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Abstract

In the present work, macadamia protein was enzymatic hydrolyzed to produce peptides which
had abundant antioxidant activities. The relative antioxidant capacity was investigated through
some in vitro models such as scavenging activity of DPPH radical, scavenging of ABTS+ radical and
evaluation of the total antioxidant capacity assay. Macadamia protein was characterized by me-
thods of DEAE cellulose cation-exchange chromatography and SDS-PAGE. Besides, method of price
graph was used to compare the difference and to investigate the connection between the actual
and ideal antioxidant value of the hydrolysates, aiming to reduce this difference.
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1. Introduction

Enzymatic hydrolysis modification of proteins is a particularly attractive technique, as it can avoid severe opera-
tional conditions while enabling ease of control over the reaction to reduce by-products, achieve high product
yields, and improve the various functional properties of the recovered proteins [1]. Peptides can be generated via
enzymatic hydrolysis. Commercial papain, bromelain, actinidin and zingibain have been studied in their abilities
of hydrolysis of protein due to their unique functions, wide accessibility, and cost-effectiveness [2].

Many studies have demonstrated that bioactive peptides, the products of protein hydrolysis, beyond their nu-
tritional value, exhibit biological activities, such as antioxidant activities [3], opioid [4], immunological implica-
tions [5], metallocarboxypeptidase inhibitor [6], antibacterial effect [7], antihypertensive effect [8], and antifun-

How to cite this paper: Han, Z.P., Zhang, W.H., Luo, W.Q. and Li, J.H. (2016) Novel Antioxidant Peptides Derived from En-
zymatic Hydrolysates of Macadamia Protein. Journal of Biosciences and Medicines, 4, 6-14.
http://dx.doi.org/10.4236/jbm.2016.42002



http://www.scirp.org/journal/jbm
http://dx.doi.org/10.4236/jbm.2016.42002
http://dx.doi.org/10.4236/jbm.2016.42002
http://www.scirp.org
http://creativecommons.org/licenses/by/4.0/

Z.P.Han et al

gal effect [9]. In food industry, incorporation of particular synthetic antioxidants such as butylated hydroxyani-
sole (BHA), butylated hydroxytoluene (BHT), and tert-butylhydrogquinone (TBHQ) into food products has been
commonly used for the purpose of improving oxidative stability and shelf-life through inhibition of lipid oxida-
tion [10]. However, there is growing concern about safety of these antioxidant compounds, particularly their po-
tential carcinogenicity and genotoxicity [11] [12]. Thus, the development of specific peptides derived from food
with potent antioxidant properties has attracted increasing attention which is believed to heighten safety for na-
turally derived products [13].

Researchers have demonstrated that the hydrolysates of a number of food proteins, such as cod skin gelatin
[147, corn [15], canola [16], human milk [17], hemp [18], and sweet potato [19], possess significant antioxidant
activities. These antioxidant properties are believed to be attributed to their unique sequences, which have been
reported to have stronger antioxidant activities than constituent amino acid mixtures [20].

Macadamia nuts contain around 30% protein [21] and are a very good source of peptides. Here, we study the
antioxidant ability of peptides from macadamia protein hydrolysis, aiming to improve our global understanding
on macadamia nuts.

2. Materials and Methods
2.1. Materials

2,2-Diphenyl-1-picrylhydrazyl (DPPH radical) and 2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
were obtained from Sigma Chemical Co. (St. Louis, Mo., U.S.A.). Total antioxidant capacity research reagent
(T-AOC) was purchased from Nanjing Jiancheng Bio-engineering Institute. Papain (enzyme activity > 200 my-
riad units/g) was a product of Guangxi Nanning Teemreal Biological Products Co., LTD. All other chemicals
and solvents used in this study were of analytical grade.

HH-W®600 electric heated water bath, 752N spectrophotometer, electronic balance, PHS-25 acidity meter,
circulating water vacuum pump and low-speed desktop centrifuge were used in this experiment. HD-9707 com-
puter ultraviolet detector was procured from Shanghai Jingke Industrial Co., LTD.

