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Abstract

The objective of this study is to specify the effect of pressurized soy protein isolate (pSPI), upon
the physical development, growth hormones and antioxidants functions of SD rats. The metho-
dology depends on the selection of one hundred male SD rats, divided randomly into 5 groups.
Each group consists of 20 rats. The groups will be defined as one blank control group, three groups
with pSPI at low, medium and high doses and another control group with native soy protein iso-
lates (nSPI). Low, medium and high doses are represented by 0.333 g/kg, 1.667 g/kg and 3.333
g/kg pSPI per weight, respectively. The native soy protein isolate is represented by 3.333 g/kg
nSPI per weight. In every group, four animals will be taken out to collect the blood samples and
analyze insulin like growth factor-1, growth hormone, thyroid stimulating hormone, thyroxine and
trilodothyronin. The other SD rats will be subjected to feeding for 63 consecutive days. The body
weight, the body length and food intake of each rat are measured. The total antioxidant capacity,
superoxide dismutase (SOD), malondialdehyde and Glutathione Peroxidase in liver and serum of
each rat will be analyzed. The results indicated that the groups with medium and high dose of pSPI
result in an obvious increase in the body weight, body length and food utilization rate of SD rats.
Also, pSPI has a great effect on the growth and antioxidants functions of SD rat.
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1. Introduction

Protein is the material basis of life. It is the basis for growth and development. It has a dual function, not only
produce energy, but also, can provide raw materials for the construction of the body’s tissues, the body’s growth
and development. Soybeans have been an important protein source in Asian countries and have been utilized in
various forms [1]. SPI is a mixture of various proteins, and the main ingredients are classified into four protein
categories according to their sedimentation coefficients 2S, 7S, 11S and 15S which sediment at different gravi-
tational forces when the solution is subjected to a centrifugal field [2]. Appling high pressure directly on pro-
teins causes the formation of new bonds leading to a modified structure that presents altered functional proper-
ties as compared with native proteins [3]. For soy protein isolate not only denatured structure will be changed
but also, its structure and functional properties such as, hydrated nature, the nature of the interaction between the
protein and a surfactant. Also, it is more important to be able to change the biological activity [4] [5]. Soy pro-
teins have many physiologic activities, particularly those related to the prevention of chronic diseases [6]. An-
derson et al. [7] indicated that soybean contained many bioactive components such as soy protein and soy isof-
lavones that possess biophysiological effects. Hashizume et al. [8] studied the effect of heating temperature on
conformational changes of soybean proteins. Zhang et al. [9] studied the influence of high pressure on confor-
mational changes of soybean glycinin by means of sulphydryl group detection, spectrofluorimetry, circular
dichroism, ultraviolet difference spectra, differential scanning calorimetry and electrophoresis. The results indi-
cated that glycinin were dissociated into subunits and the conformation of these subunits had been changed after
high pressure processing. Speroni et al. [10] studied the effect of high-pressure treatment on structural and
rheological properties of soybean protein. From the results, high-pressure treatment, especially at 600 MPa in-
duced the establishment of hydrophobic interactions and disulfide bonds that allowed the formation of high mo-
lecular mass aggregates of different polypeptide composition. Song et al. [11] used high-pressure homogenization
(HPH) to treat soy protein isolate (SPI) suspensions. The results showed that HPH was a facile mechanical me-
thod of reducing SPI particles size from micro to nanometer, depending on the numbers of passes through the
homogenizer under certain pressures. Speroni et al. [12] analyzed the effects of calcium and high pressure
treatment on the thermal properties of soybean proteins in soybean protein isolate. The antioxidant system con-
tributed to the pathogenesis of almost all of diseases [13]. Therefore, it is great importance for either exogenous
or endogenous antioxidants to scavenge the abundant free radicals to protect cellular DNA, proteins and lipid
membranes. Human cells generate enzymes such as, superoxide dismutase (SOD), glutathione peroxidase (GPx),
glutathione stransferase (GSH) and glutathione reductase (GR) to protect the adverse effects of free radical [14].
Orozco et al. [15] calculated the antioxidant capacity, by measuring GSH, SOD, peroxyl radical-trapping capac-
ity (PRTC) and trolox equivalent antioxidant capacity (TEAC). Zielinska [16] evaluated the antioxidant activity
of lupin sprouts were produced in the presence of two different chemical forms of selenium. Hengst et al. [17]
studied the influence of the sample concentration on the measured antioxidant capacity. Zhang et al. [18] inves-
tigated the antioxidant protective effects of diet were supplemented with probiotic in hyperlipidemic Wistar rats,
using an in vivo approach. The aim of the present study was to quantify the effect of pressurized soy protein iso-
late (pSPI), upon the physical development, growth hormones and antioxidants functions of SD rat using animal
experiment.

