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10 Abstract Weaning mix was developed using extrudates of
11 plain and malted pearl millet (Pennisetum typhoides) and
12 barley (Hordeum vulgare) flour. Central composite rotat-
13 able design (CCRD) with four independent variables PME
14 (pearl millet extrudates), PMME (pearl millet malt extru-
15 dates), BE (barley extrudates), BME (barley malt extru-
16 dates) at five level and five dependent variables, i.e.
17 lightness, peak viscosity (PV), water solubility index
18 (WSI), water absorption index (WAI) and overall accept-
19 ability (OAA) scores, were used to conduct the experi-
20 ments. Highly acceptable weaning mix was obtained by
21 combining optimized ingredients with constant level of
22 skim milk powder (SMP) 25%, WPC-70 5%, sugar 6% and
23 refined vegetable oil 4 ml 100 g-1 mix. The optimized level
24 of ingredients was PME 20.77%, PMME 7.39%, BE
25 20.99%, BME 6.53% with 81.3% desirability. The nutrient
26 content of optimized weaning mix was in accordance with
27 the standards specified by PFA, 2004.

28 Keywords Weaning . Pearl millet . Barley .Malt . Peak
29 viscosity . Optimization

30 Introduction

31 Child under nutrition continues to be a major problem in
32 several low and middle-income countries (Black et al.

332008). Owing to high costs of raw material and lack of
34proper processing technologies, good quality weaning
35foods remain out of reach of the general population in such
36countries. Weaning/complementary foods, introduced to
37children between the ages of 6 months to 3 years, are
38liquids and semisolids, which are later replaced by solid
39foods. In addition to providing adequate nutrition, weaning
40foods should possess proper functional properties. Accord-
41ing to WHO (2003), good quality weaning food must have
42high nutrient density, low bulk density, low viscosity and
43appropriate texture along with high energy, protein and
44micronutrient contents and have a consistency that allows
45easy consumption.
46Extrusion technology is used specifically to produce
47nutritionally balanced or enriched foods, like weaning
48foods, dietetic foods, and meat replacers (Plahar et al.
492003). Extrusion cooking is a high-temperature, short-time
50process that plasticizes and cooks moistened, expansive,
51starchy and/or protein-rich food materials in a tube by a
52combination of moisture, pressure, temperature and me-
53chanical shear, resulting in molecular transformation and
54chemical reactions (Castells et al. 2005). Extrusion cooking
55also causes substantial viscosity reduction in cereal gruels
56and enhances its nutrient density (De Muelenaere 1989).
57Sumathi et al. (2007) developed and evaluated a pearl
58millet based extrusion cooked supplementary food.
59Pelembe et al. (2002) developed sorghum cowpea instant
60porridge by extrusion process.
61Several dairy ingredients such as skim milk powder and
62whey protein concentrate have been a used as ingredients in
63weaning foods. Kshirsagar et al. (1994) developed weaning
64foods using ragi, green gram, defatted ground nut and skim
65milk powder while Ghavidel and Prakash (2010) used
66germinated, dried and dehulled legumes, green gram, lentil,
67wheat, rice, carrot and skim milk. Whey proteins, being a
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68 source of high quality proteins may be used as nutritional
69 and functional ingredients in weaning foods. Onwulata and
70 Konstance (2002) developed weaning food from extruded
71 taro flour and whey proteins.
72 Among cereals, millets have tremendous potential as
73 ingredients in weaning foods. Sorghum, pearl millet, and
74 finger millet flours were blended with toasted mung bean
75 flour and nonfat dry milk and extruded to make ready-to-eat
76 weaning foods (Malleshi et al. 1996). Pearl millet is a course
77 cereal grain and has equivalent or even superior nutrient
78 content to other cereals (Obilana and Manyasa 2002). It has
79 high levels of calcium, iron, zinc, lipids and high quality
80 proteins. Similarly, barley, a crop of temperate climate,
81 possesses good nutritional attributes such as high protein,
82 mineral and fibre contents. It is rich in beta-gluten that has
83 unique functional characteristics. Both pearl millet and
84 barley have low cost of cultivation. Their nutritional profile
85 of foods can be further enhanced by malting, a low-cost
86 processing technology that improves the physico-chemical,
87 nutritional and functional properties (Pelembe et al. 2003).
88 Response surface methodology (RSM) is a collection of
89 statistical and mathematical techniques for developing,
90 improving and optimizing product/processes (Myers and
91 Montgomery 2002). This statistical tool has been success-
92 fully used in the product/process optimization studies such
93 as sweet potato based pasta (Singh et al. 2004), soy-
94 fortified instant upma mix (Yadav and Sharma, 2008),
95 baking parameters of chapatti (Yadav et al. 2008), and
96 natural polymeric enteral feed formula (Vijayakumar and
97 Deepa 2010).
98 An attempt has been made to optimize a weaning mix
99 made using locally available and low cost as well as
100 nutritious raw materials, pearl millet and barley, in the
101 malted and extruded form.

