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Abstract Simulated gastrointestinal hydrolysis of hemp

seed proteins using pepsin and pancreatin followed by

membrane ultrafiltration fractionation yielded fractions with

peptide sizes of\1, 1–3, 3–5, and 5–10 kDa. Analysis of in

vitro antioxidant properties showed that the hemp seed

protein hydrolysate (HPH) exhibited a significantly weaker

(p \ 0.05) scavenging of 2,2-diphenyl-1-picrylhydrazyl

(DPPH) radicals when compared to the fractionated pep-

tides. Metal chelation activity of the HPH was significantly

greater (p \ 0.05) than the activities of fractionated pep-

tides. Fractionation of the HPH led to significant (p \ 0.05)

improvements in ferric reducing power, DPPH, and hydro-

xyl radical scavenging radical activities but decreased metal

chelation capacity. Peptide fractions with longer chain

lengths (3–5 and 5–10 kDa) had better metal chelation and

ferric reducing power than the \1, and 1–3 kDa fractions.

HPH and all the peptide fractions significantly inhibited

(p \ 0.05) linoleic acid oxidation when compared to

the control. Glutathione (GSH) had significantly greater

(p \ 0.05) ferric reducing power, and scavenging of

hydroxyl and DPPH radicals when compared to HPH and

fractionated peptides. In contrast, HPH and peptide fractions

[3 kDa had significantly higher (p \ 0.05) metal chelation

activity than GSH. The results show the potential use of HPH

and peptide fractions of defined size for the treatment of

oxidative stress-related diseases.
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Introduction

Industrial hemp (Cannabis sativa L.), widely cultivated in

China and Canada, is a very important plant for food, fiber,

and medicine. Hemp seed, a by-product obtained during

the commercial utilization of the plant fiber contains over

30% oil and 25% of high quality protein [1]. Industrial

hemp seed, which contains a low level (*0.3%) of

d-9-tetrahydrocannabinol (THC) is now legally grown in

Canada. Hemp seed has been used in the development of

numerous products for the cosmetics, therapeutic, func-

tional food, and nutraceutical industries [2]. Hemp seed is

also a rich source of polyunsaturated fatty acids, especially

linoleic (x-6) and a-linolenic (x-3) acids, and proteins

which contain all of the essential amino acids in nutri-

tionally sufficient amounts for FAO/WHO suggested

requirements for infants or children [3, 4]. The physico-

chemical and functional properties of hemp seed protein

isolate (HPI) have been evaluated and compared with those

of soy protein isolate (SPI): HPI had similar or higher

levels of essential amino acids than SPI except for lysine.

In addition, hemp seed protein hydrolysate (HPH) pro-

duced using different proteases have been reported to

possess antioxidant properties [5] but the work did not

provide information on relationships with amino acid

content of peptides. Antioxidant peptides have continued to

be a research interest due to the potential contributions to

human health and especially for the prevention and treat-

ment of chronic diseases.
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Oxidative stress occurs as a result of an imbalance

between the production of free radicals, reactive oxygen

species (ROS) and the scavenging ability of endogenous

antioxidants [6]. Excessive production of ROS may dam-

age membranes, proteins, enzymes, and DNA resulting in

the development of chronic disease conditions [7, 8].

Enzymatic food protein-derived peptides, in comparison to

synthetic compounds are believed to be safer natural anti-

oxidants that can be used as protective agents to help the

human body reduce oxidative damage and associated dis-

eases [6]. The antioxidant properties of these hydrolysates

largely depend on enzyme specificity, degree of hydrolysis,

and the nature of the peptides released including molecular

weight, amino acid composition, and hydrophobicity

[9–11]. The antioxidant properties of peptides include their

ability to scavenge free radicals, inhibit linoleic acid

autoxidation, act as chelating agents of metal ions, or as

reducing agents [5]. The presence of certain amino acids

like, histidine, tyrosine, methionine, lysine, tryptophan, and

proline increases the antioxidant potency of most food-

derived peptides [12]. To the best of our knowledge, there

is lack of information on the relationships of peptide size

and amino acid composition with antioxidant activities of

hemp seed protein-derived hydrolysates. The present work

contributes to the growing scientific knowledge on the

relationships between amino acid content or peptide size

and antioxidant properties of food protein hydrolysates.

