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Peptides can be obtained from the degradation of goat milk protein by enzymatic
hydrolysis method using food-grade papain enzyme. These peptides have antioxidant
activity that can be applied to beverage formulations. This study aimed to characterize
antioxidative peptides from whey and goat milk and to develop a ginger coffee drink
formulation with antioxidant peptides. Protein hydrolysis was performed for 0, 15, and 30
mins and the highest degree of hydrolysis was obtained from protein samples which were
hydrolyzed for 15 mins. The whey hydrolysate 15 mins had a protein concentration of
0.544+0.07 mg/mL and one protein band of 17 kDa. Goat milk peptides had a protein
concentration of 1.71£0.00 mg/mL and one protein band of 15 kDa. This sample also has
the highest antioxidant activity, where Whey peptides had an antioxidant activity of

79.98+0.86% while goat's milk peptides 94.97+0.44%. These two peptides were applied to
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ginger coffee drink formulation. The formulations with the highest antioxidant activity

were ginger coffee with goat milk and whey peptides in a ratio of 4:1 (90.15+£1.02%) and
ginger coffee with goat milk (85.23+1.15%). Based on results from the organoleptic test,
these two formulations were also acceptable to panellists in terms of taste, overall

properties, and interest.

1. Introduction

Bioactive peptides are protein fragments that have
certain health properties and generally consist of 2 to 20
amino acids (Sarmadi and Ismail, 2010). These peptides
are obtained by breaking the peptide bonds present in
proteins. The cleavage of this peptide bond can be done
through enzymatic hydrolysis (Ahmed et al., 2015). In
the enzymatic hydrolysis process, one of the most widely
used enzymes is papain. Papain is a proteolytic enzyme
that can be found in papaya. This enzyme is sold
commercially so it is easier to obtain. Papain also has a
higher heat resistance compared to other enzymes
(Cohen et al., 1986; Amri and Mamboya, 2012).

Proteins that can be used as a source for bioactive
peptides are milk protein. Milk protein consists of 80%
casein and 20% whey. Casein protein is divided into a-
casein, P-casein, and k-casein, while whey protein is
divided into immunoglobulins, lactoferrin, and other
peptide fractions (Borkova and Snaselova, 2005). Goat
milk is starting to be widely used as a source of bioactive
peptides. This is because goat milk is widely consumed
as a substitute for cow milk.
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Bioactive peptides derived from goat milk protein
have many potential health benefits. Through several
studies that have been carried out, it is known that
bioactive peptides from goat milk have potential health
benefits. These benefits include antioxidant properties,
antithrombotic properties, antihypertensive properties,
and immunomodulatory effects of peptides (Atanasova
and Ivanova, 2010). Amino acids in bioactive peptides
derived from goat milk protein are claimed to be more
effectively absorbed into the body compared to amino
acids of bioactive peptides derived from cow milk
(Ahmed et al., 2015). These bioactive peptides from goat
milk could be utilized further by formulating them into
beneficial drinks. In this study, we focused on the
antioxidant properties of bioactive peptides.

Coffee is a beverage product that is widely
consumed. Coffee consumption in Indonesia has
increased since 2016. In 2020, national coffee
consumption is estimated to reach 294,000 tons, or an
increase of about 13.9% compared to 2019 and is
expected to continue to rise in the following years
(Global Agricultural Information Network (GAIN),
2019). This increase in coffee consumption is closely
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related to the growth of coffee shop businesses in
Indonesia (GAIN 2019). Coffee has many flavours one
of which is ginger-flavoured coffee. Ginger is a spice
that is easily found in Indonesia and is starting to be
widely used in combination with food or drinks. Ginger
has many benefits, such as anti-inflammatory effects and
antioxidant properties (Mosovska et al., 2015).

The addition of more ginger will increase the ginger
coffee antioxidant, but too much ginger can affect the
sensory. It is mnecessary to add other sources of
antioxidants to maintain/increase the value. Therefore,
this study aimed to characterize antioxidant peptides
derived from whey protein and goat milk protein and to
develop a functional ginger coffee drink formulation
with the addition of antioxidant peptides. In addition, this
study was also conducted to find out information on
nutritional value, the shelf life of beverages, as well as
consumer acceptance and interest in ginger coffee
products with bioactive peptides.

2. Materials and methods
2.1 Preparation and isolation of goat milk protein

Milk protein isolation was carried out based on
Yoshida et al. (2000) and Ahmed et al. (2015). Fresh
goat milk was centrifuged at 2000xg at 4°C for 30 mins.
After centrifugation, a layer of fat will form on top of the
milk, and then this layer of fat is removed. After that, the
milk was pasteurized at 72°C for 15 s. Pasteurized milk
can be stored at 4°C for hydrolysis. To isolate whey
protein, milk that has been skimmed is added with 5%
acetic acid until the pH of the milk reaches 4.6. Then the
milk was centrifuged again at 7,100xg for 30 mins.
Whey protein will be in the supernatant. The results of
this isolation were stored at -4°C for further testing.

2.2 Whey protein dialysis

Whey protein was dialyzed with a 12 kDa MWCO
membrane to separate protein from the acid solution
according to the method of Virgen-ortiz et al. (2012).
Some whey isolates were dialyzed while others were for
electrophoresis profile. Dialysis was carried out by
immersing the dialysis membrane in distilled water (the
ratio of whey protein and distilled water was 20:250 mL)
and stored overnight at 4°C.

2.3 Papain activity analysis

Analysis of papain activity was based on the method
of Anson (1938). Papain enzyme was the product of
Nanning Pangbo Biological Engineering Co., Ltd
(China). This enzyme was mixed with 0.05 M phosphate
buffer pH 7 and then vortexed for 3 mins. After that,
0.65% (w/v) whey protein was dissolved in 0.05 M
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phosphate buffer pH 7. Approximately 800 pL of whey
protein which had been mixed with phosphate buffer was
put into the sample and blank vial. In the sample vial,
papain which had been mixed with 200 pL of buffer was
added, while 200 uL of distilled water was added to the
blank vial. The mixture, both sample and blank, was
vortexed and then incubated at 37°C for 10 mins. To stop
the reaction, 500 puL of cold TCA was added to each vial.
After adding TCA, 200 pL of distilled water was added
to the sample vial, while 200 pL of papain was added to
the blank vial, then vortexed and incubated at room
temperature for 30 mins.