102Q1 Materials and methods

103 Selection of ingredients

104 Pearl millet (var. PHB-2168) and barley (var. PL-807)
105 grains, grown in the year 2010, were obtained from Punjab
106 Agricultural University, Ludhiana, Punjab, India. Grains
107 were cleaned and destoned using Destoner (Model 6276;
108 Indosaw, Ambala, India) and stored in gunny bags at 10 °C
109 until further use. Skim milk powder (SMP, protein 35.21%,
110 fat 1.51%, minerals 8.31% and carbohydrates 51.5%) and
111 whey protein concentrate (WPC-70) were obtained from
112 National Dairy Research Institute, Karnal, India. Sugar and
113 vegetable oil were procured from the local market. Sugar
114 was ground in a mixer-grinder before use. All the chemicals
115 used for chemical analysis were of analytical grade and
116 obtained from Central Drug House, New Delhi.

117Preparation of pearl millet flour

118Whole pearl millet grains were soaked in water for 2 h at
119ambient temperature until the grains attained 30±2%
120moisture and steamed at 1.05 kg/cm2 for 15 min in order
121to minimize anti-nutritional factors (Shobhana and Malleshi
1222007). They were dried to 15% moisture at 60 °C in a hot
123air oven. Subsequently, they were pearled in a millet pearler
124(Mathesis Engineers, Hyderabad, India) with 80% pearling
125efficiency and milled to flour using pulverizer (Lakshmi
126Industries, Ludhiana, India). Flour obtained was sieved to
127obtain 390 μm sized particles using sieve shaker (Indosaw,
128Ambala, India). Pearl millet flour had proximate composi-
129tion of moisture 9.1%, protein 11.5%, fat 4.26%, ash
1301.34%, fibre 0.8% and carbohydrates 73.0%.

131Preparation of barley flour

132Whole barley grains were conditioned to 12% moisture by
133adding calculated amount of water for 2 h and pearled in a
134millet pearler (Mathesis Engineers, Hyderabad, India) with
13575% pearling efficiency. Flour obtained was sieved to
136obtain 390 μm sized particles using sieve shaker (Indosaw,
137Ambala, India). Barley flour had moisture 10.46%, protein
13811.3%, fat 1.27%, ash 0.9%, and carbohydrates 76.07%.

139Preparation of malted flours

140Grains of pearl millet and barley were steeped in static
141water at ambient temperature until they absorbed water. The
142water was changed every 2 h over a period of 8 h. The
143barley & millet grains were allowed to germinate in the
144humidity chamber (125 ECO, Macro Scientific Works Pvt.
145Ltd., Ambala) at 22 °C and 90% humidity for sprouting
146(Pelembe et al. 2003). To prevent matting and to even up
147the growth, the grains were repeatedly turned. The
148germinated pearl millet and barley grains were dried for
14924 h at 50 °C in tray dryer (capacity: 24 trays of size 78 cm
150x 40 cm., 5 K.W, Indosaw, Ambala). Pearling of malted
151grains was done in a millet pearler (Mathesis Engineers,
152Hyderabad, India) for removal of outer covering of grains.
153Malted and pearled pearl millet and barley grains were
154reduced to flour (390 μm) in a pulverizer (Lakshmi
155Industries, Ludhiana).

