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Abstract

Article history:

In order to prepare reductive polypeptides from the placenta of dairy cows’ fresh
placentas from healthy Chinese Holstein cows were obtained and homogenized. Response
surface model was established to optimize the hydrolysis condition for the extraction of the
placental polypeptides. Specifically, the placental tissue homogenate was treated with both
trypsin and pepsin for 348 min and 329 min; at 35.00% and 35.75% of substrate
concentration; with an enzyme-substrate ratio of 3.33% and 3.92%, respectively, based on
the models. The treated samples were then demineralized and freeze-dried to obtain the
hydrolyzed polypeptides. In order to identify the molecular mass distribution and
reducibility of polypeptides, matrix-assisted laser desorption ionization (MALDI) and
Prussian blue methods were used. The concentrations of placental polypeptides after
hydrolysis by trypsin or pepsin were 5.52% and 5.97%, respectively; the vitamin C (Vit C)
equivalents were 36.26 μg mg-1 or 61.15 μg mg-1, respectively. Both groups showed intensity
peaks of MALDI patterns in the range of 300 - 400 Da, and polypeptides hydrolyzed by pepsin
had higher Vit C equivalent anti-oxidant activity than trypsin hydrolyzed polypeptide,
suggesting that the proteins in the placental tissues were hydrolyzed to di-peptides and tripeptides completely. In conclusion, both trypsin and pepsin hydrolysis performed well in
preparation of reductive polypeptides from the fresh placentas of dairy cows; while, pepsin is
more effective than trypsin. The primary reductive ingredients may be the oligopeptides with
molecular mass less than 1000 Da.
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Introduction
Peptides from animal and plant tissues were widely
investigated due to their nutritional values and multiple
bioactivities such as anti-oxidant, anti-inflammatory, antihypertensive, pro-immune and endocrine functions both
in vitro and in vivo.1-3 Moreover, previous studies have
found that these active peptides are predominantly the
hydrolysates from inactive proteins.4-6 Some food-derived
bioactive peptides are produced through the hydrolysis of
ingested protein. Furthermore, these peptides could be
absorbed directly because of their small molecular mass
and simple structures to exhibit their bioactivities.7 Some
bioactive peptides can also be derived from wastes in the
breeding and food industry, like animal bones and
placentas, using appropriate hydrolysis protocols.8 The
placenta is a temporary organ in the uterus during

