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Abstract Shrimp processing byproducts (SPB) was

digested by 6 proteases (trypsin, pepsin, neutrase, Protamex,

Flavourzyme, and Alcalase) to produce antioxidative

peptides. Both degree of hydrolysis (DH) and DPPH radical

scavenging activity (DSA) of the Alcalase hydrolysate

were the highest of all. The effect of defatting on DH and

DSA of the Alcalase hydrolysate was significant. The DH

decreased while the DSA increased after defatting of the

byproducts. The antioxidative activity of Alcalase hydrolysate

was also investigated using several in vitro assays,

including DPPH, ABTS radical scavenging assays (ASA),

reducing power assay, and chelating activity. The

antioxidative activity of the hydrolysate was obviously

concentration dependent. The SPB Alcalase hydrolysate

exhibited notable DSA and ASA with the IC50 values of

500 and 7.4 µg/mL, respectively. And the hydrolysate

showed 38.9% chelating activity at 120 µg/mL level. The

SPB Alcalase hydrolysate was a potential source of natural

antioxidants.

Keywords: shrimp processing byproduct, antioxidative

activity, hydrolysis, defatting, chelating activity

Introduction

The importance of oxidation in the body and foodstuffs has

been widely recognized. Free radicals could be formed as

a result of oxidative metabolism which is essential for the

survival of cells in body. They can overwhelm protective

enzymes such as superoxide dismutase, catalase, and

peroxidase, causing destructive and lethal cellular effects

by oxidizing membrane lipids, cellular proteins, DNA, and

enzymes as a result of the occurrence of diseases, such as

cardiovascular diseases, diabetes mellitus, neurological

disorders, and even the Alzheimer’s disease (1,2). Currently,

synthetic additives such as butylated hydroxyanisole (BHA),

butylated hydroxytoluene (BHT), and tert-butylhydroquinone

(TBHQ) are widely used because of their high antioxidant

activity. However, the potential adverse effects of these

synthetic additives have stimulated their replacement by

natural antioxidants derived from dietary sources (3).

A larger number of studies have showed that protein

hydrolysates may possess antioxidant activity. Many

antioxidative petitides have been and are being isolated

from various marine bioresources such as squid muscle (4),

algae (5), yellow stripe trevally (6,7), tuna backbone protein

(8), and cod (9). Shrimp processing byproducts (SPB) is

important sources of bioactive molecules. The protein

content of SPB ranges from 48 to 56% of the total body

weight (10). If the protein in the byproducts is recovered

and utilized, it can represent signicant economic and social

benefits. The SPB was generally used as fertilizer to produce

shrimp sauce by salt-fermentation (11). Recent studies

have focused on the production of bioactive peptides with

antimicrobial (12,13), antioxidative (14), and angiotensin I-

converting enzyme (ACE) inhibitory activity (15). To date

and the best of our knowledge, many researches of SPB on

antioxidative activity have been undertaken about carotenoid-

protein complexes (16), extractions of fermented shrimp

biowastes (17), shrimp head autolysis products (14), and

hydrolysis optimization (18), but little has been known

about the effect of defatting and enzyme type on

antioxidative activity of SPB hydrolysate. Proteases including

endo-peptidase and exopeptidase have different action sites

to produce peptides with various antioxidant activity. The

enzymatic effect of protease was different due to different
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materials. It was necessary to find out the optimal protease

and pre-treatment method of raw materials in order to

obtain high antioxidant peptides.

Therefore, this study aimed to choose the optimum

enzyme for producing the antioxidative peptides from SPB

and study the effect of defatting on the antioxidative

activities. Different methods including the scavenging

abilities on free radicals, the reducing capacity, and the

ferrous-chelating activity were used to evaluate the

antioxidant activities.

