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Abstract
The purpose of this study was to separate and purify antioxidant peptides from the scorpion (Buthus martensii Karsch) pro-
tein hydrolysates (SPHs). Scorpion protein (SP) was first hydrolyzed by trypsin, papain, and alcalase, respectively. Results 
from hydrolysis tests revealed that peptides hydrolyzed with papain showed the highest degree of hydrolysis (DH), yield and 
antioxidant activity. The effect of papain hydrolysis on scorpion protein was optimized using the response surface methodol-
ogy. The highest DH (31.31%) and yield (52.02%) of SPHs were obtained under the following conditions: hydrolysis time, 
4.0 h; hydrolysis temperature, 50 °C; and enzyme/substrate ratio, 2.43%. Ultrafiltration, gel filtration and reversed-phase 
high-performance liquid chromatography was used and two novel antioxidant peptides were obtained. The sequences of the 
peptides determined by MALDI–TOF–MS/MS were LPTETLH (MW: 810.43 Da, P4-1) and IEEDLER (MW: 903.44 Da, 
P4-2), respectively. The results revealed SPHs as a potential valuable bioresource for production of antioxidant peptides in 
the food system.

Keywords  Scorpion (Buthus martensii Karsch) protein · Antioxidant peptides · Antioxidant activity · Response surface 
methodology · Hydrolysis · Purification

Introduction

Free radicals can be defined as molecular or molecular frag-
ments containing one or more unpaired electrons in molecu-
lar orbitals, including active oxygen species (ROS) and reac-
tive nitrogen species (RNS) (Chao-Zhi et al. 2013; Zhang 
et al. 2019). Currently, a plethora of studies have identified 
and characterized protein hydrolysates and antioxidant pep-
tides from dietary sources by enzymatic hydrolysis, includ-
ing those from chicken (Yangying et al. 2012), nuts (Yang 

et al. 2017), fish (Pan et al. 2016), egg white (Fan et al. 
2019), and cereal (Agrawal et al. 2019).

Scorpions are edible and have been used for treatment and 
health care in China and other Asian countries for thousands 
of years, and large-scale commercial farming has achieved 
good social and economic benefits (Guo et al. 2013; He et al. 
2013; Yao et al. 2014). Scorpion has pharmacological effects 
of anti-thrombosis, anticoagulant, fibrinolysis, analgesic, 
anti-tumor, and anti-epileptic. (Shi et al. 2015). With the 
emergence of large number of new methods for the study 
and identification of scorpion body parts and venom com-
ponents, several bioactive peptides have been proved to be 
valuable tools for the development of drugs for the treatment 
of several diseases (Díaz-García et al. 2013; Goudet et al. 
2002; Shubho et al. 2007).

Yao et al. (2014) have isolated and identified a novel 
anticoagulant peptide from scorpion protein by enzymatic 
hydrolysis. The body of scorpion contains several proteins, 
but until now there is little information about antioxidant 
peptides from scorpion protein. Therefore, the purpose of 
this study was to (1) investigate antioxidant activities of 

 *	 Abulimiti Yili 
	 abu@ms.xjb.ac.cn

1	 Key Laboratory of Plant Resources and Chemistry 
in Arid Regions, Xinjiang Technical Institute of Physics 
and Chemistry, Academy of Sciences of the People’s 
Republic of China, Beijing South Road 40‑1, 
Urumqi 830011, Xinjiang, People’s Republic of China

2	 University of Chinese Academy of Science, Beijing 100039, 
People’s Republic of China

http://orcid.org/0000-0002-0152-6632
http://crossmark.crossref.org/dialog/?doi=10.1007/s10989-019-09976-3&domain=pdf


1804	 International Journal of Peptide Research and Therapeutics (2020) 26:1803–1818

1 3

scorpion (Buthus martensii Karsch) protein hydrolysates 
(SPHs) prepared by using trypsin, papain, and alcalase; (2) 
The effect of condition of the papain hydrolysis on scorpion 
protein was optimized using the response surface method-
ology (RSM); (3) The hydrolysates with best antioxidant 
activity were fractioned and purified by ultrafiltration and 
successive chromatographic steps, and the resultant peptides 
identified by liquid chromatography–tandem mass spec-
trometer (LC–MS/MS). Our findings suggest that peptides 
purified from SPHs were natural antioxidants and could be 
used as food additives. The findings of this study will make 
significant contribution to the current trend of developing 
alternative sources of proteins to increase functionality and 
nutritional value of foods.

Materials and Methods

Materials

Scorpions (Buthus martensii Karsch) were purchased from 
local farmers (Turpan Prefecture, Xinjiang, China). 10% 
Sodium dodecyl sulfate (SDS), Tetramethylethylenediamine 
(TEMED), 30% acrylamide (Acr/Bis = 29/1), 1 M Tris–HCl 
(pH  6.8), 1.5 M Tris–HCl (pH 8.6), protein sample buffer (× 
5) were purchased from Biosharp Beijing Lanjeco Technol-
ogy Co., Ltd. 1, 1-diphenyl-2-picrylhydrazyl (DPPH) and 
2,20-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diam-
monium salt (ABTS) were purchased from Sigma-Chemical 
(St. Louis, Missouri, USA). Protein markers papain, trypsin, 
alcalase were purchased from Beijing Solarbio Science and 
Technology Co. Ltd. Other reagents used were of analytical 
grade.

