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Abstract
Hydrolyzed collagen with different fractions is broadly applied in various 
industries due to its functional properties. Thestudyaimedto purify and 
fractionate the hydrolyzed collagen from yellowfin tuna skin by ultrafiltration 
and evaluate the functional propertiesof its fractions.The effect of 
temperature, pH, and pressure on membrane flux, nitrogen recovery 
efficiency, and degree of separation was investigated.2 Afterward, several 
functional properties of hydrolyzed collagen fractions including solubility, 
emulsification, foaming, and antioxidant properties were evaluated.The 
optimum ultrafiltration conditions for hydrolyzed collagen were temperature 
25°C, pH 6.5 and pressure 12psi provided optimum membrane flux (3.4 L/
m2.h) and nitrogen recovery efficiency (80.81%), and the smallest degree of 
separation (27.45%). The products after ultrafiltration were separated into 
two fractions, F2 (< 3 kDa), and F1 (3-5 kDa), with the volume of 90% and 
10%, respectively. Both hydrolyzed collagen fractions were more than 96% 
soluble at pH below 8.0, where the F2 fraction dissolved better than F1.  
As pH was higher than 8.0, both fractions were almost completely dissolved. 
In addition, the emulsifying and foaming abilities of the F1 fraction were 
better than the F2. However, the F2 fraction was more resistant to oxidation 
with higher antioxidant activity. In conclusion, this research indicates that 
different fractions from hydrolyzed collagen from yellowfin tuna skin have 
various functional properties that could be applied in food, cosmetic and 
pharmaceutical industries.
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Introduction
The collagen extraction from fish skin and its 
composition, structure, and properties have been 
reported all over the world.1-4 However, there 
have been just a few publications describing the 
properties of hydrolyzed collagen from fish skin, 
especially about the purification and fractionation of 
hydrolyzed collagen under a pilot or industrial scale. 
Most studies used gel filtration chromatography1 

or precipitation method5 for hydrolyzed collagen 
purification, which is only applicable on small-
scale. Simultaneously, the precipitation method 
is not effective with hydrolyzed collagen because 
there are different peptide segments in hydrolyzed 
collagen. Enzymatic proteolysis was investigated 
as an alternative to improve productivity and obtain 
bioactive peptides with nutritional composition and 
functional properties.6

After proteolysis, it is desirable to fractionate 
bioactive peptides for further applications. It is well-
known that ultrafiltration membrane is one of the most 
effective techniques to separate peptide fractions. 
Ultrafiltration membranes, that have pore sizes in 
the range of 1 to 100 nm, are used to separate 
peptide fractions with molecular weights from  
1 to 100 kDa and bioactive compounds efficiently.7   
The collagen hydrolysate usually has a molecular 
weight of less than 20 kDa. In order to obtain 
collagen peptide fractions with the target molecular 
weights, it is important to investigate ultrafiltration 
conditions. 

It is reported that membrane flux, degree of 
separation, and efficiency of the recovery of peptide 
fractions are of the most important parameters 
of ultrafiltration conditions.7 However, those 
parameters are influenced by several factors such 
as temperature, pressure, and pH. Temperature 
affects the viscosity and micelle formation of the 
filtrate. As the temperature increases, the viscosity 
decreases, and the membrane flux increases.  
If the temperature is too high, the micelle formation 
increases, increasing the degree of separation of the 
membrane,8 denaturing the protein, and reducing its 
biological activity. The filter pressure for tangential 
flow provides a scouring dynamic that limits the 
accumulation of non-permeable components on the 
membrane surface, and thus the permeability flux is 
maintained at a constant level. pH value is also one 
of the key parameters affecting the membrane flux 

and degree of separation of the membrane due to 
the change of electrically charged capacity, structure, 
and shape of peptides.9 Therefore, it is necessary 
to investigate ultrafiltration conditions during 
purification and fractionation ofbioactive peptides 
from collagen hydrolysate with targetcomposition 
and functional properties.

For applications, hydrolyzed collagen is applied 
widely in the production of functional foods, 
cosmetics, and pharmaceuticals.10--12 For example, 
hydrolyzed collagen combined with chitosan 
has been successfully reported improving the 
property of the resultant film that prevents water 
absorption from surroundings. Hydrolyzed collagen 
can prevent dehydrationin cheese production. 
In dairy products, hydrolyzed collagen can be 
used to enhance the smoothness and viscosity of 
theproduct.13 In addition, small molecular weight 
hydrolyzed collagen, expresses good solubility 
and some functional activities such as antioxidant, 
anticoagulant,14 and antibacterial abilities.15 It can 
alsostimulate certain hormones to heal wounds 
and arthritis.16 As such, it is important to determine 
the functional properties of the obtained hydrolyzed 
collagen for a specific application.

