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Abstract In order to prepare a zinc nutritional fortifier which was easily absorbed by human body and improved
the utilization rate of sika deer blood. In this research, response surface methodology (RSM) was used to optimize
the preparation conditions of zinc chelate sika deer blood polypeptide (SDBP). The peak chelated rate was 82.1%
and zinc content was 21.3mg/mL. Used deer blood and zinc sulfate as raw materials and zinc chelated rate as an
indicator, the effect of pH, reaction time, peptide zinc mass ratio and reaction temperature on zinc chelating rate
were investigated by single factor text. The optimal condition for the chelation reaction was that mass ratio of
peptide: zinc 2:1, pH 6 and 60°C for 60 min. The structure of zinc chelated by SDBP was characterized by UV,
FTIR, SEM, molecular weight and particle size analysis elt. FTIR proved that SDBPCZ had sufficient metal binding
sites. The bioavailability of zinc ion in sika deer blood peptide chelated zinc(SDBPCZ) was determined by
simulating gastrointestinal digestion and absorption in vitro. Experimental synthesis showed that SDBPCZ exhibited
better zinc solubility and had higher dialyzable than ZnSO,4, These results might provide insights into the methods for
developing functional foods such as zinc-fortified.
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1. Introduction

Zinc (Zn) was one of the essential trace elements of the
human body and was founded in the skin, muscles and
bones in the form of divalent cations. It could promoted
growth and tissued regeneration, protected skin health,
enhanced human immunity, Zn deficiency could recruited
a decrease in the body's resistance and susceptibility to
infection [1]. Zn deficiency appeared to be commoned in
developing countries particularly in infants, pre-schoolers,
pregnant and lactating women, and older adults [2]. In
children, zinc deficiency could delay growth and
development, while in adults it could impaired gonadal
function, leaded to neurological and immune dysfunction
[3,4]. Most zinc supplement products on the market were
inorganic salt additives, such as zinc sulfate. These
products were unstableed which could caused irritation of
the gastrointestinal tract, maked them unsuitable for long-
term intake [5]. Compared with inorganic zinc salts,
amino acids or peptide binding could protected zinc from
forming complexed with other dietary inhibitors, which
would increased the digestion stability of zinc in the
gastrointestinal tracted and finally improved its
bioavailability [6]. Previoued studies described that
bioavailability of zinc was higher for zinc-peptide

complexed than its inorganic counterparted [7]. In recent
years, zinc chelating peptide has been prepared from
different protein sources, such as dairy, rapeseed.
However, these chelating agents were not consistently
utilized considered their high cost. Consequently, a novel
type of zinc nutritional fortifier with no adversed effect
was urgently needed.

Sika deer (Cervus nippon) was produced in Northeast
China and had rich deer blood resource. Deer blood had
the effected of anti-aging, anti fatigue and enhancing
immunity. Recently, numerous studies have reported the
successful extraction of metal-chelating bioactive peptides
from food sources such as fish bone [8], Antarctic krill [9].
Hence, it can be used as a fantastic source of metal ion
chelating peptides.

In order to develop a potential zinc nutritional fortifier,
first, sika deer blood peptide(SDBP) were prepared by
sika deer blood. Second, we optimized the preparation
conditions of zinc-chelating peptides and determined their
surface structure which used advanced instrumental
analysis  technology, included infrared spectrum,
ultraviolet spectrum, particle size, amino acid composition.
Moreover, we evaluated the effect of zinc-chelating
peptide on anti-oxidation used 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and azino-bisdiammonium salt
(ABTS") radical scavenging activity assay. Finally, the
stability of zinc was evaluated by simulating
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gastrointestinal digestion. These research results might
provide a more comprehensive theoretical basis for
development in the food industry.

2. Materials and Method

2.1. Material

Deer blood was purchased from Changchun Changlong
Deer Industry Co, Ltd,and all other reagents were
analytical grade.

2.2. Preparation of SDBPCZ

1% ascorbic acid was added to Fresh sika deer blood.
After centrifugation, placed in a vacuum freeze dryer to
dry and obtained deer blood powder. The deer blood
powder was dispersed in deionized water and boiled for
20 min then adjusted pH to 8 at 45°C. 2.0% alkaline
protease and trypsin were appended to the solution and the
enzyme was Killed at elevated temperature for 15min after
3h (In Figure S1). Subsequently cooling to room
temperature, at 4500 rpm for 10 min and then it was
frozen-dried to obtain deer blood peptide powder. The
powder was stored in -24°C for further use [10].

