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Yak (Bos grunniens) is an animal mainly living on the Tibetan Plateau. Yak skin is a valuable resource that is wasted in the meat
production process. /is study aimed to prepare yak skin gelatin hydrolysates (YSGH) from yak skin through enzymatic hy-
drolysis and investigate functional characterization of YSGH. We showed that trypsin was more effective than neutrase, papain,
and pepsin in increasing the degree of hydrolysis (DH) of YSGH. /e conditions of enzymatic hydrolysis were optimized using
central composite design (CCD) and response surface method (RSM), and the highest DH value of 31.96% was obtained. We then
analyzed the amino acid compositions and molecular weight distribution of peptides in YSGH. /e obtained YSGH exhibited
certain antioxidant activity and excellent ACE-inhibitory activity (IC50 � 0.991mg/mL). In addition, the solubility (98.79%),
emulsification, and foaming properties of YSGH developed here were also evaluated. With these physicochemical and biological
functions, YSGH had potential applications in food, pharmaceuticals, and cosmetics as an ingredient.

1. Introduction

Gelatin hydrolysates can be obtained by hydrolysis of gelatin
from animal sources such as pigs [1], bovine [2], and fish [3].
It is reported that gelatin hydrolysates have different bio-
activities such as antioxidant activities [4, 5], ACE-inhibitory
activity [6, 7], antifreeze activity [8], and antiphotoaging
activity [9]. Gelatin hydrolysates have been widely used in
the production of pharmaceuticals and foods in the United
States and Europe and have the potential for several ad-
vanced applications, such as smart drug delivery carriers for
cancer therapy [10] and a new type of wound dressing [11].
Compared to gelatin, its hydrolysates are more easily to be
absorbed. It was found that oral intake of gelatin hydroly-
sates has beneficial effects on skin recovery, including
supporting wound closure and reducing skin wrinkles [12].
Oral intake of gelatin hydrolysates can also increase bone
mass and prevent osteopenia [13]. In these previous studies,

the functional properties of gelatin hydrolysates not only
depended on the source of gelatin but also the types of
enzymes and the enzymolysis conditions [14].

Due to the health concerns about consuming mammal
and marine gelatin, there is a market for unpolluted animal
gelatin-based products. With a population about 15 million
around the world, yaks (Bos grunniens) live in a location
where the altitude is about 3000m above sea level, mainly
along the border of China, India, and Nepal. In China, the
population of yaks is the third largest among the cattle.
During the evolutionary process, the yak’s metabolism has
been adapted to harsh living conditions such as high altitude
and extreme cold. Living in the unpolluted places made yaks
a preferable resource for nutrients and other bioactive
products. By-products from different animal resources
gained the spotlight with their potentials to be the raw
material of bioactive compounds [15–18]./e leftovers from
yaks processing, including the head, viscera, skin, and bone,

Hindawi
Journal of Chemistry
Volume 2019, Article ID 9105605, 11 pages
https://doi.org/10.1155/2019/9105605

mailto:zhj@tju.edu.cn
https://orcid.org/0000-0001-5232-6844
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/9105605


should be recycled and converted into value-added products.
However, currently the wastes from yaks processing are
usually discarded. It is not only causing environmental
pollution but is also economically inefficient. Yaks pro-
cessing wastes could account for up to 30.98% of the total
weight, of which the majority is yak skin [13]. Yak skin
consists of moisture (60%–70%), protein (30%–40%), fat
(2%–4%), inorganic salt (0.5%–1.5%), and carbohydrates.
/e yak skin gelatin contains eighteen different amino acids,
among which seven are essential amino acids and two are
trace elements [19]. /erefore, yak skin can be an ideal raw
material to produce gelatin hydrolysates by enzymatic hy-
drolysis. Previous study illustrated the possibility of
extracting collagen and gelatin from meat by-products [20].
However, to date, little investigation has been done re-
garding optimal enzymatic hydrolysis process and the
characterization of gelatin hydrolysates derived from yak
skin.

