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ABSTRACT

One source of high protein food origin of animal protein is whey protein as a  Keywords: Denaturized whey protein; high protein food; hematology; rat;
cheese processing waste. The addition of whey protein causes the product  Weight gain.

become tougher by using heat. Whey protein modification due to denaturation

process can act as a structure enhancer by changes in solubility to result the brittle  Correspondence:

product. Whey protein used to increase biological value, sensory properties and  Robi Andoyo

the muscle mass also develop physical properties of food and to reduce the  Agro-Industrial Technology, Faculty of Agro-Industrial Technology, Universitas
obesity, unfortunately the pre-clinical data remain unclear. This experiment  padjadjaran, Jalan Raya Bandung-Sumedang Km. 21 Jatinangor, West Java
performed the pre-clinical study of denaturized whey protein concentrate (WPC) 45363, Indonesia.

by using male (Sparague-Dawley) for 21 concecutive days of denaturized WPC  Email: r.andoyo@unpad.ac.id

administration. The rats divided into five diet treatments (Standard Food (SF) +

Semi Solid High Protein Food (SSHPF) with denaturized WPC 6.59%, 10%, 15%, 15%

satellite and control. There was an increase in body weight after SSHPF treatment,

and showed that body weight gain elevate significantly (p<0.05) among treatment

groups. Final hematological parameters showed an increase in Hb (Hemoglobin),

RBC (Red Blood Cell) and Hct (Hematocrit) levels, meanwhile tended to decrease

in MCH (Mean corpuscular hemoglobin) and WBC (White blood cell) level but still

within normal ranges. Hb and MCH levels were significantly different in the

treatment group (p <0.05). But RBC, Hct, WBC levels showed no significant

difference between the treatment groups (p>0.05). This result indicates that

addition of denaturized WPC consist in SSHPF increase body weight, Hb, RBC and

Hct and not induce the adverse effect after administration for 21 consecutive days.

INTRODUCTION The addition of whey protein commercialized (native)

High protein food has been popular strategies in trained
athlete to increase muscle mass and beneficial effects on
Body Mass Index (BMI) in nutritional problem 2. High
protein food is a type of food with a high enough amino
acid (AA) contents (both that naturally synthesized by the
body or not). The criteria for high protein biological value
generally determined by digestibility and composition of
amino acids contained in a product 3. Protein is
categorized as the main nutrients required for growth and
development, especially in children and the elderly 4.
Protein food intended for children contains standard
protein 7,5% of total energy, while high protein food
contains up to 15% of total energy 56.

Whey protein is a substance high protein that is rich in
amino acids and contained in milk about 20%. Whey
protein contains various types of amino acids such as
isoleucine, leucine, arginine, valine, lysine and cysteine. In
addition, whey is very easy to digest so it can increase the
concentration of amino acids in plasma and also accelerate
protein synthesis by body tissues and this good quality
protein can trigger the synthesis of hemoglobin 47-9. Whey
protein also used to increase biological value, develop
physical properties, texture or function of food, improve
sensory properties, as a formulation of high-protein or
low-lactose food products and the formation of structures
in food products including emergency food 10.11,
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causes the product to become harder by a thermal process,
where the higher protein content allow to the harder the
resulting texture. However, whey protein that is
engineered by the denaturation process can act as a
structure enhancer because it causes solubility changes to
be lower or not soluble in water so that the resulting
product is more brittle 2. Protein denaturized itself is a
modification of the secondary, tertiary, and quaternary
structures of protein molecules without breakdown of
covalent bonds. Denaturized whey protein preparation
follows Khairunnisa et al, 12 and Siddiq 13 method by
separated the sweet, whey protein fat, then conditioned to
pH 4,6 the isoelectric point, heated by pasteurization at
90°C for 30 min, then separated by centrifugation at 5000
rpm, 15 min and finally dryed with spray dry into
denaturized whey protein concentrate (WPC) powder.
Various forms of whey protein development as a food
product has carried out, such as bakery, snack, sport
drinks and even as an additional component in emergency
food for children 12. Intermediate Moisture Food (IMF) is a
product that highly recommended as high protein food
because it has a soft texture and moisture content 10-40%
with aw value around 0.60-0.85, makes microbes unable to
thrive 14,