Lyophilized peptides was dissolved in deionized water
and then ZnSO, was added. The mixture was incubated for
60 min at 50°C and pH 6 in a water bath. Following the
chelation reaction, the absolute ethanol was added into the
reactant to separate the chelate. Then the mixture was
centrifuged at 5000 r/min for 10 min, and the precipitation

was collected, lyophilized and marked as peptide-zinc chelate.

2.3. Optimization of SDBPCZ Chelating
Conditions

2.3.1. Single factor Tests

(1) PH The deer blood peptide and ZnSO,4 were mixed
evenly according to the mass concentration ratio of 2:1
(g/mL), the pH was 4, 5, 6, 7 and 8, the chelation
temperature was 60°C, and the chelation reaction was
60 min. The effect of pH on the chelation rate was
investigated.

(2) Reaction time The deer blood peptide and ZnSO,
were mixed evenly according to the mass concentration
ratio of 2:1 (g/mL), the chelation pH was 6, the chelation
temperature was 60°C, and the chelation reaction was 40,
50, 60, 70 and 80 min. The effect of reaction time on the
chelation rate was investigated.

(3) Peptide zinc mass ratio The chelation pH was 6,
the chelation temperature was 60°C, and the chelation
reaction was 60 min, peptide zinc mass ratio was 0.5:1,
1:1, 1.5:1, 2:1, 2.5:1, The effect of peptide zinc mass ratio
on chelation rate was investigated.

(4) Temperature The deer blood peptide and ZnSO,
were mixed evenly according to the mass concentration
ratio of 2:1 (g/mL), the chelation PH 6, the chelation
temperature was 40, 50, 60, 70, 80°C, and the chelation
reaction was 60 min. The effect of chelation temperature
on the chelation rate was investigated.

2.3.2. SDBPCZ Response Surface Optimization Test

Based on the results of single factor tests, a four-factor
and three-level response surface test was designed used
the Box-Behnken method. The experimental design
factors and levels were showed in Table 1.

Table 1. Coded values and corresponding actual values of
independent variables used for Box-Behnken design

level

Factors

-1 0 1
ApH 5 6 7
B Peptide zinc mass ratio 15:1 2:1 251
C Time/min 50 60 70
D Temperature/°C 50 60 70

2.3.3. Determination of Chelation Rate

Ethylenediamine tetraacetic acid (EDTA) complexation
titration was adopted according to Dang [11] method.

2.4. Characterization of SDBPCZ

2.4.1. Size exclusion Chromatography (SEC) and
Particle Size Determination

The molecular weight distribution of deer blood
peptide and their zinc chelate were by size exclusion
chromatography according to Fu [12] method. Samples
were isolated on a BioBasic SEC 120 (300x7.8mm, 5um)
column with 30% acetonitrile at a flow rate of 0.5 mL/min.
The absorbances at 214 nm were measured. Cytochrome
C (12500 Da), aprotinin (6500 DA), glutathione (307 DA),
human serum albumin (66000 Da) were used as standards.
Take retention time as abscissa (T) and logarithm of
relative molecular weight as ordinate (IgMW), the
linear equation was obtained by calculation [13] Ig MW=-
0.4705T+6.742.

At room temperature, deer blood peptide and their zinc
chelate were added to the nanoparticle size potentiometer
sample cell to determine particle size.

2.4.2. UV Spectrophotometry

The spectra were recorded by UV spectra used a UV-
Vis spectrophotometer with the wavelength range of 200-
600 nm. Before the measurement of samples, blank
calibration of the UV-visible spectrophotometer was done
with deionized water.

2.4.3. Fourier Transform Infrared (FTIR)
Spectroscopy

SDBP and SDBPCZ was mixed with dry KBr. A
transparent piece of the mixture was loaded on the FTIR
spectrograph. The FTIR spectra were recorded used an
infrared spectrophotometer in the range of 4000-400cm™.