/erefore, the objectives of this study were to optimize
the bioprocess of enzymatic hydrolysis to produce gelatin
hydrolysates from yak skin by using commercial protease
and characterize the functionalities of the obtained gelatin
hydrolysates.

2. Materials and Methods

2.1. Material. Yak skin was obtained from the yak market
(Qinghai, China). Proteases of trypsin, neutrase, papain,
pepsin, reagents of 1,1-diphenyl-2-picrylhydrazyl (DPPH),
reduced L-glutathione (GSH), hydroxyproline, and the ACE
synthetic substrate hippuryl-L-histidyl-L-leucine (HHL)
were all purchased from Sigma-Aldrich (Shanghai, China).
All reagents used in this study were of analytical grade.

2.2. Pretreatment of Yak Skin. Yak skin was soaked in water,
and its impurities and hair were cleaned and removed, then
chopped into 0.5× 0.5 cm2 and stored at − 20°C./e pieces of
skin were mixed with n-butyl alcohol solution (1 :10, w/v) at
a ratio of solid to solution 1 : 20 (w/v) to remove fat and
noncollagen protein. /e mixture was stirred for 24 h at 4°C,
then washed with distilled water until neutral pH. Defatted
residues were treated with 0.1M sodium hydroxide solution
at a sample/alkaline solution ratio of 1 : 30 (w/v) with stirring
for another 36 h at 4°C. Finally, the deproteinised skin was
rinsed with water until it reached a pH of 7.0.

2.3. ExtractionofGelatin. /e pretreated yak skin was rinsed
with 0.2% HCl (w/v) solution (1 : 8, w/v) for 4 h at room
temperature followed by rinsing with water until it reached a
pH of 7.0. /e residues were then soaked in distilled water
(85°C) until the skin was completely dissolved in the so-
lution. /e supernatant was collected by centrifugation at
6580×g for 15min at room temperature, then concentrated
by rotary evaporator and lyophilized by a freeze drier
(Alpha1-2, Christ, Germany). /e freeze-dried powder,
named was gelatin, was stored in a desiccator at room
temperature until use./e gelatin yield was calculated by the
ratio of freeze-dried powder to the raw material. Crude

protein, lipid, and ash contents in the extracted gelatin were
analyzed according to national text standard of China (GB/T
5009.5-2010, GB/T 5009.6-2003, and GB/T 5009.4-2010).

2.4. Enzymatic Hydrolysis. /e type of enzyme plays an
important role to the quality of DH. In order to identify the
most efficient enzyme to produce gelatin hydrolysates from
yak skin, enzymatic hydrolysis was performed using four
proteases individually: neutrase (pH 7.0, 45°C), pepsin (pH
2.0, 37°C), trypsin (pH 7.5, 50°C), and papain (pH 6.2, 25°C)
at each optimum condition with protease concentration of
2000U/g. /e optimum pH and temperature conditions for
each enzyme are shown in the brackets above. After hy-
drolysis were processed with the selected time, the resulted
hydrolysates solution was inactivated by boiling in water for
15min, followed by centrifugation (6580×g, 15min). /e
supernatants were collected to measure the DH and then
lyophilized by a freeze drier (Alphal-2, Christ, Germany).
/e freeze-dried powder, which was named as gelatin hy-
drolysates, was stored in a desiccator at room temperature
until use. For each enzyme, the gelatin hydrolysates with the
highest DH were chosen to measure their DPPH scavenging
activity.

2.5. Degree of Hydrolysis (DH). DH was determined by the
ratio of the number of cleaved peptide bonds to the total
number of bonds per unit mass weight. /e degree of gelatin
hydrolysis was evaluated according to the trinitrobenzene
sulfonic acid (TNBS) method [21]. All determinations were
made in duplicate. DH was defined as follows:

DH(%) �
LS − L0( 

Lmax − L0( 
× 100, (1)

where Ls is the content of free α-amino groups in the hy-
drolysate, L0 is the content of free α-amino groups in gelatin,
and Lmax is the content of α-amino in substrate reacted with
6mol/L HCL for 24 h at 100°C.