Denaturized WPC in high protein food product’s
formulation was used to obtain a products which which
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easy to distribute, easy to consume, safe for consumption,
has an acceptable taste, and has a complete nutritional
content by utilized denaturized WPC as a protein source in
6,9%, 10% and 15% which is the optimal amount of high
protein product’s structure formulation in children 1213
and maximum limit protein in high protein food products
to avoids kidney damage 15, sweet potato flour as a source
of carbohydrates and vitamins and minerals to
complement the product's micronutrients to achieve
growth rate in rats.

Several studies has been conducted to examine the effect
of protein type using rats and human trial. Wréblewska et
al, 16 examined the effect of commercial whey protein and
soy based proteins designed for athletes. The results of the
study reported that rats fed casein (10.21% protein) and
whey protein (10.84% protein) had 2 times more lean
body mass than soy protein (10.45% protein). A study by
Masarwi et al,, 17 shows that rats fed back with casein and
whey had a higher epiphysal growth plate (EGP) than the
normal diet. Whey was reported to produce slower bone
growth, resulting in lower body weight gain than casein.
WPC administration by Bahwere et al, 18 and Stobaugh et
al, 19 showed WPC diets increase body weight by 2-3
g/day in malnourished children. Even, hematology hasn’t
show significant difference in infant and infant rats, it’s
demonstrated that whey diet maintain clinical sign of body
2021, Many studies have reported that using commercial

whey protein but still a few that use modified whey
protein.

Therefore, it's interesting and vital to investigate the
quality of semi-solid high protein food products using
denaturized WPC as nutritional supplements. This
research was conducted on rats (Sparague Dawley) to
know the product’s physiological and to investigate the
safety efficacy before its applied to human consumption
through food intervention program.

MATERIAL AND METHODS

Material, whey protein denatured, and semi-solid high
protein food production

Sweet whey protein purchased at local dairy industry
taken from KPBS Pangalengan, West Java, Indonesia.
Sweet whey then separated with a cream separator,
conditioned to isoelectric pH (pH 4.6), pasteurization at
90°C for 30 m, then separated by centrifugation at 5000
rpm, 15 m and dried on spray dying with T inlet 180°C and
T outlet 80°C to a fine WPC powder. High protein food
production by mixing denaturized WPC powder, sweet
potato flour, mineral mix, B-Complex vitamin, sugar,
vegetable oil, and water mixed and then followed by 12D
(12 cycle) thermal process packaged with metalized 1213,
The denaturized WPC was then analyzed for amino acid
determination and the result is shown in this following
table.

Table 1: Amino Acid Profil of Denaturated Whey Protein Concentrate

Amino Acid Component Level (mg/kg)
L-Metionine 7322.50
L-Histidine 7728.03
L-Threonine 25232.11
L-Proline 17422.75
L-Tyrosine 11482.50
L-Leucine 38503.26
L-Aspartate Acid 42338.80
L-Lysin 42407.97
Glysine 9123.68
L-Arginin 11347.52
L-Alanine 20520.21
L-Valine 23434.69
L-Isoleusine 22032.48
L-Phenylalanine 14604.84
L-Glutamate Acid 65940.46
L-Serine 20620.28

Animal trial and ethics statement

4-week-old health male Sprague Dawley rats were
randomly distributed into five experimental groups (125-
128 g, five rats each group) housed in animal cages
Pharmacology and Therapy Laboratory, Faculty of
Medicine, Universitas Padjadjaran, Indonesia for 21-d long
study. Rats were acclimatized for a week with free access
to water and food (ad libtum) and kept under controlled
conditions (12 h-12h light-dark cycle; temperature: 22
+3°C), bed cleaned 2-times a week 22, In the end, 21-d
study, all animals were fasted overnight and sacrificed
under anesthesia with ketamine-xylazine 23. The organs
such as liver, kidney, lymph, intestine, and stomach were
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quickly removed, weighed, and preserved used Buffer
Neutral Formalin (BNF) 10% for further analysis 22, Before
sacrificed, diet rats in the satellite group without
treatment (SSHPF) for a week to see the effect. All animal
and procedure experiments were submitted to the
Research Ethics Commission at Universitas Padjadjaran
Faculty of Medicine (approval number Reg: 0819091293,
October 2019, which can be accessed at
http://kepk.fk.unpad.acid) = Bandung, @ West Java,
Indonesia.