gestation; but, plays a vital role in fetal development and
endocrine regulations.9 Placenta contains several kinds
of bio-active molecules, including hormones, proteins
and lipids, and there have been many researches
showing that the hydrolysates of placenta exhibit
multiple functions towards the anti-aging10 non-alcoholic
fatty liver disease,11 wound-healing,12 etc. Unfortunately,
placentas are often discarded after parturition. In order
to establish protocols to prepare reductive polypeptides
from the placenta of dairy cows, we used trypsin and
pepsin to hydrolyze the placenta of dairy cows; then, the
molecular mass distribution of peptides in hydrolysates
was determined using matrix-assisted laser desorption
ionization (MALDI). We also measured the reducing
power of peptides using Prussian blue method. The study
here established a novel protocol for efficient extraction
of polypeptides from dairy cows placentas.
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Materials and Methods
Materials. After normal parturition, the placentas from
healthy Chinese Holstein cows (located at a commercial
dairy farm in Sichuan Province, China, with weight around
600 kg and 2 - 4 parity) were collected and rinsed with
normal saline having 4.00 ˚C temperature immediately to
remove the blood and dirt and subsequently stored in
polythene bags at – 20.00 ˚C till their further usage.
Test equipments. The HH-4 digital display constant
temperature water bath (Changzhou Guohua Electric Co.,
Ltd. Jiangsu, China); LYOQUEST freeze dryer (Azbiler
Telstar Mechanical and Electrical Equipment Co., Ltd.
Shanghai, China); electrophoresis system (GE Healthcare
Bio-Science, Uppsala, Sweden); Sorvall™ Legend™ XT
refrigerated centrifuge (Thermofisher Scientific Co., Ltd.
Shanghai, China); Varioskan LUX full-wavelength
multimode microplate reader (Thermofisher Scientific Co.,
Ltd.); Barnstead™ GenPure™ Pro water purifier
(Thermofisher Scientific Co., Ltd.); Q Exactive mass
spectrometer (Thermofisher Scientific Co., Ltd.); Easy nLC
chromatography system (Thermofisher Scientific Co., Ltd.).
Test reagents. Trypsin (250 U mg-1); Pepsin (250 U
mg-1); Potassium dihydrogen phosphate (KH2PO4); Disodium phosphate (Na2HPO4); Trichloroacetic acid
(Cl3COOH); Ferric chloride (FeCl3); Potassium ferricyanide
(K3Fe(CN)6); Vitamin C (Vit C; were purchased from
Chengdu Kelong Chemical Co., Ltd. Chengdu, China); and
C18 Cartridge (Sigma, St. Louis, USA.); Formic acid (FA)
(Fluka, Seelze, Germany); Bovine serum albumin (BSA;
Sangong Co. Ltd. Shanghai, China) were used.
Homogenization of cow's placental tissue. Frozen
placental tissues were weighed, cut to small pieces and
then put into a beaker, after this they were heated at
37.00 ˚C in the water bath. They were shredded with
scissors and then homogenized at 12,000 rpm in the ice
bath until no tissue fragments were observed.
Response surface modelling. Hydrolysis conditions
were designed on the basis of Box-Behnken Center
Response by design expert 8.0.6, selected hydrolysis time
(A), substrate concentration (B) and enzyme/substrate
mass ratio (E/S; C) as factors into three factors and three
levels test design, with total 17 test points including five
central and 12 factorial points. The level design
referenced to goat placenta enzymatic conditions. Levels
-1, 0 and 1 of factors A, B and C respectively stand for 180
min, 300 min and 420 min of hydrolysis, 10.00%, 30.00%
and 50.00% of substrate concentration and 1.00%,
3.00% and 5.00% of E/S.
Hydrolysis. Enzymatically hydrolyzed placental
homogenates strictly followed optimum conditions of
temperature and pH (37.00 ˚C, pH: 8.00 for trypsin, and
37.00 ˚C, pH: 2.50 for pepsin). Then, they were hydrolyzed
under the optimal condition of response surface model.
After that, they were heated at 100˚C for 10 min to

inactivate enzymes in the water bath. Hydrolyzed liquid
was centrifuged at 6,000 rpm for 10 min, the supernatant
was collected and freeze-dried for 24 hr, the freeze-dried
powder was obtained as placental hydrolysates, the
hydrolysates were weighed and then the extraction rate
(R) was calculated as:
R (%) = 100 × hydrolysates mass/homogenized placental mass