The incubated mixture was then centrifuged at
14,500 x g for 10 mins. A total of 400 puL of the
supernatant obtained after centrifugation was transferred
to a new vial, then 1 mL of 0.4 M Na,CO; was added
and vortexed. After that, 200 pL of Folin-Ciocalteu
reagent was added to each vial and then vortexed again.
The mixture was incubated at 37°C for 30 mins and then
centrifuged again at 14,500xg for 10 mins. The
supernatant formed was measured for absorbance at 660
nm. To determine papain activity, a standard tyrosine
curve is needed with tyrosine concentrations of 50 ug/
mL, 100 pg/mL, 150 pg/mL, 200 pg/mL, and 250 pg/
mL. The enzyme activity was determined using this
formula:

[Tirosin] 1 1
JA =—— X = X =

V enzim P T
UA

AS =———
[Protein]

Where UA: amount of tyrosine produced /mL
enzyme /min (U/mL), AS: specific enzyme activity (U/
mg), [Tyrosine]: tyrosine concentration (umol), V
enzyme: volume of used enzyme (mL), P: dilution factor
(volume of supernatant / total volume of reaction), T:
incubation time (10 mins), and [Protein]: protein
concentration (mg/mL)

2.4 Hydrolysis of goat milk and whey protein

Hydrolysis was done based on the method described
by Ahmed et al. (2015). There were 2 samples to be
hydrolyzed: whey dialyzed protein and goat milk. This
hydrolysis process was carried out using food-grade
papain enzyme. Papain was added to distilled water with
a ratio of 1:5 (w/v). After that, the enzyme was added to
the sample with a ratio of 1:200 (v/v). Hydrolysis
reaction was carried out at 37°C for 0, 15, and 30 mins
with pH 7. Hydrolysis was stopped by heating the
samples at 80°C for 15 mins and then centrifuging 2000
xg for 5 mins, the resulting supernatants were used for
further testing.
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2.5 Determination of the degree of hydrolysis

The degree of hydrolysis is determined by the
concentration of protein present in the sample before and
after hydrolysis. Based on the method described by
Lestari and Suyata (2020), the Lowry method was used
to calculate the protein concentration (Lowry et al.,
1951). A 1.2 mL of samples (goat milk, whey protein,
whey hydrolysate, and goat milk hydrolysate) were
added with 6 mL of Biuret reagent (consisting of copper
sulfate, sodium hydroxide, sodium potassium tartrate).
The mixture was vortexed and incubated for 10 mins at
room temperature. After incubation, the mixture was
added with a 300 pL Folin-Ciocalteu reagent and
vortexed. The mixture was incubated for 30 mins at
room temperature and absorbance was measured at 650
nm. The degree of hydrolysis was determined using this
formula:

[Initial protein] — [Final protein]

Degree of hydrolysis = X 100%

[Initial protein]

Where [Initial protein]: protein concentration before
hydrolysis (mg/mL) and [Final protein]: protein
concentration after hydrolysis (mg/mL)

2.6 Protein profile analysis

Analysis of the protein profile was conducted based
on the sodium dodecyl sulphate—polyacrylamide gel
electrophoresis (SDS PAGE) method described by
Laemmli (1970) and modified by Singh et al. (2011).
The analyzed samples consisted of goat milk, whey
protein, goat milk hydrolysate, and whey hydrolysate.
Samples were added with 5% SDS in a ratio of 1:5 (v/v)
and heated at 85°C for 1 hr. The heated mixture was
centrifuged at 2000xg for 5 mins and the supernatant
was collected and added to the sample buffer (consisted
of 6% Tris-HCl 1 M pH 6.8; 50% glycerol 50%; 20%
SDS 10%; 5% p-mercaptoethanol; 10% bromophenol
blue 1%; and 9% distilled water) in a ratio of 1:1. After
that, the mixture was heated for 2 mins in boiling water.

SDS-PAGE gel consisted of 4% stacking gel and
20% separation gel. A total of 18 pL of whey
hydrolysate and 15 pL of whey protein were inserted
into the SDS-PAGE gel well. For goat milk, a total of 8
uL was added and 10 uL of goat milk hydrolysate was
added. The Low Molecular Weight (LMW) marker
(PageRuler™, Thermo Scientific, USA) was used as a
standard for protein molecular weight. Electrophoresis
was carried out at 70 Volts for 3 hrs. The gel was stained
for 15 mins with a dye solution consisting of 0.1%
Coomassie Brilliant Blue R-250 (Merck, Germany), 45%
methanol, 44.9% distilled water, and 10% glacial acetic
acid. After that, the dye was removed with a destaining
solution consisting of 10% methanol, 10% glacial acetic
acid, and 80% distilled water.
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2.7 Antioxidant activity and ICsy analysis

Antioxidant activity analysis was carried out using
DPPH  (1,1-diphenyl-2-picrylhydrazyl)  (Smart-Lab,
Indonesia) referring to the method of Zhang et al. (2013)
and Umayaparvathi et al. (2014). About 0.1 mM DPPH
solution in ethanol was prepared. After that, 600 puL of
the peptide from each treatment was added with 600 pL
of DPPH and vortexed. After being vortexed, the
solution was incubated for 30 mins in a dark room. For
blank preparation, the peptide was substituted with
ethanol. The absorbance was measured at 517 nm, then
the antioxidant activity could be calculated using the
formula:

Blank absorbance — Sample absorbance

Antioxidant Activity (%) = x 100%

Blank absorbance

The ICso value of the peptide with the highest
antioxidant activity was determined by freeze-drying
each sample. The calculation of the I1Cs, value was based
on Abubakr et al. (2013). The dried samples were
dissolved in distilled water at various concentrations
(100 — 600 pg/mL). Then each sample concentration was
measured for its antioxidant activity. The antioxidant
activity was plotted in a graph, and then the regression
equation (y = ax + b) on the graph was used to calculate
the ICs, value. Furthermore, the peptide with the highest
antioxidant activity was added to the ginger coffee
formulation. After that, the antioxidant activity of each
product was measured.