Together withthe above-mentioned background, 
yellowfin tuna (Thunnus albacares) was selected 
for this study due to its significant market-share in 
the fishery industry, which releases a considerable 
amount of skin.17 It is highly recommended to 
utilize yellowfin tuna skin from fishery processing 
to produce bioactive peptides with determined 
functional properties for ease of application. 
Therefore, this study aimed to purify and fractionate 
the hydrolyzed collagen from yellowfin tuna skin by 
ultrafiltration method and evaluate the functional 
propertiesof its fractions.

Materials and methods
Materials 
Yellowfin tuna skin (Thunnus albacares) was 
provided by JK Fish company, Ltd (KhanhHoa 
Province, Vietnam). Alcalase® 2.5L PF was 
purchased from Novozymes (Denmark). The 
UFP-1-C-6 membrane (GE, USA) and QuixStand 
Benchtop System (GE, USA) were used for 
ultrafiltration and fractionation. Other chemicals 
were of analytical grade and obtained from Merck 
(Germany) and Sigma-Aldrich (USA).  
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Extraction of Collagen Hydrolysate From 
Yellowfin Tuna Skin
The yellowfin tuna skin was pretreated by removing 
leftover meats and scales,cutting into 1 × 1 cm 
pieces, washing with cold water (10°C), and letting 
drained. Next, the fish skin was removed non-
collagen component by treating in 0.93 N NaOH 
solution with a 1:5 ratio (w/v) at 4°C during 28 hours, 
and then neutralized by washing with distilled water.18 

After draining, the sample was minced by a screw 
blender with a 0.5-cm hole diameter.The fish skin 
was hydrolyzed with 0.034 AU/g enzyme alcalase 
at 54.7°C, pH 7.9, in a 1:1 (v/w) ratio of water/skin 
for 5.2 hours.19 After that, the mixture was heated at 
95°C for15 min to inactivate the enzyme. The solution 
obtained after inactivating enzyme was cooled down 
to 4°C, then vacuum filtered using Whatman filter 
paper 4 and centrifuged (Hermle, Germany) at 5000 
rpm, 4°C for 20 min. The obtained supernatant was 
called collagen hydrolysate (CH) and stored at 4°C 
prior to using in this study.

Purificationand Fractionation of Collagen 
Hydrolysate by Ultrafiltration 
The effect of temperature, pH, and pressure 
during ultrafiltration (Quix Stand Benchtop System, 
GE, USA) was investigated by three individual 
randomized one-factorial experiments and in 
triplicate. The volume of CH samples for each 
treatment was 3000 mL. The input flow rate of 1.5 
L/min and the filtration time of 30 min (from film 
stabilization) were applied in these experiments. 
The effect of investigated factors on the membrane 
flux, degree of separation, and nitrogen recovery 
efficiency was was evaluated. After ultrafiltration, 
several functional properties of hydrolyzed collagen 
fractions including solubility, emulsification, foaming, 
and antioxidant properties were evaluated.

Effect of Temperature 
The investigated factor in this experiment was 
temperature with 7 levels (5; 10; 15; 20; 25; 30 and 
35°C). Other ultrafiltration parameters were fixed, 
including pH 7.0, the input pressure of 10 psi,and 
transmembrane pressure (TMP) of 9 psi. 

Effect of Pressure 
The investigated factor in this experiment was 
pressure with 5 levels (6, 8, 10, 12, and 14 psi). 
The fixed factors were temperature (selected 
fromexperiment effect of temperature), and pH 7.0.

Effect of pH 
Different pH values of 6.0, 6.5, 7.0, 7.5, and 8.0 were 
investigated. The fixed factors were temperature 
(selected from experiment effect of temperature), 
and pressure (selected from experiment effect of 
pressure).

Methods for Analysis
Proximate Analysis
Protein, lipid, moisture, and ash contents were 
determined by method AOAC 2011.04: 2011,20 
AOAC 960.39: 2012,21 AOAC 950.46: 2000,22 and 
AOAC 920.153: 2007,23 respectively.

