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ABSTRACT
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The objectives of the study were to analyze the various nutrient contents of ready-to-use-supplemental-food (RUSF) developed
with Eastern African ethnic plants and compare them with commercially available supplemental food (CASF) for infants. RUSF
was made with three African plants, including Ficus sur, Amaranthus caudatus, and Prosopis juliflorafa and locally available
food ingredients in DR Congo and Ethiopia and was cooked at 180°C for 20 min in a conventional oven. Macronutrients were
analyzed by the AOAC method. Contents of 17 amino acids were analysed with amino acid analyzer, and vitamin B,, niacin,
vitamin Bg, and vitamin C were analyzed with HPLC. Isomers of vitamin E were analyzed by GC-FID. The price of RUSF
was 0.133 USD per 100g. Contents of macronutrients were not significantly different between developed RUSF and CASF.
Results of amino acid analysis showed that most amino acid contents were similar or higher in RUSF compared with CASF.
However, glutamic acid and lysine contents were less in RUSF than in CASF. Vitamin E and vitamin B,
than five times higher in RUSF (22.40, 6.26 mg/100 g, respectively) than in CASF (4.00, 0.80 mg/100 g, respectively). Niacin
was about three times higher while vitamin B was almost 20 times higher in RUSF than in CASF. However, ascorbic acid
was significantly lower in RUSF (3.43 mg/100 g) than in CASF (42.08 mg/100 g). Our study found that the developed localized
RUSF showed higher nutrient contents in most micronutrients analyzed except for ascorbic acid. Out of 17 amino acids,
glutamic acid and lysine contents in RUSF were less than in CASF. Therefore, further study is needed in order to improve

contents were more

these nutrients contents.
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(WHO), World Food Programme(WFP), United Nations Inter-
national Children's Emergency Fund(UNICEF), United Nations
Food and Agriculture Organization(FAOQ) 52| = A|7]7 %
239) AR\ BN E ofzel 7 Ao e TEAFEL U
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RUSFE] 7|uHe 93] Ahedl #7) 2Ex9e dalelT
(Kim YT 5 2011)°l - 4 71271 & Aoz dd
37HA] BolzeEl7t AL A EAQ] Ficus sur, Amaranthus cau-
datus, Prosopis juliflorafas 3311 F83}=(DR Congo)¥} il
Eleulofol A FHe &, xste] Bdsle S o

o]F3ste] AMESFATE 1 Bte] AlF= AR A Al = &
FEdel e, S5re dFEES BEdlTe Ass
v, AlE, B, A o= 2 AdTE 913 RUSF
AZxE falixde ofitalel $x& AnbAlAdoll A st
AHE8I9ATE CASFE NARS] frobg o] f2131 CAlFS vl
ste ARgsilnh el Aol & Aol AEE gt
FEEES Hlwetr] ¢ HluAEFe R JYE olf= ot
=2 719 NARS AlFe] Folzelrtet s-elutela de
o] &= glom, 58] CAlEFS B A7 AFS AHEstn
2} k= i =7121 DR Congo$t B @3] ofel A ol 9]
g FEAFoR FATIFAA AdEE AF T Lol
o o] o

2) A2k & 717

GLdHE F2 o AFE-3F sodium phosphate monobasic, hy-
drochloric acid, thiamine hydrochloride, nicotinic acid, pyri-
doxine hydrochloride, ascorbic acid, metaphosphoric acid, a-
tocopherol-> Sigma-Aldrich(USA)AFS] A2 AF8-8191 1L, he-
xane, methanol-> HPLC grade solvent® A}8-3}31t}

ofn| =4k B2497] &= SykammAF2] amino acid analyzer S430
(Sykamm, Germany)E AFH8-311 0™, A=-E cation separation
column(LCA KO06/Na 4.6x 150 mm, Sykamm, Germany)Z}
ammonia filtration column(LCA K04/Na 4.6x 100 mm, Sy-
kamm, Germany)= AF&-3FI T d g E 498 98] HPLC
£ ShimadzuAKShimadzu Co., Japan)2] #| &S ALE-3l1 o,
column YMC-PACK Pro C18, 250 x 4.6mm LD. S-5 pm,
12 nm(YMC Co., Japan)E A3t} GC-FIDE ShimadzuAt
(Shimadzu Co., Japan)2] A|#<, column HP-5 30 m x 0.25
mm 1.D. 0.25 pm(Agilent Co., USA)= ©|&3}3ith
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thed oka B2 AOAC HPH ol Fate] 224 Soxhelt
W, 232 550C As|sh o FAsgh el
FETY3| o 2]Fsle] Micro Kjeldahl WWHo 2 F-2A35}9]
o} ©ahE2 100004 2, A, 2o RS W gro g

Ttk @RS weskE, e 22 247} 4 keal/g,
4 keal/g, 9 keal/g@ = AlMbelnt BE AL 391 Ad
e Hateto] vl wskTh