2. Materials and Methods

One hundred healthy male SD rats were weaned, weighing 65 * 10 g, divided randomly into 5 groups. Each
group consists of 20 rats. The groups will be defined as blank control group, three groups with pSPI at low, me-
dium and high doses (pSPI(1), pSP1(2) and pSPI(3)) and another control group with native soy protein isolates
(nSPI). The recommended amount of SPI for human body is 20 g/d in adult weight 60 kg. It is equivalent to
0.333 g/kg per weight. pSPI high-dose group (pSPI(3)) is selected to be 10 times of the amount recommended
by the human body and equal to 3.333 g/kg per weight per day. pSPI medium-dose group (pSPI1(2)) is selected
to be 5 times of the amount recommended by the human body and equal to 1.667 g/kg per weight per day. pSPI
low-dose group (pSPI(1)) is selected to be one time of the amount recommended by the human body and equal
to 0.333 g/kg per weight per day. For nSPI control group, the dose is selected to be the same as the pSPI (3) and
equal to 3.333 g/kg per weight. Sample is given by adding it to the food. Blank control group is given a direct
feed on a regular basis. pSPI with low, medium and high dose group and nSPI controls group are given accord-
ing to the weekly average weight calculation. Feed content of the sample is calculated according to:
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Amount added on feed sample (%)
1
7 (day) +(10x100%) @
week feed intake (g)

=| Dose concentration (g/kg)x weekly average body weight(g)x

Four animals will be taken out to collect the blood samples and analyze insulin like growth factor | (IGF-I),
triiodothyronin (T5), major of thyroid hormone in blood (T,), thyroid stimulating hormone (TSH) and growth
hormone (GH). The blood samples will be taken in 14™ day, 49™ day, and 63" day. The other SD rats are sub-
jected to feeding for 63 consecutive days. The body weight, the body length and food intake for each rat are
measured twice a week. After killing the rats, the blood samples are collected and the separations of the serum
will be done to determine the serum growth hormone, metabolism-related hormone (IGF-I, T, T4, TSH and GH)
content. Measuring the content of biochemical indicators will be done by taking the liver tissue and prepare liver
tissue homogenates which are used to detect (T-AOC, SOD, MDA, GSH-Px).

3. Statistical Analysis

SAS statistical software is used to compare mean values from five groups by the homogeneity test. The results
are expressed as means + standard deviation. Differences between mean values were determined by ANOVA.
For all comparisons, differences with P < 0.05 were considered significant.

4. Results and Discussions

During the course of the experiment, all the animals are generally in a good condition, no animals have any sig-
nificant adverse reactions and there is no any poisoning state or death.

4.1. Weight Changes of SD Rats during the Experimental Period

The total time for the experiment is 63 days. The SD rats will be orally feed at different doses, with soy protein
isolate treated with high pressure. The body weight of the SD rats will be trend every week and will be com-
pared with the control group. Table 1 shows the results of the changing of the body weights of SD rats due to
the feeding in the first 7 days, 14 days, 21 days, 28 days, 35 days, 42 days, 49 days, days, 56 days and 63 days
with pSPI. It indicates that, as the age increases the body weight will be increase. The pSPI (3) group and nSPI
group with high dose is significantly higher than the other groups (P < 0.05). The maximum weight is obtained
in case of pSPI (3) group and equal to (407.7 g). Figure 1 shows the improvement ratio (Ig) which can be ex-
pressed as the ratio between the different in weight at any specified time and (D,) to the weight at (D). It shows
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Figure 1. Improvement ratio (lz) due to the changing of body weight of

SD rats (n = 12).
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Table 1. The changing of body weight of SD rats during experiment (X +S,n=12, g).

