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= ABSTRACT =

The purpose of this study was to develop supplementary foods for infants and young
children in order to improve their nutritional status. Three formulas composed of rice,
soybeans, fish, dry skim milk and sesame in varying proportions were studied. The three
formulas, RS,S,, RFS,S,, and RMS,S,, were consisted of Rice( R}, Soybean(S,), Sesame
(S,) (60: 35: 5} , Rice, Fish( F), Soybean, Sesame (60: 10: 25: 5} , and Rice, Dry Skin
Milk{ M), Soybean, Sesame { 60: 10: 25: 5), respectively.

A proximate analysis and amino acid determination were made on the developed for-
mulas. In the animal assay, growth rate, PER and FER were evaluated and biochemical
analyses were also carried out. A storage test and the cost evaluation were also conducted.

The summarized results are as follows :

1) The proximate composition of the three formulas were 7.3— 7.4% of moisture,
15.9 -21.5% of crude protein, 7.8-9.6% of crude fat and 25-2.8% ash.

2} The result of amino acid analysis showed that the 1st limiting amino acids of RS,
S, and RFS;S, were lysine { amino acid score, 76.6) and threonine { amino acid score,
93.3), and that of RMS,S, and the commercially prepared formula were sulfur containing

amino acids( amino acid score, 820 and 54.4). When the contents of the amino acids
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of the three formulas were compared with mother’s milk and cow’s milk, the balance of
the amino acid of each formula was superior to mother’s milk but inferior to cow’s milk.

3) In the animal assay, the growth rate of all groups increased gradually during the
experimental period.

4) The C- PER, which was corrected on the basis of the casein PER of 25 was
2.99, 3.38 and 310 in the RS;S,, RFS;S, and RMS,S, respectively. The C- PER of
RFS,S, and RMS,;S, were Significantly ( P<C.05) higher than that of the casein.

5) The FER of the casein, RS,;S,, RFS;S,, and RMS,S, were 037, 039, 043 and
0.39, respectively. The FER of RFS,S, and RMS,S, were also significantly { P<.05) higher
than that of the casein.

6) The concentrations of hematocrit, hemoglobin, total protein and albumin in the
serum of the rats of all groups were not significantly different among groups.

7) The storage stability test showed that the total plate count{ TPC), the coliforms
count and the bacterial spore count in the ingredients were quiet low. However, after 30
and 60 days storage, the count in RFS|S, increased and were higher at room temperature
than refrigerated temperature.

8) In the cost evaluation, the cost of the developed formulas was 1,826 - 2,626/ kg.
This was less than that of the commercially prepared formula {3,300 - 4,073 /4g) and that
of the imported formula (4,250 - 8,720 / kg ).
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A B
The staple : Protein food
Supplements :
cereals, includes
tubers, all legumes
or roots and animal
foods
Breast
milk
C D
Vitamin and Energy
mineral food supplements
supplements :
vegetables fats,
and fruits oils,
sugar

Fig. 1. The food square. Breat milk is in the
middle because it is a complete food in
itself. The square has four parts- one for
the staple, and one each for protein food
supplements, vitamin and mineral food
supplement, and for energy supplements.
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Formula 9] uwj§ ®]&& Protein Advisory Group
(PAG ) o mery olf 234 AA¢ nisigon
a9 29 a%3] w2 U] AFE AH E29R
S, S, (rise, soybean, sesame ), RFS S, ( rice, fish,
soybean, sesame } ¢} RMS,S, (rice, milk,soybean,
sesame ) £ A F3T

Table 1. Basic considerations for the proposed

“home and village ” supplementary
foods

Item Description

1. Nutrition Criteria proposed by PAG*

Protein : not less than 20 #
Calories
Minerals }

Vitamins

u]l) to necessary
evels

2. Price Less than half price of commerc-
ial supplementary foods products
3. Ingredients Locally available foods such as
rice, barley, soybean, peanuts,
sesame, perilla, white meat fish
4. Acceptability Mild taste