2.8 Peptide fractionation with membrane filter

Peptide samples with the highest antioxidant activity
were filtered using a filter membrane. This peptide
fractionation method refers to Chang et al. (2013). The
membranes used are 30 kDa (Sartorius, UK) and 10 kDa
cut-off (Amicon®, Irlandia). The peptides were filtered
using a 30 kDa cut-off membrane then peptides that
could pass through the membrane were filtered again
using a 10 kDa cut-off membrane. After that, peptides
with sizes larger than 30 kDa, between 30 - 10 kDa, and
smaller than 10 kDa were measured for their antioxidant
activity. The filtered peptides were also analyzed by SDS
-PAGE electrophoresis.

2.9 Formulation of ginger coffee

A total of 100 g of ginger was cleaned and then cut
into medium-sized pieces. After that, 600 mL of water
was added and then heated. The ginger water was boiled
for 15 mins. Next, 20 g of coffee, 3 g of creamer, and 60
g of sugar were brewed with 300 mL of ginger water. As
for the control formulation, this coffee was added with
200 mL skim goat milk. The coffee used in this
formulation was instant coffee derived from robusta
coffee beans. After the ginger coffee temperature
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reached 50°C, peptides were added according to the
formulation (Table 1).

Table 1. Ginger coffee formulation for 500 mL.

Ingredients Samples

(mL) C W GM GMWI! GMW2 GMW3
Ginger 300 300 300 300 300 300
Coffee

Goat milk ; 200 160 100 40
peptide

Whey 200 ; 40 100 160
peptide

Goat milk 200 - - - _ _

C: control only using goat milk, W: with whey peptide, GM:
with goat milk peptides, GMW1: with goat milk and whey
peptides in a ratio of 4:1, GMW2: with goat milk and whey
peptides in a ratio of 1:1, GMW3: with goat milk and whey
peptides in a ratio of 1:4.

2.10 Organoleptic test of ginger coffee product

The hedonic test was carried out based on Li et al.
(2015) with 35 untrained panellists. Panellists were
asked to rate the taste, aroma, colour, and overall
attributes of the ginger coffee formulation. They could
rate the products on a scale of 1 to 5. A scale of 1
indicates dislike very much, a scale of 2 indicates dislike
slightly, a scale of 3 indicates like slightly, a scale of 4
indicates like, and a scale of 5 indicates like very much.

An interesting test was conducted based on Rebollar
et al. (2012). A total of thirty-five panellists were asked
to rate how much they wanted to buy the product. They
could rate the sample on a scale of 1 to 5. A scale of 1
indicates not being interested, while a scale of 5 indicates
very interested.

2.11 Shelf life analysis

The shelf life analysis was carried out based on the
method of Nicoli ef al. (2009). The most favoured ginger
coffee products were stored at 4°C. These samples were
kept for 12 days and changes that occurred in sensory
attributes were observed on days 0, 1, 2, 3,4, 7, 8, 9, 10,
and 11. The observed attributes included colour (using a
colorimeter), aroma, appearance, and pH in each sample.

2.12 Proximate analysis

Proximate analysis was carried out by sending the
samples to PT. Saraswanti Indogenetech. The proximate
analysis included tests for water content, protein content,
total fat content, ash content, total calories from fat, total
calories, and carbohydrate content. The method used for
water content analysis is based on SNI 8773:2019
appendix A.3, for protein content the method used is
Kjeldahl, for fat content the method used is Weibull-
Stoldt, a muffle furnace is used to determine the ash
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content, and for carbohydrate content, the method used is
based on 18-8-9/MU/SMM-SIG. The total calories and
calories from fat were obtained by calculation. In this
analysis, the samples were the most favoured ginger
coffee. The results of this proximate analysis were used
to arrange a table of the nutritional value of ginger coffee
products.

2.13 Statistics analysis

All analyses were conducted at least in triplicate.
After that, all of the data were analyzed using Statistical
Package for the Social Sciences (SPSS) software. The
statistical analysis used was one-way ANOVA and
Duncan’s multiple range test at a significant value of
0.05.

3. Results
3.1 Enzyme activity

Based on the enzyme activity test results, the papain
enzyme can hydrolyze whey protein. The papain enzyme
used in this research had an activity of 32.94 U/mL,
while its specific activity was 1,049.08 U/mg. These
results can be obtained from the calculation formulas
listed in the previous chapter.

3.2 Degree of hydrolysis

The degree of hydrolysis was determined by
calculating the protein concentration before and after the
samples were hydrolyzed. Determination of protein
concentration was carried out by the Lowry method.
Based on the data in Table 2, the whey protein sample
had the Ilargest protein concentration and was
significantly different (P<0.05) compared to whey
hydrolysate samples. The three whey hydrolysate
samples also had significantly different protein
concentrations and degrees of hydrolysis (P<0.05). The

Table 2. Degree of hydrolysis of whey and goat milk
hydrolysate

Protein Degree of
Sample concentration hydrolysis
(mg/mL) (%)
Whey protein 2.35+0.04% -
Whey hydrolysate 0 min 1.21+0.02° 48.31+0.65°
Whey hydrolysate 15 mins  0.54+0.07¢ 77.02+2.80°
Whey hydrolysate 30 mins 0.68+0.02° 71.14+0.72°
Goat milk 5.17+1.56° -
Milk hydrolysate 0 mins 2.51£0.11° 51.4242.15°
Milk hydrolysate 15 mins 1.7140.00° 66.86+0.07*
Milk hydrolysate 30 mins 1.73£0.14° 66.47+£2.75%

Values are presented as meantSD. Values with different
superscripts within the same column are statistically
significantly different (P<0.05).
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largest degree of hydrolysis was in the 15 mins whey
hydrolysate sample. This sample also had the lowest
protein concentration.

