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| Abstract: This study assessed the effects of galacto-oligosaccharides (Oligomate) on hematocrit, serum enzymes, total bilirubin levels, and serum electrolytes

in controls and severely malnourished infants, with emphasis on gastrointestinal symptoms. Oligomate doses and phases did not affect stools frequency per day,
indicating that prebiotic effect on stool may be due to the prebiotic type. The number of vomits per day during phases 2 and 3 were significantly reduced (p<0.05)
in response to prebiotics, despite the prebiotic dose effect was not significant (p>0.05). Moreover, prebiotics administration during phases 2 and 3 markedly
improved hemoglobin levels (p<0.05), but not the dose. Similarly, hematocrit levels and white blood cells were significantly improved during the last 2 phases, but
dose have no effects on blood hematocrit levels. Erythrocyte sedimentation rate significantly decreased (p<0.05) in phases 2 and 3 compared to phase 1. No dose-
related effect was stated on erythrocytes sedimentation rate. Regarding the serum enzymes, SGPT significantly decreased (p<0.05) in phases 2 and 3 compared to
phase 1, whereas SGOT significantly decreased only in phase 3. Total bilirubin levels increased significantly (p<0.05) in phase 3 when compared to phases 1 or
2. Prebiotics significantly decreased (p<0.05) sodium levels in the treated group, while potassium levels did not change in all groups, excepting during phase 2,
where it increased significantly. Thus, our results confirm the hypothesis that prebiotic supplementation improves blood parameters and health status, consequently

decreasing the infection risk and number of vomit per day in infants.

((ey words: Prebiotics; Blood hematology; Serum enzymes; Electrolytes.

/
Introduction studies are cross-sectional, while prospective research
studies are generally not furnished owing to ethical rea-
In developing countries, malnutrition affects 165 sons. Moreover, these particular patients are awfully
million children with less than 5 years (1). It also has vulnerable, so as massive encroachment of understan-
been noted a serious health problem in Pakistan’s child- ding is intricate.
ren. About 31.5% of children are underweight, with Biochemical investigations give the most impartial
higher rates in rural areas. Among the South Asian As- and quantitative facts on nutritional prestige. Nutritio-
sociation for Regional Cooperation (SAARC) countries, nal deficiencies have been urged by the biochemical
Pakistan has the 2" highest stunting rate (43.7%), while changes at the onset, after that, cells or organs finally es-
wasting rate is 15.1% (2). It arises in one of the two tablished clinical malnutrition (4). Measuring iron sta-
forms marasmus or kwashiorkor. Children affected with tus has been called a powerful tool for evaluating under
marasmus reveal severe muscle wasting, whereas those nutrition. It is documented that nutritional anemia is the
with kwashiorkor are characterized mainly by muscle most prevalent problem among preschool and school
wasting, apathy and generalized edema with hair and aged children (5). This may be particularly important
skin changes (3). The poor understanding of the basic in the intestine and liver function, because they are key
biology of infants and children severely acute malnou- factors for proper digestion and metabolism. Changes
rished (SAM) may stalk from the fact that most research in small intestine function and structure and of intes-
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tinal flora has increasingly hinted as causal factors of
kwashiorkor development. During malnutrition, a sway
in the intestinal microbiota may indulge the temptation
of an endotoxin serotype more likely to cause edema
and liver damage (6).

Serum albumin levels have been signified as vital
tool for protein-energy nutritional status evaluation (7).
Infant diarrhea is a serious problem in early life stages,
mainly treated or managed with extensive antibiotics
use, thus leading to the appearance of antibiotic-resis-
tant bacteria and problems regarding antibiotic residuals
in the body (8). Now, the alternatives have to be found
out to promote growth and stabilize gut health. These
may include improved nutrition, such as those contai-
ning prebiotics (9).

