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Journal of Tropical Agricultural Science
- JTAS-1387-2018 has been
unsubmitted

Yahoo/Inbox

Journal of Tropical Agricultural Science <onbehalfof@manuscriptcentral.com
To:
nopi_81@yahoo.com
Cc: nayan@upm.my
,
journal.officer-
1@upm.my

Wed, Mar 14, 2018 at 8:41 AM

14-Mar-2018

Dear Ms. Nopianti,

Your manuscript, JTAS-1387-2018, entitled "PROTEASE INHIBITOR
ACTIVITY OF CATFISH (Pangasius hypopthalmus) AND SWAMP EEL
(Monopterus albus) BLOOD PLASMA" has been unsubmitted from the
Journal of Tropical Agricultural Science. The reason of “unsubmission” is
due to the following issue(s):

1.  COVER LETTER

Incorrect format of cover letter has been submitted. Please prepare the
cover letter as per the sample provided (refer to the attachment).

2.  PREFERRED NAME (as in publication)

The NAME OF AUTHOR(S) listed is not consistent. Kindly ensure that the
“Preferred Name (as in publication)” filled in Step 3 of the ScholarOne
submission and name of authors stated on page 2 of manuscript are
consistent. For example, Nopianti (ScholarOne) or Rodiana Nopianti
(manuscript)?

3.  MANUSCRIPT (PLEASE READ THE GUIDELINE - refer to the
attachment)

Your article did not follow the correct format required by the journal (eg.
lacking of a list of number of tables and figures on the second page of
manuscript). I am enclosing the Manuscript Preparation Guide for your

onbehalfof@manuscriptcentral.com
+ Add to contacts

Denise Skonberg
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Download all attachments as a zip file

Your article did not follow the correct format required by the journal (eg.
lacking of a list of number of tables and figures on the second page of
manuscript). I am enclosing the Manuscript Preparation Guide for your
reference (refer to the attachment). You may revise the manuscript (PAGE
1, 2, 3 & 4 onward) according to the guidelines provided and resubmit to
Pertanika. The manuscript should be written in MS word Document.

4.  FIGURES CAPTION

Figures caption should follow the APA 6th style. Please modify it
accordingly (http://www.apastyle.org/).

5.  REFERENCES

References listed in the manuscript does not follow the format of APA 6th
Style. When formatting your references (List of References), please follow
the APA reference style (6TH EDITION - COMPULSORY). Ensure that the
references are strictly in the journal’s prescribed style, failing which your
article will not be accepted for peer-review.  You may refer to the
Publication Manual of the American Psychological Association for further
details (http://www.apastyle.org/).

For example, please italicize the publishers of each reference. Please
check the citation format of book by referring to the attached file
'201703-APA-Complete' as well.

6.  CO-AUTHORS' INFORMATION (SCHOLARONE)

Please fill in the co-authors' information at ScholarOne system.

Once you have completed the above mentioned issues, please Log-In to
your account and click at the “Unsubmitted Manuscripts” (JTAS-1387-
2018) button in order to proceed with your incomplete submission. Your
article will not be considered for review until the completed manuscript
has been received. Please DO NOT create a new manuscript ID.

You may contact the Editorial Office via this email journal.officer-
1@upm.my or by calling +603 8947 1619 if you have any further
questions. I look forward to your re-submission.

Sincerely,
Journal Officer
Journal of Tropical Agricultural Science Editorial Office

onbehalfof@manuscriptcentral.com
+ Add to contacts

Denise Skonberg

Melissa Online Exclusive
Melissa Shoes Indonesia

Melissa Online Exclusive
Melissa Shoes Indonesia
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Journal of Tropical Agricultural Science
- JTAS-1387-2018.R2 has been
unsubmitted

Yahoo/Inbox

Journal of Tropical Agricultural Science <onbehalfof@manuscriptcentral.com
To:
nopi_81@yahoo.com
Cc:
mzamri@upm.edu.my
,
executive_editor.pertanika@upm.my
,
journal.officer-
1@upm.my