Matrix-assisted laser desorption ionization
analysis of polypeptides. Hydrolysates were mixed by
the test tubes number (1-4, 2-5 and 3-6) separately in both
of trypsin and pepsin groups. Then, they were
demineralized by C18 Cartridge in chromatography
system, freeze-dried and dissolved in 1.00 mL of 0.10% FA
solution to measure the protein concentrations by
spectrophotometer under OD280. After this, certain
molecular mass of peptides was determined using MALDI.
Reducibility measurement. This study applied the
Prussian blue method to measure the reducing power of
placental hydrolysates. The reductive efficiency was
measured by conversion of potassium ferricyanide to
potassium ferrocyanide (K4Fe(CN)6·3H2O) with the help of
these hydrolysates, and production of Prussian blue
(Fe4[Fe(CN)6]3) by the addition of FeCl3 to potassium
ferrocyanide solution. Prussian blue has an absorbance
peak at 700 nm (A700), and the value of A700 showed a
linear correlation to the Prussian blue concentration. Our
study used 100, 50, 25, 12.50, 6.25 and 3.125 μg mL-1 of Vit
C solution to establish the standard curve. The 10.00%
trichloroacetic acid solution, 1.00% potassium ferricyanide
solution, 0.10% ferric chloride solution and phosphate
buffer solution (pH: 6.60) were also prepared for this
purpose. In 75.00 μL of each standard solution, 75.00 μL of
phosphate buffer and 1.00% potassium ferricyanide
solution were infused separately, oscillated and heated at
50.00 ˚C in the water bath for 20 min. The 75.00 μL of
10.00% trichloroacetic acid solution was injected
subsequently and then centrifuged at 3,000 rpm for 1 min
to prepare the test solution. The 200 μL of each test
solution was transfused to a 96-well plate, then, 20.00 μL
of ferric chloride solution was injected subsequently and
A700 was measured. Standard curve was established by
linear regression equation in SPSS (version 24.0; IBM
Corp., Armonk, USA), with Vit C concentration of standard
solutions as the abscissa and their A700 as the ordinate.
Placental hydrolysates of each group were dissolved to
1.00 mg mL-1 sample solution and then, A700 was measured
according to the protocol above. The A700 of each sample
solution was substituted to the standard curve to acquire
the reducibility of polypeptides being shown as Vit C
equivalent (μg mg-1) of the placental hydrolysates.
Statistical analysis. The data of extraction rate and
reducibility were analyzed by SPSS (IBM Corp.) to
distinguish the significant differences between the
hydrolysates of trypsin and pepsin.
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Results
Response surface modelling of trypsin hydrolysis.
Hydrolysis of the placental homogenates was done under
the optimum conditions of the temperature and pH (pH:
8.00 and 37.00 ˚C). The actual yield, substrate and enzyme
mass were shown in Table 1. When factor A was -1, B was
0 and C was -1 and 1 and also, A was -1, C was 0 and B was
-1 and 1, the Rs were 4.39%, 5.70%, 4.03% and 5.02%,
respectively. When factor A was 0, B was -1 and C was -1
and 1 and also, A was 0, B was 1 and C was -1 and 1, the Rs
were 4.00%, 5.71%, 5.73% and 6.45%, respectively. When
factors A, B and C were 0, the Rs were 6.78%, 6.31%,
6.45%, 6.18% and 6.04%, respectively. When factor A was
1, B was 0 and C was -1 and 1 and also, A was 1, C was 0
and B was -1 and 1, the Rs were 5.28%, 6.80%, 5.41% and
6.34%, respectively. Response surface regression equation
of R was as follows:
R = 5.50 + 0.15A + 0.026B + 0.38C – 0.8AB - 0.075AC + 0.13BC –
0.18A2 – 0.54B2 – 1.46C2

Table 2 shows the regression analysis results of both
models; both models were significant (p < 0.01), no
significance lack of fit was found (p > 0.05), R2 was 98.85%
and adjustment R2 was 97.37%. The model showed
considerable demonstration and reliability in the
statistical analysis. Variances A, C, B2 and C2 significantly
influenced the R (p < 0.01). The F value showed influence
rank among the factors as C > A > B. Figure 1 shows the R
plateaued as hydrolysis time increased, indicating that the
enzymatic reaction was almost complete at the designed
levels (Figs. 1A and 1B); the R showed a parabola-like
trend with increasing E/S; but, test groups with higher E/S
still showed higher R in the entire test, which may be
caused by self-hydrolysis reaction in high enzyme
concentration (Fig. 1C). Optimized levels of all factors to
maximize the R and reducing capability were based on
the response surface model separately. The optimized
enzymatic hydrolysis conditions were hydrolysis time
of 346 min, substrate concentrations of 30.21% and E/S
of 3.24% and the R was 5.55%. We performed three
repetition tests under the optimized conditions to verify
the reliability of both models; the mean actual hydrolysis
time was 345 min, mean substrate concentration was
30.00%, mean E/S was 3.00% and mean actual R was
5.48%, which were consistent with the theoretical value.
Response surface modelling of pepsin hydrolysis.
The placental homogenates were hydrolyzed per the
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instructions (pH: 2.50 and 37.00 ˚C). Actual yield, substrate
and enzyme mass were shown in Table 1. When factor A
was -1, B was 0 and C was -1 and 1 and also, A was -1, C
was 0and B was -1 and 1, corresponding Rs were 2.97,
4.47, 3.23 and 3.73%, respectively. When factor A was 0, B
was -1 and C was -1 and 1 and also, A was 0, B was 1 and C
was -1 and 1, corresponding Rs were 5.03%, 5.25%, 5.32%
and 5.88%, respectively. When factors A, B and C were 0,
corresponding Rs were 5.92%, 5.81%, 5.84%, 6.03% and
5.57%, respectively. When factor A was 1, B was 0 and C
was -1 and 1 and also, A was 1, C was 0 and B was -1 and 1,
corresponding Rs were 5.38%, 5.30%, 5.67%, and 5.84%,
respectively. Response surface regression equation of R
was as follows:
R = 5.83 + 0.97A + 0.29B + 0.18C – 0.4AB-0.083AC + 0.085BC –
1.03A2 – 0.28B2 – 0.19C2

