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Abstract  Hawk tea is one of the most popular beverage in southwest of China. In the present study, the effects of 
alkaline protease on the formation and characteristics of protein hydrolysates from different mature degree Hawk 
teas were investigated. For antioxidant activity in vitro, Hawk mature leaf tea protein hydrolysates (MPH) had the 
strongest 2, 2-diphenyl-1-picryl-hydrazyl (DPPH) radical scavenging activity and reducing power. And MPH also 
showed the highest iron chelating activity among the three samples. With regard to functional property, MPH and 
Hawk primary leaf tea protein hydrolysates (PPH) had higher solubility than that of Hawk bud tea protein 
hydrolysates (BPH). And the same trend was found in emulsifying property. The amino acid composition of MPH, 
PPH and BPH was very dissimilar. MPH and PPH mainly contained low molecular weight peptides, while BPH 
majorly included high molecular weight peptides. MPH may have potential applications in food industries as natural 
antioxidants. 
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1. Introduction 
All cells generate free radicals during their normal 

cellular metabolic process [1]. However, producing excess 
free radical can induce damages to cell and tissue, and 
cause various diseases [2]. Fortunately, the normal 
biological system can be kept by antioxidants in the case 
of excessive free radicals. Therefore, it is beneficial for 
human being to develop and utilize effective antioxidants. 
Recently, bioactive peptides from plants as a natural 
antioxidant have attracted researchers’ great interest [3]. 

Generally, bioactive peptides are derived from plant 
protein by enzymatic hydrolysis method. To avoid the 
negative impacts of the toxic chemicals or organic 
solvents residues, protein hydrolytic enzyme is applied 
widely during food processing [4]. Bioactive peptide is 
specific protein fragment, and it can exert various 
functions in the food industries and human health after it 
is released by proteolytic enzyme. However, it is inactive 
when it lies in the protein that did not pass enzymatic 
hydrolyze former [5]. This kind of peptide consists of 2-20 
amino acids, and its bio-activity can be affected greatly by 
its amino acid composition and sequence [6]. These bio-
peptides can act various roles in antimicrobial, 
antioxidative, immunomodulatory and multifunctional 
properties in accordance with their amino acid 
composition and structural properties [7,8]. 

It had been found that peptides which were produced by 
alkaline protease had various biological activities, such as 
antioxidant activities and functional properties. In 
comparison to other proteases, alkaline protease produced 
shorter peptides [9] and the antioxidant activity of 
hydrolysates produced by alkaline protease derived was 
higher than that of other hydrolysates [10]. 

Hawk tea (Litsea coreana var. lanuginose), a medicinal 
and edible plant, is a herbal tea and one of the most 
popular beverage in southwest of China. Hawk tea is 
cultivated widely in southwest of China. It is also one of 
the most favorite beverages and attracts a great quantity of 
consumers who live in the mountainous area and the 
number of consumers amounts to ≈30 million. Based on 
the mature degree of the raw materials, Hawk tea can be 
divided into three types: Hawk bud tea (HB, made from 
the most tender shoots), Hawk primary leaf tea (HP, made 
from new leaves), and Hawk mature leaf tea (HM, made 
from mature leaves) [11]. Their prices vary greatly on 
account of their yields. The price of HB is about $50 per 
kilogram in the local retail market, and the price of HP 
and HM is about $20 and $3 per kilogram respectively. 

However, up to now, few works have been made to 
assess the effects of the raw materials’ mature degree on 
the chemical and functional properties of their protein 
hydrolysates. For this study, the relationship between the 
mature degree of Hawk teas raw material and the chemical 
and functional properties of protein hydrolysates was 
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studied, by considering their antioxidant activities, amino 
acid compositions, the distribution of molecular weight, 
and the metal chelating activities. Three kinds of Hawk 
teas’ proteins were enzymatically hydrolysed with alkaline 
protease to prepare bioactive peptides. 

2. Materials and Methods 
2.1. Materials and Chemicals 

Three kinds of Hawk teas (Litsea coreana var. 
lanuginosa) were purchased from local retail shops 
(Yucheng District, Sichuan Province, China). Ferrozine, 
pyrocatechol violet, 1,1-diphenyl-2-picrylhydrazyl 
(DPPH), and TNBS (2,4,6-trinitrobenzenesulphonic acid 
solution, 5% in H2O) were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). Alkaline protease 
was purchased from KaYon Biological Technology Co. 
(ShangHai, China). All other reagents were the highest 
commercially available grade. 

