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ABSTRACT

Weaning foods were produced by mixing decorticated and press-dried
pearl millet (70%) and cowpea (30%) with and without sorghum malt.
Decorticated millet and cowpea flours were cooked into a slurry and
press-dried to produce flakes. The heat applied during cooking of the
slurry and press-drying was designed to develop proper paste properties
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for the preparation of porridgelike weaning foods. Sorghum malt hydro-
lyzed the starch and produced a beverage that contained 17% protein
with 90% of the essential amino acids required for infants less than one
year old.

Cereals and legumes, individually or as composites, are the
main source of nutrients for weaning children in developing
countries (Aguilera and Lusas 1981, King et al 1985, Morales
et al 1988, Malleshi et al 1989). Among cereals, pearl millet
(Pennisetum glaucum, syn. P. americanum, P. typhoideum) is
considered to have one of the best protein quality or amino acid
scores. The nutritional value of pearl millet is greatly enhanced
when mixed with legumes because the latter complement its profile
of essential amino acids (Serna-Saldivar et al 1991). Due to their
availability and popularity, cowpeas (Vigna unguiculata) are an
option for use in weaning foods in Africa and India (Guiro et al
1987, Boeh-Ocansey 1989).

Most weaning food technologies, e.g., drum drying and
extrusion cooking, are either too complicated or too expensive
for low-income families in developing countries. Thus, practical,
low-technology processes for production of weaning foods with
adequate paste viscosity and nutrient density are needed. Malting,
dry roasting, popping, steaming, boiling, and flaking are simple
processes proposed for weaning food production (Malleshi and
Desikachar 1982, Sefa-Dedeh 1984, King et al 1985, Morales et al
1988, Malleshi et al 1989).

The objectives of this work were: 1) to develop a practical
process to produce dehydrated, precooked millet and cowpea
flours and 2) to prepare and evaluate the properties and nutritional
value of weaning foods from composites of precooked millet and
cowpea with and without sorghum malt.

MATERIALS AND METHODS

Raw Materials

Grains used included: pearl millet (grain moisture = 11.3%,
density = 1.49 g/cm’, and test weight = 78.8 kg/hl), grown in
Kansas in 1988; commercial cowpea, also called blackeyed peas
(moisture = 9.9%, density = 1.46 g/cm’, and test weight = 71.6
kg/hl), grown in California in 1989; and Dorado sorghum
(Sorghum bicolor, moisture = 11.6%, density = 1.36 g/cm’, and
test weight = 78.7 kg/hl), grown at Halfway, Texas in 1988.
Commercial high-protein (soy-wheat-oat blend) dry baby food
(Gerber Products Co., Fremont, MN) was used for comparison.

Decortication Process

Pearl millet (in 5-kg batches) was decorticated for 4.2 min to
remove 25% of its weight (75% yield) with an IDRC abrasive
mill (International Development Research Centre, Ottawa,
Canada) equipped with eight disks 24 cm in diameter. Decorticated
kernels were cleaned with a Clipper seed cleaner (Seedburo, model
400-1, Chicago, IL) equipped with round-holed screens, numbers
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1/15 (2 mm) and 6 (3 mm). Top and medium fractions were
collected and hammer milled (Fitzpatrick hammer mill, model
D. Fitzpatrick Co., Chicago, IL) to pass through an 0.8-mm
screen. The resulting flours were bagged and stored in a freezer
(—10°C). Likewise, cowpeas (5 kg) were decorticated for 1.5 min
(75% yield) with an IDRC mill and sieved and aspirated to remove
hulls with a Clipper seed cleaner equipped with a number 8 (3.05
mm) round-holed screen.

Press-Drying Process

Millet flour (500 g) was mixed with tap water (1,500 ml, 26°C)
and heated for 9 min on a hot plate (325°C surface temperature)
with continuous stirring (Fig. 1). The slurry temperature increased
linearly (slope = 5.5 C/min) up to 75°C after 9 min of heating.
Portions (80 g) of the cooked slurry were spread and pressed
with a spatula on a gas-fired griddle (80 X 45 cm) set at a surface
temperature of 110°C to produce dry flakes. Hand pressure was
applied with a spatula during spreading of the slurry to produce
a thin (about 1 mm thick) flake that dried within 15-30 sec.
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Fig. 1. Experimental procedures for press-drying pearl millet and cowpeas
and for preparing weaing foods.



Flakes were scraped from the griddle, cooled to room temperature,
and stored in a freezer.

Decorticated cowpea (500 g) was boiled (98°C) in 2 L of water
for 5 min on a hot plate (325°C surface temperature) and steeped
in the same water for 1 hr. The steep water temperature decreased
linearly (slope = 0.82°C/min). Steeped cowpeas were washed
twice with tap water (26°C) to remove remaining hulls and “black
eyes” and then mashed with a hand-operated disk grinder (San
Bar, S.A., Mexico). Mashed cowpea was press-dried into thin
flakes as previously described for millet.

Sorghum Malt Preparation

Dorado sorghum was steeped for 20 hr, germinated for four
days at 28°C, and oven dried at 50°C for two days. Roots and
shoots were removed by hand rubbing, and the malted grain was
ground in a Udy cyclone mill (Udy Co., Fort Collins, CO),
equipped with a 1-mm hole screen.