Though a previous work [5] had used different enzymes,

there is a need to determine the potential liberation of

antioxidant peptides during oral consumption of hemp seed

proteins. Therefore, the objective of this work was to

produce a simulated gastrointestinal HPH, fractionate the

hydrolysate into peptides of different molecular weights,

and evaluate these samples for multifunctional properties

using various antioxidant evaluation systems, in vitro.

Glutathione (GSH) was used for comparison since it is a

peptide (similar to the HPH components) and has physio-

logical relevance as a cellular antioxidant molecule in

human tissues.

Materials and Methods

Materials

Defatted hemp seed meal, referred to as hemp seed protein

powder (HPP), was purchased from Manitoba Harvest

Fresh Hemp Foods Ltd (Winnipeg, MB, Canada). Pepsin

(porcine gastric mucosa, EC 3.4.23.1), Pancreatin (porcine

pancreas), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Triton

X-100, hydrogen peroxide, ethylenediaminetetraacetic acid

(EDTA), ferrous sulphate, potassium ferricyanide, trichlo-

roacetic acid (TCA), ammonium thiocyanate, linoleic acid,

ferrous chloride, 1,10-phenanthroline, 3-(2-pyridyl)-5,

6-diphenyl-1,2,4-triazine-40,400-disulfide acid sodium salt

(ferrozine), and GSH were purchased from Sigma–Aldrich

(St. Louis, MO, USA) while other analytical grade reagents

and ultrafiltration membranes (1, 3, 5, and 10 kDa mole-

cular weight cut-off) were obtained from Fisher Scientific

(Oakville, ON, Canada).

Methods

Preparation of Hemp Seed Protein Isolates

HPI was produced from HPP according to the method

described by Tang et al. [3] with slight modifications as

follows. Briefly, HPP was dispersed in deionized water

(1:20, w/v), and the dispersion was adjusted to pH 10.0

with 2 M NaOH to solubilize the proteins. The resultant

dispersion was stirred at 37 �C for 2 h followed by cen-

trifugation (7,000g at 4 �C) for 60 min. The pellet was

discarded, and the supernatant filtered with cheesecloth and

adjusted to pH 5.0 with 2 M HCl to precipitate the proteins.

Thereafter, the mixture was centrifuged (7,000g at 4 �C)

for 40 min, the resultant precipitate was re-dispersed in

deionized water, adjusted to pH 7.0 with 2 M NaOH and

freeze-dried to produce HPI powder. Protein content of

HPI was determined using the modified Lowry method

[13].

Production of Hemp Seed Protein Hydrolysate (HPH)

and Membrane Fractions

Prior to enzymatic hydrolysis, the green-colored HPI was

decolorized by mixing 1 g with 10 mL of acetone. The

mixture was stirred in the fume hood for 3 h and decanted

followed by a second and third consecutive extraction of

the residue. The resulting HPI was air-dried overnight in

the fume hood and used for further studies. The decolorized

HPI was enzymatically hydrolyzed according to a previous

method [14]. Briefly, 5% (w/v, protein basis) of decolor-

ized HPI slurry was heated to 37 �C and adjusted to pH 2.0

using 1 M HCl. Protein hydrolysis was initiated by the

addition of pepsin (4% w/v, protein basis) and the mixture

stirred for 2 h. After peptic hydrolysis, the reaction mixture

was adjusted to pH 7.5 with 2 M NaOH, pancreatin (4% w/v,

protein basis) was added and the mixture was incubated at

37 �C for 4 h. The enzymatic reaction was terminated by

adjusting the mixture to pH 4.0 with 2 M HCl followed by

heating to 95 �C for 15 min to ensure a complete dena-

turation of residual enzymes. The mixture was centrifuged

(7,000g at 4 �C) for 30 min and the resulting supernatant

was sequentially passed through ultrafiltration mem-

branes with molecular weight cut-off (MWCO) of 1, 3, 5,

and 10 kDa in an Amicon stirred ultrafiltration cell.
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The permeate fraction from each MWCO membrane was

collected, lyophilized, and stored at -20 �C until needed

for further analysis. The protein contents of the freeze-

dried HPH fractions were also determined using the mod-

ified Lowry method [13]. The above digestion and frac-

tionation protocols were performed in triplicate and the

freeze-dried products combined, analyzed for protein

content [13] and used for antioxidant assays.