Briefly, prebiotics are defined as non-digestible food
ingredients that beneficially affect the host by selec-
tively stimulating the growth and activity of one or a
limited number of beneficial bacteria in the colon that
improve host health (41). They can feed the intestinal
microbiota, and their degradation products are short-
chain fatty acids that are released into blood circulation,
consequently, affecting not only the gastrointestinal
(GI) tract, but also other distant organs (42). Galacto-
oligosaccharides (GOS) has been termed as non-di-
gestible substances that beneficially affects the host by
modulating intestinal flora. GOS, the product of lactose
extension, are classified into two subgroups: first the
GOS with excess galactose at C3, C4 or C6, and second
the GOS manufactured from lactose through enzyma-
tic transglycosylation (43). GOS can greatly stimulate
Bifidobacteria and Lactobacilli spp. Specifically, Bifi-
dobacteria spp. in infants have shown high incorpora-
tion with GOS. Enterobacteria, Bacteroidetes, and Fir-
micutes spp. are also stimulated by GOS, but to a lesser
extent than Bifidobacteria. There are some lactulose-de-
rived GOS (44). They occur naturally as a complex mix-
ture in breast milk and colostrum, as well as in bovine
milk. Human milk GOS exhibit a complex and diverse
chemical profile of over 130 different compounds (10).
Human colostrum may contain higher concentrations
of oligosaccharides as 25.6 g/L.. In particular, a GOS
product that contain only f-linkages, as Oligomate
S55N/55NP (di-, tri-oligo- and tetra-oligo-saccharides,
4'-GL, lactose, glucose and galactose) is not digested
by endogenous enzymes (8). As a consequence, various
GOS products produce physical and physiological ef-
fects on GI tract, such as increases in colonic microbiota
fermentation, reduces intestinal and fecal pH, changes
fecal characteristics and frequency, increases cecal tis-
sue weight, flatulence, borborygmic and abdominal dis-
tension (11). The increase in microbiota composition re-
sults in B-galactosidases and p-glucosidases increase, in
higher concentration of short-chain fatty acids (SCFAs)
as well as in a rise in breath-hydrogen concentration
(12). Also, GOS ingestion causes a decrease in the num-
bers of specific pathogens, and of pathogenic bacteria
adherence and invasion to host cells. GOS has currently
a GRAS (Generally Recognized as Safe) notification as
it is especially used in infant formula, including dairy
and baked products, acidic beverages (13). To improve
bacterial flora, the GOS ingestion recommendation is 2
to 3 g/day. For people with diabetes and high content
of blood fat (cholesterol and triglycerides), the recom-

mended amounts range from 8 to 20 g/day. GOS do
not have toxicity, and the only known adverse effect is
diarrhea when GOS consumed in excess (at doses esti-
mated of 0.3 to 0.4 g/kg b.w.) (45).

Hence, the rationale of this research study is to assess
the role of prebiotic-functional foods in the nutritional
status of 6—59 months SAM infants and young child-
ren by measuring some hematological and biochemical
parameters.

Materials and Methods

The current study was done at Nutrition Rehabilita-
tion Unit (NRU), Department of Social and Preventive
Pediatrics, Mayo Hospital, Lahore, Pakistan, a Tertiary
Care large urban teaching and referral hospital and was
approved by University Ethical Committee. This study
was conducted according to the Helsinki declaration.
GOS (Oligomate™) was procured from Yakult Pharma-
ceutical Industry, Japan and stored at room temperature
(20-25°C) until further study.

Efficacy trial

Thirty SAM in-patients of 6-59 months of age were
enrolled, while follow-up treatment was given at the
out-patient department. We define SAM as weight-
for-height of <70% of the median, nutritional edema
(Kwashiorkor), or both, and mid-upper arm circumfe-
rence (MUAC) <11.5 cm (14). Anthropometry proto-
cols were followed by research standards (15). Profor-
ma regarding demographic characteristics (gender, age,
weight, height), general health and disease history, die-
tary plan, medications, anthropometric measurements
and other attributes were recorded before study onset.
To children’s parents was given a comprehensive pres-
entation on the project, and those who agreed (on behalf
of their children) were asked to sign the consent form.