Animal diet treatment

The animal diet conducted in this study was equivalent
with children diet, age 5-9 y.o were 200 grams, which diet
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20-30% of calories a day 24 following the recommendation
of Institute of Medicine 1525 and nutritional requirement
value 26, Dose conversion for rats was 0.018, then
treatment diet consumed by rats is 200 grams x 0.018 =
3.6 grams. After adaption period the rats were randomized
into five groups control (A1); SFC + SSHPF with WPC
6.59% (A2); SFC + SSHPF with WPC 10% (A3); SFC +
SSHPF with WPC 15% (A4) and SFC + SSHPF with 15%
WPC (satellite) (A5) based on previous research 12.13,
Body weight measurement

Body weight (BW) was measured every 24 hours since the
day before treatment until 21 days of treatment. Weight
gain was calculated based on the final BW minus the
weight of the previous weighing and then divided by the
number of days. BW graphics expressed in average in
weekly changes.

Blood sampling and blood analysis

Blood samples were collected before treatment, and the
end of the study used microhematocrit after one-night

fasting. A 0,5 mL blood was collected in EDTA
(Ethylenediaminetetraacetic acid) tube for hematology
analysis (Hb, RBC, Hct, MCH and WBC). Blood samples
tested with Abaxis (VETSCAN® HMS5 Hematology
Analyzer) in Chemical Laboratory of Educational Animal
Hospital Universitas Padjadjaran, Indonesia. A 1,5 ml
blood collected in microtube for serum. Data calculation
and hematology graphic expressed in final value result
with baseline value information in a table.

Statistical analysis

Results were expressed as average + Standard Error Mean
(SEM) and tested for significance by One-Way-Anova at p<
0,05, and further test carried out used Tukey test.

RESULT

The comparison of BW increasing before and after
treatment with standard food consumption in this study
showed in Table 2.

Table 2: Growth and food consumption of rats

Variable Al A2 A3 A4 A5
Baseline BW (g) 128,2 + 2,48 126,3 +2,25 126,8 + 3,47 126,5 + 2,18 127,5+2,10
Final BW (g) 197,0 + 4,54 213,3+2,25 214,5 * 6,86 239,8 8,33 223,3+11,39
SFC (g) 21+0,70 18+ 1,22 18 +0,99 19+0,61 22 +0,60

Values are Average = SEM, n=5. BW, body weight; SFC, standard food consumption

Table 2. shows the initial BW 126,3 -128,2 g to 197.0 -
239.7 g. Standard food consumption for 21-d study
resulted a change significantly between treatment groups.
Body weight of all rats elevated every days, mainly on
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treatment groups (A2, A3, A4 and A5) (Figure 1). In Figure
3. 21 d total weight gain of rats in the A1 test group; A2;
A3; A4 and AS are respectively; 68,8; 87; 87,75, 113,25 and
95,75 g.
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Figure 1: Average of body weight during treatment A1 (control); A2 (SFC+SSHPF with WPC 6,59 %); A3 (SFC+SSHPF with WPC 10 %); A4
(SFC+SSHPF WPC 15% %); and A5 (satellite with WPC 15%). Data are expressed as average + SEM
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The results of ANOVA analysis of body weight showed that significant difference (p <0.05) between treatments group in first
and third week observations, but not significant different (p> 0.05) compared to the second week of observation (Figure 2.).