2.2. Production of Hawk Tea Protein Isolates 
Hawk tea proteins were isolated according to the 

previously published protocol [12] with slight 
modification. All samples were ground to powder and 
passed through 40 mesh sieve. Then, the flour was 
extracted five times with petroleum ether and anhydrous 
ethanol for 4 h each in order to remove colored ingredients, 
polyphenols and small molecular impurities. Proteins were 
extracted by suspending the flour in distilled water (1 : 10, 
w/v), adjusted to pH 10 with 1 mol/L NaOH, and agitating 
for 4h at 50°C. The residues were re-extracted three times. 
Then all of them were centrifuged at 5 000 g for 20 min, 
and in order to precipitate the proteins the supernatant was 
adjusted to pH 4.0 with 1 mol/L HCl, and followed by 
centrifugation at 8 000 g for 20 min. 

2.3. Enzymatic Protein Hydrolysis 
Subsequently, the sample proteins were hydrolysed 

with alkaline protease for 270 min at 55°C. The ratio of 
enzyme to substrate (E/S) was at 1︰100 (w/w), while the 
pH of the reaction system was 8.5 and constantly 
maintained during the entire hydrolytic process with 1 
mol/L NaOH. Then the solutions were adjusted to pH 7.0, 
heated in boiling water for 20 min, and centrifuged at 5 
000 g for 20. The supernatants (protein hydrolysates) were 
lyophilized and stored at 20°C for further use. After 
lyophilizing, the peptides were obtained and named BPH 
(Hawk bud tea protein hydrolysates), PPH (Hawk primary 
leaf tea protein hydrolysates), and MPH (Hawk mature 
leaf tea protein hydrolysates) according to their leaf 
mature degree, respectively. 

2.4. Degree of Hydrolysis 
The degree of hydrolysis (DH) of BPH, PPH and MPH 

by alkaline protease was determined via the TNBS 
reaction according to a previously established protocol 
[13]. The protein was fully hydrolyzed with 6 mol/L HCl 
at 110°C for 24 h. 

2.5. Determination of Molecular Weight 
Distribution 

Molecular weight distribution of BPH, PPH and MPH 
was determined by a Sephadex G-50 (20 mm×600 mm) 
gel filtration and eluted by distilled water with a flow rate 
of 1 mL/min, and detected at 280 nm [10]. The reference 
curve was made by using Cytochrome C (12 500 Da), 
insulin (5 807 Da), glutathione (307 Da) and arginine (174 
Da). 

2.6. Amino acid Analysis 
Protein was fully hydrolyzed and determined by 

automatic amino acid analyser (L-8800, Hitachi, Japan). 
The amino acid composition for BPH, PPH and MPH was 
expressed as g/100 g. Nutritional value was measured by 
the proportions of essential amino acids (E) to total amino 
acids (T). 

2.7. Antioxidant Activity 

2.7.1. DPPH Radical Scavenging Activity 
DPPH radical scavenging activity of BPH, PPH and 

MPH was evaluated according to preciously reported 
method [14]. Dissolving the samples and diluting it to the 
concentration of 0.3, 0.6, 1, 3 and 5 mg/mL, respectively. 
Shaken and incubated in the dark for 20 min after mixing 
0.15 mL samples and 3 mL 0.05 mmol/L DPPH methanol 
solutions. Then, the absorbance was measured at 517 nm. 
The calculated equation was following: 

 
( )DPPH radical scavenging activity %  

100DPPH sample

DPPH

A A
A

− 
= × 
 

 

Where ADPPH is the absorbance of the DPPH radical 
solution without sample and Asample is the absorbance of 
the DPPH radical solution with tested samples. 

2.7.2. Reducing Power 
Reducing power was evaluated by previous method 

[15]. Dissolving the samples and diluting it to the 
concentration of 0.3, 0.6, 1, 3 and 5 mg/mL, respectively. 
Incubated at 50°C for 20 min after mixing 50 μL samples, 
50 μL 0.2 mol/L phosphate buffered saline (pH 6.6) and 
50 μL 1% potassium ferrocyanate (w/v). Then, 50 μL 10% 
trichloroacetic acid, 10 μL 0.1% ferric chloride and 400 
μL distilled water were added to the mixture. The 
absorbance was read at 700 nm after 20 min. 