2.6. Experiment Design and Data Analysis

2.6.1. Fractional Factorial Designs of Experiments.
Factorial design was carried out to screen 5 variable factors
(pH, temperature, ratio of enzyme to substrate (E/S), sub-
strate concentration, and the hydrolysis time)./e aim of the
factorial design was to identify relatively important variables
and interactions among independent variables. /e re-
gression analysis of the variables was performed using SPSS
software version 20.0 (IBM, USA).

2.6.2. Central Composite Design (CCD) and Response Surface
Methodology (RSM) of Experiments. /e enzymatic hy-
drolysis conditions were optimized by RSM based on single
factor experiments and factorial designs. A CCD design with
3-factor and 3-level was applied to explore the effect of the
independent variables on DH. Analysis of variance
(ANOVA) was estimated with Design Expert software
(Version 8.0.6, State-Ease Inc. Minneapolis, USA). All the
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experiments were conducted in triplicate, and the average
values were recorded as the response values with deviations.

2.7. Analysis of Physiochemical Properties

2.7.1. Amino Acid Analysis. /e gelatin hydrolysates (10mg)
were hydrolysed in 5ml of 6M HCl at 110°C in a set of time
in a vacuum and then neutralized with 3.5M NaOH. /e
solution was diluted with 0.2M citrate buffer (pH 2.2) after
neutralization. Finally, the amino acids of the gelatin hy-
drolysates in the solution were identified and quantified by
the automatic amino acid analyzer (Biochrom 30+, Phar-
macia Biotech, UK).

2.7.2. Determination of Solubility. /e nitrogen solubility
index (NSI) was used to show the solubility of protein
hydrolysates. In brief, gelatin hydrolysates (0.5 g) were
dissolved in 50ml of 0.1M NaCl at pH 7.0 followed by
centrifugation (640×g, 30min). /e nitrogen content in the
supernatant was analyzed for nitrogen by the macro-Kjel-
dahl method [22]. NSI was calculated as follows:

NSI(%) �
A

B
× 100, (2)

A is the nitrogen content of the supernatant and B is the total
nitrogen content of the sample.

2.7.3. Emulsifying Properties. /e emulsification activities
(EA) and emulsification stability (ES) were determined as
described by Shahidi et al. [23]. /e gelatin hydrolysate
sample (0.5 g) was dissolved in 25ml distilled water (pH 7).
Adding 25ml of oil into the prepared gelatin hydrolysate
solution, the mixture was transferred into 50ml cylinders
and homogenized at a speed of 10280×g for 2min at room
temperature. /e obtained emulsion was divided into two
portions. One was centrifuged at 230×g for 5min. EA was
calculated by the following equation:

EA(%) �
V1

V0
× 100, (3)

where V1 is the height of the emulsion layer and V0 is the
height of the mixture solution.

/e other portion was incubated in water at 50°C, and
the volume of the emulsion phase was recorded every hour.
ES was calculated according to the following equation:

ES(%) �
V2

V3
× 100, (4)

where V2 is the total volume of the emulsion every hour and
V3 is the initial volume of the emulsion.

2.7.4. Foaming Properties. Foam expansion (FA) and foam
stability (FS) were determined according to the method
described by Shahidi et al. [23]. In brief, 0.5 g dried gelatin
hydrolysates were dissolved in 50ml distilled water, and then
homogenized at 10280×g for 2min at room temperature.
/e sample stood for 0, 1, 3, and 10min. Meanwhile, the

volume of the solution was recorded. FA and FS were
calculated by the following equations:

FA(%) �
A − B

B
× 100,

FS(%) �
At − B

A − B
× 100,

(5)

where A is the total volume after whipping, B is the original
volume before whipping, and At is the total volume after
standing for different lengths of time (0, 1, 3, and 10min).

