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Abstract: The aim of this study was to investigate the effect of in-vitro pepsin and pancreatin digestion of proteins
extracted from Roselle seed on the production of bioactive peptides. Defatted Roselle seed flour was used to extract
different protein fractions namely globulin, albumin and glutelin. The proteins were digested using pepsin (1 h)
followed by pancreatin (1 h) in order to produce hydrolysates with good antioxidant activity. The prepared
hydrolysates were as effective as antioxidants in model systems, in scavenging of free radicals and acting as
reducing agents. This effect was concentration-dependent and was also influenced by the type of protein fraction.
The albumin fraction hydrolysates prepared showed the highest antioxidant activity followed by Glutelin and
Globulin hydrolysates respectively (Albumin hydrolysates>Glutelin hydrolysates>Globulin hydrolysates). All of the
prepared hydrolysates were also found to be effective in enhancing water-holding capacity and cooking yield in a
meat model system. Albumin hydrolysates showed the highest improved meat cooking ability followed by Glutelin
and Globulin respectively (Albumin hydrolysates>Glutelin hydrolysates>Globulin hydrolysates). The molecular
weight distribution analysis of the hydrolysates was determined and most of the peptides were found between 1000
Da and below. The study findings suggest that Roselle seed protein hydrolysates can be applied as functional food
ingredients and that their composition determines their functional properties thus their potential application in the
food and feed industries.

Keywords: Antioxidant activity, molecular weight distribution, pancreatin, pepsin, Roselle seed protein
hydrolysates, water-holding capacity

INTRODUCTION hydroxyanisole, butylated hydroxytoluene and n-propyl
gallate are used as food additives. Moreover, their use
in foodstuffs is restricted or prohibited in some

countries because of the in vivo potential risks of

Free radicals are constantly generated in the body
tissues as a result of oxidative metabolism. Studies

suggest that free radicals play a critical role in a variety
of pathological conditions, including the processes of
aging, cancer, multiple sclerosis, inflammation,
coronary heart and cardiovascular diseases, senile
dementia, arthritis and atheroscelerosis (Kehrer, 1993;
Halliwell and Gutteridge, 1999). In foods, oxidation
also directly affects food quality and this is commonly
associated with changes in food flavor and texture. An
antioxidant is defined as any substance that
significantly delays or inhibits oxidation of a substrate
when present at low concentrations compared to that of
an oxidizable substrate (Lewis, 1993; Halliwell and
Gutteridge, 1989). In order to provide protection
against serious diseases and to prevent foods from
undergoing (spoilage) deterioration, many chemicals
with strong antioxidant activity such as butylated

artificial antioxidants (Goli ef al., 2005). In recent
years, the potential application of natural antioxidants
as substitutes as drawn much interest due to their safety
and wide distibution (Hatate ef al., 1990; Hettiarachchy
et al., 1996). A vast number of studies have been
conducted on the preparation of hydrolysates (Kim
et al., 2001a; Zhang et al., 2010). In general, the results
show that the solubility of proteins varies, depending on
protein composition and the degree of hydrolysis.
Hydrolysis is a process by which shorter chain
compounds with lower molecular mass are released.
The produced protein hydrolysates may possess some
physicochemical characteristics and bioactivities, such
as antioxidant activity and water-holding capacity
which are not found in original proteins. Shahidi (1995)
reported that, at a level of 0.5-3.0% capelin proteins
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inhibited the formation of Thiobarbituric Acid-Reactive
Substances (TBARS) by 17.7-60.4% in a cooked pork
model system. A similar effect observed in potato
protein hydrolysates (Wang and Xiong, 2005). Protein
hydrolysates from seal meat were found to improve
water-holding capacity in meat products (Shahidi and
Synowiecki, 1997). In addition to antioxidant activity
and water-holding capacity, Angiotensin I Converting
Enzyme (ACE) inhibitory activity was also reported in
bovine skin gelatin hydrolysates (Kim et al., 2001b).
Hydrolysis has also been proposed to be of better use in
rapeseed meal. Subsequent studies were carried out to
evaluate the hydrolysis products. Studies by Vioque
et al. (1999, 2000) reported that rapeseed protein
hydrolysates can be produced wunder different
conditions. Roselle seed is recognized as a potential
source of protein (El-Adawy and Khalil, 1994;
Tounkara et al., 2011). But until now, scanty reports are
available on the hydrolysis of Roselle seed protein and
on the investigation of antioxidant activity of the
hydrolysates. In this study, the antioxidant activity of
different Roselle seed protein hydrolysates prepared
using pepsin and pancreatin, was evaluated. The water-
holding capacity in a meat model system, in the
respective hydrolysates, was also examined.