156Extrusion

157Raw and malted pearl millet and barley flour were
158separately conditioned to 18–20% moisture and each
159extruded using co-rotating twin-screw extruder (7.5 HP
160motor, 400 V, 50 cycle, L-TSE model, Basic Technologies
161Private Ltd. Kolkata) with die opening 3.55 mm., screw
162speed 350 rpm, feeder speed 23 rpm, temperature for
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163 extrusion: 130 °C for raw flour and 120 °C for malt. The four
164 types of extrudates thus obtained i.e. pearl millet extrudates
165 (PME), pearl millet malt extrudates (PMME), barley extru-
166 dates (BE) and barley malt extrudates (BME) obtained were
167 cooled to room temperature, ground to 180–500 μm size and
168 sealed in separate polyethylene bags until further use.

169 Experimental design

170 Response surface methodology was used to optimize the
171 levels of PME, PMME, BE and BME. Based on formulae
172 given in literature (Espinola et al. 1998) and for conformity
173 to PFA (2004) rules, WPC-70, SMP, sugar, and vegetable
174 oil were kept constant at 5%, 25%, 6% and 4 ml/100 g mix,
175 respectively, for each experiment. Formulation of weaning
176 mix was done to match the commercially available product.
177 After preliminary tests, upper and lower levels for these
178 variables were established. A central composite rotatable
179 design (CCRD) (Table 1) was prepared to select variables
180 level i.e. extruded pearl millet and barley: 20–25% each,
181 malted and extruded pearl millet and barley 6–9% each, in
182 each experiment. Experiments were conducted in random-
183 ized fashion. For the analysis of experimental design by the
184 response surface, it was assumed that n-mathematical
185 functions, fk (k=1, 2….. n), Yk in terms of m independent
186 processing factors Xi (i=1,2, ……………., m) existed for
187 each response variable.

Yk ¼ fkðX1;X2; :::;XmÞ
188189190 In this case, n=5, m=4
191 Full second-order equation was fitted in each response to
192 describe it mathematically and to study the effect of
193 variables. The equation was as follows:

YK ¼ b0 �
Xm

i¼1

biXi þ
Xm�1

i¼1

Xm

j¼iþ1

bijXIXj þ
Xm

i¼1

biiX
2
i

194195 where, Yk=response variable, β0 is the value of the fitted
196 response at the centre point of the design i.e. (0,0) and βi,
197 βij, βii are the linear, quadratic and interactive regression
198 coefficients, respectively. Xi and Xj are the coded indepen-
199 dent variable.

200 Peak Viscosity (PV)

201 The PV of weaning mix was evaluated by Rapid Visco
202 Analyser (RVA™), operated with Themocline 3.0 for
203 Windows (TCW) software. In RVA, the short temperature
204 profile (13 min) was used and the mixture was stirred at
205 960 rpm for l0 s and then at 160 rpm for the remainder of
206 the test. A mixture of 3.0 g extrudate powder and 30.0 ml
207 water was held at 50 °C for 1 min and subsequently, heated
208 to 95 °C at 12.2 °C/min. Holding time at 95 °C was

2092.5 min, subsequently the sample was cooled to 50 °C at
2101.2 °C/min, where it was kept for 2.1 min (Deffenbaugh
211and Walker 1990).