Wed, Aug 1, 2018 at 7:36 AM

01-Aug-2018

NOTE: YOU HAVE ONE CHANCE TO CORRECT YOUR MANUSCRIPT
AS PER PERTANIKA’S GUIDELINE

Dear Ms. Nopianti,

Your manuscript, JTAS-1387-2018.R2, entitled "Protease Inhibitory
Activity and Protein Analysis of Catfish (Pangasius hypopthalmus) and
Swamp Eel (Monopterus albus) Blood Plasma" has been unsubmitted
from the Journal of Tropical Agricultural Science. The reason of
“unsubmission” is due to the following issue(s):

1.  COVER LETTER

Incorrect format of cover letter has been submitted. Please prepare the
cover letter as per the sample provided (refer to the attachment).

2.  RESPONSES TO REVIEWERS' COMMENTS

Wrong format of responses to comments from Reviewers. You have not
indicated your responses to the comments made by the reviewer(s) point
by point according to the respective reviewers in the space provided. 

onbehalfof@manuscriptcentral.com
+ Add to contacts

Denise Skonberg
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Wrong format of responses to comments from Reviewers. You have not
indicated your responses to the comments made by the reviewer(s) point
by point according to the respective reviewers in the space provided. 

Kindly respond to the comments according to the reviewers. Please do
not combine all the responses together.

See example below.

For example:
------------------------------
Responses to Comments

[Reviewer 1]

Comment 1: to check on grammar and spelling.
Response 1: (Dear Author, please respond accordingly and reply to the
reviewer's comments in PDF file as well.)

[Reviewer 2]
Comment 1: Go through the Word file and please read the comments and
track changes. Some aspects are not clear and please strengthen the
discussion.
Some statements are sweeping statements while some statements are
redundant.
Response 1: (Dear Author, please list down the Reviewer 2's comments
that stated in Microsoft Word file and answer accordingly.)

[Reviewer 3]

Comment 1: This paper reports the potential of using plasma from two
different fish species as inhibitor towards protease. The author
appropriately addresses some of the comments made previously.
However, some important comments made previously especially on the
aspect of thoroughness of this manuscript are still missing.
Response 1: (Dear Author, please respond properly.) 

Since Reviewer 3 stated that you did not fully respond to his previous
comments, kindly double check and respond to it to ensure the response
will be satisfactory. 

Once you have completed the above mentioned issues, please Log-In to
your account and click at the “Unsubmitted Manuscripts” (JTAS-1387-
2018.R2) button in order to proceed with your incomplete submission.
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Comment 1: to check on grammar and spelling.
Response 1: (Dear Author, please respond accordingly and reply to the
reviewer's comments in PDF file as well.)

[Reviewer 2]
Comment 1: Go through the Word file and please read the comments and
track changes. Some aspects are not clear and please strengthen the
discussion.
Some statements are sweeping statements while some statements are
redundant.
Response 1: (Dear Author, please list down the Reviewer 2's comments
that stated in Microsoft Word file and answer accordingly.)

[Reviewer 3]

Comment 1: This paper reports the potential of using plasma from two
different fish species as inhibitor towards protease. The author
appropriately addresses some of the comments made previously.
However, some important comments made previously especially on the
aspect of thoroughness of this manuscript are still missing.
Response 1: (Dear Author, please respond properly.) 

Since Reviewer 3 stated that you did not fully respond to his previous
comments, kindly double check and respond to it to ensure the response
will be satisfactory. 

Once you have completed the above mentioned issues, please Log-In to
your account and click at the “Unsubmitted Manuscripts” (JTAS-1387-
2018.R2) button in order to proceed with your incomplete submission.
Your article will not be considered for review until the completed
manuscript has been received. Please DO NOT create a new manuscript
ID.

You may contact the Editorial Office via this email journal.officer-
1@upm.my or by calling +603 8947 1619 if you have any further
questions. I look forward to your re-submission.