Nutritional status

Children were weighed on digital scales that were ca-
librated daily. Lengths and MUAC were measured using
locally made height boards and MUAC insertion tapes,
respectively, procured by UNICEF. Treatment protocol
was based on standard international World Health Orga-
nization (WHO) and Community-based Management of
Acute Malnutrition program (CMAM) guidelines (16).
All children were initially fed F-75 (75 kcal/100ml) the-
rapeutic milk (Phase I) and then progressed to F-100
(100 kcal/100ml) (Phase II) and Plumpy'nuts (F-100
in spread form with iron fortification) (Phase III) with
follow-up for a period of 48 days. GOS-based prebio-
tics (Oligomate™) at concentration of 1 g/100 kcal and
1.5 g/100 kcal were given to SAM children admitted to
the hospital and their impacts on physical parameters
and blood indices were evaluated. The control group
received standard therapeutic foods, whereas the inter-
vention group received therapeutic foods plus Oligoma-
te™, fortified in F75 at the rate of 7.5 g/L containing 4.1
g/L GOS for 1 g/100 kcal dose, and at the rate of 11.5 g/L.
containing 6.1 g/L GOS for 1.5 g/100 kcal dose, while
in F100 and Plumpy'nuts it was fortified at the rate of
10 g/L containing 5.5 g/L GOS for 1 g/100 kcal dose,
and at the rate of 15 g/L. containing 8.25 g/LL GOS for
1.5 g/100 kcal.
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Biochemical analysis

For hematological and biochemical screening, 5 mL
venous blood was taken after 12 h fasting in vacutai-
ners tubes containing ethylene diamine tetra-acetic acid
(EDTA). Complete blood count (CBC) was carried out
using a hemo-cytometer (17). The mechanism involved
is the red blood cells lysis through glacial acetic acid,
but not the white blood cells so gentian violet slightly
stains the leukocytes nuclei. Blood samples were dilu-
ted (1:20) in a WBCs pipette with the diluting liquid.
Cells were counted under micro-scope by using coun-
ting chamber, and the cells numbers of in undiluted
blood were reported per microliter whole blood.

Serum albumin levels were evaluated according to
the procedures (18). Bromocresol green (BCG) assay
detects serum albumin concentration. The assay is based
on the selective interaction between BCG and albumin
forming a chromophore that can be detected at 620 nm
using a spectrophotometer. The signal is directly pro-
portional to the albumin amount present in the serum.
BCG does not react with other abundant plasma pro-
teins, like IgG. The assay can detect as low as 5 pg (0.01
g/dL) of albumin in serum samples.

Albumin + BCG Absorbance (OD 620 nm)

Sample Albumin Concentration (C) = B/V X D ng/
uL; where: B is the albumin amount in the sample well
(ng); V is the sample volume added into the reaction
well (ul); D is the sample dilution factor.

ESR determination

For ESR determination (19), anti-coagulated blood
was allowed to stand in a narrow vertical glass tube,
undisturbed for a period of time, the RBCs under the
influence of gravity settled out from the plasma. The
rate at which they settled was measured as the number
of millimeters of clear plasma present at the column
top after 1 h (mm/h). Serum samples were analyzed
for enzymes such as serum glutamic-pyruvic transami-
nase (SGPT), serum glutamic-oxaloacetic transaminase
(SGOT) for liver functioning (20).

Determination of alkaline phosphatase

For alkaline phosphatase determination, the fol-
lowing protocol was adopted. Alkaline phosphatase
release phenol from p-nitrophenylphosphate, the phenol
in alkaline medium gives yellow color, which can be
estimated with spectrophotometer at 405 nm. The rea-
gents required for this experiment are R1 = diethano-
lamine (pH 9.8, 1.2 mol/L), magnesium chloride (0.6
mmol/L); R2 = p-nitrophenylphosphate (50 mmol/L).

p-nitrophenylphosphate +H,O Phosphate
+ p-nirteophenol

The following formula is used to calculate:

With factor: From absorbance reading calculation
AA/min and multiply by the corresponding factor: AA/
Min x factor = ALP activity [U/L]

ALP[U/ L] = A /minzample o one. Calibrator [U /L]

AfA/min calibrator

Conversion factor: ALP [U/L] X 0.0167 = ALP
[ukat/L]