DPPH Radical Scavenging Assay

The scavenging activity of HPH and its fractions against

the DPPH radical was determined using a previously

described method [14] with slight modifications for a

96-well clear flat-bottom plate. Peptide samples were

dissolved in 0.1 M sodium phosphate buffer, pH 7.0

containing 1% (w/v) Triton X-100. DPPH was dissolved

in methanol to a final concentration of 100 lM. Peptide

samples (100 lL) were mixed with 100 lL of the DPPH

solution in the 96-well plate to a final assay concentration

of 1 mg/mL and incubated at room temperature in the

dark for 30 min. The absorbance values of the control

(Ac) and samples (As) were measured at 517 nm. The

control consisted of sodium phosphate buffer in place

of the peptide sample while GSH was used as the

positive control. The percent DPPH radical scavenging

activity of the samples was determined using the fol-

lowing equation:

DPPH radical scavenging activity (% ) =
Ac � As

Ac

� �

� 100

Chelation of Metal Ions

The metal chelating activity was measured using a modi-

fied method of Xie et al. [15]. Peptide sample solution or

GSH (final assay concentration of 1 mg) was combined

with 0.05 mL of 2 mM FeCl2 and 1.85 mL double distilled

water in a reaction tube. Ferrozine solution (0.1 mL of

5 mM) was added and mixed thoroughly. The mixture was

then allowed to stand at room temperature for 10 min from

which an aliquot of 200 lL was removed and added to a

clear bottom 96-well plate. A control was also conducted

by replacing the sample with 1 mL of double distilled

water. The absorbance values of (Ac) and (As) at 562 nm

were measured using a spectrophotometer and the metal

chelating activity of the sample was compared to that of

GSH. The percentage chelating effect (%) was calculated

using the following equation:

Metal chelating effect ð% ) ¼ Ac � As

Ac

� �
� 100

Ferric Reducing Power

The reducing power of peptide samples was measured

according to a previously reported method [16] which was

modified as follows. Peptide samples (250 lL) dissolved in

0.2 M sodium phosphate buffer at pH 6.6 or double dis-

tilled water (control) were mixed with 250 lL of buffer

and 250 lL of 1% potassium ferricyanide solution. The

final peptide concentration in the assay mixture was 1 mg/

mL. The resulting mixture was heated at 50 �C and incu-

bated for 20 min. After incubation, 250 lL of 10% of

aqueous TCA was added. Thereafter, 250 lL of peptide/

TCA mixture was combined with 50 lL of 0.1% ferric

chloride and 200 lL of water and allowed to stand at room

temperature for 10 min. The solution was centrifuged at

1,000g and 200 lL of the supernatant transferred to a clear

bottom 96-well plate. The absorbance of the supernatant

was measured at 700 nm.

Hydroxyl Radical Scavenging

The hydroxyl radical scavenging activity was determined

based on a previously reported method [17]. Peptide

samples and 3 mM of 1,10-phenanthroline were sepa-

rately dissolved in 0.1 M sodium phosphate buffer (pH

7.4). FeSO4 (3 mM) and 0.01% hydrogen peroxide were

both separately dissolved in distilled water. An aliquot

(50 lL) of peptide samples (equivalent to a final assay

concentration of 1 mg/mL) or buffer (control) was first

added to a clear, flat bottom 96-well plate followed by

50 lL of 1,10-phenanthroline and then 50 lL of FeSO4.

To initiate the Fenton reaction in the wells, 50 lL of

hydrogen peroxide was added to the mixture, covered and

incubated at 37 �C for 1 h with shaking. The absorbance

was measured using a spectrophotometer at 536 nm at

10 min intervals for 1 h. The hydroxyl radical scavenging

activity was calculated using the reaction rate (DA/min)

equation below:

Hydroxyl radical scavenging activity (% )

¼ DA=minð Þc� DA=minð Þs
DA=minð Þc

� �
� 100

Inhibition of Linoleic Acid Oxidation

Linoleic acid oxidation was measured using the method

described by Li et al. [8]. Peptide samples (final concen-

tration of 1 mg/mL) were dissolved in 1.5 mL of 0.1 M

sodium phosphate buffer (pH 7.0) and the mixture added to

1 mL of 50 mM linoleic acid dissolved in 99.5% ethanol.