Sincerely,
Journal Officer
Journal of Tropical Agricultural Science Editorial Office

onbehalfof@manuscriptcentral.com
+ Add to contacts

Denise Skonberg
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Journal of Tropical Agricultural Science
- Decision on Manuscript ID JTAS-
1387-2018.R3

Yahoo/Inbox

Journal of Tropical Agricultural Science <onbehalfof@manuscriptcentral.com
To:
nopi_81@yahoo.com
Cc:
nopi_81@yahoo.com
,
herpandinapis@gmail.com
,
ace76_none@yahoo.com
,
rinto.unsri@gmail.com
,
sherlyridhowati@gmail.com

Wed, Sep 26, 2018 at 1:56 PM

26-Sep-2018

Dear Ms. Nopianti:

It is a pleasure to accept your manuscript entitled "Protease Inhibitory
Activity and Protein Analysis of Catfish (Pangasius hypopthalmus) and
Swamp Eel (Monopterus albus) Blood Plasma" in its current form for
publication in the Journal of Tropical Agricultural Science.  

An official acceptance letter will be sent to you from my office in due
course of time.

By the way, please fill in the attached copyright form and send it back to
journal.officer-1@upm.my asap.

Thank you for your fine contribution.  On behalf of the Editors of the
Journal of Tropical Agricultural Science, we look forward to your
continued contributions to the Journal.

Sincerely,
Prof. Dato' Dr. Abu Bakar Salleh
Chief Executive Editor, Journal of Tropical Agricultural Science
<a href="mailto:executive_editor.pertanika@upm.my"></a>

onbehalfof@manuscriptcentral.com
+ Add to contacts

Denise Skonberg
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Abstract: 

Protease inhibitor is a component that can prevent protein from 
degradation caused by protease activity. Blood plasma contains a variety of 
protease inhibitors. The objective of this study was to investigate the 
potential use of crude blood plasma from catfish (Pangasius hypopthalmus) 
and swamp eel (Monopterus albus) as protease inhibitor. The parameters 
observed were moisture content, protein content, ash content, inhibitory 
activity to trypsin and papain enzymes and protein profile of blood plasma. 
Generally, inhibitory activity increased as the volume of blood plasma 
increased (25µL, 50µL, 75 µL, 100 µL). The inhibitory activity of blood 
plasma from catfish was 7.66-50.73% to trypsin enzyme and 20.34-
83.05% to papain enzyme. Meanwhile, the inhibitory activity of blood 
plasma from swamp eel was 9.49-46.35% to trypsin enzyme and 28.81-
64.41% to papain enzyme. The highest inhibitory activity was 
demonstrated by swamp eel blood plasma with molecular weight between 
19.84-174.14 kDa (13 proteins). Protein content of blood plasma from 
swamp eel (11.92%) was lower than catfish (16.63%) but it resulted 
higher enzyme inhibitory activity. For further research, we can carry out 
purification steps on blood plasma that are expected to get better 
inhibitory activity. 
 
ABSTRACT REVISED II.doc 

  
 

 

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

MySony
rearrange the sentence to be more meaningful

Answer: We had already rearranged the sentence.



For Review Only

 

 

Running Title: 1 
 2 
Protease Inhibitory Activity of Blood Plasma 3 

4 

Page 1 of 18

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

 

 

Author and Corresponding Author Information 5 
 6 
Full Title: 7 
Protease Inhibitory Activity and Protein Analysis of Catfish (Pangasius 8 
hypopthalmus) and Swamp Eel (Monopterus albus) Blood Plasma 9 

 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
A list of number of black and white figure and table: 23 
 24 

1. Table 1. The concentration of standard solution (Bovine Serum 25 
Albumin) 26 

2. Table 2. Volume of catfish and swamp eel blood plasma sample for 27 
trypsin and papain inhibition assay 28 

3. Table 3. The proximate analysis of catfish (Pangasius hypopthalmus) 29 
and swamp eel (Monopterus albus) blood plasma 30 

4. Figure 1. Inhibitory activity of catfish (Pangasius hypopthalmus) 31 
blood plasma to trypsin and papain enzymes 32 

5. Figure 2. Inhibitory activity of swamp eel (Monopterus albus) blood 33 
plasma to trypsin and papain enzymes 34 

6. Figure 3. Molecular weight of catfish (Pangasius hypopthalmus) 35 
(C1, C2, C3) and swamp eel (Monopterus albus) (S1, S2, S3) blood 36 
plasma (M= protein marker) 37 