2.4.4. Scanning Electron Microscope (SEM)

The microstructure of SDBP and SDBPCZ was
analyzed by a scanning electron microscope. The
powder samples were sprayed and sputter-coated with
gold. The specimens were observed under an accelerating
voltage.
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2.4.5. Size exclusion Chromatography (SEC) and
Particle Size Determination

The molecular weight distribution of deer blood peptide
and their zinc chelate were by size exclusion chromatography
according to Fu [12] method. Samples were isolated on a
BioBasic SEC 120 (300x7.8mm, 5um) column with 30%
acetonitrile at a flow rate of 0.5 mL/min. The absorbances
at 214 nm were measured. Cytochrome C (12500 Da),
aprotinin (6500 DA), glutathione (307 DA), human serum
albumin (66000 Da) were used as standards. Take
retention time as abscissa (T) and logarithm of relative
molecular weight as ordinate (IgMW), the linear equation
was obtained by calculation [13] |g MW=-0.4705T+6.742.

At room temperature, deer blood peptide and their zinc
chelate were added to the nanoparticle size potentiometer
sample cell to determine particle size.

2.4.6. Amino acid Composition Analysis

A certain amount of SDBP and SDBPCZ were
hydrolyzed by HCI (6 mol/L) for 24 h. The hydrolyzed
sample was filtered, deacidified and dissolved for amino
acid analysis. The amino acid composition was analyzed
by automatic amino acid analyzer.

2.4.7. Antioxidant Activity Assay

The antioxidant activity of SDBPCZ was evaluated by
measuring the clearance of ABTS" and DPPH [14,15,16]
free radicals.

2.4.8. In Vitro Digestion Analysis of SDBPCZ

In vitro mimic gastrointestinal digestion methods refer
to the methods of Li [17] and Wang [18], and were
modified. In vitro simulated digestion was divided into
two stages: gastric digestion and duodenal digestion.
Simulated preparation of gastric juice: 0.2g NaCl and
0.32g pepsin were put into a volumetric flask to dissolve
them to 100 ml and adjusted the pH to 2. Simulated
preparation of intestinal fluid: 0.68 g KH,PO,, 1 g trypsin
and 6 g bile salt were boost into 70 mL double distilled
water, frame the pH to 7.6 and dilute to 100 ml.

In vitro simulation of gastrointestinal digestion: adopt
5 mg/mL peptide zinc chelate and ZnSQO, solution, regulate
pH to 2.0 with 1 mol/L hydrochloric acid then gain 5 mL
of simulated gastric juice to the dissolved solution. After
mixing, shake the water bath for 2h at 37°C. Restructure
pH 7.2 enhance 5 mL of simulated intestinal fluid. Transfer
the mixture into a dialysis bag (7000 Da) sum shake the
water bath for 2 h at 37°C. Centrifuge the gastric and intestinal
digestive juices in equal parts (8000 r/min, 15 min), determine
the zinc content in the supernatant and solution by EDTA
complexation titration, and calculate the solubility rate.

Zinc ion solubility =V, /V, x100%,

V1: The volume of EDTA solution required to titrate zinc
ions in the supernatant.

V,: The volume of EDTA solution required for zinc ions
in solution.

After digestion through the intestinal fluid, the solution
outside the dialysis bag was taken, and the zinc ion
content was determined by EDTA complex titration to
indicate that the dialysis rate was calculated by simulating
the zinc ion content of the intestine.

Zinc ion transmittance =V; /V, x100%,

V1: The volume of EDTA solution required for titration of
zinc ions outside the dialysis bag.

V,: The volume of EDTA solution required for zinc ions
in solution.

