculum from the edge of an isolated colony,
placing iton a slide and adding mounting fluid (lactophenol
cotton blue). A cover slip was placed atop the sample and
the slide was heated with a flame to expel air bubbles. The
prepared slide was mounted on a microscope and
morphological characteristics and types of spores were
noted. Moulds were identified as reported by Gilman
(1957), Gaffa and Jideani (2001) and Singh et af. (1991)

Sensory evaluation: The taste panellists were served
complementary food gruels in white transparent plastic
cups and spoons. Participants were asked to rinse their
mouth with fresh distilled water between samples. The
containers with the samples were coded with three-digit
random numbers and were kept far apart to avoid
cronding and allow independent judgement (Larmond,
1977, Badau et al,, 2008). The panellists were trained in
a 6 hr session prior to the commencement of the
experiment. Selection of the taste panellists was based on
basic requirements, including the ability to be present
throughoutthe evaluation period, interest, willingness, and
health (Badau ef af, 2006). Many participants were
mothers of patients at the paediatric unit of the Specialist
Hospital, Yola where the study was conducted. women
were overwhelmed because many came from the near-by
paediatric unit of the Specialist Hospital, Yola where the
research took place. The gruel for the complementary food
mixtures was served to 20 weaning mothers who used a
9-point hedonic scale to rank the gruels on sweetness,
texture, colour, aroma and overall acceptability (Larmond,
1977).

Statistical analysis: Data were subjected to analysis of
variance as described by Steel and Torrie (1980), Gomez
and Gomez (1983), and Mead ef al (1993), and means
were separated by Duncan’'s Multiple Range Test (DMRT)
at 5% significance level (Duncan, 1955).
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RESULTS AND DISCUSSION

Viscosity of rice cultivars, sorghum cultivar, sorghum
malt and soybeans flours: The viscosity of rice and
sorghum cultivars as well as sorghum malt and soybeans
flours showed significant (p < 0.05) variation at 10 and
20% concentrations (w/v) (Table 2). The highest viscosity
value was recorded for the sorghum cultivar, followed by
FARO 52 and the lowest in soybean, followed by whole
soybeans. Gruel made from soybean, LOCAL rice and
sorghum malt appeared to have lower viscosity in terms of
appearance compared to other cultivars. Meanwhile,
soybean and sorghum malts had a smoother consistency.
Determination of the 20% (w/v) concentration of FARO 52
and NERICAL-34 was difficult due to their inconsistency,
and these mixtures had a thickness that might arise from
the use of insufficient water for preparation.

Viscosity of complementary food formulations: The
viscosity values (centipoises) of complementary food
formulations also showed significant (P < 0.05) variation
both at 10 and 20% (w/v) concentrations (Table 3).
Formulations containing malt showed significantly (P <
0.05) reduced viscosity, while higherviscosity values were
recorded for formulations containing soybeans relative to
those without soybeans. Viscosity of complementary foods
is an important functional property, especially if viscosity
is reduced after preparation of complementary food gruel.
Researchers recommend that the viscosity of infant
formulas range between 1000 and 3000 centipoises
(Mosha and Svanberg, 1983). As such, we incorporated
malt into some of the complementary food formulations to
assess the extent by which malt reduced viscosity and
increased nutrient or energy density. According to Mosha
and Svanberg, 1983 and Almeida-Dominguez et al. 1993,
only formulations containing 70% rice and 30% soybeans
with malt have suitable viscosity and composition for infant
feeding. Therefore, rejection and acceptance of
formulations for subsequent study were based on these
criteria and those formulations that did not meet these
requirements were not evaluated further.

Total microbial count of complementary food
formulations: For weaning food formulations (70% rice
and 30% soybeans with malt), the total plate count ranged
from 2.0x10° to 7.2x 10" cfu/g and the yeast-mould count
ranged from 0.1x10° to 0.2x10° cfulg (Table 4). The
highest total plate count for bacteria and yeast-mould
counts were recorded for 70% NERICAL-34 + 30%
soybeans with malt (7.2x10° and 0.2x10° cfuig,
respectively). Meanwhile, 70% FARO-52 + 30% soybeans
with malt had the lowest yeast-mould count of 0.1x10°
Cfu/g.
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Table 5. Distribution and frequency of bacteria in complementary food formulations from mixtures ofimproved rice cultivars as affected