WEIGHT /WEEK
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Figure 2: Body weight gain of treatment A2 (SFC+SSHPF with WPC 6,59 %); A3 (SFC+SSHPF with WPC 10 %); A4 (SFC+SSHPF WPC 15%
%); A5 (satellite with WPC 15%) and A1 (control) in weeks. Data are expressed as average + SEM. Means with a * denote significant

At the first week observation, the BW of A2 treatment with A3 (10% protein concentration) and A1 (control). At
(6,59% protein concentration) was significantly different the third week observation, A4 treatment group was
from A4 and A5 (15% protein concentration and satellite significant increase compared to Al, but not significant
treatment, respectively), but not significant compared against A2, A3 and A5 treatment groups (Figure 2.).
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Figure 3: Rats weight gain for 21 (A1,A2,A3 and A4) and 28 (A5) concecutive days of denaturized WPC administration
Blood sample were collected and analyzed to investigate hematology data after treatment in this study and reported in Table
3. and Figure 4.
Table 3: Average Hematology Value of Rats

Grou Variabel
p Hb (g/dL) | Het (%) |  MCH(pg) | RBC(1012/L) | WBC (fl)
Baseline
Al 14.5+0.11 45.81+0.79 19.47 £ 0.16 7.15+0.19 10.89 * 0.37
A2 144 +0.11 46.81 + 0.60 19.77 £ 0.07 7.09+0.14 14.01 + 1.41
A3 15.0 + 0.40 46.41+1.96 19.00 * 0.09 7.99+0.26 8.73 +0.42
A4 14.9+0.17 45.73 + 0.34 19.50 + 0.18 7.84 +0.09 11.09 * 0.40
A5 15.2+0.27 47.15+0.16 19.57  0.21 7.36+0.12 8.75+0.53
Final
Al 14.7 + 0.07 48.64 * 0.38 18.70 + 0.12 8.5+ 0.23 9.10 + 0.98
A2 14.8+0.11 48.13 +0.72 18.90 + 0.12 8.0 £ 0.09 10.44 + 0.68
A3 15.1 + 0.07 51.12 * 0.38 18.10 + 0.16 8.2+0.15 7.87 £ 0.78
A4 16.1+0.23 49.74 * 0.87 17.93 +0.11 85+0.17 10.78 + 0.86
A5 15.6 + 0.19 49.89 +0.51 18.73 + 0.07 8.8+0.16 8.13+0.23

A1 (control); A2 (SFC+SSHPF with WPC 6,59 %); A3 (SFC+SSHPF with WPC 10 %); A4 (SFC+SSHPF WPC 15% %); A5 (satellite
with WPC 15%). Values are Average + SEM. Hb, hemoglobin; Hct, hematocrit; MCH, mean cospucular hemoglobin; RBC, red
blood cell; WBC, white blood cell.
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This study found that Hb levels of rat tended to increase as
compared to pre-treatment (baseline) (Tabel 3.). Although
Hb levels relatively increase, the results were still within
normal limits (Table 3.), in range 13.6-17.7 g/dL 27. The
highest increase of Hb in A4 treatment group (Figure 4a.).
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The result of ANOVA analysis showed that there were a
differences between treatment groups (p <0.05). Hb levels
was significantly changed in the protein treatment group
10% (A4) to control group, protein treatment group
6.56%, and 10% (A1, A2, and A3) (p <0.05) (Figure 4a.).
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Figure 4: The effect of treatment group A2 (SSHPF with WPC 6,59 %); A3 (SSHPF with WPC 10 %); A4 (SSHPF WPC 15% %); A5 (satellite
with WPC 15%) and A1 (control) on (A) Hemoglobin (B) RBC (C) MCH (D) Hct (E) WBC. Data are expressed as final value average + SEM.
Means with a * denote significant

RBC levels were found that A5 (satellite) had the highest
level of RBC. Meanwhile, RBC levels of A2, A3, and A4
treatment groups were lower than the control (A1) (Figure
4b.), although lower, RBC levels of A2, A3, and A4 protein
treatment group (Table 3.) are still in normal limits with a
range around 6.7-9.0 1012/L 27. However, RBC levels of the
analysis tended to increase compared to before treated
(baseline) (Table 3.). The ANOVA analysis showed no
significant difference between the treatment groups (p >
0.05).