Materials and Methods

Materials SPB used in this study was purchased from

local Seafood Market, Zhejiang, China. It was dried and

grounded into fine powder, and then stored at −20oC until

used. Trypsin (2,500 U/mg), Flavourzyme (500 U/mg),

neutrase (500 U/mg), Alcalase (250 U/mg), Protamex (50

U/mg), and pepsin (3,000 U/mg) were purchased from

Shanghai Kayyon Biological Technology Co., Ltd. (Shanghai,

China). DPPH, ABTS, BHT, and trinitrobenzene sulfonic

acid (TNBS) were purchased from Sigma-Aldrich (St.

Louis, MO, USA). All other chemicals used in the

experiments were from commercial resource and of

analytical grade.

Preparation of the shrimp processing byproducts

hydrolysates SPB was defatted with petroleum ether at

50°C for 12 h by reflux extraction. Then the residue was

dried under reduced pressure. To prepare SPB hydrolysates,

enzymatic hydrolysis was performed using various

enzymes at 4,000 U/g-protein level for 5 h, and the optimal

conditions of the 6 enzymes were shown in Table 1. The

reaction was terminated by boiling at 100oC for 10 min,

and then the hydrolysate was centrifuged at 3,500×g for 10

min at 4oC. The supernatant was lyophilized and stored at

−20oC before further analysis.

Determination of the degree of hydrolysis The degree

of hydrolysis (DH), defined as the percent ratio of the

number of peptide bonds broken (N1−N3) to the total

number of bonds/unit weight (N2), was calculated according

to the TNBS method by Izco et al. (19). The DH was

calculated by Eq. 1:

DH(%)= ×100 (1)

where, N1 is free amino nitrogen of enzymatic hydrolysate,

mmol/g; N2 is total amino nitrogen of the SPB, mmol/g;

and N3 is free amino nitrogen of SPB, mmol/g. Total amino

nitrogen of SPB was measured after microwave digestion

by 6 mol/L HCl.

Proximate analysis Moisture, protein, fat, and ash of

samples were determined according to the method of

AOAC (20). The soluble protein in SPB solution was

determined after precipitation by 10% trichoroacetic acid.

Determination of the antioxidative activities

DPPH radical scavenging activity: The DPPH radical

scavenging activity (DSA) was assayed following the

method of Wu et al. (21) with some modifications. A 0.375

mL of sample was added to 2.0 mL of 0.1 mmol/L DPPH

dissolved in methanol. The mixture was shaken and left for

30 min in dark at room temperature, and the absorbance

was measured at 517 nm. BHT was used as a positive

control to compare the scavenging effect. The DSA was

calculated as a percentage of DPPH discoloration using the

Eq. 2:

DSA(%)= ×100 (2)

where, As, A0, and ADPPH represent the absorbance of the

sample, the sample blank, and the control, respectively.

ABTS radical scavenging activity: The ABTS radical-

scavenging activity (ASA) was determined according to

the method of Re et al. (22). The working solution was

prepared by mixing 20 mL of 7 mmol/L ABTS stock

solution and 352 µL of 140 mmol/L potassium persulphate

stock solution, and left for 12 h at room temperature in

dark. The working solution was then diluted by water in

order to obtain an absorbance of 1.1±0.02 units at 734 nm.

Fresh ABTS solution was prepared for each day. A 0.5 mL

of sample solution at different concentrations was added to

the fresh ABTS working solution, and the mixture was left

at room temperature for 6 min in dark. The absorbance was

then measured at 734 nm. The ASA was calculated as a

percentage of ABTS discoloration using the Eq. 3:

ASA(%)= ×100 (3)

where, As, A0, and AABTS represent the absorbance of the

sample, the sample blank, and the control, respectively.
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Table 1. Optimum conditions of enzymatic hydrolysis for
tested enzymes

Enzyme Buffer Time (h) pH
Temperature 

(oC)