Group Control pSPI (1) pSPI (2) pSPI (3) nSPI

Do (weight) 63.7+98 65.5+7.2 65.0+8.8 63.4+9.2 64.8+8.2

Dy (weight) 101.3+6.9 103.3+9.38 1115+ 13.6" 1136 +6.2" 1120+ 12.6
Dy, (Weight) 1426 +12.6 150.8+11.5 1545+ 14.3 1595+ 11.2" 158.3+14.1"
Dz (weight) 189.9+10.4 1958+11.3 194.0+12.9 203.6 8.2 198.9+13.8
Dy (Weight) 231.6+9.7 238.0 £ 10.7 240.0 +13.1 2445+ 10.3 240.2+8.2

D5 (weight) 266.8 + 13.6 273.2+16.5 276.0+18.8 280.9+11.7 277.3+10.4
D, (weight) 306.1+14.6 312.9+11.3 316.7+10.3 320.6 +15.3 318.1+19.3
Dao (Weight) 340.0 + 14.5 347.7+ 152 353.3+18.3 3555+ 17.5 354.6 +13.1
Dss (Weight) 360.4 + 16.8 369.9 +10.7 373.8+19.6" 382.0+14.9" 378.0+15.1"
De3 (Weight) 386.7 +18.9 397.8+12.3 4028 +18.7" 407.7 145 4038 £15.7"

Note: “Significantly different compared with the blank control group, P < 0.05.

that, the best I is obtained in case of pSPI(3) for all measurements. The best I is equals to 543% and occurs at
the end of the experiment.

4.2. The Changes in Body Length of SD Rats during the Experimental Period

Table 2 shows the results of the changing of the body length of SD rats during the experimental period due to
the feeding in the first 7 days, 14 days, 21 days, 28 days, 35 days, 42 days, 49 days, days, 56 days and 63 days
with pSPI. The results indicate that, as the animals’ age increase the body length will increase. pSPI(3) group
and nSPI group with high dose is significantly higher than the other groups (P < 0.05). The maximum body
length is obtained in case of pSPI(3) group and equal to (25.6 cm). Figure 2 shows the improvement ratio (IR)
which can be expressed as the ratio between the different in body length at any specified age and (Do) to the
body length at (D). It shows that, the best I is obtained in case pSPI (3) and equals to 81.56%.

4.3. Effect of Soy Protein Isolates on Food Utilization in SD Rats

Food utilization rate for animal is the increasing in body weight by a number of grams due to ingestion of each
100 g feed. During the feeding period the food intake of SD rats is recorded weakly to calculate the food utiliza-
tion rate. Every week the rats are weighed and record the actual amount of feed intake. The food utilization rate
is calculated as:

Food utilization rate = Weight gain (g)/Feed intake(100g)x100% )

Table 3 and Figure 3 show the effect of soy protein isolates on food utilization situation in SD rats during the
experiment period. It can be shown that, the highest values of food utilization occur in the first two weeks. The
lowest value of the food utilization occurs at the end of the experiment. The food utilization with high dose
group was significantly higher than the control group and nSPI group. The highest value of the food utilization
occurs when the SD rats fed with high dose of pSPI (pSPI (3)) and equal to (55.1%). Also, Figure 3 shows that,
as the doses of pSPI increases, the values of the food utilization will be increases. This is axiomatic due to in-
creasing the dose.

4.4. Effect of Soy Protein Isolates on Growth Hormones in the Blood of SD Rats

Insulin-like growth factors | and Il (IGFs) are proteins produced by the liver in response to growth hormone
produced by the pituitary. IGFs are responsible for the growth and development of somatic tissues, such as ske-
letal muscle and bone [19]. The growth hormone (GH) and insulin-like growth factor-1 (IGF-I), are an important
stimulator of collagen synthesis in connective tissue. The results obtained on the 14 days, 49 days and 63 days
due to the effect of soy protein isolates on IGF-I and GH, are presented in Table 4 and Table 5. The results in-
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Table 2. The changing of body length of SD rats during experiment ( X

nSPI
143+0.7

pSPI (3)

pSPI (2)
143

pSPI (1)
14.3

Control
13.9

Group
Do (length)
D (length)
D14 (length)
D1 (length)
Dgg (length)
Dss (length)
D, (length)
D4 (length)
Ds6 (length)
Degs (length)