Figure 4c. showed that the highest MCH level is in A2 group
(protein 6.59%). MCH levels in A3 and A4 groups showed
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lower values than A1 (control). In this study, treatment of
rats by SSHPF tended to showed a decrease in MCH levels
compared to before treated and group A4 was the group
with the highest decreased trend compared to the other
groups (Table 3.). Based on these results, ANOVA analysis
showed a significant difference between treatment groups
(p <0.05). Tukey's test for further test showed that MCH
levels of A4 treatment group was significantly different (p
<0.05) from A1, A2, A3, and A5.

Hct levels showed all groups in normal levels, although
group A2 was lower. According to ANOVA analysis, Hct
levels did not showed significant difference in the
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treatment group (p <0.05) (Figure 4d.). Hct level in A1-A5
group tended to elevated compared to before treated,
although A2 lower in the final result but all value within
normal range 38-52% (Table 3.) 27.

Based on Figure 4e. it was found that A4 treatment group
had the highest levels, then A3 and A5 groups had lower
levels than A1 (control). ANOVA analysis results showed
that there were no differences between groups (p> 0.05)
in WBC levels (Figure 4e.). WBC levels tended to decrease
compared to pre-treatment levels, but this reduction was
still around normal range (baseline) (Table 3.).

DISCUSSION

Effect of SSHPF on body weight

The use of various concentrations protein in SSHPF
products is intended to investigate the effect of protein
intake on enhancing rats weight. Protein influences the
growth process by increasing the body weight of rats.
Following by Harianti 24 and Frisilia, Adi & Ismawati 28
that amount of food intake and nutritional content in foods
such as protein greatly affect the growth process in
individual. In this study, all test groups experienced an
increase of body weight, especially in protein treatment
group where the body weight greater as compared to
control group (A1) (Table 1.). All groups of rats received
same type of feed and amount of weight food, but there
were differences in protein concentration to each group of
rats. Average consumption of standard feed increased
every day with more feed consumed in the control (A1)
and satellite (A5) groups (Table 1.) and after treatment
ended, standard feed consumption in the satellite group
did not show any decrease. The increase in feed
consumption is possible because the older rats, the needs
for food intake will also increase 29.

Lower standard feed consumption in A2, A3 and A4 groups
than the control group indicates that there is an effect of
treatment in amount of standard feed eaten. Arrivals of
SSHPF products in the stomach and digested in the gut,
small peptides and AA (phenylalanine, histidine, alanine,
serine, proline, glutamic acid, arginine and lysine) from
denaturized WPC act as signaling molecules in
enteroendocrine cells, secreted satiety hormones such as
glucagon-like peptide-1 (GLP-1), cholecystokinin (CCK),
hormones and Peptide tyrosine tyrosine (PYY). This
hormone reduces food intake by increase post-meal
satiety and inhibit gastric emptying [""1. Previous study
demonstrated that whey protein consumption suppressed
hunger initiates at weeks 1-3 32 and increased plasma
concentration of PYY and reduced food intake compared
to control group 33.

Most of rats in this study has a weight gain with various
number of increments, the higher weight gain occurs on
treatment groups (A2, A3, A4 and A5) in 4 to 6 days
(Figure.1). According to Kong et al. 3¢ The IECs (layering
cell in the luminal surface of intestinal epithelium), which
is function as nutrients absorption zone, regenerates every
4-5 days. Therefore, it can be assumed that during
regeneration the new IECs layer, absorption of nutrition is
higher than on the IECs layer aged 3-5 days after
regeneration. Regeneration of IECs were carried out by
stem cells in crypts on base of the intestinal gland,
furthermore the mature of IECs layer will undergo
apoptosis and discharged into intestinal lumen 34.