212Colour

213The colour values of weaning mix, in terms of L
214(lightness), was measured using HunterLab LabScan XE
215(Hunter Associates Laboratory Inc., Reston, Virginia,
216USA) (NR-3000; 10°/D65). Colour values were recorded
217as L (0 = black, 100 = white)

218Water Solubility Index (WSI) and Water Absorption Index
219(WAI)

220WSI and WAI were determined according to the method
221developed for cereals (Anderson et al. 1969; Yagci and
222Gogus 2008). The ground weaning mix was suspended in
223water at room temperature for 30 min, gently stirred during
224this period, and then centrifuged at 3,000 g for 15 min by
225refrigerated centrifuge. The supernatants were decanted into
226an evaporating dish of known weight. The WSI was the
227weight of dry solids in the supernatant expressed as a
228percentage of the original weight of sample. The WAI was
229the weight of gel obtained after removal of the supernatant
230per unit weight of original dry solids. Water solubility index
231(WSI) and water absorption index (WAI) were expressed as
232follows:-

WSIð%Þ ¼ Weight of dry solids in supernatant

Dryweight of sample

233234235

WAIðg=gÞ ¼ Weight gain by gel

Dryweight of sample

236237

238Sensory analysis

239Weaning mix (25 g) was mixed with 60 ml of lukewarmwater
240(70 °C) (Thathola and Srivastava 2002) and served in
241numbered plates to a semi-trained panel of judges (ten)
242selected from the Institute staff. Four samples were presented
243at a time to the judges at separate booth and asked to rate the
244samples in terms of taste, mouth feel and overall accept-
245ability (OAA) using nine point hedonic scale (Larmond
2461977) from liked extremely (9) to disliked extremely (1).

247Chemical analysis

248The raw pearl millet and barley grains and weaning mix
249were analysed for moisture (method 44–19), protein
250(method 46–12), fat (method 30–25) and ash (method 8–
25101) using AACC (2000) methods. Carbohydrate was
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252 calculated by subtracting the sum of moisture, protein, fat
253 and ash from 100 (Merrill and Watt 1973). Calcium, iron
254 and phosphorus contents of the weaning mix were also
255 analyzed using AOAC (1995) procedures.

256 Statistical analysis

257 Response surface methodology (RSM) was adopted in
258 experimental design and analysis (Khuri and Cornell 1987).
259 Data were modelled by multiple regression analysis and
260 statistical significance of the terms was examined by analysis
261 of variance for each response. Maximization and minimiza-

262tion of the polynomials thus fitted was done by numeric
263techniques, using the numerical optimization technique given
264in the software package (Design expert (r) software version
2658.0.4.1, 2010; Minneapolis, MN, USA).

266Results and discussion

267Diagnostic checking of the fitted models

268The responses obtained from each set of designed experi-
269ments were fitted in to the general form of quadratic

