Name of Candidate: Nadra Sayed Youssef Hassan Degree: Ph.D.
Title of Thesis: Formulation and evaluation of the formulas prepared for
infants and young children with acute diarrhea

Supervisors: Dr. Shafika Abdel Hamid Zaki
Dr. Ahmed Tawfic El-Akel
Dr. Laila Diaa EI-Din El-Mahdy

Dr. Maha Abou Zekri
Department: Food Technology
Branch: Home Economics Approval: 8 /6/ 2011

ABSTRACT

Six soy-based mixtures were formulated for infants and young children with acute
diarrhea included yellow carrots, rice, potato starch powder and orange. Formulas were
chemically, microbiologically, physically and sensory and biologically evaluated.

The chemical evaluation showed that the prepared formulas contained 5.67-7
% moisture. The contents of protein, fat, ash, fiber, carbohydrates and total pectin were
23.42-33.20, 6.47-7.5, 2.4-4.5, 3.9-5.98, 51.02-63.81and 2.22-2.67%, respectively.
Energy ranged 400.54 - 407.15 kcal/100g formula. Calcium, sodium, potassium, iron
and zinc contents were 70.01-138.20, 110.45-153.10, 215.90-320.50, 17.79-28.54 and
8.96-13.36 mg/100g, respectively. Formulas contained 288.46-630.80 IU/100g vitamin
A, 40.00 mg/100g vitamin C and 0.24-0.30 mg/100g thiamin, 0.70-0.85 mg/100g phytic
acid, 1.50-1.90 mg/g trypsin inhibitor and 0.05-0.08 [U/mg urease. The microbiological
examination proved low total microbial counts and freedom from coliform group and
yeast & moulds. All formulas were well accepted. Feeding rats with acute diarrhea on
the diets with the proposed formulas stopped diarrhea within 1 — 2 days, while diarrhea
in control positive lasted for 3 — 4 days. After diarrhea induction significant lower BW
of the affected groups getting the proposed formulas were observed compared to normal
rats (p<0.05). There were very highly significant differences among BWG% and FER
of rats in positive and negative control groups (p<0.05). Final body weights of rats fed
on diets with formulas were significantly higher than those for positive and negative
control groups (p<0.05). Serum AST&ALT showed significantly lower value after
having diarrhea. Despite after feeding rats on diets with formulas were slightly lower
than those for negative control values of the experimental rats were in normal range.
Uric acid, creatinine and urea levels after diarrhea induction were significantly higher
than that of normal rats.

The clinical trial of formulas on infants and young children with acute diarrhea
demonstrated insignificant (p< 0.05) differences among age, gender (F/M), and illness
characterize of enrollment of the cases. Insignificant differences between mean values
of HAZ, WHZ and WAZ in study groups for both female and male subjects were found.
There was insignificant (p< 0.05) difference between weights of the formulas' groups
and control at enrollment and after 5 & 15 days. All the groups getting the proposed
formulas showed significant lower mean number of motions per day after 5 days
compared to control group (p<0.001). The percentages of cases with watery, loose and
semi solid stools were greatly reduced after five days in all the groups. Formula 2
showed the highest acceptability, following it formulas 6, 4 and 3 in respective order,
then formulas 1 and 5 came.

Key Words: Acute diarrhea, infant, soy formula, cereals, nutritive value,
antinutritional factors, safety, acceptability, oranges, and kidney and liver functions.




Jalall o)y 3o sda Al Crn Gl gy A b3l seaildall e
Aad) Qb Galiad JabY1 jlia 5 aaa jlsaall il apii 5 avenai s Adla ) ) gl

oSh el v dags 0 rQeddall
Jilad)l (38 3 aaal @ ) 6o

@l Gl elpa L
SOSY sl g s 50
AR RVAR WR T EQT F Ay TP Sl ip B LRY) cleliall saud
A paliianl)

JULY) Jlaa s a1 230y 0 g 5 3ial) L geall (38 Ll Cildals Fis Slae) 5 apenali o
LilaasS colalal) s a3 08 5 alallad) Wi - U yal) - el jad) - 5 Y1 el sall Jeu s cuibad
Lede il lae LA alal) JlenY Onbiaall JURY) 4385 &3 LS Ligon s Lin s Linla s s slsm g a9
e zhes