Our data show that all of treatment group experienced an
increase in body weight, where the higher concentration
of denaturized WPC, the greater body weight gain (15%)
(Figure 3.). Meanwhile, satellite group (A5) supposed
showed highest increase in body weight same with A4

764 Systematic Reviews in Pharmacy

group (SSHPF WPC 15%) (Figure. 3). This result was
occurred because of age factor of rats in A5 group in fourth
week of treatment (8 weeks age) has entered sexual of
adult phase so that the growth rate begins to decrease and
accumulated increase in body weight becomes smaller.
Rats that are still in their growth phase can carry out rapid
biosynthesis, so they produce a lot of energy. Energy has
an important role in the body's metabolic processes, it's
meant more energy produced, induce the easier metabolic
process. Good metabolism greatly affects the body weight
of an individual during its growth stage. So it can be
concluded that the A5 group of rats has entered the adult
phase and affect increase in body weight which is not too
high 2835, Although the body weight gain of A5 group was
not higher as compared to A4 group, overall there were
body weight increased in each week and quite high.
Adequate dietary intake from SSHPF product consumption
with standard feed gave effect of rat body weight increased
and did not affect decreased of appetite after treatment.
The results of body weight increased in treatment group of
this study was supported by Teixeira et al, 3¢ showed that
weight gain of rats in casein control group was 3.47 + 0.24
g/day, 2.75 + 0.17 g/day and whey group was WS 3.81 +
0.36 g/day and WE 3.57 = 0.4 g/day. Another study
showed that giving AIN-93M diet contain whey protein to
Fischer male rats increased the body weight of whey rat
group greater (WS 313 + 15 g, WE 308 £ 20 g) compared
to control group (CS 302 +13 g, CE 264+ 10 g) 37.

The study, which was conducted by Teixeira, showed
greater increasing body weight than our study. It
explained that the form of whey protein used by Teixeira
was whey protein isolate (WPI) powder, where WPI had a
higher protein content than our study. Generally, WPI was
made from 90% protein with less or no lactose and fat,
whereas maximum protein content on WPC powder in our
study was 15% with modest amount of fats, lactose, and
minerals 3839, The high concentration of this protein is in
line with the increasement in AA absorption in the body
and even higher in body weight. In (Figure 1.) also showed
a higher body weight increasement in line with increasing
whey concentration were used. Hayes and Cribb showed
the concentration of whey combined in supplements is an
important factor in the formation of muscle protein. Whey
protein, according to Hayes and Cribb, is categorized based
on the concentration of whey contained in the product.
Whey protein isolate (WPI) with a concentration of 90%
protein and whey protein concentrate (WPC) with a
concentration of 80% protein 49, This indicated that
consumption of whey protein (concentrate or isolate) can
improve body composition (proportion of fat and non fat
mass in the body).

Protein plays role as main structural component in muscle
building and tissue 41. Protein content in SSHPF product
which is denaturized WPC has an amino acid profile that is
very similar to muscle protein Branced-chain amino acid
(BCAA) (Table 1.), to increase protein synthesis and
stimulate muscle protein synthesis. Protein in whey that
we consumed was digested by digesting enzymes into
polypeptides and broken down into shorter peptides
(tripeptides, dipeptides and some free amino acids) in
intestine by pancreatic enzymes and mainly absorbed by
Intestinal epithelial cells (IECs) in the small intestinal
mucosa 34, This absorbed amino acid then enters portal
vein blood and carried to liver, and some of it carried to
tissue cells for metabolism and protein syntesis 42. Amino
acid leucine in denaturized WPC acted directly as
stimulator for protein synthesis by activated mTOR
signaling pathway and activated several intracellular
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signals that activated S6K1 and 4E-BP1 (Eukaryotic
translation initiation factor 4E-binding protein 1)
ribosomal proteins to trigger protein synthesis
translation, so that muscle protein synthesis will increase
and increase lean body mass (muscle) 43-47. Other amino
acids such as alanine, proline, glutamine, arginine and
lysine work to stimulate growth hormone, which is an
anabolic hormone to promote growth 948, By the role of
amino acid that work together in the body, growth in rats
occurs.

In the A5 treatment group (satellite), further observation
was carried out with only standard feed intake (without
treatment) in the fourth week, to find out whether SSHPF
products have an addictive effect which, if the intake is
stopped, and caused significant weight loss. We found that
AS5 (satellite) group still has an increase in body weight in
the fourth week compared to third week. The increment
showed from three to fourth week was 21.2 g, where the
increase was not higher than when given SSHPF products.
Lower increase body weight may affect because
nutritional content of SSHPF products is better than
standard feed, so the effect on increasing body weight is
not as good as when given SSHPF products.