3) ofo|=4t &4

A& 2F 100 mgoll 6M HCI 15 mLE 713 3 <F 583F 4
A7FAR FR8}1a, cap= B 3 1107T dry oven©llA] 244
7} incubationdlI Tl A1 B2 Ar2o|x 23] & 55T 7+
Sh&%3taL, pH 2.2 buffer &9 25 mLE 7}gF ¥ 045 um
filterol] o323k & 3| Msto] opw]=it F471 = 453t
ol Ab BA7)e] BA AL Table 19 YERASITH

4) O|2FAUL BHA

S T

Vitamin Bj, niacin, vitamin By $41-2 2]
AT AR <F 0.5 g= FHstd TF —’F 40 mLOﬂ o,
sonificatorol| 4] 301t &3 -, 3,000 rpm
ARt A Eeld & A 40}04 0.45 um Sy-
ringe filter2 ©]Z}&lo] HPLCE EAI&tit} BlET] B2
BAS 918 HPLC 42718 Table 29 2th

Table 1. Amino acid analyzer operating condition

Condition

Model Sykam S430

Cation separation column (LCA KO06/Na 4.6x
150 mm, Sykamm, Germany), ammonia filtration

Column — lumn (LCA K04/Na 4.6x 100 mm, Sykamm,
Germany)

Injection

volume 100 L.

Flow rate 0.3 mL/min

Pump 0.45 mL/min
Temperature 130°C
of the reactor
Temperature q
74T
of the column
Gas Nitrogen

LD - P oMok forkim ik

Table 2. HPLC operating condition for vitamin B group
and vitamin C analyses

Vitamin B group Vitamin C analysis
Model Shimadzu HPLC-20A (UV-VIS)
Injection 10 4L
volume
Column YMC-PACK Pro CIl8,
u 250 x 4.6 mmLD. S-5 pm, 12 nm
Mobile 50 mM NaH,PO, 30% methanol (with
hase (adjusted to pH 2.5  0.14% hexansulfonic acid
P with HCI) and 1% acetic acid)
Flow rate 0.8 mL/min 0.5 mL/min
Detector UV 254 nm UV 540 nm

Vitamin C %232 Leo(1992)2] WS AF&5le] 41519
th A& ¢F 0.2 g= F3Fe] 0.1 M methaphosphoric acid 10
mLe| ¥ 3L, sonificatorol| 4] 203t &3+ 2, 3,000 rpmoi| 4]
1037 A8tk AalEel st & 5Tt Fste] 045
um Syringe filter2 o] 3}sle] HPLCol| F43te] 43159
HPLC EAz2A< Table 29 2t}

Vitamin E #21-2 Soxhlet F&HS AFESIG T A& 9F
0.5 g2 #3}°] hexane 200 mLell ¥ 12, Soxhlet FZFtol| 84]
HE9t FE5ITh I v &9 hexaneS 120T dry oven
oA oF 3A|ZF = SHAIFTE SHEAIZ] F hexane 6 mLE
H7reted &A% 5 0.45 um Syringe filter2 33} GC-
FIDo| F¢j3te] £2413199t}. GC-FID #4371 Table 37}
2t

Table 3. GC-FID operating condition for vitamin E iso-
mers analysis

Condition
Model Shimadzu GC-2010 Plus (FID)
Injection volume 1 uL
Injection mode Split, 10 : 1
Column HP-5 30 m x 0.25 mm LD. 0.25 um
Column oven 250C (10 min) — 10C/min —
temperature 320C (5 min)
Column flow 1.0 mL/min

Injection temperature ~ 300TC

Detector temperature ~ 320C
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7jutEl RUSFE WA 348S Sato] A} 2| L7158,
R 3lE JokHEAZE o 7 ZolxZz]F} oJGol JAUAA AL
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1.
1 A4l A xg RUSF=
AHEElE Gkl HAE S g 8te] ARSIt &, fﬂ?ﬂ
oA A=A e UE S5t Hel2 diAsta
Algle] x3Hd 7HL s fAFUA AAA Al 5
AE AEAYD F AFPAFH(Kim YI 5 2011)0lA] et
7W7F wom Ax|Qle] Wzt “EA]?‘ Ao Atd 3
VAl A1 &AQ Ficus sur, Amaranthus caudatus, Prosopis juli-
forafas Z7}¥ato] 7HE E}ﬁﬂr AnHog Auz 9 7]
2 YA AEES BT A A AjE = AEAE o
AskAar, AAA < c}:—}l\— ool 71 dlA e o gntst
H|s=akA| wrgr] Sl8iA 2, A" vhiv 55 A7k
7kt @A 3] Table 49+ 2t} B3 2| %3 RUSFE 34|
AFEAL A, FaRFEsts dA]4 100 go] RUSFE
Azst7] 913 D717E 013398 2 A= QA THTable 4). &
O 421 keal/100 go & HmWA|EQ] CASFSF 2& gaks