Extraction of Scorpion Protein (SP)

Dried scorpions were ground and fat was removed by petro-
leum ether (60–80 °C) using a Soxhlet extractor until the sol-
vent turns colorless. The final residue was collected and air 
dried. SP was extracted with 0.5 M sodium chloride (NaCl) 
using an ultrasonic generator (JY98-OOON Ningbo Scientz 
Biotechnology Co. Ltd., China) for 4 h, ultrasonic power was 
400 w. The extraction steps were repeated 3 times and dia-
lyzed against distilled water for 48 h at 4 °C using F0136-1 
Dialysis Membrane, MWCO 1000 Da (USA). The obtained 
dialysate was lyophilized using FDU-1110, EYELA Com-
pany, Japan and were kept at − 20 °C until use.

Preparation of Scorpion Protein Hydrolysates (SPHs)

In the present study, the enzymatic hydrolysis procedure was 
performed using the methods described by (Ha et al. 2013), 
with minor modifications. SP was hydrolyzed with three 

different enzymes (trypsin, papain and alcalase) at optimum 
pH, temperature conditions and enzyme concentration for 
4 h. The optimal conditions were as follows: (1) Alcalase: 
pH 9, 45 °C; (2) Papain: pH 5.8, 50 °C; (3) Trypsin: pH 7.8, 
37 °C. The Enzyme to Scorpion protein ratio (E/S ratio, 
W/W) was 2%. The pH value of the solutions was adjusted 
using 1 N HCl or 1 N NaOH solution every half hour. After 
hydrolysis, the reaction was stopped by boiling for 10 min to 
inactivate the enzymes. The hydrolysates were centrifuged 
(High-speed refrigerated centrifuge CR22N Hitachi Koki 
Co., Ltd. Tokyo Japan) at 8000 r/min for 15 min to collect 
supernatant, absolute alcohol was mixed with supernatant at 
a ratio of 3:1 (v/v) and the mixture was kept at 4 °C for 12 h, 
then centrifuged at 4 °C, 8000 r/min for 15 min to collect 
supernatant. The SPH was obtained after rotary evapora-
tion (RE252A, Shanghai Yarong biochemical) of ethanol. 
The yields of SPHs were determined using the following 
equation.

where mse was the weight of scorpion protein hydrolysates 
(mg), msd was the weight of scorpion protein extraction 
(mg).

Determination of Degree of Hydrolysis (DH)

DH (%) of SPHs was calculated using ortho-phthalaldehyde 
aldehyde (OPA) method described by (Nielsen et al. 2010), 
with minor modifications. 10 µL of each peptides fraction 
was mixed with 1.0 mL of OPA reagent, and shaked for 
2 min at room temperature. The mixture was further centri-
fuged for 15 min at a rate of 4500 rpm. The absorbance in 
each fraction was read at 340 nm using a spectrophotometer 
(UV2550, Shimadzu, Japan). After 2 min, distilled water 
was used as blank solution. DH (%) was calculated using 
the method of (Church et al. 1983) as follows:

where no—the total amount of free amino groups; n—the 
amount of free amino groups released after hydrolysis; 
A340 nm after—the absorbance at 340 nm after hydrolysis; 
A340 nm before—the absorbance at 340 nm before hydrolysis; 
ε—molar extinction coefficient.

Amino Acid Composition

The amino acid composition of scorpion protein and dif-
ferent peptide fractions of SPHs were analyzed with a Dia-
monsil AAA 5 μm 250 × 4.9 mm column (Agilent 1100 

(1)Yield (%) =
mSe

mSd

× 100%

(2)DH (% ) = n/n0 × 100%

(3)n = (A340 nm after − A340 nm before)∕�MF
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Series) after hydrolysis with 5.7 M HCl (containing TFA, 
HCl: TFA = 2:1) for 24 h at 110 °C.

Single‑Factor Experiments

The influence of hydrolysis time (h), temperature (°C) 
and enzyme/substrate ratio (%) on peptide yield (%) and 
DH (%) of the hydrolysis were investigated. Based on the 
hydrolysis experiments of three proteases, SP hydrolyzed 
with papain showed the highest DH and antioxidant activ-
ity. Hydrolysis time (1, 1.5, 2, 2.5, 3, and 4 h), temperature 
(40, 45, 50, 55, 60, and 65 °C) and enzyme/substrate ratio 
(1, 1.5, 2, 2.5, 3, and 4%) were tested.

Box‑Behnken of RSM and Statistical Analysis

RSM is a statistical tool for solving multivariable prob-
lems by using reasonable experimental design method and 
obtaining certain data through experiments and by analyz-
ing regression equation to determine the optimal techno-
logical parameters (Lin et al. 2015; Tanyildizi and Elibol 
2005). In this study, the RSM and Box–Behnken design 
was used to optimize the hydrolysis conditions. Based on 
the single-factor experiment, the complete design was 
made up of 17 runs and these were done in duplicate to 
optimize the levels of selected variables (hydrolysis time, 
temperature, and enzyme/substrate ratio).