In goat milk samples, the highest protein
concentration was goat milk without hydrolysis. On the
other hand, samples that had the lowest protein
concentration were the 15 and 30 mins milk hydrolysate
samples. The two samples are not significantly different
(P>0.05). The degree of hydrolysis of the two samples is
also not significantly different. However, the 15 mins
milk hydrolysate had a slightly higher degree of
hydrolysis than the 30 mins milk hydrolysate.

3.3 Protein profile from whey and goat milk

Protein profile analysis for the whey sample can be
seen in Figure 1. Lane 1 is a sample of non-dialyzed
whey protein. This sample had 4 bands with sizes of 13
kDa, 16 kDa, 28 kDa, and 64 kDa. On the other hand,
lane 2 is a sample of dialysis whey protein. This sample
had three bands with a molecular weight of 13 kDa, 16
kDa, 28 kDa, and 63 kDa, which is similar to the non-
dialyzed whey protein. After hydrolysis, there was a
reduction in the band of the samples. Samples of whey
dialysis hydrolysate 0 mins, 15 mins, and 30 mins (lanes
6-8) only had one band with the same molecular weight,
which is 17 kDa.

M 1 2 3 4 5 6 7 8

Figure 1. SDS-PAGE profile of whey protein. Lane M:
Marker, Lane 1: whey isolate, Lane 2: whey dialysis isolate,
Lane 3-5: whey hydrolyzed 0, 15 and 30 mins respectively,
Lane 6—8: whey dialysis hydrolyzed 0, 15 and 30 mins
respectively.

M 1 2 3 4

Figure 2. SDS-PAGE profile of goat milk. Lane M: Marker,
Lane 1: goat milk, Lane 2-4: goat milk hydrolyzed 0, 15 and
30 mins respectively.
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In the protein profile for the goat milk sample
(Figure 2), non-hydrolyzed goat milk (lane 1) had nine
bands with sizes of 15 kDa, 19 kDa, 25 kDa, 31 kDa, 36
kDa, 41 kDa, 80 kDa, 88 kDa, and 103 kDa. The goat
milk sample had more bands than the whey protein
sample because goat milk also contained casein.
However, these bands were reduced after the goat milk
was hydrolyzed. Goat milk hydrolysate 0 min (lane 2)
had two bands with a size of 15 kDa and 30 kDa. While
goat milk hydrolyzate for 15 and 30 mins, each only had
one band with a size of 15 kDa.

3.4 Antioxidant activity

The antioxidant activity of the whey and goat milk
hydrolysate samples can be seen in Table 3. The highest
antioxidant activity was found in the 15 mins hydrolysate
sample, both for whey and goat milk. The antioxidant
activity of the 15 mins hydrolysate was significantly
different from that of the 0 and 30 mins hydrolysate
(P<0.05). In the whey sample, the lowest antioxidant
activity was the 0 min hydrolysate sample. In the case of
the goat milk sample, the lowest antioxidant activity was
in the 30 mins hydrolysate. Between the two samples,
goat milk hydrolysate had higher antioxidant activity
than whey hydrolysate.

Table 3. Antioxidant activity of whey and goat milk peptide

Sample Antioxidant activity (%)
Whey hydrolysate 0 min 76.60+0.77°
Whey hydrolysate 15 mins 79.98+0.86"
Whey hydrolysate 30 mins 78.13+0.79°
Milk hydrolysate 0 mins 92.63+1.18°
Milk hydrolysate 15 mins 94.97+0.44*
Milk hydrolysate 30 mins 88.95+0.57°

Values are presented as mean+SD. Values with different
superscripts within the same column are statistically
significantly different (P<0.05).

The hydrolysate sample with the highest antioxidant
activity was used as a sample for calculating the 1Cs,
value. For whey samples, the hydrolysate used was 15
mins hydrolysate with a concentration variation of 100 -
600 pg/mL. The increase in sample concentration also
increases its antioxidant activity. The highest antioxidant
activity was at 600 pg/mL then the lowest antioxidant
activity was at 100 pg/mL. The ICsy value of the whey
hydrolysate 15 mins is 525.81 pg/mL. Similar to the
whey hydrolysate sample, the 15 mins goat milk
hydrolysate was also varied in concentration from 100 to
600 pg/mL. The concentration of 600 pg/mL had the
highest antioxidant activity and the lowest was in the
sample with a concentration of 100 pug/mL. The ICs,
value of the goat milk hydrolysate 15 mins is 105.98 pg/
mL.

© 2023 The Authors. Published by Rynnye Lyan Resources
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Table 4. Antioxidant activity of ginger coffee product containing peptides.

Formulation (mL) -
Sample  Ginger . Whey peptide Goat milk peptide An'tlc')x1dz;nt
coffee Goat milk (15 mins hydrolysate) (15 mins hydrolysate) activity (%)
Control 300 200 - - 15.87+1.57"
W 300 - 200 - 78.42+0.95°
GM 300 - - 200 85.23+1.15°
GMW 1 300 - 40 160 90.15+1.02%
GMW 2 300 - 100 100 81.10+0.95°
GMW3 300 - 160 40 79.87+0.99¢

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly
different (P<0.05). C: control only using goat milk (no peptide added), GM: with goat milk peptides (15 mins hydrolysate), W:
with whey peptide (15 mins hydrolysate), GMW1: with goat milk and whey peptides in a ratio of 4:1, GMW2: with goat milk
and whey peptides in a ratio of 1:1, GMW3: with goat milk and whey peptides in a ratio of 1:4.

Other than the antioxidant activity of the
hydrolysate, the antioxidant activity of the ginger coffee
formula was also obtained (Table 4). Overall, each
formulation of ginger coffee had an antioxidant activity
that was significantly different from the others (P<0.05).
The GMWI1 formulation had the highest antioxidant
activity, followed by the GM formulation. On the
contrary, ginger coffee without the addition of peptides
(control) had the lowest antioxidant activity.