Blank

50 mmol/L
Sodium 

phosphate
5

7.0 50

Trypsin 8.0 37

Pepsin 2.0 37

Protamex 8.0 45

Flavourzyme 7.0 50

Neutrase 7.0 50

Alcalase 8.0 50
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Reducing power: Reducing power was determined by the

method of Oyaiza (23). The sample solution was mixed

with 2.5 mL of 0.2 mol/L phosphate buffer (pH 6.6) and

2.5 mL of 1% potassium ferricyanide. The mixture was

incubated at 50oC for 20 min. A 2.5 mL of 10% trichoroacetic

acid was added to the mixture, followed by centrifugation

at 3,500×g for 10 min. The upper layer of solution (2.5

mL) was mixed with 2.5 mL of distilled water and 2.5 mL

of 0.1% FeCl3. The absorbance was read at 700 nm after

keeping the mixture for 10 min. Increased absorbance of

the reaction mixture indicates stronger reducing power.

BHT was prepared for the positive control.

Chelating activity: Ferrous ion-chelating activity was

determined according to the method of Dinis et al. (24). A

1.0 mL of samples was added to 0.05 mL of 2 mmol/L

FeCl2 solution. The reaction was initiated by the addition of

0.1 mL of 5 mmol/L ferrozine, and then the mixture was

shaken vigorously and left at room temperature for 10 min.

The absorbance was then measured at 562 nm. EDTA was

used as a positive control. The chelating ability of

ferrozine–Fe2+ complex formation was given in Eq. 4:

Ferrous ion-chelating activity (%)= ×100 (4)

where, AFe and A0 were the absorbance of the control and

the sample blank, respectively. As was the absorbance in

the presence of samples.

Determination of the molecular weight distribution

The molecular weight distribution of the antioxidant

hydrolysate was analyzed by gel permeation chromatography

(GPC) on a GPC column (5Diol-120-II, 7.5×600 mm).

Vitamin B12 (1.3 kDa), aprotinin (6.5 kDa), cytochrome C

(12.4 kDa), and bovine serum albumin (66.7 kDa) were

used as molecular standards. The mobile phase was 10

mmol/L phosphate buffer (pH 7.0) including 100 mmol/L

Na2SO4 at a flow rate of 1.0 mL/min and the eluent was

monitored at 214 nm.

Statistical analysis All samples were prepared and their

activities were measured in triplicate. Standard deviation

was also calculated. Statistical analysis of the data was

carried out by Origin 8.0 (OriginLab Corporation,

Northampton, MA, USA).

Results and Discussion

Proximate chemical compositions of the raw material

Chemical compositions of non-defatted and defatted SPB

are shown in Table 2. SPB has a fat content of 1.49%. SPB

has a high nutrition value not only due to the amino

composition but also the unsaturated fatty acids. Both of

the protein and fat content in our study were lower than

those of snow crab (25) and shrimp byproducts reported by

Bueno-Solano et al. (26). If the fat content was more than

1%, it should be removed using organic solvent or adding

antioxidant to prevent the oxidation. The lipid oxidation

during the hydrolysis can produce many compounds

containing carbonyl groups, which can cause condensation

reaction with alkaline groups in protein. They may

generate brown pigment and the stench of hydrolyzed

protein due to the reaction with other factors including

heavy metals, oxygen, and so on. Marine products, as they

contain more unsaturated fatty acids, are more vulnerable

to these changes. The presence of fat can shorten the shelf

life and may affect the antioxidant properties during the

hydrolysis because of its auto-oxidation. The total protein

increased from 14.7 to 19.4%, while the content of soluble

protein decreased.

Effect of defatting and enzyme type on antioxidative

activity In order to select the best protease to hydrolyze

the SPB for antioxidant peptides, the material was

independently hydrolyzed by trypsin, neutrase, pepsin,

Protamex, Flavourzyme, and Alcalase, respectively. The

Alcalase hydrolysate gave the highest DH of all (Fig. 1).