For statistical analysis, the three independent variables 
were coded as X1, X2 and X3, respectively using the fol-
lowing equation:

where xi is the coded value of an independent variable, Xi is 
the real value of an independent variable, X0 is the real value 
of an independent variable at the center point and △Xi is 
the step change value.

The quadratic equation of the variables is as follows:

where Y is the predicted response variable, Β0, βi, βii, and βij 
are constant regression coefficients of the model, xi and xj 
(i = 1, 3; j = 1, 3, i ≠ j) represent the independent variables.

The accuracy and fitness of the above model were 
evaluated by the coefficient of determination (R2) and the 
F-value. Based on the above results, the second order pol-
ynomial coefficients were undertaken using Design Expert 
(Version 8.0.6, USA) software. The model was performed 
to evaluate the analysis of variance (ANOVA).

(4)xi =
Xi − X0

ΔXi

(5)Y = �0 +
∑

�ixi+
∑

�iix
2
i
+
∑

�ijxixj

Isolation and Purification of Antioxidant Peptides

Ultrafiltration

The papain hydrolysate of SP showed best antioxidant activ-
ity and was fractionated using centrifugal ultrafiltration (UF) 
membrane (Millipore, USA) with 3 and 10 kDa molecu-
lar weight cut-off (MWCO) values, respectively. First, the 
papain fraction (PF) was treated through the 10 kDa UF 
membrane by centrifugation (centrifuge 5417R Eppendorf, 
Hamburg, Germany) at 3500 rpm for 30 min. The retentate 
(designated as PF-I) and permeate (designated as PF-II) 
from this stage were collected and the PF-I was centrifuged 
(3500 rpm for 30 min) until maximum permeate yield was 
obtained. PFII fraction from the 10 kDa membrane was 
diluted to 30 mL and filtered through the 3 kDa membrane 
using the same centrifugation conditions until maximum 
permeate was reached and a final permeate was collected 
(designated as PF-III).

Gel Filtration Chromatography

UF fraction (PF-III) with the highest antioxidant activ-
ity was separated using gel filtration chromatography as 
described by (Song et al. 2017). Briefly, 50 mg lyophilized 
PF-III was dissolved in 2 mL of deionized water and sepa-
rated by a gel filtration chromatography HW-55F column 
(1.5 cm × 100 cm) equilibrated and eluted with deionized 
water. Six fractions (designated as P1-P6) were collected 
at the flow of 0.8 mL/min and eluted peptide fractions were 
monitored at 280 nm. To obtain enough samples for further 
analysis, the separation was repeated 10 times and the anti-
oxidant activity of each fraction was determined.

RP‑HPLC

The highest radical scavenging activity fraction (P4) was 
further purified using RP-HPLC on a semi-preparative C-18 
Agilent column (ZORBAX 300SB-C18, 9.4 mm × 250 mm, 
5 µm, USA) with a gradient of acetonitrile (0–10% in 5 min, 
10–60% in 30 min) containing 0.1% (v/v) trifluoroacetic 
acid (TFA) at a flow rate of 2.0 mL/min. The elution peaks 
were monitored at 224 nm. The final purified peptides were 
assayed for their antioxidant scavenging activity, analyzed 
for molecular weight and amino acid sequence, respectively.

Sodium Dodecyl Sulphate–Polyacrylamide Gel 
Electrophoresis (SDS‑PAGE)

The molecular weight of SPHs was studied in comparison 
to standard molecular weight markers by SDS-PAGE analy-
sis using 15% separating gel and 6% concentration gel as 
described in (Laemmli 1970). The samples (1 mg/mL), after 
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incubation at 100 °C for 5 min were then loaded on a gel 
prior to electrophoresis being carried at 75 V for 120 min. 
Following electrophoresis, the gel was stained with Coomas-
sie Brilliant Blue for 2.0 h and destained in a decoloring 
solution for 15 h.

Antioxidant Activity

Hydroxyl Radicals (·OH): Scavenging Activity

The hydroxyl radicals (.OH)-scavenging activity was esti-
mated according to (Guo et al. 2006) approach with modi-
fications. The reaction mixture, containing the peptide 
fractions and EDTA-Fe2+ (0.99 μM), safranine O (1.04 9 
10–3 μM) and H2O2 (0.27 μM) within potassium phosphate 
buffer (150 mM, pH 7.4), total volume 4.5 mL was incubated 
at 37 °C for half an hour. The absorbance of the mixture was 
measured at 520 nm. The capability of scavenging.OH was 
measured utilizing the following equation:

ABTS·+ Scavenging Activity

The ABTS·+ radical-scavenging activity analysis of sam-
ples was determined according to the method described by 
(Salami et al. 2009) with minor modification. 7 mM ABTS·+ 
and 2.45 mM potassium persulphate were mixed for 16 h at 
room temperature in the dark. Subsequently, 5 mM, pH 7.4 
phosphate buffer (PBS) was used to dilute ABTS·+ solution, 
and absorbance was measured at 734 nm. 1.0 mL of diluted 
solution was added to 1.0 mL of samples (2–10 mg/mL) for 
15 min and the absorbance of the samples was measured at 
734 nm. The ABTS·+ ability was calculated using the fol-
lowing equation:

where Acontrol is the absorbance of control and Asample is the 
absorbance of the sample.