SGPT determination
For SGPT (ALT), the following protocol (20) was

adopted. ALT is present at high concentrations in li-
ver and to a lesser extent in kidney, heart and skeletal
muscle, pancreas, spleen and lung. Usually, ALT levels
are lower than AST levels. Increased ALT levels are
generally a result of liver disease associated with some
degree of hepatic necrosis. ALT is an important indica-
tor of liver disease. The series of reactions involved in
the assay system is as follows: L-Alanine + 2- oxogluta-
rate — Pyruvate + L-Glutamate; Pyruvate + NADH —
Lactatet+ NAD. Then, the rate of NADH consumption is
determined photometrically that is proportional to ALT
activity in the sample. The following formula is used to
calculate:

With factor: From absorbance reading calculate AA/
min and multiply by the corresponding factor from table
below: AA/min x factor = ALAT activity [U/L]

With calibrator: ALAT [U/L] = AA min sample / AA
min Calibrator x Conc. Calibrator [U/L]

SGOT/AST determination

AST is a cellular enzyme (21), and is found in
highest concentration in heart muscle, liver and skeletal
muscle cells.

L-Aspartate + a-Ketoglutarate
Oxalacetate

Oxalacetate + NADH + H+ Malate + NAD+

The rate of decrease in NADH concentration, mea-
sured photometrically at 340 nm is proportional to the
catalytic concentration of AST present in the sample,
and is calculated using the following formula: AA/min
x Factor = U/L SGOT(AST); AA/min x 1750 =U/L
SGOT(AST).

AST | Glutamate +

MDH

Determination of serum electrolytes (Na, K)

Serum electrolytes, such as Na and K were analyzed
by electrolyte analyzer (22). Briefly, 10 mL blood was
obtained from each subject and then blood samples
were allowed to stand for 1 h to clot. Thereafter, blood
samples were centrifuged at 300 rpm, 15 min at room
temperature. The supernatant was then separated from
the settled bottom blood cells. All serum samples were
then analyzed for sodium and potassium ions (22).

Statistical analysis

All data was analyzed through 2 factor ANOVA
under complete randomized design (CRD) technique
(23) by Cohort-CoStat-2003 (Software version 6.33).
Means of three phases were compared with means of
the 2 doses (i.e. control, 1 g/100 kcal and 1.5 g/100 kcal)
using Duncan’s Multiple Range test, and the level of
significance was defined as p<0.05.

Results

GOS prebiotics (Oligomate™) at different doses
orally administered for a period of 48 days in 30 child-
ren aged from 6 month to 5 years during 3 phases were
carefully addressed.

Prebiotics effect on serum albumin levels

According to the results (Table 1), there was a signi-
ficant difference (p<0.05) regarding the prebiotics effect
on serum albumin levels during these phases as well as
at distinct doses.
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Prebiotics effect on number of stools

According to the results (Table 2), there was no
significant differences (p>0.05) regarding GOS prebio-
tics effect during the 3 phases. Similarly, there were no
differences (p>0.05) regarding the effect of prebiotics
doses on stools number.

Prebiotics effect on serum electrolyte sodium levels
There were no significant differences (p>0.05) regar-
ding GOS prebiotics effect on serum electrolyte sodium
levels during the 3 phases (Table 3), but a dose-related
effect was stated (p<0.05) throughout the treatments.

Prebiotics effect on serum electrolyte potassium le-
vels

There were significant differences (p<0.05) regar-
ding GOS prebiotics effect on serum electrolyte potas-
sium levels during the 3 phases (Table 4), but dose-rela-
ted effect remained non-significant (p>0.05) throughout
the treatments.

Prebiotics effect on white blood cells

A marked variation was stated (p<0.05) on GOS
prebiotics effect in white blood cells over the 3 phases
(Table 5), although the dose-related effect remained

Table 1. Effect of probiotics on serum albumin levels (g/dL).

Treatments Phase 1 Phase 2 Phase 3
Control 2.69+0.658 3.1+0.64+45 3.4240.3944
T1 (1 g/100 Kcal) 3.14+0.5842 3.65+0.758 4.434+0.75%4
T2 (1.5 g/100 Kcal) 3.24+0.83+4 3.65+0.7744 3.89+0.46"1

Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL of formula milk; Phase 3= Plumpy'nuts 100
kcal/100 mL with iron fortification in paste form: Mean values with P > 0.05 is not significantly different; ANOVA was used to analyze the data
under CRD design while DMR test was used to separate the means at probability level 0.005; Different letters in a column indicate the significant
differences; Small letters indicate significant differences between doses; Capital letters indicate significant differences between phases.