Molecular Weight Distribution 
Gel permeation chromatography (GPC) (HPLC 
system, Agilent 1200, USA) was used to determine 
the molecular weight of collagen hydrolysate. The 
system employed Ultrahydrogel column (WatersTM), 
RID sensor, and polyethylene glycol for standard.24 
The mobile phase containing 0.1% trifluoroacetic 
acid in water was run at a 1 mL/min flow rate.

Degree of Separation
Degree of separation was determined according 
to Shishegaran et al.8 with some modifications.  
The degree of separation is a quantity representing 
the ability to separate molecules with different 
molecular masses dissolved in a liquid phase or 
small solid constituents from the liquid or gas phase.7 
The degree of separation was determined using 
Formula 1.

R=(1-Cp/Cf )  .100 (%)  ...(1)

Where R was the degree of separation (the 
percentage rejection of the solute elements , %; Cp 
was the solute concentration in the permeate (g/L); 
and Cf was the solute concentration in the feed (g/L).

Membrane Flux
Membrane flux was determined using a method 
of Shishegaran et al.8 with some modifications. 
The membrane flux is the volume of membrane 
permeability per unit time per unit area of the 
membrane.7 The membrane flux was calculated by 
Formula 2.

J= V/(A .  t) ...(2)
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Where J was the membrane flux (L/m2.h); t was 
the filtration time (hour); V was the membrane flow 
volume obtained during time t (L); A was membrane 
filter surface area (m2).

Nitrogen Recovery Efficiency
Nitrogen recovery efficiency was determined based 
on a method described by Gifuni et al.25 with slight 
modifications.The nitrogen recovery efficiency, which 
was calculated by Formula 3, is the percentage of 
nitrogen concentration in the permeate with nitrogen 
concentration in the feed.

H= (C1.V1).  100)/(C0.  V0)  (%) ...(3)

Where H was nitrogen recovery efficiency (%); Co 
was nitrogen concentration in the feed (g/L); C1 was 
nitrogen concentration in the permeate (g/L); Vo was 
the volume of the feed (L); V1 was the volume of the 
permeate (L).

Solubility
The solubility of collagen hydrolysate was determined 
by dissolving 200 mg of hydrolyzed collagen in 20 
mL of distilled water, then adjustingto a range of 
pH from 4.0 to 9.0 by 1N HCl or 1 N NaOH and 
stirring for 30 min at 25±1°C (Tsumura, 2005).26 After 
centrifugation(10,000 rpm, 15 min),the supernatant 
was collected and determined its protein content 
by Lowry's method. The solubility of collagen 
hydrolysates was the percentage of protein content 
in the supernatant compared to the total protein 
content in the collagen sample.

Emulsifying Property
The emulsifying property of hydrolyzed collagen was 
evaluated through the emulsifying activity index (EAI) 
and the emulsifying stability index (ESI) according 
toa method of Pearce and Kinsella.27 Soybean 
oil (10 mL) and hydrolyzed collagen solution  
(30 mL, 0.1% and adjusted pH to 4.0 to 9.0 with 
1N HCl or 1 N NaOH) were assimilated at a rate of 
20,000 rpm. Emulsion (50 μL), that was aspirated 
from the bottom of the emulsion device at 0 and 10 
min after homogenization,was diluted 100 times 
with 0.1% SDS (Sodium dodecyl sulfate) solution. 
The following formula calculates the diluent at 500 
nm. The absorbance, determined immediately (A0) 
and 10 min (A10) after emulsion formation, the 
emulsifying capacity, and the emulsion stability: 

EAI (m2/g) = (2 × 2.303 × A0 x DF)/(0.25 × C) 
...(4)

Where DF was dilution factor; C was the concentration 
of hydrolyzed collagen.

ESI (min) = A0 × ∆t/∆A ...(5)

Where ∆A = A0-A10, ∆t = 10 min.

Foaming Capacity
Foaming capacity (FC) and foaming stability (FS) 
of hydrolyzed collagen were determined based 
on the method of Shahidi et al. (1995)28 with minor 
modifications. The hydrolyzed collagen solution  
(20 ml mL, 0.5% adjusted pH to 4.0 to 9.0 with 1 N 
HCl or 1N NaOH) was homogenized at 16,000 rpm 
for 2 min (PT 1300D homogenizer, Switzerland), 
then quickly transferred into a 50 mL graduated 
cylinder to determine the foam volume and had the 
total volume read at 0 and 10 min after transferring. 
The FC was defined as the foam expansion at 0 min, 
and FS was defined as foam expansion over 10 min. 
Foam expansion was calculated following Formula 6.