DPPH· Scavenging Activity

The DPPH· scavenging activity was performed in the way 
described by (Chen et al. 2008). 0.2 mM DPPH solution 
was prepared with 95% ethanol. Each sample (1 mL) was 
mixed with 2 mL of fresh DPPH solution and 2 mL of 95% 
ethanol. The mixture was incubated at 37 °C for half an hour, 
and then the absorbance was performed at 517 nm against a 
blank. The DPPH· scavenging activity was calculated using 
Eq. 8. The equation below showed 3 substitutions: A0, A1, 

(6)

Scavenging activity (%) =
ASample 520 nm − Ablank 520 nm

AControl 520 nm − Ablank 520 nm

× 100%

(7)
ABTS scavenging activity (%) = (Acontrol − Asample)∕Acontrol × 100%

and A2. They can be explained as the absorbance of DPPH· 
solution without sample, the absorbance of the sample with-
out solution and the absorbance of the sample mixed with 
DPPH· solution.

Statistical Analysis

All the statistical analysis was performed using three inde-
pendent trials. The results are presented as mean ± standard 
deviation. Statistical significance at a level of p < 0.05 was 
determined using one-way analysis of variance (ANOVA) 
followed by Tukey’s and Games–Howell post-hoc tests.

Results and Discussion

Preparation of Antioxidant SPHs

Enzymatic hydrolysis method has become the most effective 
technique for modifying the functionality of dietary proteins 
to identify higher antioxidant activity (Agrawal et al. 2017). 
For the preparation of antioxidant peptide, SP was hydro-
lyzed by three enzymes (trypsin, papain, and alcalase) at 
optimal conditions, respectively. The SDS-PAGE profiles of 
the SP and SPHs with various enzymes for 1, 2, 3 and 4 h are 
shown in Fig. 1a. The SDS-PAGE profiles of SPH showed 
that the SP was gradually hydrolyzed to peptides over the 
hydrolysis time. SP above 20 kDa was mostly hydrolyzed by 
papain in 2 h and the complete digestion of the main proteins 
was achieved at 3 h.

The DH was monitored by the estimation of the DH, 
and the DH evolution as time function as shown in Fig. 1b. 
The order of DH hydrolyzed by single enzyme is as fol-
lows: Papain > Alcalase > Trypsin. As shown in Fig. 1b, 
the peptides hydrolyzed by three enzymes showed different 
hydrolytic processes, and the DH of SPHs increased with the 
hydrolysis time. Papain had a significantly higher hydrolysis 
effect compared with other enzymes, reaching a final value 
of 26.46 ± 0.4% after 4 h hydrolysis times. It was supposed 
that different cleavage sites of the three enzymes result in 
the difference of DH value during the hydrolytic processes.

The antioxidant activity of three scorpion protein pep-
tides was measured using.OH, ABTS+ and DPPH· radi-
cal scavenging assays as shown in Fig. 1c. As shown in 
Fig. 1c, at 5.0 mg/mL of concentration, the scavenging 
effect of peptides on ABTS• + was in this order; papain 
(77.45 ± 0.07%) > alcalase (37.15 ± 0.49%) > trypsin 
(30.75 ± 0.5%), on DPPH• the order is papain 
(75.54 ± 0.23%) > trypsin (58.65 ± 0.25%) > alcalase 

(8)

DPPH scavenging effect (%) =
(

1 −
A2 − A1

A0

)

× 100%
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(48.60 ± 0.57%), and on the.OH the order is papain 
(49.44 ± 0.29%) ≈ alcalase (48.35 ± 0.19%) > trypsin 
(30.95 ± 0.78%). Papain fraction has the highest antioxidant 
activity among the three kinds of scorpion peptide fractions. 

The results of this study obtained from SDS–PAGE profile, 
DH and antioxidant activity indicates that the hydrolysis 
of SP with papain was noticeably different from the other 
enzymes and papain can be effectively used to prepare SPHs. 

Fig. 1   a 15% SDS-PAGE of 
the enzymatic hydrolysis of 
scorpion protein (SP) with three 
types of enzymes. b Degree 
of hydrolysis of SP with three 
types of enzymes, the hydroly-
sis time is from one hour to 
four hours (E/S ratio was 2%). c 
DPPH, Hydroxyl radical (OH), 
and ABTS radical scaveng-
ing activity of three different 
enzymes of SPHs (5 mg/ml of 
concentration)
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Meanwhile, for the trypsin and alcalase enzyme treatments, 
the hydrolysis of the SP to peptides needed a longer time.

Analysis of Single Factor Results

Effect of Hydrolysis Time on DH and Yield

When the temperature is 50 °C, E/S ratios 2%, the hydroly-
sis times were evaluated to be in the range of 1–4 h, and 
the effect of hydrolysis time on the DH and yield is shown 
in Fig. 2a. When hydrolysis time is increased, the DH and 
yield increased rapidly when the extraction time is less 
than 3.0 h and then balanced after 3.0 h. The maximum DH 
(27.26 ± 0.24%) and yield (46.75 ± 0.11%) were obtained at 
3.0 h. This may be due to the decrease of protein substrate 
and the inhibition of protease itself by the accumulation of 
hydrolyzed products, or the further hydrolysis of peptides 
into amino acids. Therefore, the enzyme hydrolysis time of 
3 h was selected as the hydrolysis time of the next orthogo-
nal experiment.