141+0.6
16.6+0.5
18.8+0.5

20.8+0.6

0.7
+0.7
+0.6

+0.7
+0.8
+0.6
+05
+0.7
+04
+05
+05

+0.6
+04
+05
0.3
0.3
+0.3
04
+04
+05
+04

16.4+0.8

16.6 16.7

16.0

18.8+0.6

18.6 18.7

18.4

20.8+0.7

20.7+0.8
22.0+0.7

20.5

20.3

22.0+£05

22.1+0.6
23.3+05
242+05

21.8

215

23.3+0.6

23.2+0.6
241+05

23.0

22.8

24.1+0.7

24.0

23.7

*

248+05

*

24.8+05

*

248+0.6

24.7

24.3

*

253+05

*

253+0.5" 253+04

252+0.5

24.8

*

255+04

*

255+0.3 256+04

254+04

25.1

Note: “Significantly different compared with the blank control group, P < 0.05.
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Table 3. Effect of soy protein isolates on food utilization in SD rats (X # S, %, n = 12).

Group Control pSPI (1) pSPI (2) pSPI (3) nSPI
1% week 39.5+10.6 424+ 145 50.1+6.0 55.1+12.6" 483+6.8
2" week 322+52 32457 339+119 36.9+10.0 342+8.6
3 week 36.3+8.2 327+110 31.33+£6.1 32.7+10.5 28.6+7.6
4" week 284+6.7 30.0+6.7 28.1+51 28.7+4.0 30.2+10.6
5" week 242+438 245+6.3 26.3+5.7 26675 273+75
6" week 220+32 235+37 240+4.2 253+4.2 244+50
7" week 18.7+25 21.2+37 216+3.1 23.8+43" 226+53
8" week 11.7+3.9 11.7+3.7 142 +51 17.0+4.6" 15.9+49
9" week 145+5.2 148+3.6 15.8+3.0 16.8 +4.7 16.4+3.0

Note: “Significantly different compared with the blank control group, P < 0.05.

Table 4. Effect of soy protein isolates on IGF-1 in the blood of SD rats (X +S, n =4).

IGF-1 (ng/ml)
Group
D14 D49 D63

Control 50.7+11.1 499+56 55.4 +16.8
pSPI (1) 51.1+15.1 55.6 + 14.5 57.3+16.2
pSPI (2) 53.0+8.16 61.0+11.0 59.6 + 16.0
pSPI (3) 57.9+17.9 62.6 +12.7 69.7 +13.6

nSPI 55.6 +11.1 575+15.0 58.4+10.1

Note: “Significantly different compared with the blank control group, P < 0.05.

Table 5. Effect of soy protein isolates on GH in the blood of SD rats ( X +Sn =4).

GH (ng/ml)
Group
D14 Dag De3

Control 0.80+0.18 0.65+0.08 0.43+0.10
pSPI (1) 0.82+0.22 0.66 + 0.08 0.44 +0.08
pSPI (2) 0.83+0.07 0.71+0.06 0.45+0.07
pSPI1 (3) 0.91+0.09 0.72+0.11 0.51+0.07

nSPI 0.83+0.16 0.70 £ 0.05 0.45 +0.06

Note: “Significantly different compared with the blank control group, P < 0.05.

dicate that, the best value of IGF-I, is occurred in case of pSPI (3) group at Dgs. Also, as the dose increases, the
IGF-I1, value will be increases. Table 5 shows the effect of soy protein isolates on GH in the blood of SD rats on
the 14 days, 49 days and 63 days. It indicates that, as the age increases the value of GH decreases in all cases.
The maximum value of GH is occurred with pSPI (3) group and equals to (0.91 ng/ml) at Dy4. The minimum
value of GH is occurred with control group and equals to (0.43 ng/ml) at Dgs. Table 6 shows the effect of soy
protein isolates on T3 in the blood of SD rats which indicates that, as the time increases the value of T decreases
in all cases. The maximum value of T is occurred with pSPI (2) group and equals to (0.48 ng/ml) at Dy4. The
minimum value of GH is occurred with control group and equals to (0.15 ng/ml) at Dgs. Table 7 shows the ef-
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Table 6. Effect of soy protein isolates on T in the blood of SD rats ( X +S,n=4).

T3 (ng/ml)
Group
D14 D49 D63

Control 0.42 +£0.09 0.22 £0.04 0.15+0.04
pSPI (1) 0.36 £ 0.06 0.28 £ 0.05 0.17 £0.03
pSPI (2) 0.48 £0.14 0.24 £0.03 0.17 £0.03
pSPI (3) 0.42+0.08 0.29+0.03 0.18 +0.02

nSPI 0.36 £0.07 0.27+0.04 0.18 +0.03

Note: “Significantly different compared with the blank control group, P < 0.05.