5. Shelf life More than two months without
refrigeration

6. Procedure Simple method

* PAG : Protein Advisory Group
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Puffing

Drying

~V

Milling

I : Rice: Soybean : Sesame (60:35:5)
II : Rice: Fish : Soybean : Sesame (60: 10:25:5)
Il : Rice : Dry Skim Milk : Soybean : Sesame(60:10:25:5)

J

Mixing

Supplementary Foods : I :RS;S,
Il : RFS,S,
O1: RMSS,

Fig. 2. Block diagram of processing for supplementary foods.

T 2 Hiementary foods. Percentage of 2) olf H3A U A _
Az wigt Hlgo] T 3714 ol HEd o
Formula Ingredients Percentage e 48, g8, 2 2 2oy e AQACH
RS,S, Rice, Soybean, Sesame 60:35: 5 Hell 98] AFsAct
RFS;S, Rice, Fish, Soybean, Sesame 60:10:25: 5 3) opnjiat B4 1219
RMS,S, Rice, Mik Soybean, Sesame 60:10 25: 5 2AY % RS 9A9 AAAE AL % o
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3to] albumin, serum total protein 3} hemaglobin®
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A, AHE3 A& (RFS;S,) £ polyethylene film
bag o 100g @9 Z <% EAsS Ay YFde =
Aztell A 2704z 247] A3t Aok

u AR AAE 98 AE AFHE olf rEA EF
Aol 2t As A, dF, 7, A4 2AFIn

Table 3. Composition of experimental diets at 10% protein level

Experimental animal group

Ingredients
Control g% Group I g% Group II g% Group III g%

Rice - 34.4 29.6 341
Soybean - 20.1 12.4 14.2
Fish - - 5.0 -
Milk - - - 5.7
Sesame - 2.7 2.4 2.7
Casein 10.0 - - -
Corn starch 75.7 356 41.9 34.9
Cellulose 1.3 - ~ -
Corn oil 6.5 1.8 30 2.8
Tallow 15 0.4 0.7 0.8
Vit. mix. 1.0 1.0 1.0 1.0
Mineral mix. 4.0 4.0 4.0 4.0

Control : casein
GroupI :RS,S
Group II : RES &
Group III: RMé 1§2

* Vitamin mixture ;( mg/ 4 diet) ; Haper’s Mixture, Thiamin 5, Riboflavin 5, Niacinamide 25, Ca ~ Pantot-

henate 20, Pyridoxine. Hcl 5, Folic acid 0.5, Biotin 0.2, Vitamin B

0.03, DL ~ tocopherol acetate 100,

Retinyl palmitate 4,000 IU, Cholecalciferol 400 U, Choline chloridela,OOO, Vitamin C50, Menadione 0.5,

Inositol 100

* Mineral mixture: ( g/100 g salt Mix.); Hubble Mendel Wakeman Mixture. Calcium carbonate 54.3 ,
Magnesium carbonate 2.5, Magnesium sulfate 1.6, Sodium chloride 6.3, Potassium iodide 0.008, Phosphate
sulfate 0.017, Cupric sulfate 0.009, Potassium chloride 11.2.
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Table 4. Composition of experimental diets at 17.5% protin level

Experimental animal group

Ingredients Contral g %(g ) Group I g% (g) Group I g%(g) Group I g%(g )
Rice - 57.0 ( 60.0 ) 57.0 ( 60.0 ) 57.0 ( 60.0 )
Soybean - 33.3(35.0 ) 23.8 (250) 23.8(25.0 )
Fish - - 9.5 (10.0 ) -
Milk - - - 9.5 (10.0 )
Sesame - 48 (50 ) 48 (50) 48 ( 50)
Casein 17.5(18.4 ) - - -
Corn starch 16.4(65.6 ) - - -
Cellulose 23( 24 ) - - -
Corn oil 8.0( 68 ) - - -
Tallow (16) - - -
Vit. mix. 1.0( 1.0) 1.0( 1.0) 1.0 (10) 1.0 ( 1.0)
Mineral mix. 40 ( 42) 40 ( 42) 40 (42) 4.0 ( 42)
Control : casein

Group I :RS;S

Group I : RFS S,

Group III: RMS,S,.