9 Oobgonll ot Cas o) LS Ay gha Hl 04V, 0 _0,'1\/&9@@53\;\)3;\@@\&“}\ M
C¥, A0 (6,00 J V00T, E e L EY CFTLY LYY Y il o s SD 5 Gl 5 ale s
— fe, Y Ol ) ol O prll iy Dl e O4Y,TY — Y, YY (TY,AY — 0),4 Y (o,VA
Wil aaal il g seal ol (e LAY (5 siae LS S8 g ) ja san €0V, 00
YELFTZALAT OYAL0E Y, VA FY L, 00 Y10, VO, ), E0 (FA Y V)
£ocan ) oo/ puelid Al asan TV A C YAA £ e gl LS sl e (aa ) 00 / aals)
GV gl Gaes (e pidia el sinag aad oo/ Gpaliaale T - Y E Gaa ) o/ 7 cpalid aale
Basg v, A= 0,00 el bl gan/aale )80 —),00 il dlias e v/ ande v A0
DAladll el phadll 0158 Ly S (e llalad 518 s g5 pSaal) aaill ol Ay ol A 50
5 pxdall) A g Apaa) Gailiasl) 5 4 paal) Al Clial gall Aailas oLy 50 Y aall ealess)
Al 5 D AdalaY Lehiadl 5 (enl S 5 o) g8 5 s N 5 ol

Ae senal Laty GLBIAY ellae) (o pso ) 2ayalal) dLg_u‘yud? 6 saall an@ill o LS
Ao sanall Leidlfia e Ll 4a¥) amy ) 58l () jsl 8 Lol €2 3o i Ao ) ddailizal)
il Ley b sl (e Lidas am dladl) ¢ 5380 o) 55 @ilS 5 (p>0.05) Lisine Lllal) Adalal
)32l 3 LS Janal Cile ganall (s (58 Chda g 35 dua gall 5 L) Adailiall (e genall L (e e
O el A gall Ao ganall 5 LAY Ly a5 (p>0.05) A sinall (5 sie 2ic) & sina AN 3
S a8 ol apdal) Jarall 8 2S) (ol g 0 (p>0.05) i sine AV 3 L) Ao ganall LDl
e ganall LeBliia (o Jlenl Lgibaal aay () 5580 Ly sal) 5 iy S5 el ) sal) pmen a L sina e
Oe B 50 5 o sl sl 5 o g seall 3 5 S clalal) e Bl ey J8 il ety AL dlaiial)
8 el aalaall G A sima (358 2 55 o A ail) Al (8 (815 Jlgn) ey ALl ddailizall e sanal
= LeDlie e 1 e el e ddliaall o) 2l o) ¢ S Ly Al ) dadliall de sandll
= Asine (3558 a4 Cna ff LaS A gl 5 Al de senall g Ll e 3135 Cile ganal)
o) ymaall andl DA 5 sl sandl A (o LB aa 6ol | Lgaiany 55 yfidall qaelaall G ) 5 5Y)
A Y e das sal) dailial) Ao ganall () 8 Cge Jaa sl (ST e sanall 038 ) eliandl

ol Jais e (n IS (g A sine ILADAN 2 g8 T A il Aoy (8 ASnlEY) 4 il Al
Cilalaall (A sime SR 2a 53 &l LS (p<0.05) 5 sirall (5 sl o (ia jall (ailiad 5 uiall
(p<0.05) s sxall (5 sinall (Ao a5 )0 2ay Sl (55 (A Al e gandll G siaa s )
aendat a8 udl) JLakadU () ) ol ol ) il Eun(p<0.001) 4 sina 4TV 0 I3 AR 3 ga g Jaa ol Laiyy
e ey g Cllalall (4 4 siee l8BEA) 2a 8 (Sl dlajlial) de peaally 4 ladL el Gllalallsle
1 22 (p<0.05) G5 sinall (5 sl (Ao LAY L B &y gine AN 22 3 A (p<0.05) 5 el
LS o o) bl e ¥ e o1 cldalall Lalig Y a8 4K gl 8 Ladlel S 5 dd jall 4oy (g ol
Lo Yo 2a dalis ) cillalal) Jus o
ol A b A8 Al gl gl lla el — sl Jeny) tAd Al cilalsl)