t1.1 Table 1 Central composite design arrangement and responses

t1.2 Factors Responses

t1.3 Exp.No. PME,% PMME,% BE,% BME,% Lightness PV, cP WSI,% WAI, g/g OAA

t1.4 1 20.00 6.00 20.00 6.00 80.45 146.50 41.08 2.72 7.80

t1.5 2 25.00 6.00 20.00 6.00 80.4 152.00 40.35 2.75 7.95

t1.6 3 20.00 9.00 20.00 6.00 79.79 128.00 41.25 2.66 7.90

t1.7 4 25.00 9.00 20.00 6.00 79.29 135.50 41.23 2.63 7.90

t1.8 5 20.00 6.00 25.00 6.00 80.6 148.20 40.69 2.78 8.00

t1.9 6 25.00 6.00 25.00 6.00 80.39 150.50 41.50 2.86 8.10

t1.10 7 20.00 9.00 25.00 6.00 79.87 134.00 42.12 2.56 7.75

t1.11 8 25.00 9.00 25.00 6.00 79.35 145.00 42.68 2.69 7.90

t1.12 9 20.00 6.00 20.00 9.00 79.87 133.50 43.66 2.53 7.95

t1.13 10 25.00 6.00 20.00 9.00 79.68 140.00 44.06 2.56 7.80

t1.14 11 20.00 9.00 20.00 9.00 76.8a 117.00a 46.01 2.36 6.65

t1.15 12 25.00 9.00 20.00 9.00 77.67 121.50 43.95 2.43 6.95

t1.16 13 20.00 6.00 25.00 9.00 79.13 145.50 43.91 2.54 7.45

t1.17 14 25.00 6.00 25.00 9.00 79.95 141.00 42.11 2.53 7.80

t1.18 15 20.00 9.00 25.00 9.00 77.8 127.50 44.19 2.44 6.85

t1.19 16 25.00 9.00 25.00 9.00 77.69 129.00 43.30 2.51 7.95

t1.20 17 17.50 7.50 22.50 7.50 79.88 126.00 40.04 2.61 7.60

t1.21 18 27.50 7.50 22.50 7.50 79.53 153.00 41.14 2.68 7.70

t1.22 19 22.50 4.50 22.50 7.50 82.17b 165.00b 39.65a 2.91b 7.90

t1.23 20 22.50 10.50 22.50 7.50 77.12 130.50 47.25b 2.31 6.60a

t1.24 21 22.50 7.50 17.50 7.50 79.13 128.50 41.10 2.60 7.80

t1.25 22 22.50 7.50 27.50 7.50 80.6 144.00 41.10 2.69 7.90

t1.26 23 22.50 7.50 22.50 4.50 81.39 153.50 39.80 2.89 8.00

t1.27 24 22.50 7.50 22.50 10.50 79.13 129.00 46.99 2.30a 6.70

t1.28 25 22.50 7.50 22.50 7.50 80.21 136.50 41.23 2.54 8.00

t1.29 26 22.50 7.50 22.50 7.50 81.04 137.50 41.91 2.53 8.05

t1.30 27 22.50 7.50 22.50 7.50 81.17 136.00 42.03 2.54 8.19

t1.31 28 22.50 7.50 22.50 7.50 80.61 133.50 41.41 2.56 8.20b

t1.32 29 22.50 7.50 22.50 7.50 80.79 133.50 41.68 2.52 8.10

t1.33 30 22.50 7.50 22.50 7.50 80.41 134.50 41.19 2.60 7.95

t1.34 31 22.50 7.50 22.50 7.50 80.35 136.50 41.38 2.58 8.15

t1.35 32 22.50 7.50 22.50 7.50 81 137.00 42.82 2.58 7.90

aMinimum, bMaximum, PME Pearl millet extrudates, PMME Pearl millet malt extrudates, BE barley extrudates, BME Barley malt extrudates, PV
Peak viscosity, WSI Water solubility index, WAI Water absorption index, OAA Overall acceptability
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270 polynomial model (Equation 2). This model incorporated
271 the individual linear, quadratic and interactive influences of
272 the experimental variables on the measured response.
273 Response fit analyses, regression coefficient estimations
274 and model significance evaluations were conducted. The
275 estimated regression coefficients of the fitted quadratic
276 equation as well as the correlation coefficients for each
277 model are given in Table 2. The adequacy of the models
278 was tested using F-ratio and coefficient of determination
279 (R2). The models were considered adequate when the
280 calculated value was more than the table one and R2 was
281 more than 80%. (Henika 1982). The R2 values for the
282 responses i.e. lightness, PV, WSI, WAI and OAA were
283 89.04, 92.01, 82.31 88.87 and 86.21%, respectively,
284 indicating that the models have satisfactory adequacy in
285 fitting the experimental data. The calculated F-values were
286 more than the table value (2.4) for all the responses
287 indicating that the models were significant. Thus, all the
288 five responses were considered adequate to describe the
289 effect of variables on the quality of weaning mix.

290 Effect of variables on lightness

291 The observed lightness (hunter L value) of the weaning mix,
292 with different combinations of the ingredients (Table 1),
293 varied between 76.8 and 82.17 within the combination of
294 variables studied. Maximum lightness of the weaning mix