3. Results and Discussion

3.1. Preparation of SDBPCZ Single-Factor
Test

The effects of pH, mass ratio of peptide:zinc, chelating
temperature, chelating time on SDBPCZ were listed in
Figure 1. As can be seen from Fig.1A, the chelation rate
increased when pH was increased from 4 to 6, and
achieved the maximum value at pH6. This was cause with
the chelating pH increased to 6, the coordination of
Zn** with NH** and COOH- was enhanced, which was
conducived to chelate. However with pH value continuing
to rise (pH>6), zinc ions formed Zn(OH),, resulting in a
decrease in chelation rate [19]. According to Fig.1B, the
chelation rate increased rapidly from 47.45% to 68.90%
when the mass ratio of peptide: zinc increased from 0.5:1
to 2:1. Interestingly, when the mass ratio of peptide: zinc
was 2.5:1, the chelation rate decreases rapidly™. It
implied that the mass ratio of peptide: zinc had significant
effect on the zinc chelation rate. Due to the too small mass
ratio of peptide: zinc, the chelation reaction was not
sufficient, and the chelation rate was low. The too high
mass ratio of peptide: zinc leaded to a decrease in the
utilization of peptides, resulting in waste of peptides and
uneconomic. The same was true of Wen [21] findings. In
Figure 1C, the chelation rate increased from 73.99% to
82.8% when the chelation time was extended from 40 to
60 min. Figure 1D given that the chelation rate increased
gradually as the temperature raised, and the highest
binding capacity was obtained when the reaction
temperature was 60°C.

Therefore, the conditions that pH 6, mass ratio of
peptide: zinc of 2:1, chelating temperature 60°C and
chelating time 60 min were selected for the following
RSM experiments.

3.2. Response Surface Optimization

According to the single factor text, the range and centre
point values for the four independent variables were
presented in Table 1. A four-factor three-level Box-
Behnken design (BBD) with 29 runs was carried out and
the results of BBD were showed in Table 2. Among the
model terms, pH (A) and mass ratio of peptide: zinc (B)
had highly significant effects on chelation rate (P<0.0001).
The three-dimensional response surface plots were listed
in Figure 2.

ANOVA was required to test the adequacy and
significance of the model. As given in Table 3, A very low
P-value (P < 0.0001) and the calculated F-value implied
that the model fitted the experimental data very well. The
determination coefficient (R,=0.9818) was satisfactory,
exhibiting a low experimental error and indicating that the
models was well adapted to the response [22].
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Figure 1. Influence of four single factors on chelation rate: pH (A), mass ratio of peptide/zinc (B), chelating time(C), chelating temperature(D)on

chelation rate

Table 2. Experimental data for zin-binding capacity of peptide from the Box-Behnken design

Run A B C D Chelation rate%
1 -1 -1 0 0 82.81
2 1 -1 0 0 81.1
3 -1 1 0 0 81.91
4 1 1 0 0 80.91
5 -1 -1 0 0 82.81
6 1 -1 0 0 81.1
7 -1 1 0 0 81.91
8 1 1 0 0 80.91
9 -1 -1 0 0 82.81
10 1 -1 0 0 81.1
11 -1 1 0 0 81.91
12 1 1 0 0 80.91
13 -1 -1 0 0 82.81
14 1 -1 0 0 81.1
15 -1 1 0 0 81.91
16 1 1 0 0 80.91
17 -1 -1 0 0 82.81
18 1 -1 0 0 81.1
19 -1 1 0 0 81.91
20 1 1 0 0 80.91
21 0 -1 0 -1 81.1
22 0 1 0 -1 79.5
23 0 -1 0 1 80.7
24 0 1 0 1 80.1
25 0 0 0 0 83.1
26 0 0 0 0 82.8
27 0 0 0 0 82.6
28 0 0 0 0 83.2
29 0 0 0 0 82.5
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The following formula showed the chelation rate of the
peptide (Y) as a function of mass ratio of pH (A), peptide:
zinc (B), chelating time (C), chelating temperature (D), by
applying multiple regression analyses to experimental data.

Y = +82.84—0.68A—0.48B —0.033C +0.10D
+0.18AB — 0.35AC — 0.075AD — 0.12BC +0.25BD
~0.075CD —0.52A% —0.67B% —1.64C2 —1.84D?

The optimum values of the test variables from the
model were recommended as: pH 5.09, mass ratio of
peptide:zinc, 1.73:1, chelation time, 60.93 min, chelation
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temperature, 60.85°C and the highest chelation rate was
predicted to be 83.2%.

The validity of the proposed model was verified by a
verification test. Considering the actual operation in the
experiment, the predicted values were adjusted: pH 6,
mass ratio of peptide: zinc 2:1, chelating temperature,
60°C and chelating time, 60 min. Under these conditions,
the actual chelation rate was 82.7% and zinc content was
21.3mg/mL,which was lower than the predicted value by
the regression equation, indicated that the model fitted
well with the actual situation [23]. This result provided
theoretical support for the subsequent product addition.