3.5 Antioxidant activity of filtered peptides and their
profile

Peptides or hydrolysates with the highest antioxidant
activity (whey hydrolysate 15 mins and goat milk
hydrolysate 15 mins) were fractionated by molecular
weight. The antioxidant activity based on the sample
molecular weight can be seen in Table 5. Peptides that
were less than 10 kDa had the highest antioxidant
activity and were significantly different from other
samples. On the other hand, peptides with a size of 30
kDa or more had the lowest antioxidant activity. In goat
milk peptide samples, peptides with a size of 30 kDa or
more did not have antioxidant activity.

Table 5. Antioxidant activity of filtered whey and goat milk
peptides.

Samples Antioxidant Activity (%)
W >30 kDa 0.82+0.82°
W 30-10 kDa 9.45+3.21°
W <10 kDa 68.13+1.98°
GM >30 kDa -
GM 30-10 kDa 0.44+0.17°
GM <10 kDa 90.79+1.06

Values are presented as meantSD. Values with different
superscripts within the same column are statistically
significantly different (P<0.05). W: Whey hydrolysate 15
mins, GM: Goat milk hydrolysate 15 mins.

The filtered peptides were also analyzed for their
profiles using SDS-PAGE (Figure 3). Lanes 1 to 3 show
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a filtered sample of whey peptides. At lane 1, whey
peptides with a size of 30 kDa or more had 1 band with a
size of 16 kDa.A saturated filter may be the cause of
protein retention of less than 30 kDa. Lane 2 represents
whey peptides with a size of 30 to 10 kDa. There was
only 1 band in this sample with a molecular weight of 19
kDa. Meanwhile, lane 3 is a whey peptide sample with a
size of less than 10 kDa. This sample had only 1 band of
16 kDa which is thinner than other samples.

M 1 2 3 4 5 6

100kDa

30kDa
25kDa
20kDa

[okBs

SkDa
3kDa

Figure 3. SDS-PAGE profile of whey peptide. Lane M:
Marker; Lane 1-3: whey peptides >30 kDa, 30-10 kDa, <10
kDa; Lane 4-6: milk peptides 30-10 kDa, >30 kDa, <10 kDa.

Milk peptide samples are shown in lanes 4 to 6. Lane
4 is a milk peptide with a size of 30 to 10 kDa. There
were 2 bands in this sample with molecular weights of
18 kDa and 92 kDa. Lane 5 had 2 bands of 21 kDa and
102 kDa, and a smearing band below 21 kDa. Lane 6
showed 1 band with a size of 17 kDa, the band was
thinner than the other samples and also smearing band
below 5kDa.

3.6 Organoleptic test

All of the samples can be seen in Figure 4 and the
results of the organoleptic test are shown in Table 6. The
largest average value obtained is a scale of 3, which
means the ginger coffee products are quite liked by the
panellists. On the attributes of colour and aroma, all
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Table 6. Organoleptic results of ginger coffee formulation.

Attribute Control \\% GM GMW 1 GMW 2 GMW 3
Color  3.69+0.93"  3.46+0.70°  3.46+0.70°  3.46+0.61*°  3.57+0.70°  3.40+0.70°
Aroma  3.63+0.77°  3.31+0.93'  3.43+0.91°  3.57+0.74°  3.20£0.90°  3.40+0.88"
Taste 3.40+1.06°  2.34+0.83%  3.2940.96®  3.17+0.79"™° 2.83+0.99°¢  2.71+1.23%
Overall  3.43+0.95*  2.69+0.76°  3.37+0.77°  3.31+0.76°  3.17+0.86  2.89+0.93"
Interest  3.14+0.87°  2.23+0.88Y  3.03+1.04 2.91+0.82*™ 2.57+0.92°¢  2.51+0.95%

Values are presented as meantSD. Values with different superscripts within the same column are statistically significantly
different (P<0.05). C: control only using goat milk (no peptide added), GM: with goat milk peptides (15 mins hydrolysate), W:
with whey peptide (15 mins hydrolysate), GMW1: with goat milk and whey peptides in a ratio of 4:1, GMW2: with goat milk
and whey peptides in a ratio of 1:1, GMW3: with goat milk and whey peptides in a ratio of 1:4.

samples did not have a significant difference (P>0.05).
However, on the other attributes there were significant
differences between samples (P<0.05). Preferred samples
based on taste attributes were control formulation, GM,
and GMWI1 formulations. These results are also seen in
the overall attributes and interest.

Figure 4. Organoleptic test samples. (a) C: control only using
goat milk, (b) W: with whey peptide, (¢) GM: with goat milk
peptides, (d) GMW1: with goat milk and whey peptides in a
ratio of 4:1, (¢) GMW2: with goat milk and whey peptides in
a ratio of 1:1, and (f) GMW3: with goat milk and whey
peptides in a ratio of 1:4.

3.7 Shelf life analysis

For this test, the samples used were the GM and
GMWI1 formulations. The results for the GM
formulation can be seen in Tables 7 and 8. Based on the
colourimetric test, the length of storage time could
change the colour of the sample. The longer storage time

made ginger coffee darker, this was marked by the
decrease in L* value. On the contrary, the a* value
obtained by the GM samples fluctuated with increased
storage time. The value of b* obtained by GM samples
tends to decrease with increased storage time. The value
of AE increases with increased storage time.

In addition to changing colour, GM samples also
change in pH and aroma. During storage time, the pH
value decreased. This value also had a significant
difference (P<0.05) from one another. The changes in
the aroma attribute were not very noticeable. On the last
day of storage, there were a few brownish precipitates on
the bottom of the bottle, but the sample did not thicken.

Shelf life test results of the GMW 1 sample can be
seen in Tables 9 and 10. In the colour attribute, the
results obtained were similar to the GM colour test
result. As the storage time increased, L*, a*, and b*
values tended to decrease. For the value of AE, the
longer the storage time, the greater the colour change
against the D-0 sample. The pH and aroma attributes of
the GMW 1 sample also had similar results as the GM
sample. However, the initial pH of GMW1 had a lower
value than the GM sample. The aroma also became
slightly sour on the 10th and 11th days of storage. On
both days there was also a small amount of brownish
precipitates.