Weaning Food Formulation

Press-dried millet and cowpea flakes, along with the ground
sorghum malt were ground through the Udy cyclone mill to
produce two formulations: 1) a paste of press-dried millet (66.5%
dry basis), cowpea (28.5%), and sugar (5%); 2) a liquid of press-
dried millet (63%), cowpea (27%), sorghum malt (5%), and sugar
(5%).

Viscosity

Viscosity at 35°C of raw and press-dried millet flour was
measured with a Rapid Visco Analyzer 3C (RVA) (Newport
Scientific Pty. Ltd., Sydney, Australia), using slurries with 15%
solids. RVA units (stirring numbers) were converted to centipoise,
where one stirring number = 10 cP. The viscosity of weaning
food composites (based on 20% solids) was determined with the
RVA.

To evaluate the effect of grinding method, press-dried millet
and cowpea flakes (100 g) were ground with either a Udy mill,
a volcanic stone mortar and pestle with a surface area of 1,200
cm?, or by pounding with a typical African wooden mortar and
pestle (30 cm interior diameter and 20 cm deep). The viscosity
of the products was then measured using the RVA.

Chemical and Physicochemical Properties

Moisture, ash, and fat of raw and processed grains were
determined following standard AACC (1976) procedures. Crude
protein (N X 6.25%) was determined using Kjeldahl digestion
(AACC 1983) and a Technicon automated nitrogen assay
(Technicon 1976). Total and enzyme-susceptible starches were
determined after digestion with glucoamylase (Diazyme L-200,
Miles Laboratories, Inc., Elkhart, IN) at 60°C (Khan et al 1980)
and glucose determination (Technicon 1978). Water absorption
index (grams of gel per gram of dry matter) and water solubility
index (grams of solubles per 100 g of dry matter) were determined
by shaking 1 g of flour in 15 ml of distilled water at room temper-
ature for 30 min (Anderson et al 1969).

Protein Quality

Amino acid composition was determined after acid (Spackman
et al 1958) or alkaline (LaRue 1985) hydrolysis. Hydrolysates
were analyzed via ion exchange chromatography in a Beckman
121M amino acid analyzer. In vitro protein digestibility and
protein efficiency ratio calculated on the basis of both essential
amino acid composition and enzymatic digestibility of sample
protein (C-PER) were determined according to standard AOAC
(1984) procedures.

Sensory Evaluation

A group of 13 African mothers from several countries (Uganda,
Mali, Kenya, Burkina Faso, Mozambique, Nigeria, and Guinea)
tested the weaning foods using a nine-point hedonic scale (1 =
dislike extremely and 9 = like extremely). The weaning food pastes
(containing no sorghum malt) and liquefied blends (with malt
added) were mixed with tap water (26°C) to 20% solids concen-

tration and offered to the panelists.

Statistical Analysis

A one-way analysis of variance with a completely randomized
design was used to evaluate treatment effects. A 2 X 2 X 2 factorial
in a completely randomized design with three replications was
used to evaluate the effect of ingredients on weaning food viscosity.

RESULTS AND DISCUSSION

Press-Drying: Physical and Chemical Properties

Cooking and press-drying significantly increased the suscep-
tibility of millet starch to glucoamylase hydrolysis (Fig. 2, ESS).
Water absorption index and water solubility index also increased
(Fig. 2), indicating that starch was gelatinized during processing.
Starch granules completely lost birefringence, and the press-dried
flours were well suspended in cold water. The physicochemical
properties of the press-dried flour were quite similar to the
reported properties of flours produced by drum drying of various
cereals (Chandrasekhara and Ramanatham, 1983). This method
of cooking and drying flours could be very practical in countries
where villages have acute needs and do not have access to more
developed equipment; wood-fired griddles could most likely be
used to prepare the products instead of electric griddles.

Weaning Food Preparation

Use of malted sorghum. Press-dried millet-cowpea blend flours
produced high-viscosity pastes when mixed with cold water (Fig.
2, top portion). The addition of 5% sorghum malt reduced the
viscosity of the pastes (Fig. 3). Malt (5%) reduced the viscosity
of experimental and commercial weaning food pastes (20% solids)
by more than 90% after 5 min of stirring at 30°C (Table I).
Increased nutrient density can be obtained without increasing
the product viscosity by using liquefying malt on a cereal paste
of high solids concentration (Malleshi and Desikachar 1982,
Malleshi et al 1989; A. N’Doye, personal communication, 1989).
As a result, children may consume more nutrients per serving.
The process of malting sorghum for beer production or other
applications is well known in most villages, even in Muslim areas.
Therefore, it is practical to include it as a village method for
weaning food preparation.
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Fig. 2. Effect of press-drying on enzyme-susceptible starch (ESS), water
solubility index (WSI), and water absorption index (WAI) and on viscosity
at 35°C (15% solids) of decorticated pearl millet. Least significant
differences = 2.7, 1.11, 0.04, and 146, respectively (P = 0.05).
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