2.8. Metal Chelating Activity 

2.8.1. Iron Chelating Activity 
Iron chelating activity was measured according to the 

former method [16]. Dissolving the samples and diluting it 
to the concentration of 0.3, 0.6, 1, 3 and 5 mg/mL, 
respectively. Incubated for 30 min at room temperature 
after mixing 50 μL samples, 250 μL 100 mmol/L Na 
acetate buffer (pH 4.9), and 30 μL 0.01% FeCl2 (w/v). 
Then, 15 μL 40 mmol/L Ferrozine was added to the 
mixture. The absorbance was measured at 562 nm. The 
calculated equation was following: 

 ( )Iron chelating activity % [ ] 100control sample

control

A A
A

−
= ×  
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2.8.2. Copper Chelating Activity 
Copper chelating activity was measured by previous 

method [13]. Dissolving the samples and diluting it to the 
concentration of 0.3, 0.6, 1, 3 and 5 mg/mL, respectively. 
Incubated for 10 min at room temperature after mixing 50 
μL sample, 290 μL 50 mmol/L Na acetate buffer (pH 6.0), 
6 μL 4 mmol/L pyrocatechol violet and 10 μL 0.1 mg/mL 
CuSO4·5H2O. Then, the absorbance was read at 632 nm. 
The calculated equation was following: 

( )Copper chelating activity % [ ] 100control sample

control

A A
A

−
= ×  

2.9. Determination of Functional Properties 

2.9.1. Solubility 
The solubility was tested by previous method [17]. 

Dispersed samples to the concentration of 5 mg 
protein/mL and adjusted it to different pHs (3.0, 5.0, 7.0, 
9.0, 11.0) by using 1 mol/L HCl and 1 mol/L NaOH. Then, 
stirred for 10 min and centrifuged at 5 000 g for 20 min at 
room temperature. The protein content of supernatant was 
measured by coomassie brilliant blue reaction. 

2.9.2. Emulsifying Properties 
The emulsion activity index (EAI) and emulsion 

stability index (ESI) were measured by previous method 
[8]. Homogenized 3 mL sample solution (5 mg protein/mL) 
and 1 mL camellia oil for 1 min at 20 000 rpm. Then, 3 
mL 0.1% SDS was added to 30 μL emulsion and mixed 
for 10 s. The absorbance was read at 500 nm for 0 min (A0) 
and 10 min (A10). The calculated equation of EAI and ESI 
was following: 

 ( )2 0
4

2 2.303
EAI m / g  

(1 ) 10
A dilution

C φ

× × ×
=

× − ×
 

 ( ) 0

0 10
ESI min

A t
A A

×
=
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where Dilution=100, C represents the initial concentration 
of BPH, PPH and MPH (g/mL), Φ is the emulsion oil 
volume (mL, Φ=0.3), and t=10 min. 

2.10. Statistical Analysis 
The data were presented as mean ± standard deviation 

and analysed using SPSS 19.0 statistics programme. The P 
values were set at P < 0.05 to assess the statistically 
significant. 

3. Results and Discussion 

3.1. Enzymatic Hydrolysis 
The degree of hydrolysis (DH) was evaluated by the 

level of the free α-NH2 groups by TNBS [18]. In this study, 
the alkaline protease worked in the optimal condition 
which was recommended by the manufacturer. When the 
alkaline protease was added, HB, HP and HM proteins at 
1/100 (w/w) E/S were hydrolyzed at a rapid rate within the 
initial 90 min, then the hydrolytic rate slowed down 
(Figure 1). These results indicated that the main 

hydrolysis of HB, HP and HM protein occurred within 90 
min. This hydrolysis curve was similar to the previous one 
in the rice protein [10]. According to the hydrolytic 
efficiencies, there was not significant different between 
MPH and PPH. DH increased up to 13.79, 18.10 and 
17.67%, respectively, after 270 min of incubation (Figure 
1). The results implied that the susceptibility of BPH, PPH 
and MPH was related to the materials’ mature degree, and 
the tender material exhibited a lower DH value. 