295was observed at experiment number 19 with PME and BE
296each at 22.5% and PMME and BME at 4.5 and 7.5%,
297respectively. This shows that lightness had a higher value at
298low malt level. Table 2 reveals that negative coefficient of

t2.1 Table 2 Estimated coefficients of the fitted quadratic equation for
different response

t2.2 Estimated coefficients

t2.3 Factors Lightness PV, cP WSI,% WAI, g/g OAA

t2.4 β0 22.89 205.16 5.28 7.69 6.88

t2.5 β1 2.24 2.85** 1.89 −0.16 0.01

t2.6 β2 −2.52** −31.96** −2.73** −0.18** 0.64**

t2.7 β3 2.06 3.63** 1.04 −0.16 −0.29
t2.8 β4 0.89** −5.35** 2.17** −0.13** 0.68**

t2.9 β12 −0.01 0.25 −0.02 0.002 0.02

t2.10 β13 −0.002 −0.14 0.01 0.002 0.01

t2.11 β 14 0.04 −0.31 −0.08 0.0008 0.02

t2.12 β23 0.02 0.34 0.01 0.0005 0.02

t2.13 β24 −0.14* −0.29 0.001 0.004 −0.06*
t2.14 β34 0.005 0.26 −0.12 0.0002 0.008

t2.15 β11 −0.05** 0.05 −0.03 0.003 −0.01
t2.16 β22 −0.16** 1.05** 0.23* 0.004 −0.08**
t2.17 β33 −0.05** −0.08 −0.01 0.003 −0.005
t2.18 β44 −0.09 0.33 0.22* 0.002 −0.07**
t2.19 R2,% 89.04 92.01 82.31 88.87 86.21

** Significant at p≤0.01, *Significant at p≤0.05, PV Peak viscosity,
WSI Water solubility index, WAI Water absorption index, OAA Overall
acceptability
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Fig. 1 Response surface plots showing effect of pearl millet and
barley malt extrudates on a lightness, b PV (peak viscosity) and c
OAA (overall acceptability)of weaning mix. PME Pearl millet
extrudates, PMME Pearl millet malt extrudates
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299 linear term of PMME and positive coefficient of linear term
300 of BME significantly (p≤0.01) affected the lightness of the
301 weaning food. Interaction of PMME and BME had a
302 significant (p≤0.05) negative effect on the lightness. At the
303 quadratic level, PME, PMME and BE had a highly
304 significant (p≤0.01) negative effect on the lightness of the
305 weaning mix. The three dimensional response plots (Fig. 1a)
306 further depicts the effect of the independent variables on the
307 lightness of the weaning mix. The characteristic dark colour
308 of the malts may have lead to fall in hunter L values. This
309 reduction in lightness may be attributed to the change in the
310 colour from the characteristic grey of pearl millet grain to the
311 light brown (tan) of the pearl millet malt. This occurs
312 because of changes in colour of phenolic pigments in the
313 pearl millet during malting process (Pelembe et al. 2003).

314 Effect of variables on PV

315 The experiment number 19 (PME 22.5%, PMME 4.5%, BE
316 22.5% and BME 7.5%) recorded maximum PV of 165 cP
317 and lowest value of 117 cP was recorded for experiment
318 number 11 (PME 20.0%, PMME 9.0, BE 20.0% and BME
319 9.0%). Table 2 depicts that each of the independent
320 variables had a highly significant (p≤0.01) effect on the
321 PVof the weaning mix at the linear level. PMME and BME
322 had negative linear effect. However, PMME showed
323 significantly (p≤0.01) positive quadratic effect. Figure 1
324 (b) depicts the effect of independent variables on the PV of
325 the weaning mix. The results clearly suggest that the malt
326 significantly (p≤0.05) lowered viscosity. Reduction in
327 viscosity due addition of sorghum malt in pearl millet-
328 cowpea weaning food was reported by Almeida-
329 Dominguez et al. (1993). Lower viscosity is preferred in
330 weaning foods for consumption by infants due to their

331limited stomach capacity and the ability to chew (Pelembe
332et al. 2002). Moreover by using liquefying malt on a
333cereal paste of high solids concentration, nutrient density
334could be increased without increasing the product
335viscosity (Malleshi et al. 1989).