MATERIALS AND METHODS

Materials: H. Sabdariffa seeds were obtained from
Koutiala, southern region of Republic of Mali and
transported to Wuxi, China. All enzymes used were of
food grade. Pepsin, pancreatin and DPPH were
purchased from Sigma Chemical Co. (St. Louis, USA).
All the other chemicals used in the experiments were
from commercial sources and were of analytical grade

Sample preparation: Roselle seeds were cleaned by
removing dust, stones and plant debris. The seeds were
milled using a laboratory scale hammer miller and the
resulting powder was sieved through a 60 mesh screen
until fine powder was obtained. Thereafter the powder
was defatted using n-hexane at room temperature at a
1:10 (w/v) ratio and stirred for 7 h. The experiment was
repeated twice as described above. The oil-free flours
was desolventized and stored at -20°C for subsequent
uses.

Protein fractionation: Proteins were extracted from
defatted Roselle seed flour based on their solubility at
room temperature (25°C) in water, 5% NaCl and 0.1 M
NaOH using the procedure described by Osborne et al.
(1909) but with minor modifications. The defatted flour
was extracted using 400 mL of distilled water stirred
for 4hrs and centrifuged at 3000xg for 30 min to obtain
the albumin fraction (supernatant). The obtained
residue was extracted with 400 mL of 5% NaCl to
obtain a globulin fraction. Thereafter the resulting
residue was then extracted with 400 mL of 0.1 M
NaOH (1 h) to obtain the glutelin fraction. All the
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extractions were carried out twice. The albumin,
globulin and glutelin fractions were then subjected to
isoelectric precipitation at pH 3.5 and washed with
distilled water. All fractions were freeze dried using a
Christ-Alpha 1-4 Freeze dryer (Biotech International,
Germany). The quantity of proteins in various fractions
was determined using a micro- Kjeldahl method (aoac,
2000).

Protein hydrolysate preparation: In this study
enzymatic hydrolysis was performed by sequential
treatment with pepsin and pancreatin according to Lo
et al. (2006) under their optimal conditions. Whole
Roselle seeds were ground and defatted using hexane as
described in the method above. The defatted Roselle
meal samples were vacuum-packed and stored at -20 °C
prior to protein fractionation as described above. The
crude protein content of globulin, albumin and glutelin
was determined using Kjeldahl method as described in
AOAC (2000). Quantifying the amount of sample
required for the hydrolysis process, based on
enzyme/protein ratio. Hydrolyzed samples were
prepared by dissolving 15 g of the protein in 200 mL of
distilled water in a 500 mL reactor. The first hydrolysis
was with pepsin (1%) (pH 2.0) for 1 h and was stopped
by increasing the pH to 7.0. Then, the pancreatin (2%)
was added (pH 7.0) at the same temperature 37°C for
another 1 h. All Conditions were constantly monitored
and maintained throughout the process. Upon
completion of the hydrolysis, the enzymes were
deactivated by heating under boiled water bath for 10
min, centrifuged at 7000 x g for 10 min and supernatant
was collected. The Roselle Seed Globulin Hydrolysates
(RSGBH), Roselle seed albumin hydrolysates
(RSALH) and the Roselle Seed Glutelin Hydrolysates
(RSGTH) obtained were freeze-dried and stored at -
20°C for subsequent analysis. The degree of hydrolysis
was determined by measuring the nitrogen content
soluble in 10% trichloroacetic acid as described by Kim
etal. (2001a).