Chelation rate

Chelation rate

171 150 210 230 250

B: Mass rafio of peplide: zinc

Figure 2. Response surface plots of the effects of four factors onchelation rate



Journal of Food and Nutrition Research 89

Table 3. Regression equation variance analysis of chelation rate

Source Sum of squares Mean Square F P

Model 42.89 3.06 53.89 < 0.0001 significant
A-pH 5.62 5.62 98.81 <0.0001

B-Peptide zinc mass ratio 2.79 2.79 49.14 < 0.0001

C-Time/min 0.013 0.013 0.23 0.6357

D-Temperature/C 0.12 0.12 211 0.1683

AB 0.13 0.13 2.22 0.1587

AC 0.49 0.49 8.62 0.0108

AD 0.023 0.023 0.4 0.539%4

BC 0.063 0.063 11 0.3121

BD 0.25 0.25 4.4 0.0546

CD 0.023 0.023 0.4 0.539%4

A? 1.73 1.73 30.36 <0.0001

B? 2.92 2.92 51.35 <0.0001

c? 17.54 17.54 308.62 <0.0001

D? 21.95 21.95 386.14 <0.0001

Residual 0.8 0.057

Lack of Fit 0.42 0.042 0.46 0.857 not significant
Pure Error 0.37 0.093

Cor Total 43.69 R? 0.9818

3.3. Structural Characterization of SDPBCZ

3.3.1. UV Absorption Spectroscopy Analysis

As showed in Figure 3, after chelation, the wavelength
and absorption intensity of the maximum absorption peak
varied. The reason for this phenomenon was that SDBP
chelated with zinc ion to form a new substance. Due to the
complexation of protein peptides with zinc, The maximum
peak of protein peptides redshifts in wavelengths from
200nm to 400nm, with a peak absorption of peptides of
204nm and a peak absorption of chelated zinc of 230nm.
Since Zn** had a network interaction with the carbonyl
group (C=0), which affected the electron transition of the
carbonyl group (C=0) n—& . which was consistent with
the experimental results of Zhang [24]. The results of
ultraviolet spectroscopy preliminarily indicated that zinc
ions interacted with peptide and had a chelating rection.

3.3.2. Fourier Transform Infrared Spectroscopy
Analysis

In Figure 4, the infrared spectra before and after
chelation had changed significantly, indicating the
occurrence of chelation reactions and the generation of
new substances, so that the vibration frequency of amino

acids changes, causing changes in absorption peaks. In the
characteristic region of the SDBP infrared spectrogram,
the absorption peak of -NH, was 3228.75cm™, which was
caused by the telescopic vibration of N-H. In the
fingerprint region, infrared absorption spectroscopy
reacted to subtle changes in the analytical structure. In the
fingerprint region, the absorption peak of C=0 was
1647.19cm™ and the absorption peak of -COO- was
1213.24cm™. In the characteristic region of the SDBPCZ
infrared spectrogram, the absorption peak of -NH, moved
to 3275.19cm™. In the fingerprint area, the absorption
peak of C=O moved to 1635.43 cm™ and the absorption
peak of -COO- moved to 1325.46 cm™. The results of the
C=0 tensile vibration indicated that the carboxyl group
binded to zinc ions, and the change in the absorption peaks of
carboxyl groups and amide infrared characteristics in the
protein reflected the interaction between organic ligands
and metal ions in the protein [25]. Comparing the infrared
spectra of SDBPCZ and SDBP, it given that the infrared
spectrum of SDBPCZ and the infrared spectrum of SDBP
had undergone significant changes, and the amino and
carboxyl groups in the polypeptide were involved in the
chelation reaction of zinc, this conclusion was consistent
with the experiments of Chen [26].
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2.5k
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(7]
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-
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Figure 3. UV spectra of the SDBP and the SDBPCZ over the wavelength range from 200 to 400 nm
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3.3.3. Scanning Electron Microscope (SEM)