Foam expansion (%) = [(A-B) / B] × 100% ...(6)

Where A was the volume after homogenization 
(mL) at different times and B was the volume before 
homogenization (mL). 

Antioxidant Properties
The antioxidant properties of hydrolyzed collagen 
was were determined based on the DPPH radical 
scavenging (Hui-Yin, 2002).29 Collagen stock solution 
(1 mg/mL hydrolyzed collagen solution) was added 
to 6 test tubes with 100, 200, 300, 400, 500, and 
600 µL, respectively, and total up to 3 mL by distilled 
water. After that, each test tube was mixed with 1 
mL of 0.2 mM DPPH, incubated for 30 minutes min 
in the dark, and read the absorbance at 517 nm by 
spectrophotometer (Lamomed 2550, USA). The 
blank used distilled water to replace the collagen 
sample. The positive control was 200 µg/mL vitamin 
C solution.

DPPH radical scavenging activity (DPPH, %) =  (ACT-
ASP)/ACT x 100                                              ...(7)
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Where ACT was the absorbance of the blank; Asp was 
the absorbance of collagen solution.

The antioxidant capacity of hydrolyzed collagen was 
evaluated based on the IC50 value, which is the 
collagen concentration that can scavenge 50% of 
DPPH free radicals. The higher IC50 value indicates 
the lower antioxidant properties.

Hydroxyl radicals scavenging activity was measured 
following the method of Wang et al.30 Hydrolyzed 
collagen (1mg/mL) was added to 6 test tubes in 
different volumes (120, 240, 360, 480, 600, and 
720 µL) and total up to 3mL by distilled water. 
After that, 1 mL of 2 mM FeSO4 and 1mL of 2 mM 
1,10-phenanthroline was added to each test tube, 
vortexed (ZX3, Velp, Italy), then added with 1 mL of 
0.03% H2O2 (v/v) and incubated at 37°C for 60. The 
536-nm absorbance was readby spectrophotometer 
(Lamomed 2550, USA). A test tube without a sample 
was used as a negative control, and test tubes 
without H2O2 were used as blank.

The hydroxyl radical scavenging activity (HRSA, %) 
=  (As-An)x100/(Ab-An)                   ...(8)

Where As was the absorbance of solution with 
sample; An was the absorbance of negative control; 
Ab was the absorbance of blank.

The Ant iox idant  Act iv i ty  of  Col lagen 
Hydrolysatein Oil-in-Water Emulsion System 
The oil-in-water emulsion was prepared following 
the method of Zhao et al.31 The mixtures including 
85 mL of distilled water, 0.5 mL of Tween 40, and 
10 mL of soybean oil were homogenized at 10000 
rpm for 5 min (IKA, T18B, Ultra - Turax, Germany), 
then added to 3 test tubes containing 10 mL of the 
oil-in-water emulsion with different volumes (0.5, 
1, and 2 lmL) of 50 mg/mL collagen hydrolysates, 
shaken well, and incubated at 50 °C (IN55 Memmert, 
Germany). The final concentrations of collagen 
hydrolyzate hydrolysate were 25, 50, and 100 mg/mL 
of soybean oil.  The peroxide value was determined 
by following the method of Richards and Hultin32  
by monitoring the change of peroxide index of oil-
in-water emulsion system daily. Fat extraction for 
hydroperoxide determination followed the method 
of Bligh and Dyer.33 Cumene hydroperoxide at 0 to 
8 mM concentrations were used forthe standard 
curve. The hydroperoxide value was defined as 

milliequivalents (mEq) of cumene hydroperoxide per 
kilogram sample. The control sample was a sample 
without collagen hydrolysates.

Statistical Analysis 
All experiments and subsequent analytical 
measurements were done in triplicate. The 
measurements on each experiment run were 
performed in triplicate, and the mean was used as 
a value in the subsequent statistical analysis for 
each set of three experimental runs. The results 
were presented as mean values with standard 
deviation (±SD), using the Microsoft Excel software 
version 2016. When comparing means for significant 
differences at p<0.05, the one-way analysis 
of variance (ANOVA) and the least significant 
difference (LSD) post hoc test were used, using the 
SPSS software version 25.0. Graphing was done 
with the Microsoft Excel version 2016.