Table 5. Proximate composition and energy value of supplementary foods

Formula* Moisture ( % ) Crude Pro. (%) Crude Fat(%) Crude Ash( %) Calory (Kcal/100g)
RS 1S 2 7.4 159 9.6 25 384.2
RFS 152 74 21.5 8.1 2.7 374.8
RMS, S, 7.3 17.7 78 2.8 392.3

* R : rice, S,: soybean, S,: sesame, F : fish, M: dry skim milk.
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Table 6. Number of feedings and amount of supplementary foods per day

Amount of Supplementary Nutrient of RDA Ratio of RDA
Food (per day ) Supplementary
Food ( per day) ( per day) (%)
Month Formula
%g:ﬁﬁtg (‘;) Ig}égldﬁ-’g; of '{Oo/za)l Kcal Protein Kcal Protein Kcal Protein
RS, S, 154 64 167 427
6 RFS,S 2 20 2 40 150 86 920 15 16.3 57.3
RMS,;S, 157 71 17.1 47.3
RS, S, 225 95 227 528
7-8 RFSISZ 20 3 60 225 12.9 920 18 22.7 7.7
FMS, s, 235 106 23.7 58.9
RS, S, 288 119 291 661
9-10 RFSISZ 25 3 75 281 16.1 990 18 28.4 89.4
RMS S, 294 133 29.7 73.9
RS, S, 384 159 %66 798
11-12 RFSXS 2 25 4 100 375 21.5 1,050 20 35.7 107.5
RMS,S, 392 177 373 885
RS,S, 461 19.1 38.4 54.6
12-36 RFSIS2 30 4 120 450 25.8 1,200 35 375 73.7
RMS,S, 212 303 606
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Table 7. Amino acid analysis of supplementary foods

( Amino Acid : m3/100g protein)

RS;S, RFS,; S, RMS,S, Al@o] 4  |Mothers Milk | Cow’ Milk
AA [AA | AA |AA |AA |AA I AA |AA AA | AA AA | AA.
(mg) | score | (mg) | score |(mg) |score [(mg) |score| (my) | seore | (ms) | score
Lysine 4214 766 6,430 | 1153 | 5076 923 | 6544 | 1190 6,800 | 123.6 7,200 130.9
Histidine 2,390 - 2,372 - | 2425 - 2,142 - - - - -
Arginine 7,610 - 110,252 - | 6,937 - 5,176 - - ~ - -
Aspartic acid 93811 - | 13,648 - | 8912 - 9,221 - - - - -
Threonine 3,39 | 849 3,730 933 | 3328 83.2 3,453 | 86.3 | 4500 | 1125 4,200 105.0
Serine 4,528 - 4,196 - | 4,625 - 4,462 - - - - -
Glutamic acid 21,824 - 120,233 - 22,166 - 23,141 - - - - -
Proline 5,598 - 4,755 - 7,276) - 7,853 - - - - -
Alanine 5,220 - | 5,781 - | 4,625 - 3,986 - - - - -
Valine 6,038 | 120.8 5548 | 111.0 | 5,809| 116.2 | 5,711 | 114.2 | 4,500 90.0 6,400 128.0
Isoleucine 4,717 1179 4,849 | 121.2 | 4625 | 115.6 | 4,935 | 123.5| 4,100 | 1025 | 5,500 137.5
Leucine 8,931 1276 9,371 133.9 | 9,532| 136.2 | 9,816 | 140.2 | 8,600 | 122.9 9,900 141.4
Tyrosine + 9,245 154.1 8,205 136.8 | 9,081 | 151.4 | 8,804 | 146.7| 8,600 | 113.3 9,800 163.3
Phenylalanine
Glycine 4,717 - 4,709 - 3,835 - 2,855 - - - - -
Methionine + 3,009| 885 3,346 956 | 2,871 | 82.0 | 1,904 | 544 | 2,900 82.9 3,500 100.0
Cysteine -
Tryptophan 1,318 } 131.8 1,286 128.6 | 1,305 | 130.5 - - 1,600 160.0 1,400 140.0
* Amino Acid Score
ZAAE 100g % olrlxy ¥
= x 100