Table 2 shows the regression analysis of both models,
which were significant (p < 0.01); no significant lack of fit
was found (p > 0.05), R2 was 97.54% and adjustment R2
was 94.38%. The model showed remarkable reliability in
the statistical analysis. Variances A, B, A2, and AC showed
very significant effects on the R (p < 0.01). The F value
showed influence rank among the factors as A > B > C.
Figure 1 shows a parabola-like trend between the Rand
time under a certain E/S value (Fig. 1D); the same trend
was also observed with the change of E/S ratio under a
certain hydrolysis time (Fig. 1E). Under a certain
substrate concentration, R increased with the E/S ratio,
and showed a negative correlation with the hydrolysis
time (Fig. 1F). Optimized levels of all factors to maximize
the Rand reducing capability were based on the response
surface model separately. The optimized enzymatic
hydrolysis conditions were hydrolysis time of 373 min,
substrate concentrations of 30.71% and E/S of 3.18%
and corresponding R was 6.14%. We performed three
repetition tests under the optimized conditions to verify
the reliability of both models; the mean actual hydrolysis
time was 378 min, mean substrate concentration was
30.00%, mean E/S was 3.00% and mean actual R was
6.05%, which were close to the theoretical value.
Extraction of polypeptides in placental hydrolysates. The mean Rs of trypsin and pepsin hydrolysates
were 5.48% and 6.04%, respectively (Table 3). After
chromatographic
demineralization,
the
protein
concentrations of trypsin and pepsin hydrolysates were
95.00%, 95.56% and 94.17%, and 94.02%, 96.08% and
95.46%, respectively (Table 4).

Table 1. Response surface of trypsin and pepsin hydrolyzed placenta polypeptides.
Groups
1
2
3
4
5
6
7
8
9
10 11 12 13 14 15 16
A
-1
-1
1
-1
0
1
1
0
0
0
1
0
0
0
0
0
B
0
0
-1
-1
1
0
1
-1
0
0
0
0
0
1
0
-1
C
1
-1
0
0
1
-1
0
1
0
0
1
0
0
-1
0
-1
Trypsin extraction rate (%) 5.70 4.39 5.41 4.03 6.45 5.28 6.34 5.71 6.78 6.31 6.8 6.45 6.18 5.73 6.04 4.00
Pepsin extraction rate (%) 2.97 5.38 4.47 5.30 3.23 5.67 3.73 5.84 5.03 5.32 5.25 5.88 5.92 5.81 5.84 6.03