Results and Discussion
Chemical Composition and Molecular Weight 
Distribution In Yellowfin Tuna Collagen Solution
The pretreated solution of hydrolyzed yellowfin 
tuna skin collagen (CH) contained 9.69 ± 0.15% 
dry matter with 14.60±0.32(mg/mL) nitrogen, 
0.09±0.01% lipid, and 0.17±0.01% ash.The results 
from GPC chromatography (Figure 1) show that 
the molecular weight distribution of peptides in the 
CH solution was less than 5 kDa. The hydrolysate 
product consisted of 3 fractions, of which 10% of the 
peptides have a molecular weight less than 416 Da 
(A), 40% from 416 Da to 1 kDa (B), and 50% from 
1 kDa to 5kDa (C).
 
Purification of Collagen Hydrolysate By 

Fig. 1: Chromatogram of molecular 
weight distribution of collagen peptides in 

yellowfin tuna skin hydrolysis solution after 
centrifugation

The collagenpeptides have a molecular weight 
less than (A) 416 Da; (B) 416 Da to 1 kDa; and (C) 

1 kDa to 5kDa
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Fig. 2: Effect of purification conditions on ultrafiltration efficiency
(A) temperature (n=21); (B) pressure (n=15); (C) pH (n=15); n is sample size

Ultrafiltration 
Effect of Temperature on Ultrafiltration Efficiency
The effect of temperature on membrane filtration 
is showned in Figure 2A. When the temperature 
increased from 5°C to 25°C, the degree of separation 
only slightly decreased, while the membrane flux and 
the nitrogen recovery efficiency highly increased. 

The viscosity of collagen hydrolysate decreased 
together with the increase of temperature, resulting 
in better separation of fractions in the hydrolyzed 
collagen. When filtering at 25°C, the membrane flux 
and nitrogen recovery efficiency were the highest, 
at 2.83 L/m2.h and 69.43%, respectively, and 31.16 
% the degree of separation was obtained.
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When the temperature continued to increase 
from 25°C to 35°C, the membrane flux increased 
insignificantly, while nitrogen recovery efficiency 
decreased, and the degree of separation increased. 

When the temperature increased, the micelle's 
possibility increased, making the degree of 
separation increases.8 Therefore, the appropriate 
hydrolyzed collagen membrane filtration temperature 
was 25°C.
 
Effect of Pressure on Ultrafiltration Efficiency
When the transmembrane pressure increases from 
6 to 12 psi during ultrafiltration, the membrane flux, 
and nitrogen recovery efficiency increased, while 
the degree of separation decreased (Figure 2B). 
When the transmembrane pressure increased 
from 12 to 14 psi, the flux decreased while the 
degree of separation increased, resulting in reduced 
nitrogen recovery efficiency. In tangential filtration, 
the transmembrane pressure is the driving force 
for collagen peptides to penetrate the membrane. 
However, when the membrane pressure increases 
to a specific limit, a gel layer is formed on the 
membrane surface, resulting in reduced flux.34 Thus, 
the ultrafiltration of hydrolyzed collagen solution at 
a pressure of 12 psi had the highest membrane flux 

and nitrogen recovery efficiency, at 3.02 L/m2.h and 
74.96%, respectively, and the degree of separation 
of 29.56%.

Effect of PH on Ultrafiltration Efficiency
When the pH increased from 6.0 to 6.5, the flux 
of the membrane and the nitrogen recovery 
efficiency increased, while the degree of separation 
decreased (Figure 2C). The highest flux and 
nitrogen recovery rates were 3.4 L/m2.h and 80.81%, 
respectively. However, when the pH increased from 
6.5 to 8.0, the flux of the membrane and nitrogen 
recovery efficiency decreased, while the degree 
of separation increases. This could be explained 
that pH was one of the parameters affecting the 
charge capacity, structure, and shape of collagen 
peptides. Therefore, when filtering the membrane, 
it affected the throughput of the membrane and the 
membrane's specific resolution. At isoelectric pH, 
the peptides precipitate, and the permeability of the 
membrane decreases, reducing the throughput of 
the membrane. If the pH is greater or less than the 
isoelectric pH, the peptides will have a charge and 
change their permeability, affecting the throughput 
of the membrane.9 In this study, at pH 6.5, the 
membrane flux and nitrogen recovery efficiency 
were the highest.