Effect of Temperature on DH and Yield

Temperature plays a vital role in the hydrolysis of pro-
teins. The hydrolysis process was evaluated in the range 
of 40–65 °C, and the effect of temperature on the DH and 
yield are presented in Fig. 2b. When the reaction tempera-
ture was below 60 °C, the DH and yield increased rapidly 
with increase in temperature. Maximum DH (31.71 ± 0.11%) 
and yield (49.48 ± 0.12%) were obtained at 60 °C. When 
the reaction temperature was higher than 60 °C, the DH and 
yield decreased. This can be linked to the fact that protease 
can be easily denatured when the hydrolysis temperature is 
too high or too low, which is not beneficial for maintaining 
enzyme activity. The physical and chemical properties of 
the composition vary with the change of temperature, so the 
hydrolysis process was conducted at approximately 60 °C.

Effect of E/S Ratio on DH and Yield

The effect of E/S ratio on the DH and yield was shown in 
Fig. 2c. The diagram shows that the E/S ratio has a certain 
effect on the DH and yield. When the hydrolysis time is 4 h, 
the temperature is 50 °C, and the ratios of E/S were evalu-
ated in the range of 1–4%. The DH and yield of peptides 
increased obviously when the amount of enzyme was from 
1 to 3%, which shows that when the amount of enzyme i 
saturated, the hydrolysis degree of the substrate could be 
effectively increased and a large number of peptides could 
be produced. When the amount of enzyme was more than the 
equilibrium point of binding with the substrate, the substrate 
was insufficient, and then the increase of enzyme content had 
little effect on the increase of DH and peptide yields. The 

maximum DH (30.46 ± 0.30%) and yield (49.49 ± 0.28%) 
were obtained when the E/S ratio was 3%.

Optimization of Hydrolysis Parameters by RSM

The initial single-factor experiments suggested the optimum 
for each of the three parameters: 4 h as the hydrolysis time, 
50 °C as the hydrolysis temperature, and 3% E/S ratio for 
DH and peptide yield. Based on these results, an RSM with a 
3-factor-3-level central composite rotatable design (CCRD) 
was employed for optimization of the enzymatic hydrolysis 
of SP (Table 1). Table 2 shows that there was a considerable 
variation in the DH and yield at different values of selected 
parameters. The data obtained was analyzed by applying 
multiple regression analysis method based on Eq. (5). After 
multiple regressions fitting with Design-Expert V8.0.6 soft-
ware, the regression model equation is as follows:

where Y1 and Y2 are the predicted conversion (%) of DH 
and yield, hydrolysis time (X1, h), temperature (X2, °C) and 
E/S ratio (X3, %), respectively.  

When the sign of a factor is positive, it means that the 
amount of the response variable increases by increasing 
its value and vice versa. Figure 3a, c can also be used to 
compare the model predicted and the experimental results. 
Figure 3b, d is the normal probability chart indicating that 
the points follow a narrow linear pattern. The analysis of 
variance of the regression equation is shown in Table 3. The 
F-value of the regression model on DH and yield were 31.05, 
52.21 and the P-value were < 0.0001, < 0.0001, respectively. 
This data showed that the model obtained was very signifi-
cant. The F-value and P-value of Lack of Fit on DH and 
yield were 5.87, 1.11 and 0.0601, 0.4443, respectively, 
which means that the equation has a good fitting degree and 
high reliability. In addition, the decision coefficient (R2) of 
the model were 0.9756, 0.9853 and the adjusted coefficient 
of determination (Adj-R2) were 0.9441, 0.9664, respectively. 
Values of R2 and adjusted R2 for the models are shown in 
Table 3, which indicated that the regression equation can 
predict the result of scorpion protein hydrolysis very well.

Analysis of the Influence of Various Factors 
on the Hydrolysis of SP

The influence degree of each factor on the test index can be 
compared by the F-value (Table 3). F (X1) = 48.32, 26.78, F 

(9)

Y1 = 30.74+3 .01X1 − 1.63X2 + 2.49X3 − 6.63X1X2 − 1.46X1X3

+1.82X2X3 − 2.27X2
1
− 2.30X2

2
− 3.38X2

3

(10)

Y2 = 47.64+ 1.66X1 − 1.23X2+3.38X3 − 3.32X1X2+2.07X1X3

+3.85X2X3+0.98X
2
1
− 3.23X2

2
− 3.26X2

3
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Fig. 2   Effects of single factors 
on DH and yield. a Effect of 
hydrolysis time on DH and 
yield. b Effect of temperature 
on DH and yield. c Effect of E/S 
ratio on DH and yield
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(X2) = 11.83, 12.25, F (X3) = 39.37, 131.82, these data indi-
cate that the order of influence of each factor on the hydroly-
sis of scorpion protein was hydrolysis time (h) > E/S ratio 
(%) > Tetperature (°C). The response surface can describe 
the interaction between variables and predict the optimal 
conditional values of each factor. Figure 4a–f shows the 
effect of operational variables on the DH and yield. The 
effect of hydrolysis time (h) on the DH is greater than the 
temperature (°C), and the E/S ratio (%) is greater than the 
temperature (°C). According to the above analysis, the order 
of the influence of each variable on the hydrolysis technol-
ogy of scorpion protein was: Hydrolysis time (h) > E/S ratio 
(%) > temperature (°C).