" FAO/WHO (1973 ) 8] #%% npattern 5

ZANE ol FYY ol B

Table 8. Conce_ntration of hematocrit, hemoglooin, total protein and albumin in serum of rats fed
experimental diets for 4 weeks

Animal Group Hematocrit * Hemoglobin Total protein Albumin
(Number of Animal) (%) (g/ 1002 ) (2/100 ne ) (g/100 2 )

X SD X  SD. X sD X S.D.

Control  (5) 50.18 + 6.68 9.60 + 1.60 522 + 031 274 + 033

Group I (5) 50.62 =+ 419 9.63 + 1.31 492 + 022 278 + 0.38

Group II (4) 49,65 + 4.01 12.25 +1.82 4.80 =+ 012 273 £+ 0.22

Group I (4) 4898 + 2.69 970 + 1.50 483 + 047 (3) 233 + 0.22

* Volume of packed red cells in »£/100 »¢ blood
X+ S.D.: Mean 3 Standard Deviation

Contral

: Casein

Group I : RS S
Group II : RFSlé2
Group III: RMS S,
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Fig. 3. Body weight changes during experimental
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Fig. 4. Changes in PER values during experimental periods.
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Fig. 5. Changes in FER values during experimental periods.

Table 9. Microbiological analysis on ingredients

of formula (CFU/ g )
ngredients . .
- Soybean Rice Fish Sesame
Organisms
TPC 200* 6,800 40,000 8,300
Coliforms™* 3 4 <3 51
Spore 200* 100*  200°  xxx

* It was estimated from counts outside the 30-
300/ plate range

**+ MPN(Most Probable Number)/g

*+xIt was not reported.

Aze Ags AN e RN aUE #
At ARed JAE AHstAct

A% A RFSS, A|89 APC-me Hzd AY:
©l ol& RFS;S,o z4dulgel tirio] v & 57}
e YT 242 FAH A A A =4
H g Fe BEZ AL 7] HEelgn Als
gt} o]R& coliforms 3} spore 9| 73$-x wp@}A o]

Table 10. Microbiological analysis on RFS,S,
formula

(CFU/ g)

0 day 30 day 60day

TPC Room
Refrigeration

Coliforms™®*| Room
Refrigeration

Spore Room
Refrigeration

2,900 9,400 7,500

- *xx 3,100
<3 132 167
- 33 16
350% 12,000 8,000
- 7,500 5,400

* It was estimated from
300/ plate range

counts outside the 30-

#+ MPN ( Most Probale Number)/g

*xx]t was not reported

o

'APC—m% 60 A3 F 30UART FadE 3
& et ok ole 5P o Y AE " 9
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Table 11. Comparison of the price of developed
and commercial supplementary food

(1984. 9)
Brand Weight(g) Form Price ( won)
A 1,000 Powder 3,300
(3300/ 49)
Commercia
B 550 Powder 2,240
(4,073/ kg)
C 280 Powder 4,400
(5:000/ £g)
D 250 Powder 2,180
Imported (8,720/45)
E 400 Powder 2,180
( 6,450/ kg)
F 800 Powder 3,400
( 4,250/ kg)
RSS, |1,000  Powder 1,823/ 4
Developed RFSS, | 1,000 Powder 2,626/ kg
RMSS, 1,000 Powder 2,149/ kg

