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Abstract. The nutritional quality of a malted weaning food developed using malted ragi 
(Eleusine coracana) and green gram (Phaseolus radiatus) was evaluated by rat feeding 
trials. The protein score of the weaning food was 70 calculated according to FAO/WHO 
(1973) pattern. The protein efficiency ratio (PER), net protein utilization (NPU), 
biological value (BV) and true digestibility (TD) values for the weaning food proteins at 
10% level of protein intake were 2.2, 51.6, 73.8 and 82.8, respectively and the relative 
protein value (RPV), determined at 5, 8 and 11% levels of protein intake was 84. Supple- 
mentation of the weaning food with 10% skim milk powder enhanced the PER to 2.7 
and NPU to 63.0. The nutritional quality of a roller dried proprietary weaning food was 
also evaluated along with malted weaning food for comparison and it was observed that 
the nutritional quality of the two products were comparable. 

Introduction 

A large number of  weaning foods, based on cereals and legumes have been 
developed to meet the need of  young children, especially of  developing 
countries [4, 6, 8] .  Most of  the weaning foods marketed in India are prepared 
by  pre-cooking and roller-drying the slurry of  cereal and legume blends. Such 
foods absorb a large amount  of  water and increase the 'dietary bulk '  and 
reduce the calorie density of  the foods [12].  Recently,  a weaning food of  low 
hot-paste viscosity and high calorie density has been developed using malted 
ragi and green gram [14].  The present study was undertaken to evaluate the 
protein quality of  this malted weaning food by various standard rat bioassay 
procedures [16]. 

Materials and methods 

Malted weaning food  

Ragi or finger millet (Eleusine coraeana) and green gram (Phaseolus radiatus) 
were steeped in water for 16 h and germinated for 2 d and 1 d respectively 
and then sun-dried. The rootlets from ragi and husk from green gram were 
removed by gentle abrasion in a rice huller mill. The devegetated ragi and 
dehusked green gram were kilned in a cake roaster at 70 °C for 45 min. Ragi 
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Table 1. Composition of diets for rat feeding trials 

Diet Test material Corn starch Protein level 
(g) (g) (%) 

MWF 

79.3 5.7 10 a'b 
39.1 45.9 5 e 
65.5 19.5 8 e 
83.0 2.0 11 e 

MWFM 71.5 13.5 10 a'b 

79.3 5.7 10 a'b 
39.1 45.9 5 e 

PWF 65.5 19.5 8 c 
83.0 2.0 11 c 

28.8 56.2 10 a,b 
15.5 69.5 5 e 

SMP 24.8 60.2 8 e 
39.3 45.7 11 e 

Non-protein diet - 85.0 - 

WMF - Malted weaning food; MWFM -- Malted weaning food with 10% skim milk 
powder; PWF - Proprietary weaning food; SMP - Skim milk powder 
a,b Denote diets for PER, NPU, BV and TD 
e for RPV studies 

was moistened with 7% extra water,  tempered for 15 min, pulverised in a 
plate mill and sieved through 60 mesh (BSS) to remove coarse bran [13].  
Malted ragi flour and green gram flour were mixed in the ratio of  70:30 to 
obtain the weaning food (MWF) [14].  A proprietary brand o f  weaning food 
(PWF) containing cereal flours and milk proteins having 12% protein, and 
skim milk powder (SMP) were obtained from a local market.  A blend of  the 
malted weaning food with t0% skim milk powder (MWFM) was also used 

in the study. 

Essential amino acid content 

Lysine, t ryptophan,  threonine, methionine and cystine contents of  the wean- 
ing foods were assayed by  microbiological procedures [1] and the available 
lysine content  was estimated by  the method o f  Carpenter [2] .  

Animal experiments 

The diets using MWF, MWFM and PWF for rat feeding trials were prepared to 
contain 5, 8, 10 and 11% protein levels as shown in Table 1. The protein 
levels were adjusted by dilution of  weaning foods with corn starch. All the 
diets contained refined peanut oil (10%), salt mixture 4% [10] and vitamin- 
ised mixture 2% [5].  Diet prepared similarly using spray-dried skim milk 
powder served as reference protein. 