For the control assay, 1.5 mL of buffer was added to the

ethanolic linoleic acid solution. The mixtures were kept at

60 �C in the dark for 7 days. At 24-h intervals, 100 lL of
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the assay solution was mixed with 4.7 mL of 75% aqueous

ethanol, 0.1 mL of ammonia thiocyanate (30% w/v) and

0.1 mL of 0.02 M ferrous chloride dissolved in 1 M HCl.

This solution (200 lL) was added to a clear bottom 96-well

plate and the degree of color development was measured

using the spectrophotometer at 500 nm after 3 min incu-

bation at room temperature. An increased absorbance

implied an increase in the level of linoleic acid oxidation.

Amino Acid Composition Analysis

The amino acid profiles of the samples were determined in

duplicate (two separately digested and fractionated sam-

ples) using an HPLC system after samples were hydrolyzed

with 6 M HCl [18]. The cysteine and methionine contents

were determined after performing acid oxidation [19]

and the tryptophan content was determined after alkaline

hydrolysis [20].

Statistical Analysis

Antioxidant assays were conducted in triplicate and ana-

lyzed by one-way analysis of variance (ANOVA). The

means were compared using Duncan’s multiple range test

and significant differences accepted at p \ 0.05.

Results and Discussion

Enzymatic Hydrolysis of Hemp Seed Protein Isolate

and Ultrafiltration

In this study, HPI was decolorized with acetone to remove

polyphenolic compounds that could interfere with accurate

determination of antioxidant properties of the protein

hydrolysates. This is because low molecular weight poly-

phenols have antioxidant properties, which could confound

interpretation of the results. HPI was hydrolyzed consec-

utively with pepsin and pancreatin followed by sequential

fractionation of the hydrolysate by ultrafiltration using 1, 3,

5, and 10 kDa MWCO membranes to produce peptide

fractions with varying molecular weights. Pepsin and

pancreatin enzymes were used in this study to mimic

gastrointestinal protein digestion in human beings. Mem-

brane fractionation resulted in enriched peptides with nar-

row molecular weight range (\1, 1–3, 3–5, and 5–10 kDa)

and increased homogeneity of the peptides, when com-

pared to the original HPH. In previous studies, membrane

fractionation of protein hydrolysates resulted in fractions

with better bioactive properties than their parent hydroly-

sates [14, 21]. The HPH had a protein content of 90%

whereas the \1, 1–3, 3–5, and 5–10 kDa membrane

ultrafiltration fractions contained 64, 85, 92, and 90%

protein contents, respectively. The lower protein content of

the \1 kDa permeate suggests that low molecular weight

non-protein components such as salts and soluble sugars

are present.

Amino Acid Composition

The amino acid compositions of HPI, HPH, and membrane

fractions are shown in Table 1. The amino acid content of

the HPI was very similar to previously reported data [3]

and shows very high levels of arginine. The results indi-

cated that amino acid content of the HPH was very similar

to that of the HPI. However, membrane fractionation

resulted in higher contents of leucine and phenylalanine in

the\1 and 1–3 kDa peptides while the 3–5 and 5–10 kDa

peptides had reduced contents. Fractionation also resulted

in decreased levels of cysteine in the \1 and 1–3 kDa

peptide fractions when compared to the other samples.

Valine content was increased in the \1 and 1–3 kDa

peptide fractions but remained virtually unchanged in the

3–5 and 5–10 kDa peptides, when compared to the HPI and

HPH. Overall, the\1 kDa peptide fraction had the highest

concentration of hydrophobic as well as aromatic amino

acids except for cysteine and valine which were higher in

the other peptide fractions.

Antioxidant Activities of Hemp Seed Protein

Hydrolysate and Its Fractions

Radical Scavenging Activities (RSA)