17
-1
1
0
5.02
5.57
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Fig. 1. Effects of various factors on extraction rate of trypsin and pepsin digested dairy cow placentas. Note: A, B, and C are factors
interactions in trypsin hydrolysis and D, E, and F are factors interactions in pepsin hydrolysis.
Table 2. Regression model analysis of variance analysis of trypsin and pepsin digested placenta.
Groups Source* Model
A
B
C
AB
AC
BC
A2
B2
C2
Residual Lack of fit Error Total
SS
13.86
0.70
0.12
0.86 0.048 0.002 0.065 0.08
0.65
10.85
0.15
0.11
0.04 14.02
DoF
9
1
1
1
1
1
1
1
1
1
7
3
4
16
Trypsin MSE
1.54
0.70
0.12
0.86 0.048 0.002 0.065 0.08
0.65
10.85
0.022
0.038 0.009 95
F-value 70.32** 32.05** 5.37 39.17** 2.21 0.092 2.97 3.63 29.61** 495.19**
3.80
p-value < 0.0001 0.0008 0.0536 0.0004 0.1807 0.7699 0.1286 0.0983 0.001 < 0.0001
0.1148
SS
14.03
7.59
0.64
0.14 0.62 0.027 0.0081 2.55
1.16
0.81
0.38
0.27
0.12 14.42
DoF
9
1
1
1
1
1
1
1
1
1
7
3
4
16
Pepsin MSE
1.56
7.59
0.64
0.14 0.62 0.027 0.0081 2.55
1.16
0.81
0.055
0.089
0.029
F-value 28.48** 138.57** 11.66** 2.52 11.40 0.50 0.15 46.59** 21.26** 14.77
3.07
p-value 0.0001 <0.0001 0.0112 0.1566 0.0118 0.5035 0.7119 0.0002 0.0025 0.0063
0.1537
* Source: Source of variance; SS: Sum of square, DoF: degrees of freedom, MSE: Mean square error.
** Asterisks mean very significant (p < 0.01), the same below.
Table 3. Verification and reducibility of placental hydrolysates modeling.
Parameters
Trypsin
Number
1
2
3
4
5
6
Homogenates weight (g)
6.00 6.00 6.00 6.00 6.00 6.00
Enzyme weight (g)
0.18 0.18 0.18 0.18 0.18 0.18
Hydrolysis time (min)
345
345
345
345
345
345
Total volume (mL)
20.00 20.00 20.00 20.00 20.00 20.00
Extraction rate (%)
5.50 5.43 5.52 5.46 5.48 5.49
Average (%) ± SE
5.48 ± 0.32a
A700
0.61398
Vitamin C equivalent (μg mg-1)
36.95
Average
36.26 ± 0.35a
ab Superscripts indicate a significant difference (p < 0.01).

Pepsin
1
2
3
4
5
6
6.00 6.00 6.00 6.00 6.00 6.00
0.18 0.18 0.18 0.18 0.18 0.18
378
378
378
378
378 6.30
20.00 20.00 20.00 20.00 20.00 20.00
5.98 6.03 6.10 6.05 6.08 6.06
6.05 ± 0.41b
0.602172
36.23
61.15 ± 0.12b

Table 4. Protein concentrations of various demineralized placental hydrolysates.
Group
Weight0 (mg)
WeightD (mg)
WeightR (mg)
A280
Concentration (mg mL-1 )
Protein (%)
BSA
1.00
0.703
1.00
Trypsin-1
7.80
7.10
1.00
0.668
0.95
95.00
Trypsin-2
8.10
7.50
0.90
0.613
0.87
95.56
Trypsin-3
7.90
7.50
1.20
0.817
1.16
94.17
Pepsin-1
9.50
8.80
1.00
0.661
0.94
94.02
Pepsin-2
8.70
8.20
1.10
0.743
1.05
96.08
Pepsin-3
8.70
7.90
0.90
0.604
0.86
95.46
BSA: Bovine serum albumin, Weight0: Weight of hydrolysates before demineralization, WeightD: Weight of freeze-dried powder after
demineralization, and WeightR: Weight resolved in formic acid.
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The MALDL analysis of polypeptides in placental
hydrolysates. The MALDI patterns showed that the
molecular mass of trypsin hydrolysates had a uniform
distribution between 200 – 10,000 Da (Table 4).
Reducibility measurement of placental reductive
polypeptides. The corresponding A700 of standard Vit C
solutions with concentrations of 100, 50, 25, 12.5, 6.25 and
3.125 μg mL-1 were 1.67, 0.802, 0.367, 0.187, 0.15 and
0.097, respectively. A linear regression model was
established as below:
A700 = 0.0164 × Vit C concentration + 0.008