 

Figure 1. The degree of hydrolysis of BPH, PPH and MPH was prepared 
by alkaline protease 

3.2. Distribution of Molecular Weight 
Distribution of molecular weight was changed during 

the process of protein hydrolysis, and some hydrophobic 
groups which were internal within the parental protein 
molecule generally exposed to the aqueous phase. This 
phenomenon was related to bio-peptides’ structure and 
functional property [19]. The protein samples were 
hydrolyzed by alkaline protease for 270 min and the 
molecular weight of protein hydrolysates was determined 
by gel permeation chromatography method. These protein 
hydrolysates originated from different mature degree raw 
material and were subjected to alkaline protease, and their 
molecular weight distributions were noticeably distinct. 
There were notable difference between the distribution of 
large peptide moleculars (>10 kDa) and small peptide 
moleculars (5~10 kDa and <1 kDa) for MPH, PPH and 
BPH. Table 1 showed that PPH and MPH were mainly 
composed of low molecular weight peptides (<10 kDa), 
but BPH mainly contained high molecular weight peptides 
(>10 kDa). There were notable difference between the 
distribution of high molecular weight peptides (>10 kDa) 
and low molecular weight peptides (5~10 kDa and <1 kDa) 
for MPH, PPH and BPH. This result, considering of their 
DH values suggested that PPH and MPH were much more 
effective in producing smaller peptides than BPH. 

Table 1. Molecular weight distribution of BPH, PPH and MPH a 

 >10 kDa 5-10 kDa 1-5 kDa <1 kDa 

BPH 50.14 ± 
1.51 a 

9.34 ± 0.06 

c 
20.39 ± 
0.11 a 

20.13 ± 
0.10 a 

PPH 21.62 ± 
0.18 c 

56.20 ± 
1.81 a 

13.28 ± 
0.06 b 

8.90 ± 0.04 

c 

MPH 26.55 ± 
0.32 b 

39.64 ± 
0.98 b 

21.37 ± 
0.68 a 

12.45 ± 
0.12 b 

a Results are presented as mean ± standard deviation (n = 3) and different 
superscript letters in the same column indicate significant difference (P < 
0.05). 
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3.3. Amino Acid Profiles 
Composition of amino acids was one of the most 

important factors in protein hydrolysates’ antioxidant 
activities. The previous report indicated that amino acids 
such as Asp and Glu possessed strong antioxidant activity 
[20]. The amino acid compositions (g/100g of protein) of 
BPH, PPH and MPH for 270 min hydrolysis were shown 
in Table 2, which revealed that they were rich in His, Tyr, 
Leu, Phe and Lys. Some amino acids in MPH, such as Asp 
and Glu, had higher content than those in BPH and PPH. 
There was some difference in amino acid compositions 
among the three samples, which might be attributed to the 
different raw materials, which are difference in mature 
degree. The nutritional qualities of BPH, PPH and MPH 
were evaluated by E/T. BPH with the E/T values of 
45.28% was higher than MPH and PPH with the E/T 
values of 42.65 and 40.23%, respectively. 

Table 2. Amino acid composition (g/100 g of protein) of BPH, PPH 
and MPH a 

Amino acid BPH PPH MPH 
Asp 5.19 ± 0.03 5.72 ± 0.09 7.59 ± 0.04 
Thr 2.26 ± 0.01 2.86 ± 0.01 2.26 ± 0.01 
Ser 2.94 ± 0.00 3.05 ± 0.01 3.68 ± 0.02 
Glu 7.65 ± 0.04 5.59 ± 0.21 10.59 ± 0.13 
Gly 10.06 ± 0.05 3.00 ± 0.02 9.31 ± 0.27 
Ala 3.12 ± 0.02 3.21 ± 0.11 3.30 ± 0.01 
Cys 3.39 ± 0.02 2.18 ± 0.01 5.21 ± 0.03 
Val 4.80 ± 0.02 4.33 ± 0.12 5.27 ± 0.03 
Met 0.90 ± 0.00 0.30 ± 0.01 0.30 ± 0.00 
Ile 7.87 ± 0.04 1.31 ± 0.01 3.94 ± 0.02 

Leu 16.01 ± 0.08 2.62 ± 0.01 11.28 ± 0.16 
Tyr 16.85 ± 0.08 15.76 ± 0.08 13.77 ± 0.19 
Phe 22.14 ± 0.11 24.28 ± 0.21 18.34 ± 0.09 
Lys 12.13 ± 0.06 20.91 ± 0.65 17.40 ± 0.09 
His 14.43 ± 0.12 15.99 ± 0.30 10.09 ± 0.05 
Arg 5.23 ± 0.03 17.42 ± 0.07 15.68 ± 0.08 
Pro 3.45 ± 0.02 2.42 ± 0.01 1.50 ± 0.01 
Trp Not determined 

E/T% 45.28 ± 0.54 42.65 ± 0.48 40.23 ± 0.37 
a Results are presented as mean ± standard deviation (n = 3). 