by soybean supplementation and sorghum malt

Formulations S. saprophyticus S. epidermidis B. megaterium B. thuringiensis Micrococcus sp.
FARQ-44 +ve (7) +ve (10) +ve (1) +ve (1) +ve (4)
FARQ-52 +ve (3) +ve (17) +ve (1) +ve (1) +ve (6)
Nerica L-34 +ve (5) +ve (46) +ve (6) +ve (1) +ve (14)
Nerica L-19 +ve (4) +ve (9) +ve (1) +ve (2) +ve (4)
Local rice -v (0) +ve (28) -ve (0) -ve (0) +ve (3)
Total 19(11%) 110 (63%) 9 (5%) 5 (3%) 31 (18%)

Table 6: Distribution and frequency of fungi in complementary food formulations

Formulations Rhodotorula sp. Penicillium sp. Cephalosporitim sp.  Aspergillus sp. Mucor sp. Alternaria sp.
FARQ-44 +ve (1) -ve (0) +ve (1) +ve (2) -ve (0) +ve (1)
FARQ-52 +ve (2) -ve (0) -ve (0) -ve (0) +ve (1) -ve (0)
Nerica L-34 +ve (1) -ve (0) -ve (0) +ve (2) -ve (0) -ve (0)
Nerica L-19 +ve (2) +ve (1) -ve (0) -ve (0) +ve (1) -ve (0)
Local rice +ve (1) -ve (0) -ve (0) +ve (2) -ve (0) -ve (0)
Total 7 (39%) 1 (6%) 1(6%) 6 (33%) 2 (11%) 1 (6%)
Table 7. Sensory scores for complementary food formulations

Overall
Formulations Consistency Flavour Taste Colour Texture acceptance
FARO-44 6.90x+1.92% 6.05£2.19° 5.85+1.69" 6.751.97% 6.15£2.06%" 6.60£1.74°
FARO-52 6.85+1.98% 6.15x1.95° 5.85£2.32° 6.1521.93" 5.80£1.82° 6.30£1.98°
NERICA L-34 7.30£1.49% 7.00x1.17% 5.40+1.60° 6.00x1.97° 5.35£2.46° 6.60£1.70°
NERICA L-19 6.35£1.69° 6.20x1.51° 6.05+1.67° 6.80x1.74% 5.25£2.10° 6.55£1.36°
Local rice 6.15£2.11° 6.1521.35° 5.60£2.14" 6.95+1.47% 6.05£2.37% 6.70£1.78°
Friso gold (Control) 7.95+1.32° 8.00+1.65° 7.30+1.84% 7.50+1.61° 7.25+1.86° 8.20+1.24°

Each value is a meantSD scores of twenty weaning mothers used as panellists. Mean values in a column not sharing common
superscript letters are significantly (p<0.05) different as assessed by Duncan multiple range test

Distribution and frequency of bacteria in
complementary food formulations: The distribution and
frequency of bacteria in complementary food formulations
(70% rice and 30% soybeans, malt) was based on the
morphological and biochemical characterization of species
including S. saprophyticuss, epidermidis, B. megaterium,
B. thuringiensis, and micrococcus SP (Table 5). S.
saprophyticus, S. epidermidis and micrococcus SP are
Gram-positive cocci, which are common laboratory agents
that are resistant to adverse conditions such as
dehydration and desiccation (Cheesbrough, 2000, Jideani
and Jideani, 2006). These organisms may have been
introduced into the food formulations through various
operations via their association with laboratory utensils,
equipment and air in the area where the complementary
food was prepared (Cheesbrough, 2000; Jideani and
Jideani, 2006); similarly, B. Megaterium is thermoduric in
nature (Prescott, 1996; Jideani and Jideani, 2008). These
bacteria likely were present in the starting materials
following harvest and survived through storage and
roasting during processing. The bacterial distribution
among the formulations was. S. epidermidis, 63%,
micrococcus SP, 18%, S. saprophyticusing, 11%, B.
megaterium, 5% and B. thuringiensis, 3%. These
organisms were distributed among all complementary food
formulations tested except for the LOCAL RICE (70% rice
+ 30% soybeans with malt), which showed the presence
of only S. epidermidis and micrococcus SP. All these
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bacteria species play a significant role in food spoilage.
However, their association with foods, especially
complementary foods, has not been implicated in food-
borne infections (lhekoronye and Ngoddy, 1985; lwe,
2003)