 38 
 39 
 40 

Page 2 of 18

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

 

 

ABSTRACT 41 
Protease inhibitor is a component that can prevent protein from degradation 42 
caused by protease activity. Blood plasma contains a variety of protease 43 
inhibitors. The objective of this study was to investigate the potential use of 44 
crude blood plasma from catfish (Pangasius hypopthalmus) and swamp eel 45 
(Monopterus albus) as protease inhibitor. The parameters observed were 46 
moisture content, protein content, ash content, inhibitory activity to trypsin 47 
and papain enzymes and protein profile of blood plasma. Generally, 48 
inhibitory activity increased as the volume of blood plasma increased 49 
(25µL, 50µL, 75 µL, 100 µL). The inhibitory activity of blood plasma from 50 
catfish was 7.66-50.73% to trypsin enzyme and 20.34-83.05% to papain 51 
enzyme. Meanwhile, the inhibitory activity of blood plasma from swamp eel 52 
was 9.49-46.35% to trypsin enzyme and 28.81-64.41% to papain enzyme. 53 
The highest inhibitory activity was demonstrated by swamp eel blood 54 
plasma with molecular weight between 19.84-174.14 kDa (13 proteins). 55 
Protein content of blood plasma from swamp eel (11.92%) was lower than 56 
catfish (16.63%) but it resulted higher enzyme inhibitory activity. For 57 
further research, we can carry out purification steps on blood plasma that are 58 
expected to get better inhibitory activity. 59 
 60 
Keywords: Blood plasma, catfish, protease inhibitor, swamp eel. 61 
 62 
 63 
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INTRODUCTION 65 
 66 

Fish is a commonly used food around the world but is associated 67 
with rapid decline in its quality (perishable food). One of the factors that 68 
affect the rapid change in fish quality is the high protein content. In general, 69 
protein content in fish is 15-20%, but protein content lower than 15% and 70 
higher than 28% is also found in some fish species (Murray & Burt, 2001). 71 
Protease enzymes act on the fish protein to bring about its deterioration in 72 
its quality. 73 

The decline in quality after the post mortem phase is one of the most 74 
unfavourable changes in fish muscle. During the post mortem, degradation 75 
of muscle proteins contributes to the rapid softening of flesh. The protein 76 
proteolysis can be attributed to endogenous protease activity (Chéret et al., 77 
2007). Two characterized proteolytics system are known to hydrolyze 78 
protein during post mortem storage of meat and fish muscle: calpains and 79 
cathepsins (Jiang, 2000; Ouali, 1992). Cathepsin L is one of the most 80 
important protease enzyme in the softening process in fish meat, and in 81 
surimi processing it is a problem because it can not be eliminated by 82 
washing. There is correlation between the active enzyme cathepsin with the 83 
rate of deterioration of fish quality. Cathepsin L enzyme activity is optimum 84 
at 60 0C, and this is the cause of gel texture softening in surimi-based end 85 
products during the slow thermal process due to the destruction of the 86 
protein, especially myofibril (An et al., 1994). Ho et al., (2000) also 87 
reported that cathepsin L and and L-like left in mackerel surimi had Myosin 88 
Heavy Chain (MHC)-degrading ability which consequently caused gel 89 
softening during setting at 40-45 0C. In addition, texture softening also 90 
occurs in grass carp fillets caused by Cathepsin B and L as the major 91 
endogenous enzymes that leads to proteolytic degradation (Ge et al., 2014). 92 
Ueki et al., (2016) reported that breaking strength white croacker gels 93 
prepared by adding the intestinal extracts was decreased. The authors 94 
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suggested that proteolitic enzymes (i.e. trypsin) in the intestinal extracts 95 
caused the weakening of the gel texture. 96 