3.8 Proximate analysis

The proximate test of the GM and GMWI1 samples

Table 7. The color difference in GM formulation for 9 days of storage.

Days L* a* b* AE

0 28.02+0.01°  4.46+0.00°  4.44+0.01° -

1 27.49+0.00°  4.514£0.02°  4.34+0.01°  0.54+0.00"
2 27.58+0.01°  4.30+0.01°  4.01£0.01°  0.64+0.01°
3 27.16+0.04°  5.17+0.07°  5.15£0.03*  1.33+0.05¢
4 27.204£0.01¢  4.10£0.01%®  3.36+£0.02°  1.40+0.01°
7 242540017  4.35+0.01°  2.88+0.02"  4.08+0.01°
8 23.64£0.005  3.98+0.01"  2.39+0.01"  4.86+0.00°
9 23.48+0.01"  4.19+0.01"  2.64+0.012  4.89+0.01°

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly

different (P<0.05).
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Table 8. The pH and aroma difference in GM formulation for 11 days of storage.
Days pH Aroma Description
a . Brownish black coffee without any precipitates.
+
0 5.99+£0.02° Very strong aroma of coffee and ginger This coffee was still watery
. B ish black coffee without ipitates.
1 5.96+0.02°  Very strong aroma of coffee and ginger TOWIIS blac co cc WIthout ally precipriates
This coffee was still watery
. B ish black coffee without ipitates.
2 5.88+0.01° Very strong aroma of coffee; strong ginger aroma TOWIIS blac co cc WIthout ally precipriates
This coffee was still watery
3 5 8140.02° Strong aroma of coffee; slightly strong ginger Brownish black coffee without any precipitates.
) ) aroma This coffee was still watery
. Strong aroma of coffee; slightly strong ginger Brownish black coffee without any precipitates.
4 5.70+0.02 . .
aroma This coffee was still watery
¢ There’s a coffee aroma but there’s no more ginger  The coffee became darker but still had no
7 5.1240.02 . .
aroma precipitates and the coffee was not thick
8 4.9240.01%  Slightly coffee aroma, no more ginger aroma The colour (.)f.the coffee is the same as day 7, and
still no precipitates
9 4.81+0.02"  Slightly coffee aroma, no more ginger aroma The coffee becomes darker but still no precipitates
10 4.00+0.00' :rlgg;ll;ly coffee aroma and a very slightly acid The coffee becomes darker but still no precipitates
. . . The coffee became darker but the coffee still
11 4.00+0.00' Slightly coffee aroma and a very slightly acid watery and there was a little bit of brown

aroma

precipitates at the bottom

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly
different (P<0.05).

Table 9. The colour difference in GMW 1 formulation for 9 days of storage.

Days L* a* b* AE

0 29.78+0.01°  4.46+0.01¢  5.33+0.01% -

1 28.80+0.01°  4.65+0.01*  5.28+0.02°  1.00+0.01%
2 28.44+0.00°  4.54+0.00°  4.97+0.01°  1.39+0.00"
3 28.34+0.02¢  4.44+0.02¢  4.39+0.01¢  1.72+0.02°
4 27.76+0.01°  4.32+0.02°  3.94+0.01°  2.45+0.01¢
7 23.87+0.07¢  4.59+0.03°  3.03+0.02"  6.34+0.06°
8 23.93£0.01"  4.33£0.02°  2.75+0.03%  6.39+0.02"
9 23.83£0.012  3.96+0.01"  2.52+0.01"  6.60+0.01°

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly
different (P<0.05).

Table 10. The pH and aroma difference in GMW 1 formulation for 11 days of storage.

Days pH Aroma Description
. B ish black coffee with ipi .
0 5.89+0.02"  Very strong aroma of coffee and ginger rowms blac €0 e without any precipitates
This coffee was still watery
. B ish black coffee with ipi .
1 5.88+0.01"  Very strong aroma of coffee and ginger rowms blac €0 e without any precipitates
This coffee was still watery
2 5.78+0.01°  Very strong aroma of coffee; strong ginger aroma Br(?wnlsh black co.ffee without any precipitates.
This coffee was still watery
3 5.7440.01° Strong aroma of coffee; slightly strong ginger Brownish black coffee without any precipitates.
) ) aroma This coffee was still watery
4 5.5040.02¢ Strong aroma of coffee; slightly strong ginger Brownish black coffee without any precipitates.
) ) aroma This coffee was still watery
7 5.0040.01° There’s a coffee aroma but there’s no more ginger  The coffee became darker but still had no
) ) aroma precipitates and the coffee was not thick
8 4.81+0.02"  Slightly coffee aroma, no more ginger aroma The color Oft}.le coffee is the same as day 7, and
still no precipitates
9 4.68+0.02%  Slightly coffee aroma, very slightly acid aroma The coffee becomes darker but still no precipitates
h . . . The coffee became darker, there was a little bit of
10 4.00+0.00"  Slightly coffee aroma and slightly acid aroma .
brown precipitate at the bottom
The coffee becomes darker but the coffee still
11 4.00+0.00"  Slightly coffee aroma and slightly acid aroma watery and there’s a little bit of brown precipitates

at the bottom

Values are presented as meantSD. Values with different superscripts within the same column are statistically significantly
different (P<0.05).
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can be seen in Table 11. The tests of these samples had
similar results. For the protein content results, the
GMW!1 sample had a higher yield. The total calories of
the GMW1 sample were higher than the GM sample. On
the contrary, the water content of the two samples had
the same yield.

Table 11. Proximate analysis of GM and GMW1 formula.