The antioxidant activities of different hydrolysates were

evaluated by the DSA test system. All of the hydrolysates

were capable of scavenging DPPH radicals. There was no

obvious relationship between the DSA and hydrolysis

time, which may be due to the sufficient amount of enzyme

added. In general, Alcalase hydrolysate also exhibited the

highest DSA, as shown in Fig. 2. The antioxidative activity

of Protamex hydrolysate was first increased and then

decreased with time, while Flavourzyme hydrolysate was

in contrary. Comparison with DH and DSA, to some

extent, it was shown that DSA was related to the DH and

enzyme type. Klompong et al. (7) reported that yellow

stripe trevally (Selaroides leptolepis) hydrolysate by

Alcalase had higher DSA than Flavourzyme, which had

lower DH. Liu et al. (27) reported that the antioxidant

activity of porcine plasma protein Alcalase hydrolysate

increased with DH. You et al. (28) indicated that loach
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Table 2. Chemical composition of shrimp processing byproducts

Composition (%)
Shrimp processing 

byproduct
Defatted shrimp 

processing byproduct

Total protein 014.7±1.981) 19.4±4.24

Soluble protein2) 11.0±0.40 10.3±0.08

Fat 1.49±0.01 <0.1

Ash 39.1±0.40 40.2±0.70

Moisture 5.54±0.17 7.51±0.37

1)Values are mean±SD (n=3); Content was expressed as dry basis
except for moisture.

2)Soluble protein was expressed as a % of total protein.
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protein hydrolysate was potent antioxidant which was

signicantly affected by DH. Extensive hydrolysis could

adversely affect functional properties of peptides (29). The

DH of the rice endosperm protein hydrolysate by

chymotrypsin was higher than that by neutrase, however,

the DSA by chymotrypsin was lower (30). This phenomenon

indicated that peptides with reactive groups were gradually

exposed during hydrolysis. The antioxidative activity of

hydrolyzed peptides might be not only related to DH, but

also related to other factors, such as the increase or

decrease of the hydrophobic, aromatic, acidic, or basic

amino acids and different composition and structure.

Therefore, Alcalase was chosen as the best enzyme to

hydrolyze SPB for further study.

The Alcalase (1,000 U/g protein) was added to hydrolyze

SPB and the DH and DSA were detected every 2 h. Results

showed that the defatted SPB hydrolysate has lower DH,

but higher DSA than the original product hydrolysate

(Table 2). This result was in accordance with Hoyle and

Merrltt (31) who found that defatted herring (Clupea

harengus) protein hydrolysate had lower DH than the

original product hydrolysate. Klompong et al. (7), Sakanaka

and Tachibana (32) also reported that the DH decreased

after defatting. They explained that protein was vulnerable

to solvent, and that the reaction between protein and

protease was weakened after defatting. It was said that the

solubility of defatted protein was decreased because

isopropanol and other alcohols had been known to compete

Fig. 1. Degree of hydrolysis of shrimp processing byproducts by 6 enzymes. Each value is expressed as mean±SD; Means in the
same hydrolysis time with different letters are significant difference at p<0.05.

Fig. 2. DPPH radical scavenging activity of shrimp processing byproducts. Each value is expressed as mean±SD; Means in the same
hydrolysis time with different letters are significant difference at p<0.05.
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for binding water with protein (7). The higher DSA of the

defatted SPB hydrolysate proved that the hydrolysate had

some oxidation factors, and weakened the antioxidant

activity of hydrolyzed peptides. So it is necessary to

remove fat from the raw materials in further studies in

order to obtain hydrolysate with high antioxidative activity.

After a series of experiments, the optimal amount of

enzyme (1,000 U/g protein) and the optimal hydrolysis

time were chosen to produce antioxidant peptides. The

result was shown in Fig. 3. It could be seen that at the time

of 6 h, the DSA was the highest of all, and the DH had

leveled off.

Antioxidative activity of Alcalase hydrolysate The

DSA increased with an increment of sample content (Fig.