Interactions of Variables

To visualize the combined effects of the three factors on 
DH and yield, contour plots were generated for each of the 
fitted models that display the effects of the three variables. 

Figure 4 illustrates the 2D plots of the binary interactions 
of the variables on DH and yield via the contour plots. The 
interaction between the hydrolysis time and the tempera-
ture is shown in Fig. 4a, d. This plot indicates that DH and 
yield depend more on X1 than on X2. Accordingly, Fig. 4a, 
d reveals that at low values of X1, maximum DH and yield 
occurs at higher values of X2. However, at higher values of 
X1, maximum DH and yield occur at lower values of X2. As 
it is observed from the diagram, the interaction between the 
two factors is weak. The interaction between the hydrolysis 
time and E/S ratio is shown in Fig. 4b, e. This plot indicates 
that DH and yield depend more on X3 than on X1. In Fig. 4c, 
f, the effect of the interaction between the E/S ratio and the 
temperature is depicted. The diagram shows that increasing 
the E/S ratio at different temperature has no important effect 
on the DH and yield, so this plot indicates that DH and yield 
depend more on X3 than on X2. Therefore, the optimum 
values of X1, X2, and X3 determined by the software are 4 h, 
50 °C, and 2.43%, respectively.

Isolation and Purification of Antioxidant Peptides

In considering scavenging effects on ABTS·+ scavenging 
activity,.OH scavenging activity, and DPPH· scavenging 
activity, papain fraction was selected for isolation and puri-
fication of the antioxidant peptide, As shown in Fig. 5a, PF-
III (< 3 kDa) exhibited stronger ABTS·+ scavenging activity 
(77.45 ± 0.08%),.OH scavenging activity (49.44 ± 0.23%), 
and DPPH· scavenging activity (75.54 ± 0.30%) compared 
to PF-II (3–10 kDa) and PF-I (> 10 kDa) fractions at 5.0 mg/
mL of concentration. Oun Ki et  al. (2013), Bing et  al. 
(2018), and Liu et al. (2013) reported that lower molecu-
lar weight peptides had higher antioxidant activity, which 
agrees with previously reported data showing that usually 
antioxidant peptides contain 2–20 amino acids (Tovar-Pérez 
et al. 2017). This might be why the PF-III fraction showed 
higher antioxidant activity than other two fractions. The pep-
tide fraction (PF-III) with the best antioxidant activity was 
further fractionated by a gel filtration chromatography HW-
55F column (1.5 cm × 100 cm), and six remarkable frac-
tions, P1, P2, P3, P4, P5, and P6 were collected (Fig. 5b). 
When compared with the other five fractions, fraction P4 
showed the best antioxidant activity, with scavenging activi-
ties of 80.75 ± 0.35, 85.90 ± 0.14%, and 64.50 ± 0.71% on 
ABTS·+, DPPH·, and.OH scavenging activity, respectively, 
at a concentration of 2.0 mg/mL, and followed by fraction 
P6 (Fig. 5c). Therefore, the fraction P4 with stronger anti-
oxidant scavenging activity was freeze-dried and further 
purified by the preparation RP–HPLC method. As shown 
in Fig. 6a, two single peptides (P4-1 and P4-2) were col-
lected between the retention times from 10 to 20 min and 
used to determine their antioxidant activity. Figure  6b 
showed that the antioxidant scavenging activity of P4-1 on 

Table 1   The response surface design of the experiment

Variables Symbol coded Range and levels

 − 1 0  + 1

Hydrolysis time (h) X1 2 3 4
Temperature (ºC) X2 40 50 60
E/S ratio (%) X3 1 2 3

Table 2   Enzymatic hydrolysis experimental design with two 
responses according to a Box-Behnken factorial design given by 
Design Expert (Version 8.0.6) software

Runs Hydrolysis 
time (h) 
X1

Tempera-
ture (°C) 
X2

E/S 
ratio 
(%) X3

DH (%) Yield (%)