Scavenging effect on DPPH radical: The DPPH (1,1-
diphenyl-2-picrylhydrazyl) radical-scavenging activity
of enzymatically prepared Roselle seed protein
hydrolysates was determined, as described by Shahidi
et al. (2006) with minor modifications. Freeze-dried
hydrolysate samples were dissolved in 95% ethanol at
varying concentrations (0.5, 1, 1.5, 2, 2.5 mg/mL). A
sample aliquot (0.1 mL) was mixed with 1.9 mL of
ethanolic DPPH solution (50 pM) and the mixture was
allowed to stand for 30 min at room temperature. An
absorbance reading was taken at 517 nm using a
spectrophotometer and the scavenging effect on DPPH
due to protein hydrolysates was calculated using the
following Eq. (1):

Scavenging effect (%)
(Abssample 'Absblank)/ Ab Scontrol]

100% X [Abscomrol'
(1)
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where, Absgmpe 1S the absorbance of protein
hydrolysates with DPPH, AbS oo 1S the absorbance of
DPPH without any protein hydrolysate, while Abspjaqk
represents absorbance of protein hydrolysates without
DPPH, since proteins absorb at this wavelength.

Otherwise, the ECs, (meaning the median effective
concentration that causes a decrease in the initial radical
concentration by 50%) is a parameter widely used to
measure the antiradical efficiency. The lower the ECs,
is, the higher the free radical-scavenging ability is
Zhang et al. (2006).

Determination of reducing power: The reducing
power of the different hydrolysates was measured as
described by Duh et al. (2001) with some
modifications. Briefly, samples (RSGBH, RSALH and
RSGTH) were dissolved into 0.2 M phosphate buffer
(pH 6.6) at varying concentrations of 0.5, 1, 1.5, 2 and
2.5 mg/mL. A sample aliquote of 2.5ml was then added
to 2.5 mL of a 10 mg/mL potassium ferricyanide
solution and incubated at 50°C for 20 min followed by
addition of deionized water (2.5 mL) and a ferric
chloride solution (1.0 mg/mL, 0.5 mL). Absorbance
readings at 700 nm were immediately recorded. The
trichloroacetic acid addition step was omitted since it
would precipitate out the protein whose antioxidant
activity was to be assessed. A control, devoid of any
hydrolysates and a blank, containing only hydrolysate
samples, were used because proteins also absorb at the
same wavelength. Increased absorbance of the reaction
mixture indicated increased reducing power.

Water-holding capacity determination:
Determination of water-holding capacity of Roselle
seed protein hydrolysates in a meat model system was
determined according to Shahidi and Synowiecki
(1997). To a mixture containing 8.5 g of ground beef
and 1.5 g of distilled water, Roselle seed protein
hydrolysates were added at 0.5 and 1% (w/w) levels
and mixed thoroughly. A control without any protein
hydrolysate was also prepared. The mixture was
allowed to stand under a cold room for 1 h,
subsequently cooked for 1 hr at 95°C under a water bath
followed by cooling under a stream of cold tap water.
The drip water was removed with a filter paper and the
weight of the meat was recorded. The drip volume was
obtained by calculating the weight loss after cooking.
Water-holding  capacity for  different protein
hydrolysates was expressed as decrease of drip volume
against a control.