3.4. Antioxidant Activities 

3.4.1. DPPH Radical Scavenging Activity 
DPPH radical will lose the absorption at 517 nm after 

accepting an electron, which leads to a visual color 
changing from purple to yellow. It also can detect active 
ingredients sensitively even at low concentrations [15]. In 
this study, the DPPH radical scavenging activities of BPH, 
PPH and MPH obtained by alkaline protease for 270 min 
at different concentrations (0-5 mg/mL) were shown in 
Figure 2a. Obviously, the BPH, PPH and MPH scavenging 
effects were increased with the concentration increasing. 
However, all the samples showed lower effects than Vc 
(control group). The scavenging effect on DPPH radical of 
MPH was higher than that of BPH and PPH. At 5 mg/mL, 
the DPPH radial scavenging activity was 67.33, 46.50, 
18.68 and 97.33% for MPH, PPH, BPH and Vc, 
respectively. The results indicated that MPH could supply 
more hydrogen atoms than BPH and PPH, and it had a 
strong scavenging effect on DPPH radical. The differences 
in DPPH radial scavenging activity may be relate to their 
different amino acid composition (Table 2) and sequences 
[21], resulting from the specific mature degree of raw 
materials. 

3.4.2. Reducing Power 
The reducing power of the protein hydrolysates, which 

is a key indicator of their antioxidant capacity, involves 
the transfer of electrons, and thus the color changing will 
be observed. The extent of this phenomenon is determined 
by the reducing power of the samples. The antioxidants in 
the samples reduce the Fe3+ to the Fe2+ form, which can be 
detected at 700 nm after formation Perl’s Prussian [15]. In 
Figure 2b, apparently, all the samples showed electron-
donating ability in a linear dose-dependent manner in a 
certain range. The reducing power of BPH was close to 
PPH at all concentration from 0 to 5 mg/mL. Depending 
on the mature degree of materials, the older one showed 
more powerful reducing activity than the tender one. The 
difference in the reducing power might be due to the 
specific peptides or amino acid composition [22]. The 
results suggested that MPH prepared by alkaline protease 
with DH 17.67% could donate more electrons to the free 
radicals, and thus it had more activity to reduce the free 
radicals and form stable products. 

 

Figure 2. DPPH radical scavenging activity (a) and reducing power (b) 
of BPH, PPH and MPH prepared by alkaline protease 

3.5. Metal Chelating Activities 
Transition metals can react very rapidly with peroxides 

as one-electron donors and form alkoxyl radicals. So 
antioxidants can slow down the oxidation process by 
chelating the transition metals [23]. Figure 3a showed the 
iron chelating abilities of BPH, PPH and MPH. The 
activity of chelating iron increased with concentration of 
protein. In this study, the iron chelating activity of PPH 
was close to MPH at the concentrations from 0 to 5 
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mg/mL. MPH and PPH showed more powerful iron 
chelating activity than BPH. Pownall, Udenigwe [24] 
reported that pea protein hydrolysates exhibited a high 
iron chelating activity. Chelating metal ions might be one 
of the antioxidant mechanisms for peptides and maybe 
protect cells from oxidative damage [25]. 

Peng, Kong [26] found that whey protein hydrolysates 
produced by alkaline protease showed a good copper 
chelating activity. In Figure 3b, the activity curve of 
chelating copper was different from that of chelating iron 
to some extent. The copper chelating activity of MPH 
increased sharply from 0 to 5 mg/mL, while BPH showed 
a sharp increase from 0 to 1 mg/mL and PPH showed a 
sharp increase with concentration up to 0.6 mg/mL. At 5 
mg/mL, the copper chelating activity was 27.09, 24.40 and 
66.84% for BPH, PPH and MPH, respectively. The results 
indicated that MPH showed more potent copper chelating 
activity than BPH and PPH. 