The microscopic surface structure of peptide powder
and peptide zinc chelate powder was observed by
scanning electron microscopy, and it was magnified by
3000 times under electron microscopy. As can be seen
from Fig.5A, the surface of the polypeptide was smooth,
the structure was tight and uniform, smooth plate-like or
block-like, and there was a certain crack at the same time,
which should be a small molecular weight of the collagen
polypeptide (less than 5 ku), the SDBP tissue state was
more uniform and delicate, and the crack should be the
crack left by the collagen polypeptide after rapid vacuum
freeze-drying. As can be seen from Fig.5B, the surface of
the SDBPCZ was a sheet structure, and most of them were
polymerized, and no cracks appear, it should be that the
SDBP has chelated with zinc, and a certain chelated zinc
crystal has been adsorbed, which was consistent with
the conclusion of Fluorescence Wu [27] and so on.
Scanning electron microscopy once again demonstrates
the formation of chelates from the microscopic surface
structure of matter.

X3000 “Spmg

Figure 5. Scanning Electron Microscopy of Deer Blood Peptide(A) and Deer Blood Peptide Chelate Zinc(B) at 3000

3.3.4. Particle Size Analysis And Molecular Weight
Distribution

As given in Figure 6, the particle size of the chelate
increases compared to the mean particle size of the deer
blood peptide183.49 nm, and the average particle size was
295.27nm. The increase in the particle size of the chelate,
which due to the complexation of the hydroxyl group of
SDBP with Zn**, which opened the polypeptide chain and
expands the space volume of the polypeptide, thus
increased the particle size of the chelate.

Size exclusion chromatography was used to determine
the molecular weight distribution of SDBP and SDBPCZ.
It was obvious from Figure 7 that the molecular weight
distribution of SDBP ranged from 0.5 to 3 kDa,
accounting for more than 78% of all the peptide fractions.
After chelating zinc, the molecular mass of SDBPCZ
distributed 1-3kDa decreased from 60.35% to 51.62%. On
the contrary, the molecular masses distributed 3-5kDa,
>5kDa all raise. The major reason might be the new forming
chelate bonds between zinc ions and peptides, which
could crosslink peptides to form large molecular mass [28].

Times
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3.3.5. Amino Acid Composition

The amino acid composition and relative content of
SDBP and SDBPCZ chelate were showed in Table 4.
SDBP was rich in Leucine (12.83%), Alanine (11.26%),
Arginine (9.36%), Glycine (23.45%), Threonine (5.83%),
Glutamic acid (15.24%), Lysine (11.83%) and Valine

(8.14%). After chelating with Zn?*, the contents of Proline
(20.46%), Leucine (16.43%), Aspartic acid (7.12%) and
Alanine (14.73%) in SDBPCZ were higher than those in
SDBP. These four amino acids usually regarded as the
main sites of zinc binding which might be related to the
chelating ability of SDBP [29]. In addition, the proportion
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of hydrophobic amino acids in SDBPCZ (55.92%) was
higher than that in SDBP (36.31%). Report listede that
peptide had different binding sites for minerals, including
the terminal -NH, and -COOH groups, the peptide bond,
and the active side chains of amino acids [30]. The
essential amino acids in SDBP and SDBPCZ accounted
for 33.43% and 38.14% respectively. It was confirmed
that SDBPCZ had high nutritional value and could be used
as an zinc fortified supplement.

Table 4. Amino acid composition

Component(mg\100mg)
Amino acid
SDBP SDBPCZ

Leu 12.83 16.43
Lys 11.83 12.15
Ala 11.26 14.73
Val 8.14 6.85
Thr 5.83 4.65
Glu 15.24 14.19
Gly 23.45 8.36
Asp 5.39 7.12
Pro 5.21 20.46
Met 2.72 0.83
lle 1.33 0.67
His 1.58 5.06
Phe 2.35 5.74
Arg 9.36 7.33
Tyr 1.36 2.95
val 8.14 11.25
Cys 0.21 0.46
Mgy cedanino. 055
e (Lys Arg nd 19 1554 1266
Hydrophobic amino acid 36.31 55.92
Essential amino acids 33.43 38.14