2.2. Preparation and Purification of Macadamia Protein

Box-Behnken Design (BBD) was used to estimate and optimize the yield of protein. Macadamia nuts were sub-
merged in to PBS buffer pH 9 (9:91) for 2.5 h at 55°C. The mixtures were centrifuged at 5000 rpm for 10 min.
Supernatant was collected, adjusted pH to 4.6 and incubated at 4°C for 1 h, followed by centrifugation at 5000
rpm for 10 min. The sample of crude macadamia protein was obtained by with vacuum freeze-dry.

DEAE cellulose cation-exchange chromatography and sodium dodecyl sulfatepolya-crylamide gel electro-
phoresis (SDS-PAGE) were used to purify macadamia protein and determine the distribution of molecular
weight (MW). DEAE cellulose cation-exchange chromatography was performed using Chithra and Devaraj me-
thod [22] with slight modification. Crude macadamia protein was homogenized with phosphate buffer (0.01 M,
pH 7.4) and passed through DEAE-Cellulose (Sigma) column (2.3 x 30 cm). Bound protein was eluted with a
linear gradient of NaCl (0 ~ 0.5 M) at a flow rate of 0.8 ml/min and absorbance was monitored at 280 nm via
HD-9707 computer ultraviolet detector. MW was determined by using SDS-PAGE according to the method de-
scribed by Laemmli.

2.3. Enzymatic Hydrolysis of Macadamia Protein

The method of enzymatic hydrolysis of macadamia protein was similar to Hou et al. [23] [24]. Macadamia pro-
tein after purification was homogenized with phosphate buffer (0.01 M, pH 7.4) and incubated at 55°C for 30
min to soften and dissolve the protein. Papain was added into the solution to perform the hydrolysis (20 g/l) at
37°C for 180 min in a 120 rpm shaking water-bath incubator. The reaction was ended by heating the mixtures at
100°C for 15 min to inactivate the protease. The suspension was centrifuged at 3000 g for 20 min and the su-
pernatant was collected. Finally, the sample of peptides was obtained with vacuum freeze-dry technique.

2.4. Determination of Antioxidant Activities

2.4.1. Scavenging Activity of DPPH Radical
The scavenging activity of DPPH radical was measured according to the method of Rao [25] with a slight mod-
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ification. An aliquot of 4 ml of sample solution was supplied with 4 ml of 0.1 mM DPPH in 95% ethanol. The
mixture was incubated in the darkness for 20 min at room temperature. Subsequently, the absorbance of the re-
sulting solution was measured at 517 nm with the spectrophotometer. The sample solutions were homogenized
with 0.01 M PBS buffer pH 6.75 at a series of concentrations (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 mg/ml).
Ethanol was used as a control. The absorbance of DPPH radical was recorded and radical scavenging capacity of
the samples was calculated by using the following Equation (1):

A -A
DPPH scavenging activity (%) = —=mel " samle . 100 1)

control

2.4.2. Scavenging of ABTS* Radical

The ABTS radical cation (ABTS") discoloration assay was performed according to Janet et al. [26] with mod-
ifications. ABTS" was prepared by reaction of ABTS (7 mM in water) with potassium persulfate (2.45 mM final
concentration) in the dark at room temperature for more than 12 h. Subsequently, the solution was diluted in
ethanol and equilibrated in the dark at room temperature to give an absorbance of 0.50 + 0.02 at 734 nm. Sam-
ples of 4 ml were homogenized in 0.01 M PBS (pH 6.75) at a series of concentrations (5, 10, 15, 20, 25 and 500
ug/ml), and then incubated for 20 min with 4 ml ABTS" radical cation solution before measuring absorbance at
734 nm. Percentage inhibition of the ABTS" radical was calculated using the Equation (2):

% Inhibiti _ AcontroI_AsampIe
o Inhibition = ——— =" %100 @

control

2.4.3. Evaluation of the Total Antioxidant Capacity

The total antioxidant capacity of peptides derived from enzymatic hydrolysates of macadamia protein was eva-
luated by the method of Hossain and Rahman [27], with some modifications. An aliquot of 4 ml of sample solu-
tions (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 mg/ml) were combined with reagent solutions in T-AOC as the pro-
cedures in Table 1. Subsequently, the solution was mixed well and incubated at room temperature for 10 mi-
nutes before the absorbance was measured at 520 nm against blank. One unit per mg peptides of total antioxi-
dant capacity was determined by the absorbance, and was defined as the absorbance necessary to increase 0.01
per minute under assay conditions. The total antioxidant capacity was quantified using the following formulas (3)

at our laboratory:
The total antioxidant capacity (unit/mg) = % + 30 X N + Csample ?3)

where ODy, and OD¢ were the absorbance values of samples and controls respectively, respectively. N and Cgy,.
ple Were dilution multiple of reaction system and the concentration of the samples.