Table 2. Effect of probiotics on number of stools per day.

Treatments Phase 1 Phase 2 Phase 3
Control 4.5+0.5245 5.240.9144 4.5+0.5248
T1 (1 g/100 Kcal) 4.5+1.50+4 4.4+0.8474 3.84¢0.9144
T2 (1.5 g/100 Kcal) 4.9+1.19+4 4.8+0.784 4.5+1.26%4

Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL of formula milk; Phase 3= Plumpy'nuts 100
kcal/100 mL with iron fortification in paste form: Mean values with P> 0.05 is not significantly different; ANOVA was used to analyze the data
under CRD design while DMR test was used to separate the means at probability level 0.005; Different letters in a column indicate the significant
differences; Small letters indicate significant differences between doses; Capital letters indicate significant differences between phases.

Table 3. Effect of probiotics serum electrolyte sodium levels (mmol/L).

Treatments Phase 1 Phase 2 Phase 3
Control 152.5+6.2744 146+7.19+4 158.5+£26.50+4
T1 (1 g/100 Kcal) 137.9+18.97%4 132.5+7.67%4 133.64+9.21%4
T2 (1.5 g/100 Kcal) 138.4+15.19>4 141+10.44+4 138.449.69"4

Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL of formula milk; Phase 3= Plumpy'nuts 100
kcal/100 mL with iron fortification in paste form: Mean values with P> 0.05 is not significantly different; ANOVA was used to analyze the data
under CRD design while DMR test was used to separate the means at probability level 0.005; Different letters in a column indicate the significant
differences; Small letters indicate significant differences between doses; Capital letters indicate significant differences between phases.

Table 4. Effect of probiotics serum electrolyte potassium levels (mmol/L).

Treatments Phase 1 Phase 2 Phase 3
Control 4.22+0.3448 4.63+0.41¢4 4.13+0.38"8
T1 (1 g/100 Kcal) 4.17+0.2448 4.79+0.444 4.66+0.5144
T2 (1.5 g/100 Kcal) 4.26+0.33%5 4.64+0.36%4 4.294+0.36%5

Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL of formula milk; Phase 3= Plumpy'nuts 100
kcal/100 mL with iron fortification in paste form: Mean values with P > 0.05 is not significantly different; ANOVA was used to analyze the data
under CRD design while DMR test was used to separate the means at probability level 0.005; Different letters in a column indicate the significant
differences; Small letters indicate significant differences between doses; Capital letters indicate significant differences between phases.

Table 5. Effect of probiotics on white blood cells (thous/uL).

Treatments Phase 1 Phase 2 Phase 3
Control 10.17+1.69+4 9.79+1.034 10.89£1.16%4
T1 (1 g/100 Kcal) 9.01+1.418 9.8+0.73%5 11.44+1.2244
T2 (1.5 g/100 Kcal) 8.14+1.19>¢ 9.56+0.97+8 11.54+0.91%4

WBCs= White Blood Cells; Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL of formula milk;
Phase 3= Plumpy'nuts 100 kcal/100 mL with iron fortification in paste form: Mean values with P > 0.05 is not significantly different; ANOVA
was used to analyze the data under CRD design while DMR test was used to separate the means at probability level 0.005; Different letters in
a column indicate the significant differences; Small letters indicate significant differences between doses; Capital letters indicate significant
differences between phases.
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non-significant throughout the treatments (p>0.05). ding GOS prebiotics effect on serum glutamic oxaloa-
cetic transaminase levels during the 3 phases (Table

Prebiotics effect on erythrocyte sedimentation rate 8), but the dose-related effect remained non-significant

There was a significant difference (p<0.05) regar- throughout the treatments (p>0.05).