The DPPH radical is relatively stable and has been widely

used to test ability of natural compounds to act as free

radical scavengers or hydrogen donors as a means of

evaluating their antioxidant potentials [22]. DPPH radicals

are stable in methanol and show maximum absorbance at

517 nm. However, in the presence of a proton-donating

substance such as an antioxidant, the DPPH radicals are

scavenged leading to a reduction in absorbance. Figure 1a

shows the ability of HPH and its membrane fractions to

scavenge DPPH radical. The \1 kDa membrane fraction

exhibited the highest RSA of 24.2% and the 5–10 kDa

fraction had least activity of 18.7%. The DPPH RSA of the

peptide fractions were observed to be dependent on their

molecular size, with the smaller (\1 and 1–3 kDa) frac-

tions showing higher DPPH scavenging potency than the

bigger (3–5 and 5–10 kDa) peptide fractions. This result

indicated that low-molecular weight (LMW) peptides

possess better RSA than the high-molecular weight

(HMW) peptides, which is in agreement with similar

findings obtained for quinoa protein hydrolysates fractions

[14] but is in contrast with results obtained for flaxseed

protein-derived peptide fractions [11] and chickpea peptide
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fractions [8]. The unfractionated HPH was found to be a

poor scavenger of DPPH (*4%) activity when compared

to reduced GSH (28.2%) and the HPH fractions. Previous

studies have shown that high DPPH or other radical

scavenging activities of protein hydrolysates or peptide

fractions are associated with high hydrophobicity [8, 23].

Current results showed that the \1 and 1–3 kDa fractions

have the highest contents of hydrophobic amino acids

(Table 1), which could explain the higher RSA activities of

these two fractions when compared to the HPH and the

higher molecular weight fractions (3–5 and 5–10 kDa). In

general, the RSA of food protein hydrolysates depend on a

variety of factors such as specificity of the proteases used

in the protein hydrolysis, size, and amino acid composition

of the peptides, and the DPPH assay conditions [11]. The

RSA of the HPH fractions may be due to the presence or

availability of electron donors that reduced the free radicals

to more stable inert molecules. In addition, several studies

have demonstrated that hydrophobic amino acids act as

antioxidants by increasing the solubility of peptides in non-

polar environments thereby facilitating better interaction

with free radicals (such as DPPH) and terminating their

reactivity [9]. Overall, the RSA of the hemp seed hydrol-

ysates was lower than those reported for chickpea protein

hydrolysates [8].

Hydroxyl radical scavenging activity is shown in

Fig. 1b. The type of free radical system utilized for anti-

oxidant evaluation could influence experimental results;

thus, the use of more than one free radical system to

investigate radical-scavenging capacities of a selected

antioxidant has been recommended [8, 11]. The hydroxyl

radical is one of the most reactive ROS, reacting with

virtually all cellular macromolecules such as proteins,

polyunsaturated fatty acids, and nucleic acids to induce

severe damages to cells [9] ultimately leading to aging,

cancer, diabetes, and several other disease conditions [24].

Hydrogen peroxide and superoxide anion can be converted

to hydroxyl radicals in vivo in the presence of metal ions

or may be generated from several other radical systems

leading to oxidative stress. Therefore, the scavenging of

hydroxyl radical is an effective defense strategy of the

human body against various diseases elicited or propagated

Table 1 Percentage amino acid composition of hemp seed protein isolate (HPI), hemp seed protein hydrolysate (HPH), and membrane