Hgd 4 Arsd day ¥ vdE 1§ e
W glovt i FE dA7Ie] AYE | nAE +
7t B7bste AEE BHole AL sMEAA AgHT 8
= A4t o Bd, SR 2E ey,
ARA A &7, A7 5L 9E HF= U 7
AE 29 a9x 94 25, % #A7 58 A
A A vjH2 Q% Astetn Alg )

ARHOE B AFY FEFEE b o FolAnut
Hot fAAQ A g dRate WA mag
o of 27447t A& Jhsstl B 5 glo
U Agolel olfale 7HECAM wE B, AVIZHA
B ofelstA EAAC wetn € £ AP . g
ZA AF XﬂEHW‘ A L FPEe A4
o2 A 71zt 9] desidn Azdy

\

NF!

5) 444 AE
37HA FF olf I Al ABolgH 7t

Ag ¥ 1o gokslgnt AW o) §ATe 714
A g AFA BeM % olge EIAUG el
E AR AFEE Y AF g AFgs ¢4+ A
=3

EY dutdom wd A o]gust %e 24
é?‘%}%d RS S, & H|% RFSS, ¢ RMSlsz o
skl a2 9¢ }t Rzt nEaht KA Aol ot
EF W] %9}9_“1, f1E¥)= RFS,S, 80 10% Az
Hol viebntct

= =

1)7‘7—}4 o] f H%"“«l dutdE EXE FE9|
73-74%, Tdwdo| 159-21.5%, AL 7.8-96
olm 3)¥& 2.5-28%9| ik

2)opeat B4 A A 1 Ag opr 4 RS,
S,% RFS S,o|A lysine (76.6 ) 5} threonine (93.3 )
o2 ywptor], RMS,S, st Aol g4 A9
ofp| x4zt 7t 242k 8203 54491 ¥ FF ofu|iite
2 gerg
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Atk
3) 5% 49 2% £E 4829 4F3ee 497

Zro] Ao upal Hak *3‘7P5}215}

4) Caseins] PERS 252 343 C-PER & o
83le] o] gl §871E ¥msEH RS;S,.RF
S,S,27 2 RMSS,olq 22 299, 33837 31002
Uelteh RFSS,9 RMSS,¢ C-PERE casein
B} f4%04 B3k ( P<06).

5) PER & casein, RS S,, RFS S, 72l RMS,
S,olAl 2zt 037, 0.39, 0.435} 0.390] A}, RFS,S,
%t RMS S, &= FEROX % casein Bt} G2 AUAE
steh (P< .05 ).

6 ) Hematocrit value, hemoglobin, serum total pro-
tein 7} albumin %+ caseiny Hl@sled FA A
#94o] Atk

7) AR AAA 7, total plate count (TTC ),coli-
forms bacterial spore = i3 A z}Zte] AFE)A
€ 3 FA7} el Fgoy olgg uysq v E
RFS, S 9N 7183 Wig fAdMe ogder g
3 S7HEIAY = 20U AR S T olE
o] #AE F7tstaen, WA Aol Ao
o] AZpoh uAE9] WAL AT JER UL,

8) ol B3 A7t} Al olfalze 717
Al & AFe] du 2 olgg TG Iy

E AR AF 2 9 AFRG Adsyct

A 7bs @ 371 ol BEd g stz A
d AEE nFof, o|EL2 HEHg vdlg R
UE A Yo n ol &A AFoRA €&y
£ oE$d g% ARG 7HHo g odolEdA Y
TEE T de BRAFoENY e 83 Jvt
Aadd £ flAE FAE vay JHA Jey
ou A% 7t F oia SUhelgenz, & o HA
QA AN Azste ¥ nusol v, 534
A&7 A dA] 3} (rehydration ) A]Z] §F o]
Aol HAEe] FAFE $27} gloenz FA Hev)
Ack.
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