Table 1. The standard added samples in determination of antioxidant.

Reagents Tu Vtr)fifr?rrwsamples Tubes for testing (mL) Tubes for control
Reagent 1 1 1
Experimental samples 4
Reagent 2 2 2
Reagent 3 0.5 0.5
Mixed thoroughly, incubated at 37°C for 30 min
Reagent 4 0.2 0.2
Experimental samples 4
Reagent 5 0.2 0.2
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2.5. Statistical Analysis

All measurements were performed in triplicate and all results are presented as mean =+ standard deviation of trip-
licate assays.

3. Results and Discussion

3.1. Characterization of Macadamia Protein by Chromatographic Analysis

DEAE cellulose cation-exchange chromatographic separation of macadamia protein samples was performed by
the computer ultraviolet detector technique. Compared with membrane purification technology described by
Selmane, Christophe and Gholamreza [28], this technique allowed very fast and convenient separation of the
proteins as the automated computer test. The traditional methods of processing for DEAE cellulose cation-
exchange chromatographic separation used to measure absorbance and estimated the order of the peak in the
main proteins with all kinds of spectrophotometers. These methods obviously affect the retention of bioactives
and medicinal natural components that aid in the treatment of diseases. Besides, they are cost-effectiveness. As
shown in Figure 1, the resolution achieved by this method enabled the complete separation and purification of
the five major macadamia proteins. The preliminary results show that macadamia protein mixtures can be sepa-
rated into five groups (peak 1, 2, 3, 4 and 5) after being eluted with a linear gradient of NaCl.

3.2. Characterization of Macadamia Protein by SDS-PAGE

SDS-PAGE was used to characterize the purified protein from DEAE cellulose cation-exchange chromatogra-
phy. The distribution of molecular weight (MW) was also determined and the profile was shown in Figure 2.
The SDS-PAGE separation of macadamia protein exhibited different protein bands of different sizes, and the
apparent MW of each protein was estimated by gel-pro analyzer software to be 13.988, 18.40, 39.122 and
45,741 kDa for peak 3. Protein bands from the sample of crude macadamia protein were referred to as peak 1.

3.3. Antioxidant Activity of Enzymatic Hydrolysates

The hydrolysates of macadamia protein were freeze-dried and assayed for antioxidative activity using various

AR

0.50 4
0.45
0.40 4
0.354
0.30 4

0.25 4

2
AN
0.20=-1
0.15 =
0.10
0.05

00:00 02:12 04:24 06:36 08:48 11:01 13:13 15:25 17:37 19:49 22:02

L A L i A L A 2 o

Figure 1. DEAE cellulose cation-exchange chromatography.
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Figure 2. SDS-PAGE for macadamia protein, the numbers of 1, 2, 3, 4 and 5 were corresponding to
the peaks in chromatography. 0 represented protein ladder.

antioxidant assays, including scavenging activity of DPPH radical, scavenging of ABTS" radical and evaluation
of the total antioxidant capacity assay.

3.3.1. DPPH Free Radical-Scavenging Activity

Figure 3 showed the DPPH radical-scavenging activity of the hydrolysates of macadamia protein at a series of
concentrations (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 mg/ml). After the addition of different peptide fractions,
increase in DPPH scavenging activity was observed. The results clearly indicated that the hydrolysates for 5
mg/ml exhibited the highest radical-scavenging activity on DPPH radical (56.43% + 4.03%), while the lowest
DPPH radical-scavenging was obtained from 0.5 mg/ml (10.31% * 2.99%). This was in accordance with the re-
sults of Bougatef et al. [3] who found that the BHA (2 mM) and the hydrolysates from sardine viscera reached a
maximum of 92.5% + 1.7% and 53.76% + 1.2% at only 500 pl, respectively, all hydrolysates at the series of
concentrations showed lower radical-scavenging activity. However, they were obviously higher than SCPH-II
(11.1% at 2 mg/ml) what has been reported by Zhong [15]. Moreover, the price graph for Figure 3 made an in-
teresting point that we might get better at judging the difference and connation between the actual and ideal val-
ue of samples, and took action to reduce this difference.