ultrafiltration fractions

AA HPI HPH \1 kDa 1–3 kDa 3–5 kDa 5–10 kDa

ASX 11.81 ± 0.69 11.39 ± 0.03 9.49 ± 0.06 11.70 ± 0.29 12.79 ± 0.47 12.70 ± 0.11

THR 3.54 ± 0.22 3.68 ± 0.29 3.60 ± 0.04 3.77 ± 0.35 4.01 ± 0.19 4.00 ± 0.19

SER 4.78 ± 0.26 4.63 ± 0.09 4.73 ± 0.21 4.79 ± 0.19 4.69 ± 0.07 4.47 ± 0.38

GLX 22.39 ± 2.23 20.06 ± 1.34 15.18 ± 0.96 19.31 ± 1.04 22.71 ± 1.58 22.87 ± 1.02

PRO 4.13 ± 0.54 4.00 ± 0.07 3.19 ± 0.33 4.04 ± 0.56 4.23 ± 0.11 4.89 ± 0.73

GLY 4.38 ± 0.22 4.29 ± 0.23 3.23 ± 0.06 3.93 ± 0.07 4.54 ± 0.20 4.71 ± 0.44

ALA 4.14 ± 0.21 4.47 ± 0.16 4.91 ± 0.06 4.77 ± 0.12 4.30 ± 0.19 4.12 ± 0.09

CYS 1.49 ± 0.04 1.32 ± 0.23 0.29 ± 0.13 0.66 ± 0.01 1.26 ± 0.07 1.58 ± 0.28

VAL 4.14 ± 0.14 4.66 ± 0.02 5.67 ± 0.14 5.26 ± 0.11 4.45 ± 0.19 4.24 ± 0.14

MET 2.36 ± 0.02 1.81 ± 0.39 1.94 ± 0.04 2.03 ± 0.06 1.85 ± 0.14 1.80 ± 0.15

ILE 3.67 ± 0.35 3.84 ± 0.07 4.15 ± 0.13 4.16 ± 0.11 3.98 ± 0.05 3.90 ± 0.04

LEU 5.51 ± 1.23 6.75 ± 0.04 9.91 ± 0.06 7.26 ± 0.10 5.15 ± 0.04 4.82 ± 0.43

TYR 3.09 ± 0.44 3.45 ± 0.00 4.78 ± 0.02 3.50 ± 0.02 3.06 ± 0.06 3.62 ± 0.96

PHE 3.66 ± 1.10 4.60 ± 0.04 7.68 ± 0.05 5.01 ± 0.14 3.21 ± 0.02 2.85 ± 0.40

HIS 2.65 ± 0.23 2.78 ± 0.03 2.61 ± 0.06 2.47 ± 0.01 2.47 ± 0.03 2.49 ± 0.08

LYS 2.96 ± 0.30 2.97 ± 0.06 3.19 ± 0.11 2.94 ± 0.14 2.56 ± 0.03 2.51 ± 0.07

ARG 13.91 ± 0.55 14.07 ± 0.40 13.87 ± 0.11 12.96 ± 0.13 13.60 ± 0.25 13.31 ± 0.24

TRP 1.39 ± 0.02 1.23 ± 0.16 1.58 ± 0.01 1.44 ± 0.15 1.16 ± 0.12 1.11 ± 0.02

HAA 33.60 ± 2.03 36.13 ± 0.79 44.10 ± 0.84 38.14 ± 0.13 32.64 ± 0.98 32.95 ± 1.11

PCAA 19.51 ± 1.08 19.82 ± 0.36 19.67 ± 0.16 18.37 ± 0.00 18.62 ± 0.19 18.31 ± 0.24

NCAA 34.20 ± 2.92 31.45 ± 1.04 24.67 ± 0.90 31.00 ± 0.75 35.50 ± 1.10 35.56 ± 1.12

AAA 8.14 ± 1.56 9.28 ± 0.12 14.05 ± 0.02 9.95 ± 0.31 7.42 ± 0.19 7.58 ± 0.58

Results are presented as mean ± standard deviation

ASX aspartic acid and asparagine; GLX glutamic acid and glutamine. Combined total of hydrophobic amino acids—alanine, valine, isoleucine,

leucine, tyrosine, phenylalanine, tryptophan, proline, methionine, and cysteine (HAA). Positively charged amino acids—arginine, histidine, lysine

(PCAA). Negatively charged amino acids—ASX and GLX (NCAA). Aromatic amino acids—phenylalanine, tryptophan, and tyrosine (AAA)
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by the ROS. The scavenging activities of HPH and its

membrane fractions were compared to that of GSH

(Fig. 1b). While the HPH showed no activity in scavenging

hydroxyl radical, all the HPH membrane fractions exhib-

ited similar and low hydroxyl radical scavenging activities

of 15.7–23.7%. These activities were lower than that

observed for GSH, which scavenged 81.7% of hydroxyl

radical at the same concentration. The hemp seed peptides

are poor scavengers of hydroxyl radical when compared to

chickpea [8] and wheat germ [22] peptides that showed

[30% activity. The results indicate that the ratio of

hydroxyl radical scavenging peptides to non-scavenging

peptides was very low in the HPH. However, fractionation

led to increased segregation of hydroxyl radical scavenging

peptides, which was reflected in the higher activity of the

membrane fractions.