336Effect of variables on WSI and WAI

337Water solubility index (WSI) determines the amount of free
338polysaccharide or polysaccharide released from the granule
339on addition of excess water. A high WSI indicated that
340starch underwent extensive conversion. The observed WSI
341with different combinations of the ingredients (Table 1)
342varied between 39.65% and 47.25%. Table 2 depicts that
343negative linear coefficients of PMME had highly significant
344(p≤0.01) effect on WSI. However, for BME, linear
345coefficients had highly significant (p≤0.01) positive effect.
346At quadratic level, both PMME and BME had highly (p≤
3470.05) positive effect on WSI. Thus, results clearly suggest
348that samples having higher malt fraction had a higher WSI
349as compared to those having lesser malt. Increase in WSI
350due to malting in pearl millet was also reported by Pelembe
351et al. (2003). This may have occurred as more soluble
352materials such as amylase, amylopectin and amino acids got
353released during malting. This may be attributed to the
354enzymatic breakdown of materials, particularly storage
355components such as starch and proteins within the grain
356during germination, into smaller, soluble and more usable
357forms for the growing grain (Parvathy and Sadasivam 1982
358and Ashworth and Draper 1992).
359The observed WAI with different combinations of the
360ingredients (Table 1) varied between 2.3 and 2.91 g/g,
361respectively within the combination of variables studied.
362WAI shows a maximum level at a certain amount of starch

t3.1 Table 3 Analysis of variance
for different models

**Significant at P≤0.01, PV
Peak viscosity, WSI Water solu-
bility index, WAI Water absorp-
tion index, OAA Overall
acceptability

t3.2 Response Sources of variance d.f. Sum of squares Mean square F-value

t3.3 Lightness Model 14 43.62 3.12 9.86**

t3.4 Residual 17 5.37 0.32

t3.5 Cor.Total 31 48.99

t3.6 PV Model 14 3088.56 220.61 13.99**

t3.7 Residual 17 268.04 15.77

t3.8 Cor.Total 31 3356.59

t3.9 WSI Model 14 93.48 6.68 5.65**

t3.10 Residual 17 20.08 1.18

t3.11 Cor.Total 31 113.56

t3.12 WAI Model 14 0.60 0.043 9.69**

t3.13 Residual 17 0.075 0.004

t3.14 Cor.Total 31 0.67

t3.15 OAA Model 14 5.67 0.40 7.59**

t3.16 Residual 17 0.91 0.05

t3.17 Cor.Total 31 6.57
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F363 conversion. This maximum is when the starch granules are

364 sufficiently damaged for these to imbibe water without
365 disintegration (Mitchell et al. 1997). PMME and BME had
366 highly significant (p≤0.01) negative linear effect on the
367 WAI (Table 2). Reduction in WAI due to malting in pearl
368 millet has also been reported by Pelembe et al. (2003).
369 Lower water absorption in weaning foods was also
370 advocated by Mahgoub (1999) in order to produce a more
371 nutritious and suitable weaning food. This in turn may be
372 achieved by reducing the viscosity of the starchy compo-
373 nents by malting (Malleshi and Desikachar (1981).

374 Effect of variables on overall acceptability

375 Overall acceptability of weaning mix was rated between 6.6
376 and 8.2 by the sensory evaluation panel (Table 1). The positive
377 coefficient of the first order terms of PMME and BME

378(Table 2) indicated highly significant (p≤0.01) positive effect
379on OAA. However, the interaction terms showed significant
380(p≤0.05) negative effect. The negative quadratic coefficients
381of PMME and BME caused highly significant (p≤0.01)
382effect on OAA. Figure 1(c) depicts the relationship between
383PMME, BME and OAA. This revealed that malt, both in the
384form of PMME and BME had significant effect on OAA of
385the weaning mix. This was probably because of the effect of
386malts on the lightness of the weaning mix. The slightly bitter
387taste of the malt containing samples may have also resulted
388in lower overall acceptability scores of the samples with
389higher malt levels. However, at lower level, malt flavor was
390highly acceptable. Wambugu et al. (2003) explained that it
391was important to strike a balance between the positive and
392negative effects of malt in weaning food. Pelembe et al.
393(2003) also advocated the use of malting in pearl millet to
394improve palatability and utilization of pearl millet.
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Fig. 2 Overlay plot showing
the level of ingredients and the
corresponding response values.
PME Pearl millet extrudates,
PMME Pearl millet malt
extrudates

t4.1 Table 4 Constraints, criteria for
optimization, solution along
with predicted and actual re-
sponse values.