Molecular weight distribution: Molecular weight
distribution was determined using a WatersTM 600E
Advanced Protein Purification System (Waters
Corporation, Milford, MA, USA). A TSK gel
2000SWXL (7.8x300 mm) column with 10%
acetonitrile +0.1% TFA in HPLC grade water as the
mobile phase. The calibration curve was obtained by
running horse heart cytochrome C (12,400 Da),
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Fig. 1: Degree of Hydrolysis of the various Roselle seed

proteins. Each value is expressed as mean+SD of
three determinations

bacitracin (1450 Da), gly-gly-tyr-Arg (451 kDa) and
gly-gly-gly (189 Da). The results obtained were
processed with the aid of Millennium32 Version 3.05
software (Waters Corporation, Milford, MA 01757,
USA).

Statistical analysis: All experiments were conducted in
triplicate. Results were expressed as the mean
valuestStandard Deviation (S.D.) using SPSS software
(version 191 16.0, the predictive Ana-223 lytics
Compagny, Chicago, USA). The data was subjected to
a One Way Analysis Of Variance (ANOVA), followed
by Duncan’s multiple range test.

RESULTS AND DISCUSSION

Enzymatic hydrolysis: In the present study, Roselle
seed protein fractions (Albumin, Globulin and Glutelin)
were hydrolyzed using pepsin followed by pancreatin
under the same conditions in order to produce
hydrolysates with good antioxidant activity. During
protein hydrolysis quantification it is necessary to
measurement the extent of hydrolytic degradation. The
number of peptide bonds cleaved during the reaction is
the parameter that most closely reflects the catalytic
action of proteases (Alder-Nissen, 1986). The Degree
of Hydrolysis (DH) is generally used as a parameter for
monitoring proteolysis and is the most widely used
indicator for comparing different protein hydrolysates.
Findings from our study, the hydrolysis curves of the
different Roselle seed protein fractions (Fig. 1) showed
that the DH of Albumin and Glutelin were 13.54 and
20.32%, respectively, which were lower than that
observed in Globulin (28.50%).

Scavenging effect on DPPH radical: The DPPH
radical is a stable organic free radical with its maximum
absorbance in the range at 515-520 nm. DPPH radical
scavenging activity test system can be used for the
primary characterization of the scavenging potential of
compounds (Zhu et al., 2006; Nagai et al., 2002).
Therefore, the antioxidant activities of different
hydrolysates were evaluated using the DPPH free
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Fig. 2: DPPH radical scavenging activities of the various
Roselle seed protein hydrolysates at different
concentrations. Each value is expressed as mean+SD
of three determinations
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Fig. 3: Reducing power of the various Roselle seed protein
hydrolysates at different concentrations measured as
absorbance at 700 nm. Each value is expressed as
mean+SD of three determinations

radical scavenging activity test system. All the
hydrolysates resulting from various protein fractions
were capable of scavenging DPPH radicals (Fig. 2).
The DPPH radical scavenging activities of all the
samples were influenced by concentration. Among the
different hydrolysates, RSALH exhibited the highest
radical scavenging activity value (76.66% at 2 mg/mL)
followed by RSGTH (70.47% at 2 mg/mL), while the
lowest DPPH radical-scavenging activity was obtained
with RSGBH (44.01% at 2mg/mL) The DPPH
scavenging activity of the samples in the decreasing
order was, RSALH>RSGTH>RSGBH. From these
findings we concluded, that the differences in the
radical scavenging ability may be attributed to the
difference in amino acid composition and/or molecular
weight of peptides within protein hydrolysates.

Determination of reducing power: The results of the
reducing power of the hydrolysates correlated well with
those of the DPPH scavenging assay, as shown in
Fig. 3. Reducing power of Roselle seed protein
hydrolysates appeared to be concentration-dependent
thus increases with increasing concentration. Reducing
power determination is used to measure the potential
antioxidant activities of bioactive compounds in
different products, including peptides (Mitsuta et al.,
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Table 1:Decrease of drip volume (%) in a meat system by
concentrations of Various Roselle protein hydrolysates