Metal Ion Chelating and Ferric Reducing Activities

Transition metal ions are involved in many in-vivo oxida-

tion reactions. Ferrous ions (Fe2?) can catalyze the Haber–

Weiss reaction and induce superoxide anions to form more

hazardous hydroxyl radicals. These hydroxyl radicals react

rapidly with adjacent biomolecules to cause severe tissue

damage. Ferrous ion can also stimulate lipid peroxidation by

Fenton reaction, and accelerate peroxidation by decom-

posing lipid hydroperoxides into hydroxyl and alkoxyl

radicals capable of abstracting hydrogen and perpetuating a

chain reaction of lipid peroxidation [15, 25]. Chelating

agents may serve as secondary antioxidants because they

reduce the redox potential, hence stabilizing the oxidized

form of the metal ions. Figure 2a shows the Fe2? chelating

effects of reduced GSH, HPH, and its membrane fractions.

The Fe2? chelating ability was estimated in this study by the

decrease in the absorbance of ferrozine–Fe2? complex after

the addition of the test samples. Clearly, the HPH exhibited

the strongest chelating capacity (72%) which could be

attributed to the additive effects of all the peptides that are

responsible for the activities of the fractions. However, GSH

and the \1 and 1–3 kDa HPH fractions showed low che-

lating activity ranging from 15.7 to 20.2% compared to the

moderate activity exhibited by the 3–5 and 5–10 kDa HPH

fractions, which had 29 and 38.5% Fe2? chelating activity,
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Fig. 1 Scavenging activities of hemp seed protein hydrolysate (HPH)

and its ultrafiltration fractions against DPPH radicals (a) and hydroxyl

radicals (b) compared to reduced glutathione (GSH). Bars (mean ±

standard deviation) with different letters have mean values that are

significantly different at p \ 0.05. NA no activity detected
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Fig. 2 Metal chelating effects (a) and ferric reducing power (b) of

hemp seed protein hydrolysate (HPH) and its fractions compared to

reduced glutathione (GSH). Bars (mean ± standard deviation) with

different letters have mean values that are significantly different at

p \ 0.05
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respectively. Thus, the metal ion chelating activities of HPH

fractions increased with the molecular weight (probably due

to additive effects from constituent peptides) and the syn-

ergistic effects of the fractions were reflected in the high

activity of the unfractionated hydrolysate. Fractions 3–5 and

5–10 kDa also contained the highest levels of negatively

charged amino acids, which could have contributed to

increased electrostatic affinity for the positively charged

iron. The present results are similar to those from a previous

work [5], which showed that increased peptide chain length

led to higher iron chelating effects. The observed iron che-

lating property of HPH and its fractions may be beneficial

towards the protection of cellular components against oxi-

dative damage.

The ferric reducing antioxidant power (FRAP) assay is

used to evaluate the ability of natural antioxidants to

donate electrons. Some reports have indicated that there is

a direct correlation between antioxidant activities and

reducing power of protein hydrolysate fractions [25, 26].

Figure 2b shows the FRAP of GSH, HPH and membrane

fractions measured at 700 nm. An increase in absorbance

indicates better reducing power of the test sample. The

HPH and its membrane fractions exhibited low absorbance

values of 0.06–0.13 compared to GSH which had highest

absorbance value of 2.29. This implied that GSH had the

highest reducing power when compared to HPH and its

membrane fractions. However, the FRAP of the hemp seed

hydrolysates is similar to values previously reported for

chickpea protein hydrolysates [8]. There was an increase in

reducing power of the HPH fractions with increasing

peptide size (3–5 and 5–10 kDa fractions were better than

\1 and 1–3 kDa fraction), which is an indication of

additive effects of active groups within the peptides; long-

chain peptides will contain more reducing groups than

short-chain peptides. The HPH had significantly higher

values than the \1 and 1–3 kDa fractions, which suggest

that the presence of 3–5 and 5–10 kDa peptides contributed

to the observed HPH activity. The trend showing higher

FRAP of the 3–5 and 5–10 kDa fractions are similar to the

trend observed for the iron chelating effects of the samples.

The presence of amino acids leucine, isoleucine, histidine,

methionine, tyrosine, lysine, and tryptophan could have

contributed to the reducing power activity observed for the

protein hydrolysates [27].