PME Pearl millet extrudates,
PMME Pearl millet malt extru-
dates, BE Barley extrudates,
BME Barley malt extrudates, PV
Peak viscosity, WSI Water solu-
bility index, WAI Water absorp-
tion index, OAA Overall
acceptability

t4.2 Constraints Goal Lower limit Upper limit Predicted values Actual response values

t4.3 PME,% is in range 20.00 25.00 20.77 -

t4.4 PMME,% is in range 6.00 9.00 7.39 -

t4.5 BE,% is in range 20.00 525.00 20.99 -

t4.6 BME,% is in range 6.00 9.00 6.53 -

t4.7 Lightness maximize 76.80 82.17 80.82 80.10±0.15

t4.8 PV, cP is target=125 117.00 165.00 135.18 133.5±2.5

t4.9 WSI,% is in range 39.65 47.25 40.58 41.20±0.35

t4.10 WAI, g/g) is in range 2.30 2.91 2.64 2.63±0.02

t4.11 OAA Maximize 6.60 8.20 8.14 8.2±0.05
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395 Analysis of variance

396 After selecting the model, analysis of variance was
397 calculated (Table 3) to assess how well the responses
398 represented the data. F-value for all the responses i.e.
399 lightness, PV, WSI, WAI and OAA was highly significant
400 (p≤0.01) (Table 3). Consequently, it can be derived that the
401 selected models adequately represented the data for
402 lightness, PV, WSI, WAI and OAA.

403 Optimization of the level of independent variables

404 Optimization of the level of variables was done by selecting
405 the responses i.e. lightness, PV, WSI, WAI and OAA. On
406 the basis that the responses had direct effect on the quality
407 and acceptability of the weaning mix as shown by their
408 respective R2 values, numerical as well as graphical
409 optimization was done. Table 4 shows the criteria used,
410 upper and lower limit, predicted and actual values of the
411 responses. The importance of level 3 was given to the
412 constraints of lightness, PV, WSI and WAI and OAA. The
413 overlay contour plot (Fig. 2) was drawn keeping PME and
414 BE constant (at optimum level obtained by numerical
415 optimization) and the optimized values were PME 20.77%,
416 PMME 7.39%, BE 20.99%, BME 6.53% each keeping a
417 constant level of skim milk powder 25%, WPC-70 5%,
418 sugar 6% and refined vegetable oil 4 ml/100 g) with 81.3%
419 desirability. Weaning mix was prepared using the recom-
420 mended level of ingredients and the responses were
421 measured. The measured responses had proximity to the
422 predicted ones reconfirming the adequacy of the models.
423 The proximate composition of weaning mix was moisture
424 4.59%, protein 14.73%, fat 9.88%, minerals 2.85%, carbohy-
425 drates 67.95%, Ca 354 mg 100 g-1, P 251.2 mg 100 g1, Fe
426 5.92 mg 100 g-1 and was in agreement with the PFA (2004)
427 guidelines for milk cereal based weaning foods.

428 Conclusion

429 Weaning mix was prepared from malted and extruded pearl
430 millet and barley flours and successfully optimized using
431 response surface methodology. From the study, it may be
432 concluded that locally available low cost ingredients
433 available in the developing countries have a great potential
434 in developing highly nutritious and acceptable weaning
435 foods. Addition of malt in weaning food improved
436 functional and nutritional qualities. Such a protein and
437 energy dense weaning food would help in eradication of
438 malnutrition in children. Such products would also promote
439 utilization of pearl millet and barley which are slowly
440 losing importance to wheat and rice.441
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