All measurements were carried out in triplicate.

2.8. Analysis of Biological Properties

2.8.1. Determination of Antioxidant Activities

(1) Determination of DPPH Scavenging Activity. /e DPPH
radical scavenging assay was performed according to the
method reported by Nazeer et al. [24] with some modifi-
cations. /e sample was mixed with ethanolic DPPH
(0.1mmol/L) at volumetric ratio of 1 :1. /e mixture was left
in the dark for 30min, and the absorbance was measured at a
wavelength of 517 nm. /e DPPH was calculated using the
following equation:

DPPH radical scavenging activity(%)

�
Acontrol + Ablank − Asample

Acontrol
× 100,

(6)

where Acontrol is the absorbance of the control (distilled
water instead of sample) and Ablank is the absorbance of the
sample with ethanol instead of DPPH.

(2) Determination of Superoxide Anion Radical Scavenging
Activity. Superoxide anion scavenging activity was measured
using the methods described by Xie et al. [25] with some
modifications. 0.2mL sample, 4mL distilled water, and
4.5mL Tris-HCl buffer (0.05mol/L; pH 8.2) were mixed
together and incubated for 10min at 25°C. 0.3mL pyrogallol
was added after incubation./e absorbance was measured at
a wavelength of 299 nm every 30 s for 5min. /e superoxide
radical scavenging activity was calculated using the following
equation:

scavenging anion activity(%) � 1 −
Ai

A0
  × 100, (7)

where A0 is the absorbance of the control (distilled water
instead of sample) and Ai is the absorbance of the sample.

(3) Hydroxyl Radical Scavenging Activity. /e scavenging
capacity for hydroxyl radicals was measured according to the
modified method described by de Avellar et al. [26]. /e
mixture, containing 0.2ml o-phenanthroline (0.75mM),
0.4ml of 0.2M phosphate buffer (pH 7.4), 0.2ml distilled
water, and 0.2ml of 0.75mM FeSO4, was reacted with 0.2ml
H2O2 (0.1%, v/v) and a 0.4ml sample at 37°C for 60min./e
absorbance of the resulting solution was measured at a
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wavelength of 536 nm. /e hydroxyl radical scavenging
activity was calculated using the following equation:

hydroxyl radical scavenging activity(%) �
AS − AP

AB − AP
× 100,

(8)

where AS is the absorbance of the control (distilled water
instead of sample), AB is the absorbance of the samples
(distilled water instead of H2O2), andAP is the absorbance of
the samples.

2.8.2. Angiotensin-Converting Enzyme (ACE) Inhibitory
Assay. /e ACE-inhibitory effect was determined by the
spectrophotometric method with some modifications [27].
A sample solution (50 μl) and 150 μl of 2.5mM ACE syn-
thetic substrate HHL reacted with 50 μl ACE (25mU/ml) at
37°C for 1 h. /e reaction was stopped by adding 1M HCl
(150 μl). /e resulting hippuric acid was extracted by adding
1.5ml ethyl acetate and followed by centrifugation (2570×g,
15min). /e hippuric acid was dissolved in 3ml distilled
water, and the absorbance was measured at a wavelength of
228 nm using a TU-1901 UV-spectrophotometer (Beijing,
China). /e ACE-inhibitory effect was calculated as follows:

ACE-inhibitory activity(%) �
Aa − Ab

Aa − Ac
× 100, (9)

where Aa is the absorbance of the control, Ab is the ab-
sorbance of the sample, andAc is the absorbance of the blank
without ACE or the sample.

2.9. StatisticalAnalysis. All the experiments were carried out
in triplicate. /e results were recorded as means± standard
deviation and subjected to one-way analysis of variance
(ANOVA) using SPSS software version 20.0 (IBM, USA).
/e significance was evaluated statistically by the F value at a
probability (P) below 0.05.