ding GOS probiotics effect on erythrocyte sedimenta-

tion rate during the 3 phases (Table 6), but the dose-re- Prebiotics effect on alkaline phosphatase levels

lated effect remained insignificant throughout the treat- There were non-significant differences (p<0.05) re-

ments (p>0.05). garding GOS prebiotics effect on alkaline phosphatase

levels during these phases as well as doses (Table 9).
Prebiotics effect on serum glutamic pyruvate transa-

minase levels Discussion
A significant difference (p<0.05) was stated regar-
ding GOS prebiotics effect on serum glutamic pyruvate In this study, the distinct GOS doses used in all three
transaminase levels during the 3 phases (Table 7), but phases did not affect the number of stools per day, thus
the dose-related effect was non-significant throughout meaning that GOS prebiotics effect on stool might be
the treatments (p>0.05). related to the prebiotic type (specific). Another plausible
reason in our case is that children’s GI system was ad-
Prebiotics effect on serum glutamic oxaloacetic tran- versely disturbed at the time of prebiotic administration
saminase levels as they received antibiotics. The beneficial microbes
There was a significant difference (p<0.05) regar- that have been supposed to use prebiotics in our expe-
Table 6. Effect of probiotics on erythrocyte sedimentation rate.
Treatments Phase 1 Phase 2 Phase 3
Control 47.3£11.85%4 43.6+10.8544 30.4+6.51¢8
T1 (1 g/100 Kcal) 56+13.9544 38.2+13.2148 25.34+7.28+¢
T2 (1.5 g/100 Kcal) 40.4+10.50%4 44.44+12.33+4 28.8+7.40%8

ESR= Erythrocyte Sedimentation Rate; Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL of
formula milk; Phase 2= Plumpy'nuts 100 kcal/100 mL with iron fortification in paste form: Mean values with P > 0.05 is not significantly
different; ANOVA was used to analyze the data under CRD design while DMR test was used to separate the means at probability level 0.005;
Different letters in a column indicate the significant differences; Small letters indicate significant differences between doses; Capital letters
indicate significant differences between phases.

Table 7. Effect of probiotics on serum glutamic pyruvate transaminase levels.

Treatments Phase 1 Phase 2 Phase 3
Control 52.1£7.6204 50.5+7.7244 30.5+4.42¢8
T1 (1 g/100 Kcal) 50.5+7.7204 46.6+8.54%4 33.9+£5.10+8
T2 (1.5 g/100 Kcal) 63+7.1344 49.846.728 30.344.34+¢

SGPT= Serum Glutamic Pyruvate Transaminase; Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL
of formula milk; Phase 3= Plumpy'nuts 100 kcal/100 mL with iron fortification in paste form: Mean values with 2 > 0.05 is not significantly
different; ANOVA was used to analyze the data under CRD design while DMR test was used to separate the means at probability level 0.005;
Different letters in a column indicate the significant differences; Small letters indicate significant differences between doses; Capital letters
indicate significant differences between phases.

Table 8. Effect of probiotics on serum glutamic oxaloacetic transaminase (SGOT) levels.

Treatments Phase-1 Phase-I1 Phase-I11
Control 55.9+8.27+4 49.4+6.514 39.4+7.968
T1 (1g/100Kcal) 46.6+7.2654 43+6.6154 39.7+8.85%4
T2 (1.5g/100Kcal) 45.1+11.36%4 46.6+6.16%4 42.6+10.55%4

SGOT= Serum Glutamic Oxaloacetic Transaminase; Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100
mL of formula milk; Phase 3= Plumpy'nuts 100 kcal/100 mL with iron fortification in paste form: Mean values with 2> 0.05 is not significantly
different; ANOVA was used to analyze the data under CRD design while DMR test was used to separate the means at probability level 0.005;
Different letters in a column indicate the significant differences; Small letters indicate significant differences between doses; Capital letters
indicate significant differences between phases.

Table 9. Effect of probiotics on alkaline phosphatase levels.