Concentration (%, w/w) 0.5 1.0

RSALH 11.52+0.12° 15.43+0.16
RSGBH 3.90+0.15¢ 7.57+0.13¢
RSGTH 6.35+0.16" 11.24+0.12°

Results reported are means of triplicate samples+SD; values in the
same column with different superscripts are significant different at
p<0.05

1996; Nagai ef al., 2002). Like the radical-scavenging
capacity, the reducing power of Roselle seed protein
hydrolysate varied, depending on the protein fractions
used for hydrolysis. RSALH showed the highest
reducing power among all samples tested. A strong
correlation existed between the DPPH scavenging
capacity and reducing power of the hydrolysates. A
similar observation has been reported by Huda-Faujan
et al. (2007).

Water-holding capacity: All Roselle protein
hydrolysates enhanced the water-holding capacity of
the meat and thus improved cooking yield (Table 1).
This effect was also concentration-dependent and
influenced by the proteins employed during the
hydrolysis process. Among the three hydrolysates,
RSALH was most effective in decreasing the drip
volume, followed by RGLTH and RSGBH. The
differences in the water holding ability may be
attributed to the difference in molecular weight of
peptides within protein hydrolysates. The low-
molecular-weight peptides are more effective in water
holding than are larger-size peptides. This is possibly
because smaller fragments of peptides would be more
hydrophilic. However, composition of the peptides in
each of the fractions may also play an important role.

Molecular weight distribution: The molecular weight
is an important parameter reflecting the hydrolysis of
proteins, which further correlates with the bioactivity of
protein hydrolysates (Li et al., 2008). Pena-Ramos and
Xiong (2001) reported that short peptides were
responsible for the higher antioxidant activity of whey
protein hydrolysate in a liposome oxidizing system. The
presence of low molecular weight fractions indicate that
the hydrolysate could comprise of peptides having 10 or
less amino acids residues. In addition, the function of
protein hydrolysate was related to the molecular weight
distribution as well as the amino acid contained
(Grimble, 1994; Wang et al., 2007). The cleavage of
peptide bonds leads to an increase in the concentration
of free amino and carboxyl groups, which increases
solubility. Hydrolysis disrupts the protein tertiary
structure and reduces the molecular weight of the
protein and, consequently, alters the functional
properties of proteins (Adler-Nissen, 1986; Kristinsson
and Rasco, 2000). However, extensive hydrolysis could
have a negative impact on the functional properties
(Kristinsson and Rasco, 2000). Table 2 shows the
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Table 2: The molecular weight distribution of Various Roselle seed
protein hydrolysates

Molecular Amount (% area)

weight (Da)

Samples RSGBH RSALH RSGTH
>10000 4.470 6.130 17.23
10000-5000 4.680 3.330 5.700
5000-3000 4.860 2.900 21.15
3000-2000 12.53 10.22 6.250
2000-1000 2291 23.27 19.67
1000-500 18.41 39.40 25.23
500-180 24.02 8.230 2.660
<180 8.110 6.540 1.880

molecular weight distribution of the 3 hydrolysates. It is
clearly seen from Table 2 that RSGBH had the highest
concentration of small peptides (Mw 500 and below
180). RSALH and RSGLT showed the highest
concentration of peptide between 1000 to 500 Da.
These findings support the hypothesis that functional
properties of antioxidative peptides are highly
influenced by their respective molecular weight
(Kristinsson and Rasco, 2000). However, the results of
the molecular weight distribution analysis of the
different protein hydrolysates correlated well with their
antioxidant and water holding capacities.

CONCLUSION

Roselle seed protein hydrolysates were found to
possess antioxidant activity and improved water-
holding capacity of meat products. The composition of
enzymatically prepared protein hydrolysates reflects
their functional properties and thus their potential
application in the food and animal feed industries.
Among the hydrolysates examined, those prepared
using Albumin showed high antioxidant activity and
water-holding capacity. Further studies are needed to
identify the peptide fractions responsible for the
antioxidant potential and water-holding capacity of the
products.
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