3.3.2. Scavenging of ABTS* Radical

The discoloration assay of ABTS" radical can be used to determine antioxidant activity of both lipophilic and
hydrophilic molecules, and is based on the reaction with hydrogen donating antioxidants. The higher activity
was found in fractions from the hydrolysates of macadamia protein as shown in Figure 4 than the results ob-
served in Figure 3. Moreover, the dynamic increase trended steeper than the former. When the concentration of
hydrolysates was 50 ug/ml, the scavenging of ABTS" radical was up to the standard of 96.30%. Compared with
a parallel experiment described by Janet et al. [26], there were similarities and differences between the process
of conducting such a test and results. The similarities lied in higher scavenging activity and the differences be-
tween the two were that the latter dealt with molecular weight of peptides.

3.3.3. Evaluation of the Total Antioxidant Capacity

The total antioxidant capacity can be used to evaluate the potential antioxidant activity of the hydrolysates of
macadamia protein based on its ability to reduce ferric (Fe**) to ferrous (Fe*") ion through the donation of an
electron. All hydrolysates at various concentrations (0.5 - 5 mg/ml) showed some degree of electron donation
capacity were shown in Figure 5. Moreover, the hydrolysates at higher concentrations were found to be better
potent on total antioxidant capacity. However, this dynamic increase trend was not a linear development. The
results clearly indicated that hydrolysate for 5 mg/ml exhibited the highest total antioxidant capacity (12.95 un-
ites), while the lowest total antioxidant capacity was obtained from 0.5 mg/ml (3.24 unites).
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Figure 3. DPPH scavenging activity of the hydrolysates of macadamia protein. Maximum value, me-
dian, minimum value were lines of large, medium and small values in triplicate measurements, re-
spectively; average value represented average value in triplicate measurements. M: mg/ml.
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Figure 4. Scavenging of ABTS" radical of the hydrolysates of macadamia protein. Maximum value,
median, minimum value were lines of large, medium and small values in triplicate measurements,
respectively; average value represented average value in triplicate measurements.
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Figure 5. Evaluation of the total antioxidant capacity of the hydrolysates of macadamia protein.

4. Conclusions

In the present study, DEAE cellulose cation-exchange chromatographic separation and SDS-PAGE of were
performed to purify and characterize macadamia protein. The relative antioxidant ability of the peptides derived
from enzymatic hydrolysates of macadamia protein was investigated through some in vitro models such as sca-
venging activity of DPPH radical, scavenging of ABTS" radical and evaluation of the total antioxidant capacity
assay. The antioxidant activity of peptides derived from macadamia protein on DPPH radical was lower than on
ABTS radical. This might because ABTS radical was easier to scavenge than DPPH radical as indicated by pre-
vious studies [29].

The enzymatic hydrolysates of macadamia protein could be a good source of antioxidant peptides. The dif-
ference and connation between the actual and ideal antioxidant values of the hydrolysates were well studied.
Further studies were warranted for the isolation and identification of individual peptide and also in vivo studies
were needed for a better understanding of their mechanism of action as antioxidant.

Acknowledgements

We gratefully acknowledged Key Laboratory of Tropical Crop Products Processing Ministry of Agricuture in
China for providing some support and facility for this work.