3. Results and Discussion

3.1. Preparation of Yak Skin Gelatin. /e composition of
gelatin was related to the type of animal and the environ-
ment in which the animal grows. /e flowchart of tech-
nological process was shown in Figure 1. /e obtained
gelatin contained protein (96.58%), lipid (1.27%), and ash
(1.90%). /e gelatin yield reached 52.97%, which is much
higher than the reported extraction rates of many other
animal gelatins [28–30]. /e reason might be that yak skin
contained more proteins and less lipids since yaks live in
high altitudes with extremely cold climates [31]. /us, the
higher gelatin yield ensured the feasibility of its use in
preparing gelatin hydrolysates.

3.2. Screening of Efficient Enzyme. DH value was generally
used to evaluate the hydrolysis effectiveness of macromol-
ecule proteins [32]. A higher DH value could represent the
more numbers of short-chain peptides in the hydrolysates.
Different proteases might exhibit different catalytic activity

on yak skin gelatin due to their different specific catalytic
centers. /erefore, four types of proteases including trypsin,
neutrase, papain, and pepsin were applied in this study. /e
results of enzymatic hydrolysis of yak skin gelatin using
these enzymes with an activity of 2000U/g for 7 h, re-
spectively, were shown in Figure 2. Based on DH value, the
order of efficiency of the four enzymes was found to be the
following: trypsin> neutrase> papain> pepsin. /e highest
DH value of 20.43% was attained with trypsin at 4 h. Trypsin,
a serine endopeptidase, acts on the peptide linkage between
the carboxyl groups of lysine and arginine. Its effectiveness
has also been verified in enzymatic hydrolysis of fish skin,
such as salmon [33] and flatfish [5].

3.3.Optimizationof Enzymatic Parameter. /e variables and
coded levels were presented in Table S1. /e experiment
design and results were shown in Table S2. DH ranged from
8.47% to 26.48% with different levels of factors. /is ob-
viously indicated that the variables of digestion could di-
rectly affect DH. /e F value was 4.261, and the p value was
0.053 (Table S3). According to the regression analysis of
variables shown in Table S4, the factors of temperature, E/S,
and substrate concentration were found to have great effects
on the hydrolysis reaction, among which substrate con-
centration was the most significant factor (p � 0.006).
/erefore, these three factors were chosen for response
surface analysis.

Based on factorial analysis, the enzymatic parameters
were optimized by RSM. /e CCD with 3-factor and 3-level
was utilized to explore the effect of independent variables on
DH (Table S5). /e analysis of the developed quadratic
polynomial model for variables was shown in Table S6. /e
value of coefficient determination R2 was 0.8562, higher than
0.85. /is indicated that the model was accurate and ac-
ceptable. According to the regression analysis, the variability
in the response could be explained by the second-order
polynomial model given below:

DH � 30.63 + 1.49C − 1.98D − 1.42B
2

− 1.07C
2

− 2.07D
2
.

(10)

/e equation was significant with a p value less than 0.01
(Table S6). DH of hydrolysates was primarily determined by
the linear and quadratic terms of the temperature, E/S, and
substrate concentration. Among these factors, the most
significant one was substrate concentration (p< 0.001).

/e three-dimensional (3D) response surface plots
(Figure 3) explained the results of statistical and mathe-
matical analysis of the effects of temperature, E/S, and
substrate concentration on DH. A quadratic relation was
apparent between DH and the three variables. /e value of
DH, predicted by the Design Expert software program,
reached its maximum by a combination of coded levels at
0.26 (B), 0.70 (C) and − 0.48 (D)./e corresponding variables
were temperature of 51.32°C, E/S of 3695.45 (U/g) and
substrate concentration of 6.3% (w/w), with the predicted
response of DH being 31.72%.