This showed that SSHPF denaturized WPC product does
not have an uncontrolled additive effect. It explained by AA
Cysteine, as food addictive amino acid in whey protein has
rearrangement tertiary structure through denaturation
process %9, combining heat temperature (90°C) and low pH
(4,6), as results the free thiol group in cysteine becomes
accessible and allowing to react with disulfide bonds that
present in B-laktoglobulin (B-Lg) or a-laktalbumin (a-La)
formed disulfide bond reaction (SH-SS), which this SH-SS
reaction also prevents protein binding with other
components that can cause addictive reactions, and
shaped an whey protein aggregates that can be used as
texturizer 50-52, Although the heat and low pH mechanisms
are not completely 100% denaturing but in this process,
the SH-SS bonding process has occurred to minimize the
occurrence of this process during the product-making
process and even lower when consumed by humans. So
when denaturized WPC product consumed, the
uncontrolled additive effect has been minimized or even
none. In other words, SSHPF denaturized WPC product
didn’t showed uncontrolled effect on growth in rats even
after not being treated.

Hematological effect of SSHPF treatment

Consumption of animal protein such as whey protein
stimulates increase of blood cells formation, namely
erythrocytes formation (RBC) where 95% of RBC contains
Hb which acts as oxygen carrier to tissues 53. This explains
that hemoglobin and RBC levels are closely related to each
other or in other words, RBC levels can be determined by
measuring Hb in serum or blood plasma through visual
inspection, hemolytic index or microfluid analysis 5455.
Therefore, Hb is a conjugated protein in RBC which is
synthesized through globin formation (protein) and
synthesis of heme (iron where globin is a functional
protein in the form of polypeptide chain that forms Hb) 56.
We found that RBCs and Hb levels increased, and greater
in SSHPF 15% denaturized WPC (A4 and A5). Denaturized
WPC in SSHPF contains high branched-chain amino acid
protein -BCAA and other AA which can trigger good amino
acids come in the body so that it can increase globin
synthesis rate. The import of good amino acids in the body
can trigger an increase in Hb and RBC levels. AA Arginine
and Leucine were best activity type of AA compared to
other types in regulated mTORC1 signaling in Hb and RBC
formation. The formation process was knowned as
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erythropoiesis. Erythropoiesis process began with
mTORC1 signaling in metabolism, which is assisted by
amino acids that enter the body, then new Hb and RBC are
formed from the results of this process. SSHPF whey
protein can increase Hb and RBC levels in rats 57.58.
Therefore, we can assumed that SSHPF denaturized WPC
beneficial to human body, because is less likely to cause
anemia. Low of RBCs number and lack of Hb levels in the
body can triggers anemia 59-61, Anemia is a condition when
RBC low cause formation of Hb reduced 62. Lack of Hb
levels in the blood cause symptoms of fatigue (blood
difficult in binding oxygen as Hb functions an an oxygen
carrier low), reduces endurance (immunity mechanism
affected by RBCs production within bone marrow
reduced) result in infection, affected cognitive
development and these are associated with increased of
morbidity 63-65. Actually anemia is a sign of a disease
process rather that disease itself, and it was sign of
malnutrition clinically 65. So RBCs and Hb values it’s really
important to maintain our body health.

However, we also found that RBC levels had slight
decrease in A2, A3, and A4 groups compared to control,
this may occur due to regulatory mechanisms controlling
marker pathways, iron utilization and complicated red
blood cell production, which involves hormones such as
erythropoietin (EPO), which is main regulatory
glycoprotein hormone that regulated proliferation,
differentiation, and cell maturation of red blood cells in
individuals €667, Another consideration is that parameters
of subject before treatment were in normal range and
effects of dietary supplementation 68. Results of this study
were same as Mehta et al, ¢ and Naclerio et al, 68 which
also showed a slight decrease in RBC levels after whey
protein treatment (Pre 5 106/mm3, post 4.9 10¢/mm3)
with RBC levels in still normal range.