One way to inhibit proteolytic degradation by cathepsin enzymes is 97 
by using blood plasma. Blood plasma contains a variety of protease 98 
inhibitors, including α2-macroglobulin that is a protease inhibitor of some 99 
protease classes with its mechanism of action baits and traps (Barret, 1981). 100 
Many studies have been conducted using plasma to inhibit the work of 101 
cathepsin enzymes, including cow blood plasma (Kang & Lanier, 1999; 102 
Marquez-Alvarez et al., 2015), pig blood plasma (Benjakul et al., 2001; 103 
Benjakul and Visessanguan, 2000), chicken blood plasma (Rawdkuen et al., 104 
2007) and salmon blood plasma (Fowler & Park, 2015). However, the 105 
utilization of blood plasma from cattle and chickens is limited due to mad 106 
cow disease infection as well as avian influenza in poultry. 107 

Blood plasma comprises 46-63% of total blood volume, with 108 
moisture content being 92% of total plasma (Martini, 2005). According to 109 
FAO (Nomura, 2007), fish catch and aquaculture globally amounted to 106 110 
million tons in 2004. The percentage of blood is about 5% of body weight 111 
(Halliday, 1973) and amounts to 5 million tons. Fish blood is generally not 112 
utilized but has the potential to be collected and processed to produce value-113 
added foods based on its nutritional value and functional properties (Lynch 114 
et al., 2017). Fish blood can be extracted for application in the food, 115 
biomedical and pharmaceutical sectors (Lafarga et al., 2015, 2016; Mullen 116 
et al., 2015). The objective of this study was thus to investigate the ability of 117 
blood plasma from two freshwater tropical fish (catfish and swamp eel) to 118 
function as protease inhibitor towards the enzymes trypsin and papain. 119 

 120 
MATERIAL AND METHODS 121 
Materials 122 
 Live catfish (Pangasius hypopthalmus) (size 2-4/kg) and swamp eel 123 
(Monopterus albus) (size 10-15/kg) were obtained from Indralaya 124 
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traditional market, South Sumatera, Indonesia. Trypsin (from bovine 125 
pancreas), papain (from papaya latex), Nα-Benzoyl-L-arginine-DL β-126 
naphthylamide (BANA) and Nα-Benzoyl-L-arginine 4-nitroanilide 127 
hydrochloride (BAPNA) were purchased from Sigma Aldrich (USA). 128 
 129 
Collecting of Blood Plasma 130 

The collecting of crude blood plasma was according to methods 131 
described in Fowler and Park (2015). Whole blood was collected from 132 
bleeding fish into bottles containing EDTA (Eethylenediaminetetraacetic 133 
acid), and then centrifuged for 15 min at 1500g at 40C. The supernatant was 134 
regarded as plasma and kept in freezer until it was used. 135 

 136 
Proximate Analysis 137 
Protein content (Bradford, 1976) 138 

The protein analysis followed the method of Bradford (1976) and the 139 
Bovine Serum Albumin (BSA) was used as the standard. 140 
Preparation of Bradford reagent solution 141 
 A 25 mL aliquot of ethanol 95% was mixed with 5 mg of 142 
Commassie Brilliant Blue G250. The solution was added with 50 mL H3PO3 143 
85% and homogenized. The mixture was adjusted with distilled water until 144 
it reached a volume of 100 mL and kept at 40C before use. 145 
Preparation of standard solution 146 
 The preparation of standard solutions for protein analysis is given in 147 
Table 1. 10 mg of BSA was added to 10 mL of distilled water and then 148 
stirred with a magnetic stirrer to give homogeneous solution. Specific 149 
volumes of BSA (0.1, 0.2, 0.4, 0.6, 0.8 and 1 mL) were added to different 150 
volume of distilled water (0.9, 0.8, 0.6, 0.4, 0.2 and 0 mL) respectively, and 151 
then 5 mL of Bradford solution was added to each mixture. The mixtures 152 
were allowed to react for 30 minutes at room temperature. The absorbance 153 
was read at 595 nm. 154 
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Table 1. 155 
The concentration of standard solution (Bovine Serum Albumin) 156 

BSA (mL) Distilled water (mL) Concentration (mg/mL) 
0.1 0.9 0.1 
0.2 0.8 0.2 
0.4 0.6 0.4 
0.6 0.4 0.6 
0.8 0.2 0.8 
1 0 1 