Table 1: Chemical composition and molecular mass distribution of 
hydrolyzed collagen fractions after ultrafiltration

Fraction Nitrogen Lipid (%) Ash (%) Dry Volume  Molecular weight
  (mg/mL)   matter (%) ratio (%) cut off (MWCO) 

F1  18.63a±0.35 0.40a±0.04 0.139a±0.02 15.41a±0.26 10.05a±1.06 >3kDa 
F2  14.14b±0.40 0.05b±0.01 0.175b±0.02 9.04b±0.33 89.95b±1.13 <3kDa

Data are means ± SD; the values in the same column followed by different superscripts (a-b) were 
significantly different (P < 0.05)

The chemical composition, the ratio of volume, and 
molecular mass of the collagen peptide fractions 
after ultrafiltration are shown in Table 1. The lipid 
and dry matter contents of F1 were lower than F2. 
The volume of F2 and F1 was 89.95% and 10.05%, 
respectively.

Properties of Hydrolyzed Collagen Fractions
Solubility
All collagen peptide fractions were soluble over 
a wide pH range, with the solubility higher than 

96% (Figure 3A). The solubility of F2 increased 
with increasing pH from 4.0 to 5.5, but was almost 
unchanged in pH ranging from 5.5 to 9.0. At pH < 8, 
the solubility of F2 was higher than that of F1.The 
F1 fraction had lower solubility in an acidic solution 
than in an alkaline solution.

In similar researches, the solubility of hydrolyzed 
collagen obtained from the skin of Spanish 
mackerel (Scomberomorous niphonius) was 
89.70%,1 and from the skin of Ornate threadfin 
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bream fish (Nemipterus hexodon) was 99.30%.35 

In general, protein hydrolysis produces smaller 
molecular-weight peptides withvariant solubility.36 

Enzymatic hydrolysis can influence the molecular 
size, hydrophobicity, polar, and ionizable group of 

hydrolyzed proteins.37 Peptides from myofibrillar fiber 
proteins often have more polar groups which can 
create hydrogen bonds with water more efficiently, 
resulting in the increasing solubility.38

 

Fig. 3: Effect of pH on properties of hydrolyzed collagen fractions
(A) Solulility; (B) Emulsifying ability; (C) Emulsifying stability; (D) Foaming ability; 

(E) Foaming stability; n=33(sample size)
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Emulsifying Activity
The emulsifying activity index (EAI) and emulsifying 
stability index (ESI) of collagen hydrolysates from 
yellowfin tuna skin are shown in Figures 3B and 
3C. Both EAI and ESI of F1 and F2 fractions 
increased with increasing pH. Figure 3B indicates 
that the EAI of F1 was higher than that of F2  
(p < 0.05) and the EAI did not change significantly 
when pH higher 8.0 for F1 and pH higher 8.5 for F2. 
The highest EAI was 112.33 (m 2/g) and 97.80 (m2/g) 
of the F1 and F2 fractions, respectively (p<0.05). 
This result was similar to other researches about 
hydrolyzed collagen from Spanish mackerel skin 
(Scomberomorous niphonius) and from fish skin 
Ornate threadfin bream (Nemipterus hexodon), 
which had the EAI of 97.44 (m2/g) and 116.00 
(m2/g), respectively.35 It was reported that at a high 
degree of hydrolysis, peptides with low molecular 
weight lose their emulsifying properties.36 Klompong  
et al.36 suggested that low molecular weight peptides 
may not be sufficient amphiphilic to exhibit good 
emulsifying activity.

The ESI of fraction F1 was higher than fraction F2, 
and it increased with increasing pH (Figure 3C).
The ESI did not change significantly when pH>8.0 
of both fractions (p>0.05). Similar results were 
obtained by Nalinanon et al.,35 which showed that 
ESI of hydrolyzed collagen from fish skin Ornate 
threadfin bream (Nemipterus hexodon) was 25.80 
(min).35 Mutilangi et al.37 recognized that peptides 
with higher molecular weight contributed to the 
emulsion stability.37

Foaming Capacity
Foaming capacity (FC) and foam stability (FS) of 
two hydrolyzed collagen fractions, F1 and F2, are 
shown in Figures 3D and 3E. Both FC and FS index 
increased when the pH increased from 4.0 to 8.0, 
while there was an insignificant difference when 
pH≥8.0 (p> 0.05). The FC and FS indexes of F2 
were greater than that of F1. This result issimilar 
to hydrolyzed collagen from fish skin Ornate 
threadfin bream (Nemipterus hexodon) with FC 
and FS of 131.0% and 78%, respectively.35 It could 
be explained due to the weaker binding of small 
peptides in the air-water surface interface.39The 
foaming was affected by three main factors such 
as transport, penetration, and reorganization of 
molecules at the air and water interface.36 Proteins 
that are rapidly absorbed in the generated air-liquid 

interface during the foaming process and rearranged 
at the interface exhibit better foaming ability than 
the slow-absorbing proteins.40 Similar result was 
also reported in yellow striped bamboo (Selaroides 
leptolepis) protein hydrolysate products prepared by 
Alcalase and Flavourzyme with 5 -25% degree of 
hydrolysis.36 The low MW peptides could not maintain 
an orderly orientation of the interface's molecule.