Table 7. Effect of soy protein isolates on T, in the blood of SD rats (X S, n = 4).

T4 (ng/ml)
Group
D14 Dag De3
Control 40.49 +3.93 42.07 +553 38.16 + 3.00
pSPI (1) 43.67+7.64 42.45 +3.85 38.41+4.12
pSPI (2) 4529 +8.92 43.65+3.28 39.54 +3.10
pSPI (3) 47.11+8.42 4381 +7.47 40.05 +6.27
nSPI 4432 +555 43.22 +8.45 38.49+6.51

fect of soy protein isolates on T, in the blood of SD rats which indicates that, the major of thyroid hormone in
blood is T, which is too higher than Ts. Also, as the age increases the value of T, decreases. The maximum val-
ue of T, is occurred with pSPI (3) group and equals to (47.11 ng/ml) at Dy4. The minimum value of GH is oc-
curred with control group and equals to (38.16 ng/ml) at Dgs. Table 8 shows the effect of soy protein isolates on
thyrotropin (TSH) in the blood of SD rats which indicates that, a little significant difference between all the
groups but in general, as the age increases the value of TSH decreases. The maximum value of TSH is occurred
with pSPI (3) group and equals to (0.45 ulU/ml) at Dy4. The minimum value of TSH is occurred with control
group and equals to (0.363 ulU/ml) at Dgs.

4.5. Effect of Soy Protein Isolates on the Total Antioxidant Capacity (T-AOC) in
Blood and Liver of SD Rats

The total antioxidant capacity (T-AOC) results due to the effect of soy protein isolates in the blood and liver of
SD rats are shown in Table 9. It indicates that, the value of T-AOC content in liver, with pSPI (3) and nSPI
group with high dose are significantly higher than the control group. The highest value is obtained in case of
pSPI (3) group and equal to (3.41 U/mg pro) with Iz = 69.65% higher than nSPI. Also, the table shows that, the
value of T-AOC content in blood is higher than the value of T-AOC content in liver and the maximum value al-
s0, occurs in case of pSPI (3) group and equal to (8.54 U/mg pro).

4.6. Effect of Soy Protein Isolates on Malondialdehyde (MDA) Level in Blood and
Liver of SD Rats

The measured results of MDA level in the blood and liver of SD rats are shown in Table 10. The MDA level
was expressed as (nmol/mg protein). The value of MDA levels with pSPI (3) and nSPI group with high dose
were significantly lower than the control group (P < 0.001). Also, the table shows that, the MDA levels in blood
is higher than the value of MDA levels in liver and the maximum value occurs in case of control group and
equal to (4.27 nmol/ml). With increasing the dose of pSPI groups in blood and liver the trend of MDA will be

decreases.
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Table 8. Effect of soy protein isolates on TSH in the blood of SD rats (X +S, n =4).

TSH (ulU/ml)
Group
D14 D49 DGS

Control 0.375+0.020 0.427 £0.027 0.363 £ 0.035
pSPI (1) 0.385 + 0.062 0.373+0.023 0.380 + 0.048
pSPI1 (2) 0.423 +£0.034 0.385+0.014 0.388 + 0.067
pSPI1 (3) 0.450 + 0.029 0.453 £ 0.022 0.398 + 0.049

nSPI 0.393 £ 0.039 0.405 £ 0.017 0.383 £ 0.041

Table 9. Effect of soy protein isolates on T-AOC in blood and liver of SD rats (X S, n = 4).

T-AOC
Group -
Liver (U/mg pro) Blood (U/ml)
Control 1.55+0.35 7.03 £1.09
pSPI (1) 1.80+0.45 7.30 £ 0.96
pSPI (2) 1.84+0.42 7.74+£0.95
pSPI (3) 3.41+052" 8.54 +1.03"
nSPI 2.01+025 7.98 £0.82"

Note: “Significantly different compared with the blank control group, P < 0.05.

Table 10. Effect of soy protein isolates on MDA in the blood and liver of SD rats ( X S, n = 12).