CONTENTS

Page

INTRODUCTION..........ooooioeeeeeees e 1

REVIEW OF LITERATURE. ..o, 5

1. Diarrhea disease.............................. 5
a. Incidence of diarrhea among infants and young

children in Egypt...............ooooooo, 5

b. Diarrhea and mortality rates ..................................... 6

c. Causes of diarrhea.....................cooii 7

d. Malnutrition and diarrhea......................oocoo 8

e. Dehydration and diarrhea............................ 10

f. Treatment of diarrhea ..........................ccoooooi, 11

g. Nutrition during and after diarrhea .......................... 12

2. The recommended daily allowances for infants.......... 16

a. Protein and energy requirements............................... 16

b. Minerals requirements .....................coooovien, 19

c. Vitamins requirements ........................................... 20

3. Infant food formulas.............................. 21

a. Composition of infant formulas ................................ 21
b. Ingredients used in special formulas for infants and

young children.........................co 24

1. Soybeans ..........cccoooiiiiiiiiiicccccce e, 24

2 RICE ..o 26

3. Carrots ..o 28

4. POLALO ..oovviiiiiiiic e 28

S.01aNEE. ..o 29

c. Extrusion Processing and its effect........................... 29

MATERIALS, SUBJECTS AND METHODS........ 31

RESULTS AND DISCUSSION..............oooci, 44
1. Preparation and evaluation of the prepared

formulas for infants with acute diarrhea............... 44

a. Chemical composition of the used raw ingredients.. 44

1. Summative analysis of the used raw ingredients... 44

2. Minerals contents of the used ingredients.......... 47



3. Essential amino acids contents of the treated
soybean and rice flour compared to the FAO
provisional pattern for infant...........................

4. Antinutritional factors in the raw and treated
SOYDCANS. ...
b. Chemical composition of the different formulas.........
1. Summative analysis of the different formulas ........
2. Mineral and vitamin contents of the prepared
formulas for infants with acute diarrhea ................
3. Essential amino acids contents of the formulas
compared to the FAO provisional pattern for
infants (g/100g protein) ..................................

4. Anti- nutritional factors contents in the prepared

formulas ..................ccoooiiiii
c. Microbiological examination of the prepared
formulas...............coooiiiiiii
d. Physical characteristics of the prepared formulas........
e. Sensory evaluation of the prepared formulas............
f. Economical evaluation of the prepared formulas........
g. Biological evaluation of different prepared formulas
1. Effect of different formulas on body weight gain
(BWG %) and feed efficiency ratio (FER) in rats
with acute diarrhea................................

2. Effect of different formulas on relative organs'
weight (ROW %) of rats with acute diarrhea.......

3. Effect of different formulas on total protein and
enzymes liver in rats with acute diarrhea............

4. Effect of different formulas on kidney functions
of rats with acute diarrthea ..................................

5. Effect of different formulas on some minerals in
serum of the rats with acute diarrhea...................

6. Effect of different formulas on the gain of body
weight in rats with chronic diarrhea.....................

7. Effect of different formulas on the hemoglobin

(Hb), red blood cells (RBC) and white blood
cells (WBC) of rats with chronic diarrhea ..........

2. The efficacy of the proposed formulas in treating
infants and young children with acute diarrhea

II

48
50
52
52

56

59
61
62
63
65
67
69
69
71
73
75
77

78

80

81



a. Baseline characteristics of patients with acute

diarrhea ... 81

b. Feeding patterns of the subjects at the of enrollment
inthestudy.................cocoiiiii 84

c. The used drugs for treating subjects at enrollment in
the study............ooooiii 87

d. Anthropometric measurements according to
reference values for patients under study..................... 88

e. Effect of giving different formulas to the subjects
with acute diarrhea on body weight ....................... 93

f. Effect of different formulae on diarrhea duration and
the number of motions per day after 5 days......... 96

g. Effect of different formulae on the number of
motions per day after 5 days.................... 97

h. Subjects' acceptabilities of formula prepared for
acute diarrhea....................coocoooiiiii 100
SUMMARY ..., 101
CONCLUSION.......ooo oo 109
REFERENCES. ... 110
APPENDIX 1., 131

ARABIC SUMMARY ...

III