B9t} Table 5941 RUSFS} CASFO] dubi2o] 3raks:
Hlwslelal, 7 Al ol freldk Afo] S HolA| eksk

2. ojo|‘=oknt oj2kd Lt F4

opr] =2t #A A IH= Table 63 2t} £A418 1759 ofn]
A F okam2 BN Fe)4l, dEbd, ol2r|de] ke
RUSFoA fo]atA| wskom, SF8E gholile] ke
CASFelA o =%

v 2 oka ek B Ay}l Lolo}ale RUSFOIA <k 3
wll 71 =3k31(13.60 mg/100 g vs. 4.50 mg/100 g), BIE}T! B,
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Table 4. Recipe for RUSF and local” market prices of
the ingredients

Recipe Percentage Price of Price of
( )p (%) of each ingredients 100g RUSF
& ingredient (USD/kg)  (USD)
Barly 40 13.79 1 0.014
Corn 40 13.79 2 0.028
Prosopis 20 6.90 - -
Juliflora
Amaranthus 3.45 1 0.003
caudatus seed
Ficus sur 5 1.72 3/box 0.003
Egg 55/1 ea 18.97 2/box 0.057
Banana 10 345 1 0.003
Peanut 5 1.72 3 0.005
Sesame 5 1.72 2 0.003
Water (mL) 100 34.50 1/bottle 0.017
Total 290 100.00 0.133

USD : US dollar.
D Local market in Bukavu city, South Kivu, DR Congo.

Table 5. Proximate compositions (%) of the samples

Nutrient RUSF" CASF?
Carbohydrate 73.04 70.00
Protein 14.00+1.17 14.00+1.14
Fat 8.11+0.97 10.00+0.99
Ash 2.35+0.25 3.50+0.27
Moisture 2.50+0.27 2.50+0.27
Energy (kcal/100 g) 421 421

Values are mean+S.D.
) RUSF: Ready to use supplemental food.
2 CASF: Commercially available supplemental food.

(6.26 mg/100 g vs. 0.80 mg/100 g)=} HIEM] EE 5Hj 7}aF
(22.40 mg/100 g vs. 4.00 mg/100 g), HIEFT Bex= 2F 200¢)
7V o =TH(63.99 mg/100 g vs. 0.30 mg/100 g). 12}
HIE Co] 7%, CASFolA 42.08 mg/100 go 3teks Ho
343 mg/100 g g3t Y& Aoz Ebd RUSFO B8]
)¢ =2 RS UERUTH(Table 7).

L ¢



470

Table 6. Total amino acid compositions of the samples
(Unit: g/100 g, DWB)

Amino acids RUSE" CASF?
Histidine 0.20+0.01 0.224+0.03
Isoleusine 0.32+0.01 0.37+0.07
Leucine 0.80+0.07 0.84+0.07
Eaad Lysine 0.27+0.03 0.54+0.04"
Methionine 0.17+0.01 0.17+0.01
Phenylalanine 0.51£0.04 0.46+0.05
Threonine 0.39+0.02 0.39+0.03
Valine 0.43£0.03 0.47+0.04
Alanine 0.510.04" 0.32+0.02
Arginine 0.57+0.04" 0.32+0.04
Aspartic acid 0.91+0.07" 0.66+0.05
Cystine 0.18+0.02 0.12+0.01
NEAAY  Glutamic acid 1.78+0.09 2.37+0.27
Glyein 0.400.02" 0.23+0.02
Proline 1.40+0.10 1.86+0.17
Serine 0.57+0.07 0.53+0.05
Tyrosine 0.33+0.01 0.37+0.03
Total 9.74 10.24

Values are meantS.D., * p<0.05.
Y RUSF: Ready to use supplemental food.
2 CASF: Commercially available supplemental food.

® EAA: Essential amino acids.

Y NEAA: Non-essential amino acids.

Table 7. Micro nutrient compositions of the samples
(Unit: g/100 g, DWB)

Micro nutrients RUSF” CASP?
Vitamin E 22.40+3.07" 4.00£0.18
Vitamin C 3.43+0.15 42.08+3.06"
Vitamin B, 6.26+0.67" 0.80+0.07

Niacin 13.60+0.07° 4.50+0.15
Vitamin Bg 6.99+0.12" 0.30+0.07

Values are mean+S.D., ' p<0.05.
) RUSF: Ready to use supplemental food.
2 CASF: Commercially available supplemental food.
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3. 2AE 571A] HIER] S HIER By, Be, Holotalt H]
EFl B9 SFiF2 RUSFOlM folshl wskont, Hlg
7l ce] g CASFol Bla] RUSFel| frelshAl 4-&
dol TAHAT wEb g5 Faropumqket BlER]
Cel BAS ffel Fobze] 7t A FFe} opvhets o

§3to] RUSFS] 2 oS Folt Wehuy
£

AFS AN A A9, ARl D77} 100 g
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