1 4 50 3 29.15 ± 0.11 52.58 ± 0.03
2 4 40 2 32.45 ± 0.07 50.47 ± 0.05
3 2 60 2 27.92 ± 0.09 45.77 ± 0.21
4 3 50 2 30.54 ± 0.17 46.91 ± 0.16
5 2 40 2 19.31 ± 0.13 42.33 ± 0.13
6 3 40 1 25.23 ± 0.20 42.34 ± 0.27
7 3 40 3 26.98 ± 0.05 41.72 ± 0.03
8 4 50 1 27.49 ± 0.08 42.01 ± 0.08
9 3 50 2 31.04 ± 0.11 48.25 ± 0.05
10 3 60 3 28.77 ± 0.09 47.71 ± 0.22
11 2 50 3 25.36 ± 0.16 44.52 ± 0.06
12 3 50 2 31.04 ± 0.15 46.71 ± 0.13
13 3 60 1 19.72 ± 0.25 32.92 ± 0.19
14 2 50 1 17.88 ± 0.22 42.23 ± 0.28
15 3 50 2 29.57 ± 0.10 47.63 ± 0.06
16 4 60 2 19.52 ± 0.06 41.76 ± 0.31
17 3 50 2 31.04 ± 0.18 48.58 ± 0.09
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ABTS·+, DPPH·, and.OH are 83.32 ± 0.81, 78.87 ± 0.44, 
and 62.96 ± 0.89%, respectively, at a concentration of 
1.5 mg/mL; the antioxidant scavenging activity of P4-2 on 
ABTS·+, DPPH·, and.OH is 78.75 ± 0.74, 81.22 ± 0.55, and 
58.69 ± 1.09%, respectively, at a concentration of 1.5 mg/
mL. The yield of each purification procedure of P4-1 and 
P4-2 are shown in Table 4. The final yield of P4-1 is 1.04%, 
and P4-2 is 1.39%, which indicates the approximate percent-
age of P4-1 and P4-2 in hydrolysates of scorpion protein 
without regard for the loss during purification.

Amino Acid Composition Analysis

In order to understand the possible effect of amino acid profile 
on the antioxidant activity, the amino acid composition of SP, 
SPHs, and each purification procedure fractions were deter-
mined by HPLC precolumn derivation with 2,4-dinitrofluor-
obenzene. As shown in Table 5, 16 amino acids were detected 
and the total amino acids content was 544.24, 346.24, 301.99, 

Fig. 3   Standard statistical diagrams for model verification. a, c Shows 
model-predicted values versus actual data. This figure shows a com-
parison between the model-predicted values and the actual values 
which have been obtained by the experiments. b, d Shows normal 

probability plot of the residuals. Monotonous distribution and linear-
ity of the data which are obvious from these figures confirm the valid-
ity of the model and its capability to predict the results

Table 3   Analysis of variance (ANOVA) for the DH quadratic model 
and the yield quadratic model

Source DH % Yield %

F-value P-value F-value P-value

Model 31.05  < 0.0001 52.21  < 0.0001
X1 48.32 0.0002 26.78 0.0013
X2 11.83 0.0109 12.25 0.0100
X3 39.37 0.0004 131.82  < 0.0001
X1X2 75.57  < 0.0001 34.48 0.0006
X1X3 6.71 0.0359 24.74 0.0016
X2X3 10.55 0.0141 85.69  < 0.0001
X12 15.85 0.0053 5.41 0.0530
X22 14.03 0.0072 50.17 0.0002
X32 34.21 0.0006 57.81 0.0001
Lack of Fit 5.87 0.0601 1.11 0.4443
R2 0.9756 0.9853
Adj-R2 0.9441 0.9664
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and 273.56 mg/g, respectively. With the increase of purifica-
tion process, the content of hydrophobic amino acids (Ala, 
Val, Leu, Ile, Pro, and Phe) was increased, especially for PF-III 
(72.96%) and P4 (75.49%). The hydrophobic aromatic amino 
acids, Tyr, Trp, His, and Phe, also increased. The percentage of 
Ala and Met was increased from PF-III to P4. Therefore, these 
hydrophobic amino acids in the SPHs peptides were mainly 
responsible for the antioxidant activity. It has been reported 

that the rich content of Tyr and Pro in peptide sequence could 
obtain a higher antioxidant activity (Marcuse 1960).

Determination of Amino Acid Sequence (AAS) 
and Molecular Mass (MW)

The amino acid sequences (AAS) of the individ-
ual two peptides (P4-1 and P4-2) were identified by 

Fig. 4   Contour plot show the effect of operational variables on DH 
and yield. a Interaction between temperature and hydrolysis time on 
DH; b Interaction between E/S ratio and hydrolysis time on DH; c 
Interaction between E/S ratio and temperature on DH; d Interac-

tion between temperature and hydrolysis time on yield; e Interaction 
between E/S ratio and hydrolysis time on yield; f Interaction between 
E/S ratio and temperature on yield
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Fig. 5   a Scavenging effects 
(%) of fractions of papain 
hydrolysate at different MWCO 
obtained from SP. Fractions 
with molecular weights < 3, 
3–10, and > 10 kDa were 
obtained by ultrafiltration of 
papain hydrolysate. b Gel 
filtration chromatography of 
papain fraction by TSK HW-
55F (1.5 × 100 cm) column 
equilibrated with distillate water 
at a flow rate of 0.75 mL/min. 
Eluted peptides were monitored 
at 280 nm, and six fractions 
were collected. c DPPH, 
Hydroxyl radical (OH), and 
ABTS radical scavenging activ-
ity of eluted fractions, 5 mg/ml 
of concentration
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MALDI–TOF–MS/MS. As shown in Fig. 7, the sequence 
of P4-1 was LPTETLH, the sequence of P4-2 was IEE-
DLER, the molecular weights (MW) of these peptides 
were 810.43 Da and 903.44 Da, respectively. As shown 
in Fig. 8, the sequences of the two peptides were searched 
in BLAST (https​://blast​.ncbi.nlm.nih.gov/Blast​.cgi). The 
DPPH·, ABTS·+, and.OH scavenging activities of these 
peptides were evaluated. The LPTETLH peptide showed 
the highest ABTS·+ scavenging activity, with a value 
of 83.32 ± 0.81%, at a 1.5 mg/mL of concentration, the 
IEEDLER peptide showed the highest DPPH· scavenging 
activity, with a value of 81.22 ± 0.55% at a 1.5 mg/mL 
of concentration. Moreover, the.OH scavenging activi-
ties of these peptides were not significant, with a value of 
62.96 ± 0.89% and 58.69 ± 1.09%, respectively, lower than 
that of the ABTS·+ and DPPH·.