Antioxidant Properties
Different reaction mechanisms complicate the 
oxidation processes that occur in food or biological 
system. Therefore, in this study, the antioxidant 
activity of hydrolyzed collagen solution and F1 and 
F2 fractions was determined through the DPPH and 
hydroxyl free radical reduction, and their antioxidant 
capacity in the oil-water emulsion.

DPPH (2,2-Diphenyl-1-picrylhydrazyl) Radical 
Scavenging Activity 
DPPH free radical activities of initial hydrolyzed 
collagen solution, F1, and F2 fractions are shown 
in Figure 4A. DPPH is a purple compound that 
can be identified at the wave length of 517 nm. 
When interacting with compounds containing free 
electrons, it will accept electrons to become a 
magnetic molecule and lose its purple color.41 Figure 
4A indicates that the DPPH radical scavenging 
activity of F2 fraction was the highest, followed by 
the initial hydrolyzed collagen solution and F1 at 
25-150 µg/mL concentrations. From those results, 
the IC50 of DPPH radical scavenging activity of 
the initial hydrolyzed collagen, F1, and F2 fractions 
were 77.04 µg/mL, 142.98 µg/mL, and 48.51 µg/
mL, respectively, which were rather high when 
compared with vitamin C, a potent antioxidant, which 
had IC50 of 5.29 µg/mL.This result showed that 
hydrolyzed collagen with a small molecular weight 
would have a higher antioxidant capacity, and this 
is also consistent with the previous study reported 
by Asaduzzaman et al.3

 
The results of this study were similar to the study 
of Nurilmala et al.,42 in which the peptide fraction 
of 3-10 kDa from the yellowfin tuna (Thunnus 
albacares) had the IC50 value of 75.94 µg/mL. 
Their antioxidant activities were higher than collagen 
hydrolysate from Spanish mackerel skin (IC50 = 
1570 µg/mL).1 Hydrolyzed collagen from salmon 
skin had the strongest antioxidant activity in the 
fraction less than 3 kDa.43 Acidic amino acids in low 
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molecular weight collagen peptides had high DPPH 
radical scavenging activity due to the presence of 
carboxyl groups in the molecule. Amino acids, such 

as glutamic acid and arginine, low molecular weight 
collagen peptides' antioxidant capacity.44

Fig. 4: Antioxidant ability of hydrolyzed collagen fractions
(A) DPPH radical scavenging activity (n = 18) ; (B) Hydroxyl radical scavenging activity (n = 18); 

(C) Effect of collagen concentration on antioxidant capacity in oil-in-water emulsion (n =33); (D) The 
antioxidant capacity of different collagen fractions in oil-in-water emulsion (n=33); n is sample size

Hydroxyl Radical Scavenging Activity
Figure 4 Bindicates that the hydroxyl radical 
scavenging activitiesof hydrolyzed collagen solution, 
and F1 and F2 fractions after ultrafiltration were 
similar to the DPPH radical scavenging activity. 
The IC50 values, of hydrolyzed collagen solution, 
F1, and F2 were 36.59 µg/mL, 75.66 µg/mL, and 
19.74 µg/mL, respectively. The hydroxyl radical 
scavenging activity is proportional to the collagen 
peptide concentration in the solution (Figure 4B). 
This result was higher than some peptides isolated 
from other aquatic species such as ACH-P3 from 
the scales of croceine croaker (IC50 = 170 µg/

mL), PSYV (IC50 = 2640 µg/mL) from loach fish 
hydrolyzed protein,30 LKQELEDLLEKQE (IC50 46 
µg/mL) oyster protein hydrolysate.45 However, it 
was lower than MQIFVKTLTG (IC50 = 5 µg/mL) and 
DLSDGEQGVL (IC50 = 7 µg/mL) protein hydrolyzed 
from venison.46

This study has shown that hydrolyzed collagen from 
yellowfin tuna skin had considerably high DPPH and 
hydroxyl free radical scavenging activity. Therefore,  
it can be used as a scavenger to protect food or living 
organisms against free radicals' damage.
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Antioxidation Activity of Collagen Hydrolysate 
In Oil-Water Environments
Oxidation of oil-in-water emulsion is a common 
problem that causes rancid odors and loss of 
nutrients in many food products such as sauces, 
soups, and beverages.47 Therefore, the antioxidant 
activity of hydrolyzed collagen from yellowfin tuna 
skin was assessed through its ability to inhibit lipid 
oxidation by decreasing the peroxide (POV) value 
of the emulsion (Figure 4C and 4D).