References

[1] Zhao, Q., Xiong, H., Selomulya, C., Chen, X.D., Zhong, H.L., Wang, S.Q., et al. (2012) Enzymatic Hydrolysis of Rice
Dreg Protein: Effects of Enzyme Type on the Functional Properties and Antioxidant Activities of Recovered Proteins.
Food Chemistry, 134, 1360-1367. http://dx.doi.org/10.1016/j.foodchem.2012.03.033

[2] Ha, M., Bekhit, A.A., Carne, A. and Hopkins, D.L. (2012) Characterisation of Commercial Papain, Bromelain, Actini-
din and Zingibain Protease Preparations and Their Activities toward Meat Proteins. Food Chemistry, 134, 95-105.
http://dx.doi.org/10.1016/j.foodchem.2012.02.071

[3] Bougatef, A., Nedjar-Arroume, N., Manni, L., Ravallec, R., Barkia, A., Guillochon, D., et al. (2010) Purification and
Identification of Novel Antioxidant Peptides from Enzymatic Hydrolysates of Sardinelle (Sardinella aurita) By-Pro-
ducts Proteins. Food Chemistry, 118, 559-565. http://dx.doi.org/10.1016/j.foodchem.2009.05.021

[4] Nasri, R., Amor, I.B., Bougatef, A., Naima N.A., Dhulster, P., Gargouri, J., et al. (2012) Anticoagulant Activities of
Goby Muscle Protein Hydrolysates. Food Chemistry, 133, 835-841. http://dx.doi.org/10.1016/j.foodchem.2012.01.101

[5] Picariello, G., Bonomi, F., lametti, S., Rasmussen, P., Pepe, C., Lilla, S., et al. (2011) Proteomic and Peptidomic Cha-
racterisation of Beer: Immunological and Technological Implications. Food Chemistry, 124, 1718-1726.
http://dx.doi.org/10.1016/j.foodchem.2010.07.111

[6] Obregon, W.D., Ghiano, N., Tellechea, M., Cisneros, J.S., Lazza, C., Lépez, L.M.1., et al. (2012) Detection and Cha-
racterisation of a New Metallocarboxypeptidase Inhibitor from Solanum tuberosum cv. Desirée Using Proteomic
Techniques. Food Chemistry, 133, 1163-1168. http://dx.doi.org/10.1016/j.foodchem.2011.08.030

()



http://dx.doi.org/10.1016/j.foodchem.2012.03.033
http://dx.doi.org/10.1016/j.foodchem.2012.02.071
http://dx.doi.org/10.1016/j.foodchem.2009.05.021
http://dx.doi.org/10.1016/j.foodchem.2012.01.101
http://dx.doi.org/10.1016/j.foodchem.2010.07.111
http://dx.doi.org/10.1016/j.foodchem.2011.08.030

Z.P.Han et al

(7]
(8]
[°]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Das, R., Dutta, A. and Bhattacharjee, C. (2012) Preparation of Sesame Peptide and Evaluation of Antibacterial Activity
on Typical Pathogens. Food Chemistry, 131, 1504-1509. http://dx.doi.org/10.1016/j.foodchem.2011.09.136

Qu, W.J., Ma, H., Pan, Z.L., Luo, L., Wang, Z.B. and He, R.H. (2010) Preparation and Antihypertensive Activity of
Peptides from Porphyra yezoensis. Food Chemistry, 123, 14-20. http://dx.doi.org/10.1016/j.foodchem.2010.03.091

Wong, J.H., David, C.W., Ng, T.B., Chan, Y.S., Fang, F. and Pan, W.L. (2012) A Defensin-Like Peptide from Pha-
seolus vulgaris cv. “King Pole Bean”. Food Chemistry, 135, 408-414.
http://dx.doi.org/10.1016/j.foodchem.2012.04.119

Frankel, E.N. (1996) Antioxidants in Lipid Foods and Their Impact on Food Quality. Food Chemistry, 57, 51-55.
http://dx.doi.org/10.1016/0308-8146(96)00067-2

Zhou, K.Q., Sun, S. and Canning, C. (2012) Production and Functional Characterisation of Antioxidative Hydrolysates
from Corn Protein via Enzymatic Hydrolysis and Ultrafiltration. Food Chemistry, 135, 1192-1197.
http://dx.doi.org/10.1016/j.foodchem.2012.05.063

Gharavi, N., Haggarty, S. and El-Kadi, A.O. (2007) Chemoprotective and Carcinogenic Effects of Tert-Butylhydroqui-
none and Its Metabolites. Current Drug Metabolism, 8, 1-7. http://dx.doi.org/10.2174/138920007779315035

Shahidi, F. and Zhong, Y. (2008) Bioactive Peptides. Journal of AOAC International, 91, 914-931.