In order to validate the above prediction, experiments
were carried out using the predicted variables (shown
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above), with slight adjustments: temperature of 51°C, E/S of
3695 (U/g), and substrate concentration of 6.3% (w/w). /e
DH of the resulted gelatin hydrolysates reached 31.96%.
Compared with the predicted number of 31.72%, relative
error was only 0.75%. /is experiment validated the accu-
racy of the experimental design in this study. And the DH
increased from 20.43% to 31.96% under optimized
conditions.

3.4. Amino Acid Composition and Molecular Weight Distri-
bution of Peptides in YSGH. Amino acid composition of the
protein hydrolysates were influenced by protein source, type
of protease, and hydrolysis conditions, and played an im-
portant role in the physiochemical and biological properties
of hydrolysates. /us, we detected the amino acid compo-
sition of the YSGH. As shown in Table 1, YSGH contained a
considerable amount of glycine (19.87± 0.24%), proline
(12.87± 0.40%), glutamate (10.34± 0.11%), hydroxyproline
(7.08± 0.56%), and alanine (6.50± 0.17%). /ese amino
acids have been proved to be essential for the functions of
many bioactive peptides, such as antioxidant activity [35–
37], ACE-inhibitory activity [38], and antimicrobial activity
[39]. Furthermore, large amounts of hydrophilic amino
acids (65.18%), as well as the high DH of YSGH (31.96%),

ensured the solubility of YSGH (98.79%). Additionally,
flavor amino acids such as aspartate and glutamate partic-
ipated in flavor development of the products [40]. /us,
YSGH is expected to have excellent biological properties and
have potential to be used as source of functional peptides in
food industry.

Meanwhile, we analyzed the molecular weights of
peptides in YSGH by GPC (gel permeation chromatogra-
phy). /e molecular weights of the peptides were mainly
distributed in the range of 400 to 3500Da. /e peptides in
the molecular weight range of 1000-2236Da accounted for
the largest proportion of components (Table 2). Further-
more, many researchers have found that the peptides in this
range of molecular weight showed excellent biological ac-
tivities, such as antioxidant activity [41] and ACE-inhibitory
activity [7].

3.5. Emulsifying and Foaming Properties. As shown in
Table S7, YSGH exhibited a certain degree of emulsifying
activity (47.6± 0.7%) and emulsion stability ranging from
91.7± 0.5% to 79.1± 0.3%. ES decreased slightly within 5 h.
/e hydrolysates with short-chain peptides showed ac-
ceptable solubility and various hydrophobic groups. It is
assumed the amphiphilic polymers with hydrophobic and

Yak skin
(raw material)

n-Butyl alcohol solution,
solid/liquid ratio 1 :20,

stirred at 4°C, 24h

Degrease

0.1M NaOH solution,
sample/alkaline ratio 1 :30,

stirred at 4°C, 36h
Soaked in distilled
water (85°C), 4h

Trypsin
(pH 7.5, 50°C, 4h)

(Completely dissolved
without solid residue)

Yak skin gelatin
hydrolysatesDeproteinization Extraction of

gelatin
Enzymatic
hydrolysis

Figure 1: /e technological process diagram of preparation of yak skin gelatin hydrolysates.
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hydrophilic moieties tended to protect oil in water with
homogenization and film formation. Hence, the hydrolysis
process can increase the hydrophilic groups and also expose
the hydrophobic groups at the surface. /is phenomenon
leads to the formation of amphipathic complexes to reduce
surface tension and stabilize the surface film [42]. On the
other hand, the high degree of solubility contribute to the
rapidly hydrolysates diffuse and allow absorption at the
interface. Moreover, trypsin treatment contributes to the
emulsifying properties [43, 44]. Due to its outstanding

emulsifying properties, YSGH could be used as an emulsifier
in the food industry.