As shown in Figure 4C, during ten days of incubation 
at 50°C, POV of the emulsion with the addition of 
50 mg/mL of hydrolyzed collagen and the control 
sample on day 8 of incubation were 2.25m Eq and 
8.5mEq, respectively. The average POV of samples 
with 50 mg/mL of hydrolyzed collagen and control 
sample after ten days of incubation were 1.64 mEq 
and 4.66 mEq, respectively.Thus, POV inhibition 
(day 8) of the sample with 50 mg/mLof hydrolyzed 
collagen added up to 73.53% compared to the 
control sample and POV inhibition an average 
of 57.95% for ten days of incubation. POV of the 
emulsion with the addition of 50 mg/mL of hydrolyzed 
collagen was similar to the sample with 100 mg/mL 
hydrolyzed collagen, but higher than the sample 
with 25 mg/mL hydrolyzed collagen. This result was 
equivalent to the previously reported inhibition rates 
of POV values of hydrolyzed sorghum, and potato 
hydrolyzed protein, being 55.38% and 62.80%, 
respectively, for ten days incubation at a 20 mg/mL.48

In this study, the antioxidant activity of the collagen 
fractions F1 and F2 was different from inhibitory 
oxidizing activity (Figure 4D). Emulsion samples with 
the addition of 50 mg/mLhydrolyzed collagen each 
F1, and F2 segments showed inhibition rates of POV 
of 52.94% and 73.53% (day 8), respectively, and 
had mean inhibition levels of 39.44% and 57.95% 
(after ten days). Thus, the F2 fraction can inhibit the 
oxidation of the emulsion system compared with the 
F1 fraction. The results demonstrated the antioxidant 
activity of collagen hydrolysate in inhibiting lipid 
oxidation, thereby stabilizing and slowing the 
emulsion's oxidation.

Previous studies have proved that peptides obtained 
from enzymatic hydrolysis of fish protein have 
shown significant antioxidant activities in various 

oxidation systems.35,49 According to Vignesh et al.,49 

the antioxidant activity depends on the level and 
composition of both free amino acids and peptides. 
Also, Lassoued et al.50 mentioned that antioxidant 
activity is related to amino acid composition, 
sequence, and hydrophobicity. Most of the identified 
antioxidant peptides were short (between 5-16 
amino acids) and contain hydrophobic amino acids 
(Val and Leu) at the N-end of the peptide chain and 
Pro, His, or Tyr in the sequence of them. Besides, 
the antioxidant activity of hydrolyzed collagen was 
attributed by a variety of mechanisms, in which 
the amino acid composition of the peptide chain 
is essential because the hydrophobic amino acids 
of Val, Ile, Leu, Met, Phe, and Trp. and Cys have 
higher uptake of hydroxyl radicals than hydrophilic 
amino acids.51 The collagen composition from fish 
skin contains many hydrophobic amino acids such 
as glycine, alanine, proline, and methionine; thus, 
collagen hydrolysate from fish skin has a high 
antioxidant capacity.52

Conclusions 
The UFP-1-C-6 filter was used to purify and separate 
the hydrolyzed collagen into two fractions, F2  
(< 3kDa), and F1 (3-5 kDa),with the volume of 90% 
and 10%, respectively.The study had determined the 
temperature, pressure, and pH of the input stream 
to the membrane filtration process. Both hydrolyzed 
collagen fractions had excellent solubility at pH 
below 8.0 where the F2 fraction dissolved better 
than F1. As pH was higher than 8.0, both fractions 
were almost completely dissolved. In addition, the 
emulsifying and foaming of the F1 fraction was 
better than the F2. However, the F2 fraction was 
more resistant to oxidation with higher antioxidant 
activity. Therefore, these two fractions can be 
applied in different industries depending on the aim 
of usage.Further researches should be conducted 
using different types of membranes to purify and 
fractionate hydrolyzed collagen for a comparison of 
product efficacy and quality. 
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