Parameter GM GMW1
Protein content (%) 1.20 1.40
Ash content (%) 0.56 0.55
Calories from fat (kcal/100 g) 2.66 2.84
Total fat (%) 0.30 0.32
Moisture content (%) 79.72 79.27
Total calories (kcal/100 g) 80.38 82.28
Carbohydrate (%) 18.24 18.46

4. Discussion

Whey protein and goat milk can be hydrolyzed into
peptides with the activity of enzymes. The enzyme used
is a food-grade papain enzyme with an activity of 32.94
U/mL. Whey protein and goat milk were hydrolyzed for
0, 15, and 30 mins. Proteins that have been hydrolyzed
will have a decrease in concentration because the papain
enzyme can cut peptide bonds in the protein chain.
Papain is a proteolytic enzyme that belongs to the
endopeptidase group, which means that this enzyme will
break down proteins in certain places. Papain will cut
peptide bonds that have basic amino acids, especially
arginine, lysine, and residues
(Menard et al., 1990).

after phenylalanine

Prolonged hydrolysis time will result in more protein
being broken down. However, based on the analysis by
the Lowry method (Table 2) the protein concentration in
the sample hydrolyzed for 30 mins was higher than in the
sample hydrolyzed for 15 mins. This could happen
because the Lowry method will only detect proteins that
can form a complex with copper. The formation of this
complex will occur in an alkaline condition. The
presence of acid can interfere with the formation of the
protein-copper complex. In this research, acid
interference may occur due to the use of acetic acid when
isolating whey this acid may be still present in the whey
protein, and because of this the detection of protein
concentration is less accurate (Lu et al., 2010). Other
than that, the Lowry method is more accurate in
detecting colour if the sample contains amino acids
tryptophan and tyrosine. The content of tryptophan or
tyrosine can support the reaction for the formation of a
hetero-polymolybdenum blue complex. This complex is
formed because oxidation of the aromatic group
catalyzed by the protein-copper complex (Lowry et al.,
1951).

https://doi.org/10.26656/fr.2017.7(6).1016

Decreasing protein concentration during hydrolysis
can also be visualized with SDS-PAGE (Figures 1 and
2). In the whey sample, there was a reduction of 3 bands
after the sample was hydrolyzed. Whey protein is
dominated by P-lactoglobulin and a-lactalbumin. The
molecular weight of B-lactoglobulin is in the range of
20.1 to 18 kDa while the molecular weight of a-
lactalbumin is in the range of 15 to 14.4 kDa. High
molecular weight bands represent immunoglobulins in
whey (El-Hatmi et al., 2015). Similar to whey, goat milk
samples also had a reduction in bands. The hydrolyzed
milk only had 1 to 2 bands out of 9 bands. Visualization
of protein in goat milk showed more bands than whey
protein. Thick bands in goat milk samples ranging in size
from 40 kDa to 30 kDa visualize casein proteins in milk
ranging from a-casein, f-casein, and k-casein (Jovanovic
et al., 2007). According to Figure 3, peptides with sizes
of >30 kDa, 30 — 10 kDa, and <10 kDa have similar
bands. This may be caused by the filtration method that
was carried out not optimally. As a consequence, some
proteins did not separate according to the size of the
membrane, then visualized on SDS-PAGE. Therefore,
the method should be improved in future studies.

Hydrolyzed protein samples will produce peptides,
these peptides can act as antioxidants (Khan ez al., 2019).
The highest antioxidant activity was shown in the 15
mins hydrolysate (Table 3) this is compatible with the
result of protein concentration analysis (Table 2). The 15
mins hydrolysate had the lowest protein concentration of
the other samples, meaning that more protein was broken
down into peptides. The higher number of peptides, the
higher the antioxidant activity produced. Whey
hydrolysate obtained an ICsy value of 525.81 pg/mL,
meaning that it takes about 500 ug/mL hydrolysate to
neutralize 50% of DPPH radicals. This value can be
classified as weak antioxidant activity. Milk hydrolysate
15 mins has an ICsy of 105.98 pg/mL, meaning that it
takes about 100 pg/mL hydrolysate to neutralize 50% of
DPPH radical. This ICsy value can be classified as
moderate antioxidant intensity (Jadid et al., 2016). It is
important to note that the antioxidant properties of
peptides are influenced by the sequence and length of the
peptide (Zou et al., 2016).

Peptides with antioxidant activity are generally
dominated by hydrophobic amino acids or sulfur-
containing amino acids. Peptides derived from whey
protein are dominated by sulfur-containing amino acids,
such as methionine and cysteine (Khan et al., 2019). A
large number of amino acid residues will increase the
antioxidant activity of whey peptides. In goat milk
peptide samples, the antioxidant activity produced was
higher than in whey peptides. This happens because
when goat milk is hydrolyzed, the casein protein in it is
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also hydrolyzed. Casein peptides are dominated by
hydrophobic amino acids. These peptides will promote
antioxidant activity therefore antioxidant activity is not
only obtained from the whey peptides alone (Chang et
al., 2013).

Besides the amino acid composition, peptide
antioxidant activity is also influenced by its molecular
weight. Based on the results in Table 5, peptides with
sizes below 10 kDa have higher antioxidant activity. The
results of this analysis also follow the research of Chang
et al. (2013) which states that peptides <10 kDa and <3
kDa have high antioxidant activity. Unfortunately, the
very small size of the protein can be a problem when
visualized with SDS-PAGE. SDS-PAGE electrophoresis
is more accurate for measuring proteins larger than 10
kDa (Shi and Jackowski, 1998).

Peptides with the highest antioxidant activity were
formulated in ginger coffee drinks, therefore these drinks
have antioxidant activity. The highest antioxidant
activity was found in the GMW1 formulation (Table 4).
The antioxidant activity of GMWI1 is higher than the GM
formulation, although Table 3 shows that goat milk
peptides have higher activity than whey peptides.
According to Nagasawa et al. (2001), the addition of 2
peptides from different sources could increase peptide
sequence variation and this variation could increase
antioxidant activity. The formulation with the lowest
antioxidant activity was the control formulation. This
formulation was not added with peptides at all, only non-
hydrolyzed goat milk was added. This non-hydrolyzed
goat milk contains casein and whey proteins, but of
course, these two proteins do not have as much
antioxidant activity as the protein that has been broken
down into peptides.