Treatments Phase 1 Phase 2 Phase 3
Control 269+54.84+4 233+46.254 220.14£58.61+4
T1 (1 g/100 Kcal) 249.2+95.2244 227.24+61.85%4 217.7469.2044
T2 (1.5 g/100 Kcal) 247.9+78.07+4 245.1+£70.79+4 216.3+64.70*4

ALP= Alkaline Phosphatase; Phase 1= F75 means 75 kcal/100 mL of formula milk; Phase 2= F100 means 100 kcal/100 mL of formula milk;
Phase 2= Plumpy'nuts 100 kcal/100 mL with iron fortification in paste form: Mean values with P > 0.05 is not significantly different; ANOVA
was used to analyze the data under CRD design while DMR test was used to separate the means at probability level 0.005; Different letters in
a column indicate the significant differences; Small letters indicate significant differences between doses; Capital letters indicate significant
differences between phases.
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riment were not effectively used by gut beneficial mi-
crobiota and, thus, stool numbers remained unchanged.
The GOS existent in various products at different doses
have shown to not significantly affect stool frequency
(13,24) in adult human subjects. Again, Chaikham (25)
indicated that GOS (7 or 15 g/day) does not affect stool
composition in adults with normal bowel function.
Villares et al (26) reported that infant formula-contai-
ning prebiotics changed the GI microbiota that mimics
mother milk. Moreover, infants on prebiotics formula
have shown better stool consistency and frequency, as
was indicated in the study of Bisceglia et al (27), who
showed that neonates receiving prebiotics showed a lar-
ger stools number compared to placebo. In this sense,
in younger children, prebiotics at various levels seems
not to affect stools frequency, thus, the hypothesis that
prebiotics dose may have different effects on children’s
stool is rejected based on data obtained in this study. On
the other side, the number of vomits per day during the
3 phases was significantly reduced (»<0.05) in the GOS
prebiotics group when compared to controls; howe-
ver, again, GOS prebiotic dose effect was not statisti-
cally different. The data obtained here are in line with
the study conducted on formula milk supplementation
with GOS (2.4 g/L), showing that GOS did not increase
vomiting in children (28). Likely, Giovannini et al (29)
showed that prebiotic-supplemented formula signifi-
cantly lowered GI issues.

When looking at specific biochemical biomarkers,
GOS prebiotics administration during the 3 phases si-
gnificantly improved hemoglobin levels, although dose-
related GOS prebiotics remained unchanged. A rando-
mized controlled study conducted in Kenyan infants
revealed that GOS prebiotic reduced iron-related ad-
verse effects on gut microbiome and morbidity (30). As
indicated by Hare et al (31), iron affects many bioche-
mical processes, but most importantly, during the criti-
cal stages, iron plays a key role in brain development.
Thus, during early stages insufficient iron uptake would
lead to permanent neurodevelopmental deficits. In addi-
tion, prebiotic is reportedly increased iron absorption
from a micronutrient formula (30). Therefore, it is sug-
gested to use additional iron sources for infants, such as
in the form of food fortification or food supplementa-
tion; however, an issue related to iron overdose should
also be considered. Indeed, as prebiotics improve the
absorption capacity of the small intestine, there is no
need for further iron fortification, although prebiotics in
powdered milk should be included to increase absorp-
tion by the small intestine.

Regarding white blood cells, GOS prebiotics signifi-
cantly improved erythrocytes levels in last two phases,
but the dose-related effect was quite insignificant throu-
ghout the treatments. Kruger et al (32) showed that
a-GOS feeding to rats (90-day trial) have no adverse
effects on blood hematology. In an animal study, Ven-
drig et al (33) documented that GOS supplementation
produced no significant changes in blood parameters. In
another study, it was shown that anemia decreased by
~50% in the Fe and Fe plus GOS groups (»<0.001) com-
pared to control group (30). Similarly, both hematocrit
and white blood cells levels were significantly impro-
ved during the last two phases, although the doses used
have no effects on blood hematocrit levels. In our stu-

dies these hematological indices have indicated marked
beneficial effects of GOS prebiotics in improving blood
parameters. Hoseinifar et al (34) in an animal study
showed that hemoglobin, leucocyte and lymphocytes
levels increased significantly in the 2% oligofructose
fed fish than in the 3% oligofructose fed fish. Moreo-
ver, hematocrit % increased 2% oligofructose group
than in the control group. Moreover, Ahmdifar et al (35)
showed that dietary prebiotic inulin given to fish result
in a significant increase in white blood cell count in the
group treated with 1% inulin compared with the other
groups (p<0.05). However, some hematologic and bio-
chemical parameters, such as red blood cell count, mean
corpuscular hemoglobin (MCH) were not changed.