Distribution and frequency of occurrence of fungi in
complementary food formulations: Based on the
cultural and meorphological characterization of fungal
isolates, species present in the weaning food formulations
were Rhodotorula SP, peniciffium SP, cephalosporium SP
Aspergillus SP, mucor SP and Alternaria SP (Table 8).
These organismswere likely introduced during the malting
process of sorghum into sorghum malt, since malting is
known to encourage mould and yeast growth (Hough,
1992). The distribution of fungi among complementary
food formulations (70% rice +30% soybeans with malt)
was: Rhodotorula SP, 39%, Aspergillus, 33%, mucor SP,
11%, while penicillium SP, cephalosporium SP and
alfternaria SP occurred in 8% of samples. Rhodotorula SP
was the only fungi found in all weaning food formulations.
These organismsare regarded as saprophytic fungi, which
are involved in food spoilage, but are less important for
medical mycology because they are non-pathogenic.
These fungi require high moisture levels and moderate
room temperatures for growth, but they grow more slowly
than bacteria. Nonetheless, they may be able to grow
and produce spores as well as mycotoxins after their
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Sorghum (7 kg)
Sorting
Washing
1st Step Steeping (at 27+2°C for 12 h)
Airresting (1 h)
2nd step steeping (6 h)
Airresting (1 h)
3rd step steeping (6 h)
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Sun-drying (at 30+2°C for 36 h)
Pounding (To detach roots and roctlets)
Winnowing (To remove roots and rootlets)
Malt (weighed 5.45 kg)
Milling

Sieving

» Adding Sugarand Salt <

Milled raw rice (4 kg)
Soing
Washing
Roasting (at 120+2°C for 20 min)

Cooling
Milling

Sieving

Blending

Weaning food formular

Fig. 1:
from Badau et al. (2005) with slight modification)

introduction into food (Ihekoronye and Ngoddy, 1985;
Prescott, 1996; Cheesbrough, 2000). The low moisture
level of the formulations is unfavourable for proliferation of
fungi, especially saprophytic fungi, and may explain why
the cfu values for yeast and moulds were lower than those
for bacteria.

Sensory scores forcomplementary food formulations:
The result of sensory evaluation of the complementary
food formulations (70% rice + 30% soybeans with malt)
showed no significant (P>0.05) (P < 0.05) difference in
sensory scores, but differed from the commercial
complementary food (Friso-Gold) in terms of taste and
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Production of complementary food formulations from mixtures of improved rice cultivars and soybean (Adapted

overall acceptance (Table 7). Notably, the Friso-Gold
formulation included sugar sweeteners and vanilla
flavouring, which may have contributed leading to its
higher rating than the complementary foods that lacked
significant amounts of sweeteners and flavouring. Indeed,
aroma and taste had a prominent effect on the ratings
given by the panellists.

Conclusion: The complementary food formulations
produced from broken fractions of rice, which have low
market value, mimic high-grade rice-based complementary
foods (e.g., Friso-Gold used here as a control). There
were no pathogenic microcrganisms such as Salmonella,
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Escherichia coli or Shigeifa in the formulations. No
significant variation was seen in sensory attributes
between broken rice formulations and conventional
complementary foods, except for taste and overall
acceptance. Therefore, addition of soybeans and sorghum
malt improved the viscosity and sensory characteristics as
well as the nutritional quality of rice-based complementary
foods, which also had minimal microbiological loads.
Further study will be needed to determine the feasibility of
producing these formulations at a large scale for
commercial distribution. Because large-scale production,
especially in developing countries, would require
significant financial investment and marketing efforts,
small-scale production of these formulations could be an
alternate approach, particularly given financial
considerations. We therefore recommend that production
of low-cost complementary foods using inexpensive
technology such as malting and low-cost materials such as
broken fractions of rice (“second head,” “screenings” and
Brewers” rice) should be adopted as they will increase
product availability and affordability and in turn improve
national economies due to better nutrition early in life.
Small-scale entrepreneurs should also be encouraged to
establish intermediate companies for complementary food
production using broken rice fractions, soybeans and
sorghum malt. This approach will provide employment
opportunities and improve the nutritional status of
vulnerable groups.
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