4). The IC50 (the amount of antioxidant needed to decrease

the radical concentration by 50%) values of BHT and

defatted SPB hydrolysate were 0.29 and 0.50 mg/mL,

respectively. Zhang et al. (33) reported that the rapeseed

peptide fraction possessed DSA, and the IC50 value was

0.49 mg/mL. When the protein content in defatted SPB

hydrolysate was more than 0.5 mg/mL, a little amount of

water-soluble pigment in the hydrolysate may interfere

with the determination, which can not be extracted by

petroleum. Some reports indicated that these pigments

might be the product of Maillard reaction (17) and

fragments from carotenoid-protein (16), which also had

antioxidant activity. It needed further purification to

evaluate its activity. But, these results revealed that defatted

SPB hydrolysate had higher antioxidative activity and was

more suitable for the further research on the purification

and application.

The pre-formed radical monocation of ABTS is generated

by oxidation of ABTS with potassium persulfate and is

reduced in the presence of such hydrogen-donating

antioxidants (22). The scavenging activity of both defatted

SPB hydrolysate and BHT increased steadily and reached

a maximum plateau. The IC50 values of BHT and defatted

SPB hydrolysate were 7.2 and 7.4 µg/mL, respectively.

The ASA of BHT was a little higher than defatted SPB

hydrolysate. They all had high activity at low concentrations.

When the concentration of defatted SPB hydrolysate

protein reached 80 µg/mL, the ASA was approaching to

100%. Both the DSA and ASA of SPB Alcalase hydrolysate

are much higher than fermented shrimp biowaste (34).

Fig. 3. Degree of hydrolysis (DH), protein content, and DPPH
radical scavenging acidity (DSA) of defatted shrimp processing
byproducts during Alcalase hydrolysis.

Fig. 4. Antioxidative activity of Alacase hydrolysate: DPPH
(a), ABTS (b), and reduced power (c).
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Compared to the reported papers, both of the IC50 values of

DSA and ASA were lower. It was related with many

factors including the antioxidative peptides, products of

Maillard reaction, water-soluble pigment fragments from

pigment-protein complex, and even the interaction between

them, which were all worthy of further study.

Free radicals form stable substances by accepting donated

electrons, and the free radical chain reactions are thus

interrupted (35). So, samples with higher reducing power

have better abilities to donate electron, hydrogen, and free

radicals to form stable substances, interrupting the free

radical chain reactions. It has been widely accepted that the

higher the absorbance at 700 nm, the greater the reducing

power. The reducing power of defatted SPB and BHT are

shown in Fig. 4. The reducing power was inuenced clearly

by the concentration, and the reducing power of SPB

hydrolysate was lower than that of BHT. At the absorbance

of 0.5, the concentration of BHT was 0.22 mg/mL, while

the concentration of hydrolysate was 4.8 mg/mL.

It has been recognized that transition metal ions are

involved in many oxidation reaction in vivo. Ferrous ions

(Fe2+) can catalyze Haber-Weiss reaction and induce

superoxide anion to form more hazardous hydroxyl

radicals. Hydroxyl radicals react rapidly with the adjacent

biomolecules and induce severe damage. It has been

reported that the scavenging of hydroxyl radicals by

antioxidant was effective mainly via chelating of metal

ions (36). The ferrous chelating activity of SPB hydrolysate

was 38.9% at 0.12 mg/mL while the chelating activity of

EDTA reached 73.4% at 0.1 mg/mL.

Molecular weight distribution Many studies showed

that the function of protein hydrolysate was related to the

molecular weight distribution. Roberts et al. (37) suggested

that small molecular weight peptides could permeate the

cell membrane easier and had better bioactivity. The

molecular weight distribution of defatted SPB hydrolysate

for 2, 4, and 6 h centered on 5 kDa (Fig. 5). The lower

molecular weight of peptides was increased with hydrolysis

time increased, and the quantity of peptides smaller than

1.3kDa was significantly increased at hydrolysis time of

6 h.
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