MDA
Group -
Liver (nmol/mg pro) Blood (nmol/ml)
Control 0.63+0.11 4.27+0.74
pSPI (1) 0.42+0.08 3.90+0.48
pSPI1 (2) 0.41+0.09 3.71+£ 044
pSPI (3) 0.24 +0.08" 3.48 £0.39"
nSPI 0.29 +0.07" 3.71+£0.50"

Note: “Significantly different compared with the blank control group, P < 0.05.

4.7. Effect of Soy Protein Isolates on Super Oxide Dismutase (SOD) in Blood and
Liver of SD Rats

SOD is an important antioxidant enzyme in organisms and also a natural scavenger of superoxide anion. SOD
catalysis superoxide anion (O;) to generate H,0,, this clears (O, ) toxic effects on cells. The measured results

of SOD in the blood and liver of SD rats are shown in Table 11. It indicates that, the value of SOD in liver, with
pSPI (3) and nSPI group with high dose are significantly higher than the control group (P < 0.05). The highest
value is obtained in case of pSPI (3) group and equal to (353.5 U/mg pro) with Iz = 5.43% higher than nSPI.
Also, the table shows that, the value of SOD in liver is higher than the value of SOD content in blood.

4.8. Effect of Soy Protein Isolates on Glutathione Peroxidase (GSH-Px) in Blood and
Liver of SD Rats

GSH-Px is an 80 kDa protein composed of four identical sub-units. Five isoforms of GSH-Px are well characte-
rized in mammals and show tissue-specific distribution. Alteration of these enzyme levels is associated with di-
verse cancer types, including skin, kidney, intestine and breast cancer [20]. The GSH-Px activities is measured
by its ability to utilize the standard GSH in the presence of specific amount of hydrogen peroxide, which can be
determined by the decrease of the GSH levels at 412 nm. The measured results of Glutathione peroxidase (GSH-
Px) in the blood and liver of SD rats are shown in Table 12. It indicates that, the value of GSH-Px in liver,
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Table 11. Effect of soy protein isolates on SOD in the blood and liver of SD rats (X S, n=12).

SOD
Group

Liver (U/mg pro) Blood (U/ml)

Control 327.7+159 102.1+8.1
pSPI (1) 337.6+17.5 103.3+6.8
pSPI (2) 344.9 +20.6" 109.6 + 85"
pSPI (3) 3535+ 145" 1115+ 7.7
nSPI 3353+ 145" 1108+95"

Note: “Significantly different compared with the blank control group, P < 0.05.

Table 12. Effect of soy protein isolates on GSH-Px in liver of SD rats (X + S, n=12).

GSH-Px activities

Group
Liver (U/mg pro) Blood (U/ml)
Control 1037 £ 110 872 + 69
pSPI (1) 1088 + 117 895 + 59
pSPI (2) 1121+ 71 899+ 75
pSPI (3) 1196 + 98" 971 +85
nSPI 1154 + 94" 954 + 86"

Note: “Significantly different compared with the blank control group, P < 0.05.

at pSP1 (3) and nSPI group with high dose are significantly higher than the control group. The highest value is
obtained in case of pSPI (3) group and equal to (1196 U/mg pro) with Iz = 3.64% higher than nSPI. Also, the ta-
ble shows that, the value of GSH-Px in liver is higher than the value of GSH-Px content in blood.

5. Conclusion

The effect of pressurized soy protein isolate (pSPI) upon the physical development, growth hormones and anti-
oxidants functions of SD rats using animal experiment is studied. The results show that the groups with medium
and high dose of pSPI result in an obvious increase in the body weight, body length and food utilization rate of
rats. The highest values of food utilization occur in the first two weeks. The lowest values of the food utilization
occur at the end of the experiment. In the pSPI high dose group and nSPI control group, the MDA content de-
creases and the activity of total antioxidant capacity (T-AOC) and glutathione peroxidase (GSH-PX) in liver is
raised significantly (P < 0.05), compared with that of blank group. In the pSPI high, medium dose group and
nSPI1 control group, the MDA content decreases and the activity of T-AOC and superoxide dismutase (SOD) in
serum is raised significantly (P < 0.05), compared with that of blank group also, SOD in liver. Total antioxidant
capacity (T-AOC) is an important indicator, which directly reflects the body activity and the overall level of
non-enzymatic antioxidants. It is also a way to reflect the body’s antioxidant status. Studies in rats show that a
certain amount of pSPI can enhance defense system in animals and maintain the body’s health in good state.
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