Himaya, S.W.A., Ngo, D.H., Ryu, B.M. and Kim, S.K. (2012) An Active Peptide Purified from Gastrointestinal En-
zyme Hydrolysate of Pacific Cod Skin Gelatin Attenuates Angiotensin-1 Converting Enzyme (ACE) Activity and Cel-
lular Oxidative Stress. Food Chemistry, 132, 1872-1882. http://dx.doi.org/10.1016/j.foodchem.2011.12.020

Zhong, S.Y., Ma, C.W,, Lin, Y.C. and Luo, Y.K. (2011) Antioxidant Properties of Peptide Fractions from Silver Carp
(Hypophthalmichthys molitrix) Processing By-Product Protein Hydrolysates Evaluated by Electron Spin Resonance
Spectrometry. Food Chemistry, 126, 1636-1642. http://dx.doi.org/10.1016/j.foodchem.2010.12.046

Cumby, N., Zhong, Y., Naczk, M. and Shahidi, F. (2008) Antioxidant Activity and Water-Holding Capacity of Canola
Protein Hydrolysates. Food Chemistry, 109, 144-148. http://dx.doi.org/10.1016/j.foodchem.2007.12.039

Tsopmo, A., Romanowski, A., Banda, L., Lavoie, J.C., Jenssen, H. and Friel, J.K. (2011) Novel Anti-Oxidative Pep-
tides from Enzymatic Digestion of Human Milk. Food Chemistry, 126, 1138-1143.
http://dx.doi.org/10.1016/j.foodchem.2010.11.146

Tang, C.H., Wang, X.S. and Yang, X.Q. (2009) Enzymatic Hydrolysis of Hemp (Cannabis sativa L.) Protein Isolate by
Various Proteases and Antioxidant Properties of the Resulting Hydrolysates. Food Chemistry, 114, 1484-1490.
http://dx.doi.org/10.1016/j.foodchem.2008.11.049

Huang, G.J.H., Deng, J.S.Y., Chen, H.J., Huang, S.S.Y., Liao, J.C., Hou, W.C., et al. (2012) Defensin Protein from
Sweet Potato (Ipomoea batatas [L.] Lam “Tainong 57”) Storage Roots Exhibits Antioxidant Activities in Vitro and ex
Vivo. Food Chemistry, 135, 861-867. http://dx.doi.org/10.1016/j.foodchem.2012.05.082

Guo, H., Kouzuma, Y. and Yonekura, M. (2009) Structures and Properties of Antioxidative Peptides Derived from
Royal Jelly Protein. Food Chemistry, 113, 238-245. http://dx.doi.org/10.1016/j.foodchem.2008.06.081

Chithra, C. and Devaraj, H. (2012) Purification and Characterisation of a 48 kDa Protein Involved in the Molting Cycle
of Penaeus monodon. Food Chemistry, 134, 15-20. http://dx.doi.org/10.1016/j.foodchem.2012.01.082

Jitngarmkusol, S., Hongsuwankul, J. and Tananuwong, K. (2008) Chemical Compositions, Functional Properties, and

Microstructure of Defatted Macadamia Flours. Food Chemistry, 110, 23-30.
http://dx.doi.org/10.1016/j.foodchem.2008.01.050

Hou, H., Li, B., Zhao, X., Zhuang, Y., Ren, G., Yan, M., et al. (2009) The Effect of Pacific Cod (Gadus macrocepha-
lus) Skin Gelatin Polypeptides on UV Radiation-Induced Skin Photoaging in ICR Mice. Food Chemistry, 115, 945-
950. http://dx.doi.org/10.1016/j.foodchem.2009.01.015

Hou, H., Fan, Y., Li, B.F., Xue, C.H., Yu, G.L., Zhang, Z.H., et al. (2012) Purification and Identification of Immuno-
modulating Peptides from Enzymatic Hydrolysates of Alaska Pollock Frame. Food Chemistry, 134, 821-828.
http://dx.doi.org/10.1016/j.foodchem.2012.02.186