3.3.6. Antioxidant Activity Assay

Take tea polyphenols (TP) as positive control to study
the antioxidant capacity of tea polyphenols, SDBP and
SDBPCZ. According to Fig.8A, Fig.8B, SDBP, SDBPCZ
and TP had a certain scavenging ability to ABTS
and DPPH free radicals. And as the concentration
increases, the scavenging ability of both free radicals also
increased. Listed from the figure that the antioxidant
activity capabilities of several different samples were:
TP> SDBPCZ>SDBP, illustrate that the chelate combines
two raw materials well together to exert clearing activity.
This was similar to the results of Chen [31] test, who used
Vitc as a control to compared the scavenging effect before
and after chelation. This experiment used tea polyphenols
as a control, and the antioxidant effect of tea polyphenols
was stronger than that of Vitc, which was also proved by
Zhao [32]. The results above suggest that SDBP and
SDBPCZ had a certain scavenging effect on ABTS and
DPPH radicals, and the scavenging ability of SDBPCZ
was higher than SDBP.
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Figure 8. The scavenging rate of ABTS(A) and DPPH(B) free radicals
by SDBP, SDBPCZ and TP

3.3.7. In Vitro Mimics Gastrointestinal Digestion

In vitro simulated gastrointestinal digestion model was
used to simulate the process of human gastrointestinal
digestion. The method was simple and rapid reflected the
body's digestion and absorption of samples. Therefore it
was widely used in the study and evaluation of active
peptides. This model mainly reflected the condition of the
sample in the gastric digestion stage and the duodenal
digestion stage by examining the resistance of the sample
to pepsin and insulin.

The results were showed in Fig.9A, the solubility rates
of SDBPCZ and zinc sulfate were both at a high level of
93.46% and 90.24% in the gastric digestion stage. When
transferred to the intestinal digestion stage, the zinc
solubility of the two were 58.73% and 36.96%.
Experimental results listed that in the pH range of the
gastrointestinal tract, higher chelated zinc content was
very important to improve the bioavailability of zinc ions
in the physiological environment of the human
gastrointestinal tract, which was consistent with research
by Yonekura [33]. In the gastric environment with pH 2.0,
chelated zinc was beneficial to the transport of zinc to the
intestinal environment, In alkaline intestinal environment
with pH 7.6, chelated zinc prevent zinc from precipitating,
so that it was effectively absorbed by intestinal epithelial
cells [34,35]. Although inorganic zinc salts also had good
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solubility in the stomach, their solubility decreases
significantly after entering the intestine. This was because
the intestine was a more alkaline, and inorganic zinc ions
formed zinc hydroxide precipitation, while peptide zinc
chelates could still exist in the stomach and intestines
more stably because of their relatively stable coordination
bonds [34]. Moreover, the solubility was better than
inorganic zinc salt.

Figure 9B given the zinc transmittance of SDBPCZ and
zinc sulfate during simulated intestinal digestion. Among
them, the zinc permeability of SDBPCZ was significantly
higher than zinc sulfate. This result was that zinc ions
combine with small peptides and directly pass through the
dialysis bag in molecular form, while more inorganic
zinc ions will generate a precipitate, resulting in
impermeability [36]. As described above, the zinc
solubility and permeability of SDBPCZ in the simulated
intestine were higher than those of inorganic zinc salts,
which was an excellent new zinc supplement.
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Figure 9. Gastrointestinal dissolution rate of SDBPCZ and zinc sulfate
(A), Permeability of SDBPCZ and zinc sulfate in intestine (B)

4. Conclusions

In this study, a new zinc nutritional fortifier was
prepared from deer blood and zinc sulfate. The response
surface methodology (RSM) optimized the preparation
process and the chelating rate reached 83.2% and zinc
content was 21.3mg/mL, which provided an ideal process

model for the preparation of deer blood polypeptide
chelated zinc. The FTIR analysis demonstrated that both
amino and carboxyl groups participated in the chelation
with zinc. The scanning electron microscope results
showed that the deer blood peptide and the chelate had
completely different apparent morphology. Furthermore,
SDBPCZ possessed stronger antioxidant activity and high
stability towards gastrointestinal digestion. This study
provided a theoretical basis for the development of zinc
ion nutritional fortifier with sika deer blood, and improved
the utilization of sika deer blood and the absorption of
zinc.

Supplementary Materials

The following supporting information can be downloaded
at: Figure S1
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Figure 1S. Influence of four single factors on enzymatic hydrolysis: Enzymolysis temperature(A), pH (B), Substrate concentration (C), chelating
time(D) on enzymatic hydrolysis
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