 

Figure 3. Iron chelating activity (a) and copper chelating activity (b) of 
BPH, PPH and MPH prepared by alkaline protease 

The iron chelating activity could be due to the 
difference of amino acid composition. As shown in Table 
2, the amino acid composition of BPH, PPH and MPH 
was significantly different. Storcksdieck, Bonsmann [27] 
reported that the amino acids of Asp, His and Gly would 
bind iron ions easily. The results in Table 2 showed the 
levels of Asp, His and Gly in BPH, PPH and MPH 
fluctuated dramatically. It is difficult to explain the 
different iron chelating abilities of BPH, PPH and MPH 
according to their levels of Asp, His and Gly. However, 
the activity of chelating metal for peptides also might be 
affected by many other factors, such as their molecular 
weight and structure. 

3.6. Functional Properties 

3.6.1. Solubility 
Solubility is closely related to hydrophilic amino acids, 

and it plays a crucial role in protein hydrolysates’ 
functional property [28]. The solubility of BPH, PPH and 
MPH prepared for 270 min in the pH range from 3 to 11 
were illustrated in Figure 4a. The solubility of all samples 
over the wide range of pH values exceeded 50%. As 
shown in Figure 4a, the solubilities of BPH, PPH and 
MPH were relatively high and their solubilities were over 
50% at all the pH values except for pH 5. Only the 
solubility of BPH was below 50% at pH 5. This result 
indicated that the isoelectric point of BPH, PPH and MPH 
was about pH 5. What’s more, the solubility of BPH was 
lower at all pH values than that of MPH and PPH, which 
may be caused by its lower DH value (Figure 1). In fact, 
MPH showed higher DH (Figure 1) and contained less 
large-molecular-mass peptides (Table 1), which had high 
solubility at all pH values than that of BPH and PPH (P < 
0.05). These results were consistent with previous report 
[29] that protein hydrolysates from zebra blenny’s muscle 
exhibited the high solubility was attributed to its smaller 
molecular weight and high DH value. Hence, the 
differences of solubility in these samples might be related 
to their size of molecular weight, the charge groups, 
hydrophobic interaction, hydrophilic interaction, and so on. 

 

Figure 4. Protein solubility (a), emulsifying activity index (EAI, b) and 
emulsifying stability index (ESI, b) of BPH, PPH and MPH prepared by 
alkaline protease 

3.6.2. Emulsifying Properties (EAI and ESI) 
The freshly formed oil droplets can absorb peptide to 

their surface and form peptide membrane during 
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homogenization, and this peptide membrane prevents oil 
droplets from coalescing [29]. The EAI and ESI of BPH, 
PPH and MPH prepared with alkaline protease for 270 
min at pH 7.0 were shown in Figure 4b. The EAI and ESI 
of BPH were relatively low, with DH value 13.79%, 
Partly because of its molecular weight distribution (Table 
1). The EAI of MPH was much higher than those of PPH 
and BPH, and its ESI was also the highest (P<0.05). For 
the peptides obtained by enzymatic hydrolysis, the low-
molecular-weight showed a better solubility than the high-
molecular-weight, but the low-molecular-weight peptides 
might reduce their emulsifying property [30]. 

However, in our results, MPH showed higher DH and 
contained less large-molecular–mass peptides and showed 
more soluble than the others, but it showed higher 
emulsifying capacity than BPH and PPH (P < 0.05). These 
results suggest that the relationship between emulsifying 
capacity and solubility is complicated, and further 
research is needed. 

4. Conclusions 
Hawk tea protein hydrolysates could be exploited and 

utilized as a good source of health products, and can be 
used as a natural food additive because of their antioxidant 
properties, or as an emulsifier. Here, we studied the 
protein hydrolysates of different mature degree Hawk teas. 
The protein hydrolysates of the older raw material, MPH, 
showed higher degree of hydrolysis by alkaline protease, 
and contained less large-molecular-mass peptides than that 
of the tender raw materials, BPH and PPH. Furthermore, 
MPH showed the best metal chelating activities and 
relatively good functional properties. In order to explore 
and utilize these resources better, further studies need to 
be done, including further purification and identify their 
sequence. 
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