Rao, S.Q., Sun, J., Liu, Y.T., Zeng, HW., Su, Y.J. and Yang, Y.J. (2012) ACE Inhibitory Peptides and Antioxidant
Peptides Derived from in Vitro Digestion Hydrolysate of Hen Egg White Lysozyme. Food Chemistry, 135, 1245-1252.
http://dx.doi.org/10.1016/j.foodchem.2012.05.059

Janet, C.C., Alan, J.H., Cristian, J.M., Carmen, J.H., Manuel, A., Julio, G.C,, et al. (2012) Antioxidant and Metal Che-
lating Activities of Peptide Fractions from Phaseolin and Bean Protein Hydrolysates. Food Chemistry, 135, 1789-1795.
http://dx.doi.org/10.1016/j.foodchem.2012.06.016

Hossain, M.A. and Rahman, S.M.M. (2011) Total Phenolics, Flavonoids and Antioxidant Activity of Tropical Fruit
Pineapple. Food Research International, 44, 672-676. http://dx.doi.org/10.1016/j.foodres.2010.11.036

Selmane, D., Christophe, V. and Gholamreza, D. (2008) Extraction of Proteins from Slaughterhouse By-Products: In-

)



http://dx.doi.org/10.1016/j.foodchem.2011.09.136
http://dx.doi.org/10.1016/j.foodchem.2010.03.091
http://dx.doi.org/10.1016/j.foodchem.2012.04.119
http://dx.doi.org/10.1016/0308-8146(96)00067-2
http://dx.doi.org/10.1016/j.foodchem.2012.05.063
http://dx.doi.org/10.2174/138920007779315035
http://dx.doi.org/10.1016/j.foodchem.2011.12.020
http://dx.doi.org/10.1016/j.foodchem.2010.12.046
http://dx.doi.org/10.1016/j.foodchem.2007.12.039
http://dx.doi.org/10.1016/j.foodchem.2010.11.146
http://dx.doi.org/10.1016/j.foodchem.2008.11.049
http://dx.doi.org/10.1016/j.foodchem.2012.05.082
http://dx.doi.org/10.1016/j.foodchem.2008.06.081
http://dx.doi.org/10.1016/j.foodchem.2012.01.082
http://dx.doi.org/10.1016/j.foodchem.2008.01.050
http://dx.doi.org/10.1016/j.foodchem.2009.01.015
http://dx.doi.org/10.1016/j.foodchem.2012.02.186
http://dx.doi.org/10.1016/j.foodchem.2012.05.059
http://dx.doi.org/10.1016/j.foodchem.2012.06.016
http://dx.doi.org/10.1016/j.foodres.2010.11.036

Z.P.Han et al

fluence of Operating Conditions on Functional Properties. Meat Science, 79, 640-647.
http://dx.doi.org/10.1016/j.meatsci.2007.10.029

[29] Akillioglu, H.G. and Karakaya, S. (2010) Changes in Total Phenols, Total Flavonoids, and Antioxidant Activities of
Common Beans and Pinto Beans after Soaking, Cooking, and in Vitro Digestion Process. Food Science and Biotech-
nology, 19, 633-639. http://dx.doi.org/10.1007/s10068-010-0089-8



http://dx.doi.org/10.1016/j.meatsci.2007.10.029
http://dx.doi.org/10.1007/s10068-010-0089-8

	Novel Antioxidant Peptides Derived from Enzymatic Hydrolysates of Macadamia Protein
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Preparation and Purification of Macadamia Protein
	2.3. Enzymatic Hydrolysis of Macadamia Protein
	2.4. Determination of Antioxidant Activities
	2.4.1. Scavenging Activity of DPPH Radical
	2.4.2. Scavenging of ABTS+ Radical
	2.4.3. Evaluation of the Total Antioxidant Capacity

	2.5. Statistical Analysis

	3. Results and Discussion
	3.1. Characterization of Macadamia Protein by Chromatographic Analysis
	3.2. Characterization of Macadamia Protein by SDS-PAGE
	3.3. Antioxidant Activity of Enzymatic Hydrolysates
	3.3.1. DPPH Free Radical-Scavenging Activity
	3.3.2. Scavenging of ABTS+ Radical
	3.3.3. Evaluation of the Total Antioxidant Capacity


	4. Conclusions
	Acknowledgements
	References