Foaming property is an important functionality of
collagen peptides and often used in food products. /e foam
capacity (FC) and foam stability (FS) of YSGH is presented
in Table S8. /e stability drops rapidly in the first ten
minutes but becomes more stable with the time increase. For
foam formation, the hydrolysates should be soluble in liquid
and be capable of rapid migration and orientation to form an
interfacial film that can decrease the surface tension. Since
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simultaneous dehydration and hydrophobic portions of the
hydrolysates are favorable for thermodynamics, the spon-
taneous adsorption of hydrolysates from solution to the air/
aqueous interface is a major driving force for foaming
formation [45]. /e hydrolysis of gelatin can shorten the
amino acid chain and reduce the surface tension resulting in
parcels of gas bubbles and to improve foam stability. YSGH,
a hydrolysis product with many hydrophobic regions,
exhibited the certain degree of foaming properties. Surface
hydrophobicity had been reported to have effective relations
with foaming properties [46].

3.6. Biological Properties of YSGH

3.6.1. Antioxidant Activities. Antioxidants have important
roles both in food and in human body by counteracting
oxidation processes. Recently, an increasing number of
researches focused on exploring the antioxidants content of
foods, especially of the animal by-product wastes [47]. In
this study, DPPH scavenging activity, superoxide anion

radical scavenging activity, and hydroxyl radical scavenging
activity were evaluated, respectively, and the results were
compared with reduced glutathione (GSH), which is a
commercial antioxidant. As shown in Figure 4(a), the DPPH
scavenging activity of YSGH increased linearly with the
hydrolysates concentration. When the concentration of
YSGH was 5mg/ml, the DPPH-scavenging activity of YSGH
reached 59.79%, higher than that of flatfish skin hydrolysates
[5] and Pseudosciaena crocea protein hydrolysates [48]. As
expected, the DPPH-scavenging activity of YSGH is much
higher than that of porcine skin gelatin hydrolysates as well
(19.25%) [34]. /ese results were in accordance with pre-
vious studies, which showed that hydrolysates and peptides
isolated from bovine skin gelatin owned antioxidant
properties [49]. In addition, many researches demonstrated
that the peptides with lower molecular weight exhibits
higher antioxidant activity. It is well known that the types of
enzymes and enzymatic hydrolysis conditions could influ-
ence the molecular weight distribution and functional
properties of the hydrolysates [14]. /us, the trypsin hy-
drolysates showed the highest DPPH scavenging activity,
which positively correlated with the high DH (Table 3).

Superoxide anion radical, as a main radical resource in
vivo, can produce hydrogen peroxide and hydroxyl radicals
that can lead to cytotoxicity. Figure 4(b) showed that the
superoxide anion radical scavenging activity of YSGH was
maintained at 28.19% while the concentration ranged from
1mg/ml to 5mg/ml, indicating that YSGH exhibited a
certain degree of superoxide anion radical scavenging
activity.

Scavenging of hydroxyl radicals plays an indispensable
role in the body. /e hydroxyl radical scavenging activity of
YSGH was approximately in direct proportion to the con-
centration of YSGH and reached its maximum
(53.28± 1.46%) at 5mg/ml (Figure 4(c)) (p< 0.05). It was
reported that antioxidant properties of hydrolysates depend
on amino acid composition, structure, and hydrophobicity.
Above all, YSGH exhibited great antioxidant activities
against DPPH, superoxide, and hydroxyl radicals, indicating
that YSGH has great potential in being an antioxidant
against oxidative damage.