Antioxidant activity in the control formulation can
be obtained from the addition of ginger because ginger
also contains antioxidants. Phenolic compounds in
ginger, such as shogaol and gingerol, can act as
antioxidants. But is important to know that heating, like
what is done in the process of making ginger coffee, can
reduce the antioxidant activity of ginger (Mosovska et
al., 2015). However, the antioxidant activity of peptides
is not significantly affected by the heating process
because the peptides were added when the ginger coffee
temperature decreased to 50°C. In addition, peptides are
also more heat resistant, especially peptides derived from
whey (Korhonen et al., 1998).

All formulations of ginger coffee were sampled in
the hedonic test. There are 5 attributes that are assessed
in this test as listed in Table 6. The colour and aroma
attributes have similar values from all formulations. This
is because the colour of the peptide added is not too
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strong and can be covered with the coffee colour. For
aroma attributes, whey peptides have a slightly sour
aroma but this aroma also can be covered by the aroma
of coffee and ginger. Based on Table 6, it can be stated
that the formulations with the highest antioxidant
activity, GM and GMW1 formulations, were also
favoured by the panellists. Of all the attributes assessed,
the GM and GMW1 formulations were preferred in taste,
overall, and more desirable to buy. Formulations with
whey peptides were less favoured by panellists because
of the sour taste. This sour taste can come from the acetic
acid used when isolating whey. Besides the sour taste,
panellists are stating that ginger coffee with whey
peptide has a stronger bitter taste. The bitter taste can be
obtained from certain peptides (Liu ef al., 2013).

Several attributes were changed during the storage
time of GM and GMW1 formulas. The colour of the
drink will get darker with increasing storage time (Tables
7 and 9). This can be seen from the L* value, the lower
the L* value, the darker the colour. A* value indicates a
red-green colour component, positive a* value indicates
a red colour while a negative value indicates a green
colour. Then the value of b* indicates the yellow-blue
colour component. Positive values indicate yellow and
negative values indicate blue. AE value signifies a
change in the colour of the sample. The greater the value
of AE, the greater the colour change (Ly et al., 2020).
This change was measured against the colour of the
sample on day 0. This attribute change can indicate the
shelf life of coffee drinks. However, the attribute change
that is widely used to determine the shelf life of coffee
drinks is the pH value (Tables 8 and 10). The longer the
storage time, the lower the pH value. Decreased pH
value of coffee drinks can happen because of the
hydrolysis of lactone or the growth of microorganisms
that break down the sugar and produce acid (Nicoli et al.,
2009). Microorganisms contamination can occur during
the processing and packaging of coffee drinks. Coffee
drinks can be contaminated by Enferobacteriaceae,
lactic acid bacteria, and Aspergillus carbonarius
(Juvonen et al., 2011; Claassen et al., 2021). Coffee
drinks are still suitable for consumption if the pH value
is in the range of 5. Besides pH, the other attribute that
changes during the storage time is aroma. The intensity
of the coffee aroma will also decrease during storage.
This decrease in aroma intensity could occur because the
thiol aroma-active compound will interact with
melanoidin in coffee (Nicoli et al., 2009).

In addition to shelf life analysis, proximate analysis
was also carried out for the GM and GMWI
formulations (Table 11). Based on these proximate
results, the nutrition facts of each formulation can be
arranged (Figures 5 and 6). This nutrition fact was
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arranged regarding BPOM rule number 9 of 2016
(BPOM, 2016). The fat content obtained in the GM and
GMW1 formulations was lower than ready-to-drink
(RTD) coffee products on the market (2.5 g/200 mL). On
the other hand, the protein content of commercial RTD
coffee is 3g/200 mL. The GM formulation has a lower
protein content, but the GMW1 formulation has the same
protein content as the commercial products. For total
carbohydrates, both  formulations had  higher
carbohydrate content than RTD coffee (23 g/200 mL).
The sugar content used in both formulations is the same
number as RTD coffee products.GM and GMWI1
formulations have acceptable nutrient content because
their nutrient does not exceed the recommended intake.
Daily intake of fat is 65 g for women and 75 g for men,
daily intake of protein is 60 g for women and 65 g for
men, and daily intake of carbohydrates is 360 g for
women and 430 g for men (Menteri Kesehatan Republik
Indonesia (Menkes RI), 2019). The requirements for the
quality of coffee drinks are that they have a normal
odour, taste, and colour, and do not contain artificial
sweeteners such as saccharin and cyclamate. Coffee
drinks are also required to have a minimum of 200 mg/
kg of caffeine (BSN 1996).

Nutrition Facts

Serving Size 200 mL

Serving per container 1

Amount per serving

Calories 161 kcal

Calories from fat 5 kcal
% Daily Value*

Total Fat 1g 1%

Protein 2g 3%

Total Carbohydrate 36¢g 11%

Sugar 24 ¢g

Figure 5. Nutrition fact of ginger coffee with goat milk (GM)
formulation for 200 mL product

Nutrition Facts

Serving Size 200 mL

Serving per container 1

Amount per serving

Calories 165 kceal

Calories from fat 6 kcal
% Daily Value*

Total Fat 1g 1%

Protein 3g 5%

Total Carbohydrate 37¢g 11%

Sugar 24 ¢

Figure 6. Nutrition fact of ginger coffee with goat milk and
whey peptides in a ratio of 4:1 (GMW1) formulation for 200
mL product.
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5. Conclusion

Whey protein and goat milk can be hydrolyzed by
the papain enzyme. After being hydrolyzed, the protein
concentration decreased compared to the sample that was
not hydrolyzed. The protein samples that were
hydrolyzed for 15 mins had the highest antioxidant
activity. Based on this antioxidant activity, peptides
derived from whey can be classified as weak
antioxidants, while peptides from goat milk could be
classified as strong antioxidants. Both of these peptides
could be applied to the formulation of ginger coffee. The
best formulations obtained were GMW1 and GM, these
two formulations had high antioxidant activity and were
acceptable to the panellists. Based on the shelf life test
on the pH attribute, the GM and GMW1 formulations
could be stored for 7 days at 4°C.
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