Concerning to erythrocyte sedimentation rate, it was
significantly decreased (p<0.05) in phases 2 and 3 com-
pared to phase 1. No dose-related effect (p>0.05) was
stated on erythrocytes sedimentation rate. Increased
erythrocyte sedimentation rate is thus considered an
indication of increased infection (36). Arslanoglu et al
(37) reported that prebiotics addition to infant formula
is related to a decreased incidence of infection. The stu-
dy also showed that the ESR can be used as a significant
indicator in malnourished children with acute or chronic
infection. Thus, prebiotics supplementation markedly
improves blood hematology and decrease the infection
risk in infants.

Liver enzymes, namely SGPT and SGOT, have also
been described as indicating the useful effect of prebio-
tics (Oligomate). In this study, results obtained show
that SGPT was significantly decreased in phases 2 and 3
compared to phase 1, while SGOT level was significant-
ly decreased only in phase 3. Dose-related effect was not
significant on SGPT levels. In the absence of clinical
liver disease, as in our case, we feel that the frequent
rise in SGOT and SGPT is primarily owing to tissue
breakdown. In case of injury, the transamination pro-
cess is increased to metabolize amino acids released
from the exaggerated tissue breakdown, leading to
enhanced SGOT and SGPT activity. Prior studies have
also highlighted this fact (38). Increased levels of SGOT
and SGPT have been documented, being maximum
in Protein Calorie Malnutrition (PCM) grade-I cases,
possibly indicating maximum tissue breakdown in the
early stages of PCM (4). This may reflect an endeavor
on the part of the body in order to sustain homeostasis
via protein synthesis from amino acid mobilization as
well as tissue breakdown (39). The alkaline phosphatase
levels were not affected in all phases at two dose levels.
In the study of Ahmdifar et al (35) the dietary prebiotic
inulin did not lead to significant differences regarding
serum enzymes between the treatment groups (p>0.05).
Further, with the increase in inulin level, alkaline phos-
phatase level decreased. On the other side, total bili-
rubin levels significantly increased (p<0.05) in phase
3 of the study when compared to phases 1 or 2. The
present results are not in line with another study (27),
where it was shown that neonates receiving prebiotics
evidenced decreased bilirubin levels. In their study the
intervention period was 28 days, which was that less
than the present one (48 days); so, the difference may be
related to the study duration. Regarding the GOS pre-
biotics effect in serum albumin levels, they significantly
increased in phases 2 and 3 (p<0.05) compared to phase
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1, as well as the prebiotics dose significantly increased
serum albumin levels. Serum albumin levels have rela-
tively long half-life (14-20 days) and a large body
pool (4-5 g/kg b.w.) and slowly respond to malnutri-
tion, thus making an early indication of protein reduc-
tion (40). In actual, almost 60% of protein is found out-
side the bloodstream. Meanwhile, the decline in se-
rum concentrations during early malnutrition, which is
redundant vascular albumin in the bloodstream, helps to
maintain normal serum concentrations. The concentra-
tion of serum albumin does not fall in the initial stage,
especially children with mild and moderate malnutri-
tion (2). During malnutrition, hypoalbuminemia may
be owing to reduced albumin synthesis. The effect of
GOS prebiotics on serum electrolyte sodium levels also
revealed to be promising. In all phases, sodium levels
remain statistically unchanged. Prebiotics significantly
decreased (p<0.05) sodium levels in the treated group
versus control group. Similarly, potassium levels were
not changed in all groups, with the exception of phase
2, where they increased significantly.

Prebiotics supplementation was not related with
changes in stools frequency, thus indicating this effect
may be related to the prebiotic type (specific). Prebiotics
supplementation led to a reduction of number of vomits
per day in the treated groups, showing prebiotics health
benefits versus control groups. Likely, it increases he-
moglobin, hematocrit and white blood cells levels in
malnourished children, during the last two phases, and
erythrocyte sedimentation rate significantly decreased
in phases 2 and 3. Serum enzymes, namely SGPT, and
sodium levels significantly decreased and total bilirubin
levels increased in the last phases. Thus, GOS prebiotics
supplementation improved blood hematology, at same
time that decreased the risk of infection and the number
of vomits per day in severely malnourished infants.
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