Percentage of Hct obtained by measuring the volume of the
RBC compared to the total volume of blood (red blood cells
and plasma) 79. Hct measurement can also be used to
indicate blood disorders, where low hematocrit levels
indicate anemia 71. Based on the results of this study, Hct
level has increased along with the increase in RBC, and the
increase in value is still categorized as normal. A high Hct
value can indicate dehydration and polycythemia (the
state of too many red blood cells in the blood) 7972, This
result is different from the research conducted by Mehta et
al, ¢ who showed a reduction in hematocrit in whey
protein supplement group.

SSHPF diet in rats, as previously described, was able to
have an effect on increasing Hb and RBC levels. MCH value
obtained from average hemoglobin level per number of
red blood cells, so that protein intake automatically affects
the MHC value 73. Meanwhile our study found that MCH
levels tended to decrease, even though they decreased,
MCH levels of the test results was still in normal value
range, 17.9-21.20 pg 2774, MCH level showed amounts of
total hemoglobin weight in red blood, therefore the
decrease in MCH value after treatment can also be due to
the smaller size of erythrocytes in the body after treatment
75, Due to the influence of hemoglobin values, red blood cell
counts, and MCV, MCH and MCHC values also become
abnormal because these indices are calculated and not
directly measured 73. Although in normal value, a slight
decrease in MCH levels also occurred in the control and
satellite groups, overall SSHPF product treatment has not
a negative effect.

WBC in the body plays a role as the immune system, or it
said protect body against infection 48. Medically an
increase  WBC count within normal indicates as
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Leukocytosis, an infection or inflammation respond in our
body 7677. WBC levels in this study showed a decreased
trend. Denaturized WPC as protein source in SSHPF did
not cause an increase in WBC levels, so we assume that no
infection or inflammation occurs along this study (Table 3,
Figure. 4e). Lower value in WBC may affected by AA
contain in denaturized WPC such as Lysine excessed than
needed which can affect intracellular Arginin depletion
and caused the number of leukocytes (WBC) decreased 78.
Thus, fasted condition before blood sampling can affect
arginine plasma concentration decreased, overexpressed
of arginase in small intestine and stress hormone 4879,
Some studies have shown same result in no effect of whey
and amino acid supplementation on WBC 7880, The effects
of whey protein are quite beneficial for the blood system’s
health of animals and humans. Several previous studies
have successfully demonstrated the effects of various form
of whey protein (isolate or other whey protein powder) on
improving the function of blood system and reducing the
risk of hypertension, lipid profile, and metabolic syndrome
83839 Although the protein content in WPI is higher when
compared to WPC, this study has managed to show an
equal good effect on body health when it consumed 38.
Overall, greater body weight gain and the conditions of the
blood value in treatment rats showed a good health and
did not show any signs of anemia (Hb, RBC and Hct value
increase) or lean body weight, which is an indicator of
malnutrition. Besides that, the immune system showed by
WBC value hasn’tincreased. So that denaturized WPC may
be promising candidate to improves and maintains the
nutritional status in children ages of 5-9 y.o.

CONCLUSION

The addition of whey protein to SSHPF enhance the
growth phase, it appears that SSHPF treatment can
increase the body weight of rats compared to controls,
where protein intake (whey protein) with a higher
concentration (15%) A4 and A5 (satellite) has the highest
body weight increased that other treatment.
Hematological results of Hb, Hct, and RBC showed normal
values and even tended to increase during treatment,
where these conditions illustrate that the body's transport
system can function properly through metabolism of whey
protein. Although the levels of MCH and WBC tended to
decreased, they were still within normal ranges. Satellite
group (A5) also did not showed irregular result, so that
providing SSHPF products does not have an uncontrolled
effect on nutritional status by maintaining and reduce risk
of decreased nutritional status. And this study gives the
new evidence regarding preclinical data, the whey protein
in SSHPF is safe and useful to gain the body weigh in
growth phase and no adverse effect induce by denatured
WPC consumption for 21 days.
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