Inhibition of Linoleic Acid Oxidation

Peroxidation of fatty acids causes deleterious effects in

foods by forming a complex mixture of secondary meta-

bolites of lipid peroxides. When these affected foods are

consumed, they can cause some adverse effects including

toxicity to mammalian cells [8]. Lipid peroxidation pro-

ceeds via radical mediated abstraction of hydrogen atoms

from methylene carbons in polyunsaturated fatty acids

[28]. The antioxidant activities of GSH, HPH, and its

membrane fractions against peroxidation of linoleic acid

were evaluated and the results obtained after 7 days of

incubation. Table 2 shows that the HPH and fractionated

samples effectively inhibited linoleic acid autoxidation at

varying degrees similar to the effect of GSH. After the 4th

day, GSH and the peptide samples seem to gradually lose

their antioxidant effects as evident by slight increases in

absorbance from day 5–7. The present results are similar to

previous work [22], which showed that wheat germ protein

hydrolysate gradually lost its effectiveness against linoleic

acid oxidation after 3 days of incubation. Overall, HPH

showed the highest activity at day 7 in protecting linoleic

acid against peroxidation, which may be due to the additive

effects of all the active peptides present in the different

fractions. The strong antioxidant effects of the peptide

samples may have been due to the high levels of hydro-

phobic amino acids, which enhanced solubility of the

peptides in the lipid phase and thus facilitating better

interactions with free radical species [29]. In addition, the

presence of histidine (His) in the peptides has also been

reported to act against lipid peroxidation because His

Table 2 Lipid oxidation measured in linoleic acid model system for 7 days in the presence of 1 mg/mL glutathione (GSH), hemp seed protein

hydrolysate (HPH), and peptide fractions

Duration (days)

1 2 3 4 5 6 7

Control 0.189 ± 0.001d 0.226 ± 0.012a 0.287 ± 0.052a 0.454 ± 0.05a 0.380 ± 0.017a 0.260 ± 0.019a 0.283 ± 0.005a

GSH 0.181 ± 0.000e 0.184 ± 0.002b 0.193 ± 0.006b 0.194 ± 0.010b 0.214 ± 0.011b 0.245 ± 0.003b 0.252 ± 0.004b

HPH 0.204 ± 0.003b 0.148 ± 0.001d 0.151 ± 0.013c 0.132 ± 0.019d 0.152 ± 0.003e 0.204 ± 0.006c 0.183 ± 0.020b

\1 kDa 0.209 ± 0.001a 0.191 ± 0.005b 0.178 ± 0.001c 0.166 ± 0.017c,d 0.196 ± 0.024b,c 0.208 ± 0.013c 0.204 ± 0.008b

1–3 kDa 0.205 ± 0.001b 0.173 ± 0.002c 0.184 ± 0.002c 0.189 ± 0.002b,c,b 0.199 ± 0.027b,c 0.218 ± 0.010c 0.238 ± 0.030b

3–5 kDa 0.196 ± 0.003c 0.168 ± 0.003c 0.174 ± 0.001c 0.152 ± 0.018c,d 0.183 ± 0.021c,d 0.205 ± 0.006c 0.234 ± 0.007b

5–10 kDa 0.178 ± 0.002e 0.155 ± 0.003d 0.160 ± 0.007c 0.153 ± 0.016c,d 0.162 ± 0.017d,e 0.204 ± 0.003c 0.206 ± 0.031b

The control contains only linoleic acid and no antioxidant compound. Results are presented as mean ± standard deviation
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possess an imidazole ring in its structure, which may be

involved in hydrogen donation and lipid radical trapping

ability [30]. The observed rapid increase in linoleic acid

oxidation in the absence of antioxidants (control) up to the

4th day is similar to previous reports [23, 31]. As the

incubation proceeds beyond the 4th day, the linoleic acid is

probably depleted and production of reactive oxidation

products (e.g., hydroperoxides) becomes limited, which is

believed to be responsible for the sharp decrease in

absorbance values [31].

Conclusions

This study has shown that the HPH and its ultrafiltration

fractions have effective in-vitro antioxidant properties. The

ability of the peptides to scavenge hydroxyl and DPPH

radicals, reduce ferric metal ions and chelate transition

metal ions is indicative of their potential use for managing

metabolic disorders that arise from excessive levels of

ROS. Based on the results from this work, defatted hemp

seed meal possesses the potential for use as raw material

for the production of peptide ingredients that could be used

to formulate functional foods and nutraceuticals with

multifunctional bioactive properties against various free

radicals that may cause oxidative stress-related diseases.

However, in-vivo availability, potency, and safety must be

determined before the products can be used for therapeutic

purposes.
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