The standard errors (SE) of intercept and the
independent variable were 0.0025 and 0.001, respectively,
and the relevant R2 was 99.60%, which showed a reliable
prediction (Table 4). The mean Vit C equivalents of trypsin
and pepsin were 36.26 and 61.15 μg mg-1, respectively,
and the Vit C equivalent of pepsin hydrolysates was
significantly higher than that of trypsin hydrolysates
(p < 0.01; Table 3).
Discussion
Trypsin is a gastrointestinal digesting protease,
because of its specificity, it has been widely used in cell
culture, proteomic research and polypeptide preparation.
Trypsin has a high activity and less self-enzymatic reaction
under the optimum conditions of temperature and pH
(37.00 ˚C and pH: 8.00) and its substrates can be
hydrolyzed effectively. Because of its high specificity,
trypsin hydrolyzes particular proteins into their particular
polypeptides and many trypsin hydrolysates showed
bioactivities in different pathways. In addition to the foodderived proteins, a lot of studies have reported hydrolysis
of the proteins (other than food-derived) using trypsin for
preparation of polypeptides.13-15 Proteins from animal
sources can also be hydrolyzed into polypeptides and most
of these polypeptides showed different bioactivities.5,16,17
However, some researches have indicated that the Rand
bioactivity may not always have a positive correlation.18
Natural proteins often have a complex structure with a
high molecular weight, indicating that the cleavage site
may not be unique among these proteins; the peptides
prepared through hydrolysis of protein could be further
hydrolyzed to become smaller and shorter.19 In our study,
MALDI patterns showed that trypsin digested polypeptides have intensity peaks from 100 Da to 10,000 Da,
mainly clustered in 100 - 4,000 Da. All three groups
showed the highest intensity value in 304 Da, indicating
that placental proteins may have more than one cleavage
sites for trypsin and can be hydrolyzed into
oligopeptides. Although trypsin hydrolyzed polypeptides
showed 36.26 μg mg-1 of Vit C equivalent as their
reducibility, it is still significantly lower than pepsin
hydrolysates. The molecular masses of trypsin catalysed
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hydrolysates distributed more dispersed than those
catalyzed by pepsin and these smaller peptides or
oligopeptides are the primary anti-oxidant ingredients
in the polypeptides. 20
Pepsin is an endogenous protease with more cleavage
sites but less specificity compared to that of trypsin.
Because of requirement of acidic environment (pH: 2.50)
for the optimal activity of pepsin, it is less used for the
preparation of polypeptides. However, as an essential
digestive enzyme in the body, using pepsin to hydrolyze
the placental tissue of dairy cows has the prospect for
elucidating the bioactivity mechanism of placental
polypeptides. Because of the extremely acidic optimal pH
of pepsin, the substrate proteins will be denatured;
hence, pepsin catalyzed hydrolysis can yield a higher R.
Furthermore, pepsin can hydrolyze inactive exogenous
proteins into bioactive peptides, including reductive
polypeptides.21,22 In this study, the placental pepsin
hydrolysates showed significantly higher Rand Vit C
equivalent compared to those of trypsin. Meanwhile, the
peaks of pepsin hydrolyzed peptides were mainly in 304
Da and showed less peaks over 1,000 Da than trypsin
hydrolyzed peptides, which is consistent with the
hypothesis of Ma et al.,20 that oligopeptides were the
main anti-oxidant ingredients in the hydrolysates. This
also suggested that oligopeptides with molecular mass
less than 1,000 Da were the primary anti-oxidative
polypeptides. Furthermore, the main reason for the
higher Rand reducibility may be the less specified
cleavage sites of pepsin.
The average Rs for trypsin and pepsin hydrolysates of
cows placenta were 5.52% and 5.97%, respectively. The
placental hydrolyzed polypeptides were distributed
between 300 - 10,000 Da and showed intensity peaks in
range of 300 - 400 Da, indicating that the main
ingredients of the polypeptides were oligopeptides.
Moreover, pepsin hydrolysates contained more
oligopeptides and showed significantly higher
reducibility compared to that of trypsin hydrolysates,
indicating that we prepared reductive polypeptides, and
among these reductive polypeptides there may be mainly
oligopeptides within 1000 Da.
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