For  PER, NPU and RPV determinations, male weaning rats of  Wistar strain 
(10 rats for PER and 8 rats for NPU and RPV experiments,  in each group) 
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Table 3. Protein efficiency ratio of weaning foods 

Average Average Average 
Diets food intake protein intake weight gain PER 

(g) (g) (g) 

MWF 168.9 17.4 38.5 2.2(1) 
MWFM 191.1 19.5 52.3 2.7(2) 
PWF 196.6 19.1 43.4 2.3(3) 
SMP 193.1 20.1 65.2 3.2(4) 
SEM + 0.09 (27df) 

Test of significance: 1,3, 2,4. 
Any means of the column underscored by the same line are not significantly differ- 
ent, (P < 0.05) according to Duncan's new multiple range test 

were housed individually, in wire-mesh cages of galvanised iron. The temper- 
ature of the animal rooms varied from 7 3 - 8 6 ° F  during the experimental 
period. For BV and TD determinations, adult male rats (Wistar strain) weigh- 
ing about 80 g (8 rats in each group) were used. The cages were rested on glass 
funnels provided with perforated discs to facilitate collection of faeces and 
urine separately. Ferric oxide was used as a marker for faeces. The diets were 
wetted with hot water prior to feeding. Feed and water were given daily ad 
libitum in all experiments. The left-over diet was collected daily and dried at 
about 95 °C and the food intake was calculated. After a feeding period of 
28 d PER was determined [11], whereas NPU was determined after 10d 
of feeding period [15]. The actual, faeces and urine collection period for BV 
and TD determination was 5 d after 3 d of adaptation period [7]. For RPV 
determination, the rats were fed the diets containing 5, 8 and 11% protein 
levels. The food intake and weight gain were recorded for each rat on 
alternate days during the experimental period of 21 d and the RPV was 
determined according to Hegsted and Chang [9]. 

Results and discussion 

The composition of MWF and PWF were almost similar. The protein, fat and 
carbohydrate contents were 12, 2.5 and 76% respectively. The proteins of the 
MWF and PWF had fairly high levels of lysine, t~'ptophan and sulfur amino 
acids and compared well with the FAO/WHO (1973) reference pattern (Table 
2). However, the threonine content of MWF and PWF was considerably lower 
than the reference protein. But supplementing the MWF with 10% SMP 
slightly improved its threonine score. The available lysine content of  MWF 
and PWF proteins were 4.5 and 4.3%, respectively. The severity of heat treat- 
ment during preparation of PWF, probably resulted in a slight reduction of its 
available lysine content [19]. 

The results of PER experiments are summarised in Table 3. The PER of 
MWF was nearly the same as that of PWF (2.3); but was significantly lower 
than that of the SMP (3.2). Supplementation of the MWF with 10% SMP 



Table 4. Net protein utilisation of weaning foods 

Protein Change in Dry weight Carcass 
Diets intake body weight of carcass protein NPU 

(g) (g) (g) (g) 
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MWF 7.2 18.1 23.2 1 1 . 9  51.6(1) 
MWFM 7.3 20.8 29.4 12 .8  63.4(2) 
PWF 8.1 21.9 30.8 1 3 . 2  62.0(3) 
SMP 7.8 29.0 30.5 14 .7  83.4(4) 
Non-protein diet 0.2 8.3 16.8 8.4 - 
SEM -+ 2.7 (21dr) 

Test of significance: 1, 2,3, 4 
Any two means of columns underscored by the same line are not significantly different 
(P < 0.05) according to Duncan's new multiple range test 

o SMP 
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Figure 1. Relative protein value of malted weaning food (MWF) and proprietary weaning 
food (PWF) as compared with skim milk powder taken as 100. 

enhanced its PER to 2.7. A similar observation was also made by 

Chandrasekhara et al. who reported that incorporation of  10% milk solids 

to a food formulation based on sorghum malt and low fat peanut flour 

increased its PER from 1.2 to 1.5 [3]. 

The salient features o f  the NPU determinations are presented in Table 4. 

The NPU values for MWF, PWF and SMP diets were 51.6, 62.0 and 83.4, 
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respectively. As was observed in the PER experiment ,  the NPU of  MWF 
supplemented with 10% SMP was also significantly higher than that  o f  the 
plain MWF. 

The results of  the nitrogen balance studies are summarised in Table 5. The 
protein digestibility of  MWF was slightly higher than that of  PWF, although 
the difference was not  significant. The biological value of  MWF proteins was 
slightly lower than that  of  PWF proteins. However, this difference also was 
not  significant. Under the experimental  conditions,  the BV values for MWF, 
PWF and SMP diets were 73.8, 79.2 and 85.0 respectively, while the corres- 
ponding TD values were 82.8, 79.2 and 91.9, respectively. 

The results of  the RPV experiment are presented in Figure 1. At  5% 
protein level, the diets of  both  weaning foods were just able to maintain the 
body weight of  rats [17] ; whereas the rats gained body weights with superior 
response at 8 and 11% protein levels. The RPV for MWF and PWF were 84 
and 88, respectively as compared with the value for SMP diet taken as t00.  

The present studies indicate that  the nutri t ional quality o f  mixed proteins 
of  malted ragi and malted green gram were nutri t ionally comparable with that 
of  a proprietary weaning food. The MWF supplemented with 10% skim milk 
solids had protein quality superior to that of  the proprietary weaning food. 
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