The antioxidant activity of peptides is closely related to 
their molecular weight, sequences, amino acid composi-
tion, and hydrophobicity (Escudero et al. 2013; Rajapakse 
et al. 2005). The two novel peptides were in a molecu-
lar weight range of 800–1000 Da that consisted of seven 
amino acid residues (Fig. 8). The results indicated that 
antioxidant peptides usually contained 2–30 amino acid 
residues with a molecular weight of less than 3000 Da. It 
has been reported that high content of hydrophobic amino 
acids have significant effects on radical scavenging and 
could increase their antioxidant activity(Rajapakse et al. 
2005). In the present study, peptide LPTETLH (P4-1) 
contains 71.43% of hydrophobic amino acids, and pep-
tide IEEDLER (P4-2) contains 85.71% hydrophobic 
amino acids, the hydrophobic amino acid content of each 
peptide was more than 50%. Similar results have also 

Fig. 6   a Reversed-phase HPLC 
chromatogram on a Zorbax C18 
column of antioxidant fraction 
P4 from Fig. 5. HPLC operation 
was carried out with a linear 
gradient of acetonitrile (0–10% 
in 5 min, 10–60% in 30 min) 
containing 0.1% trifluoroacetic 
acid (TFA) at a flow rate of 
2.0 ml/min using UV detector at 
224 nm. b Antioxidant activities 
(DPPH, OH, and ABTS radical 
scavenging activity) of P4-1 and 
P4-2. The results were represent 
as mean ± standard deviations 
from three replications (n = 3). 
The assay peptide concentra-
tions were 1.5 mg/mL

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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been reported by Harnedy et al (2017) who found that 
peptides with high hydrophobic amino acid content have 
stronger antioxidant activity. In addition, the existence 
of Leu (L) and Ile (I) at N-termini play an important role 
in the antioxidant activity of some peptides (Ranathunga 
et al. 2006). In the present study, LPTETLH and IEE-
DLER were found to have higher ABTS·+,.OH and DPPH· 
scavenging activity, presumably due to the L or I at the 
N-terminal.

Conclusion

The present research has demonstrated that enzymatic 
scorpion protein hydrolysates have a potential antioxi-
dant activity. The antioxidant peptides were purified using 
ultrafiltration, gel filtration chromatography and RP-
HPLC, and the amino acid sequences were determined by 
MALDI–TOF–MS/MS. This is the first report of novel anti-
oxidant peptides being isolated from the scorpion protein 
hydrolysates. In our study, two novel peptides from scorpion 
protein hydrolysates such as LPTETLH and IEEDLER con-
tributed high antioxidant scavenging activity, with poten-
tial application in the functional food system. However, the 
application of these peptides in food and animal models 
should be further studied to confirm the speculation.

Table 4   Amino acid composition (mg/g) of each purification proce-
dure fractions

The results were expressed as milligram (mg) of amino acid per gram 
(g) SP, SPHs, and each purification procedure fractions

Amino acids SP SPHs PF-III P4

Hydrophobic amino acids
Ala 36.47 29.68 2.40 39.3
Val 20.40 7.56 34.66 27.29
Phe 50.89 17.86 61.35 48.15
Pro 27.38 22 2.98 46
Met 12.59 3.32 13.15 35.85
Ile 22.83 7.5 33.11 17.37
Leu 58.06 9.92 72.69 60.26
Tyr 15.75 8.76 18.10 16.39
Hydrophilic amino acids
Gly 20.32 17.06 2.28 3.38
Ser 27.28 20.1 2.49 3.42
Thr 28.47 20.94 1.76 2.60
Acidic amino acids
Asp 82.39 53.72 4.44 9.35
Glu 102.48 83.18 9.12 17.30
Basic amino acids
Lys 38.73 1.36 39.51 30.73
His 19.02 10.08 0.53 1.05
Arg 44.66 33.2 3.42 4.80
Total 544.24 346.24 301.99 363.24

Table 5   Yield of each purification procedure of P4-1 and P4-2

Fractions Procedures Yield 
(mg/g 
protein)

Yield (%)

SP After extraction of protein 796.30 100
SPHs After enzymatic hydrolysis 414.24 52.02
PF-III After ultrafiltration (UF) 293.75 36.89
P4 After purification by HW-55F 91.48 11.49
P4-1 After purification by RP-HPLC 8.27 1.04
P4-2 After purification by RP-HPLC 11.04 1.39
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Fig. 7   Sequence profile of the purified peptide obtained on a Q-TOF system. a LPTETLH (MW: 810.43  Da, P4-1). b IEEDLER (MW: 
903.44 Da, P4-2)
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