3.6.2. ACE-Inhibitory Activity. /e ACE-inhibitory activity
acts as a major role in the control of blood pressure. Usually,
ACE-inhibitory peptides have been reported to be short
peptides with Pro residues. It has been reported that the
presence of Leu residues has a positive correlation with both
antioxidant and ACE-inhibitory activities [4]. /e ACE-
inhibitory activity of YSGH increased with the increase of
concentration from 0 to 4mg/ml (Figure 5). /e ACE-in-
hibitory activity of YSGH shows a higher ACE-inhibitory
activity (IC50 � 0.991mg/ml) than that of bovine skin gelatin
hydrolysates treated with trypsin (IC50 �1.044mg/ml) [50].
YSGH exhibited great biological properties because it had a
high DH by trypsin treatment, thus the molecular weight
distribution of caused peptides become broader with more
small peptides relating to the ACE-inhibitory activity. Also, a
high positive correlation was found between ACE-inhibitory

Table 1: Amino acid composition of yak skin gelatin hydrolysates
and porcine skin gelatin hydrolysates.

Amino acid Composition/100 g gelatin
hydrolysates of yak skin [34].

Aspartate 4.90± 0.38
/reonine 1.35± 0.16
Serine 2.32± 0.31
Glutamic acid 10.34± 0.11
Proline 12.87± 0.40
Glycine 19.88± 0.24
Alanine 6.50± 0.17
Cysteine 0.46± 0.02
Valine 1.86± 0.07
Methionine 0.98± 0.04
Isoleucine 1.08± 0.09
Leucine 2.40± 0.19
Tyrosine 1.02± 0.02
Phenylalanine 2.34± 0.25
Histidine 0.63± 0.03
Lysine 3.02± 0.32
Arginine 5.73± 0.23
Hydroxyproline 7.08± 0.56
Hydrophilic amino acid 55.25± 1.56 (65.18%)
Hydrophobic amino acid 29.51± 0.48 (34.82%)
Total 84.76± 2.02
Values are given as means± standard deviations from triplicate
determination.

Table 2: /e molecular weight distribution of yak skin gelatin
hydrolysates.

Molecular weight distribution (MW) Weight percentage (w%)
198–416 4.96
418–996 22.43
1000–2236 42.46
2245–3502 20.11
3516–5442 6.95
5465–16640 3.09
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and DPPH radical scavenging activities in Alcalase hydro-
lysates of soya protein [49].

4. Conclusion

/is study developed an economic and efficient process for
preparing bioactive YSGH from yak skin through enzymatic
hydrolysis. In general, the bioavailability of gelatin products
is influenced by the molecular weight distribution and
amino acid composition, which was associated with the DH

of the hydrolysates. Trypsin hydrolysates showed the highest
DH and DPPH scavenging activity compared to those
attained by neutrase, papain, and pepsin.

/e optimum conditions for preparing YSGH by trypsin
were as follows: temperature of 51°C, E/S of 3695 (U/g), and
substrate concentration of 6.3% (w/w). Under such condi-
tions, the maximumDH value of 31.96% was attained, which
agreed well with that predicted by the RSM model (31.72%).
/e obtained YSGH contained large amounts of hydrophilic
amino acids (65.18%), and the peptides in the molecular

Table 3: DPPH scavenging activity of yak skin gelatin hydrolysates by four-enzyme treatment under each optimum conditions.

Trypsin Neutrase Papain Pepsin
DPPH scavenging activity (%) 53.22± 0.25 45.75± 0.34 39.55± 0.12 32.94± 0.09
Values are given as mean± SD from triplicate determinations.
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Figure 4: Scavenging effect of yak skin gelatin hydrolysates (YSGH) and reduced L-glutathione (GSH). (a) Effect on DPPH free radicals;
(b) effect on superoxide anion radicals; (c) effect on hydroxyl free radicals. Data displayed as average± standard deviations from three
replications.
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weight range of 1000–2236Da accounted for the largest
proportion of components. YSGH exhibited good results for
the properties of solubility (98.79%), emulsifying and
foaming, which makes it possible to be a functional food
ingredient. More importantly, YSGH showed certain anti-
oxidant activities and excellent ACE-inhibitory activities
(IC50 � 0.991mg/ml). /erefore, the YSGH prepared in this
study should be of potential utility as a bioactive ingredient
in health food and pharmaceutical industries.
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