 157 
c. Preparation of blank 158 

1 mL of distilled water was mixed with 5 mL of Bradford solution 159 
which was then homogenized and allowed to react for 30 minutes at room 160 
temperature. The absorbance was read at 595 nm. 161 
d. Sample assay 162 

A 1 mL of sample plasma was mixed with 9 mL of distilled water. A 163 
0.5 mL of the mixture was then added to 4.5 mL of Bradford reagent. The 164 
solution was allowed to react at room temperature for 30 minutes. The 165 
absorbance was read at 595 nm. The concentration of protein was 166 
determined by the following equation: 167 

y= ax+b 168 
y = absorbance of sample 169 
a = slope 170 
b = intercept 171 
x = protein concentration of sample 172 

Moisture content 173 
 The moisture content analysis was done according to the AOAC 174 
(2005) procedure using the evaporation principle of water in the sample 175 
until it reaches a constant weight at 105 °C. The blood plasma sample used 176 
was 1 mL. 177 
Ash content 178 
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 The ash content analysis followed the AOAC (2005) procedure 179 
where the principle of analysis was combustion of organic compound to get 180 
an inorganic ash residue at 550 °C. The blood plasma sample used was 1 181 
mL. 182 
Trypsin Inhibition Assay 183 
 Trypsin inhibition was determined according to the methods of 184 
Fowler and Park (2015). Four different blood plasma volumes ((25, 50, 75, 185 
100 µL) (Table 2) were diluted with distilled water and adjusted to 0.2 mL. 186 
150 µL of the inhibitor solution was added to 300 µL of trypsin enzyme (20 187 
µg/mL) and 150 µL of distilled water and pre-incubated at 37°C for 10 min. 188 
750 µL of 0.4 mg/mL BAPNA in 50 mM tris-HCl buffer (pH 8.2) 189 
containing 20 mM CaCl2 and pre-warmed to 37°C was than added, and the 190 
reaction mixture was incubated for 370C for 10 minutes. The reaction was 191 
stopped by adding 150 µL of 30% acetic acid (v/v). Absorbance was read at 192 
410 nm and inhibitory activity was expressed as percent decrease in OD410 193 
compared to the control. 194 
Papain Inhibition Assay 195 
 Papain inhibition was determined according to the method of Fowler 196 
and Park (2015). Four different blood plasma volumes ((25, 50, 75, 100 µL) 197 
(Table 2) were diluted with distilled water and adjusted to 2 mL. 2 mL of 198 
0.25 M sodium phosphate buffer (pH 6.0) containing 2.5 mM EDTA and 25 199 
mM β-mercaptoethanol (βME) was added to 0.1 mL of papain solution (100 200 
µg/mL) containing 25 mM sodium phosphate buffer (pH 7.0) and 2 mL of 201 
inhibitor solution. After preincubation at 37°C for 5min, 0.2mL of 2mM 202 
BANA was added to initiate the reaction. After 10 min of incubation, 1 mL 203 
of cold 2% HCl in ethanol was added to stop the reaction. 1 mL of 0.06% ρ- 204 
dimethylamino-cinnamaldehyde dye was then added to show the colour of 205 
the final solution. Absorbance was read at 540 nm and the inhibitory activity 206 
was expressed as the percent decrease in OD540 compared to the control. 207 
Table 2. 208 
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Volume of catfish and swamp eel blood plasma sample for trypsin and 209 
papain inhibition assay 210 
 211 

Sample 

Papain Assay Trypsin Assay 
Plasma 
Volume 

(µL) 

Protein 
Concentration 

(mg/mL) 

Plasma 
Concentration 

(mg/mL) 

Plasma 
Volume 

(µL) 

Protein 
Concentration 

(mg/mL) 

Plasma 
Concentration 

(mg/mL) 

Catfish 
Plasma 

25 0.21 1.25 25 2.08 12.5 
50 0.42 2.5 50 4.16 25 
75 0.62 3.75 75 6.24 37.5 

100 0.83 5 100 8.32 50 

Swamp 
eel 

Plasma 

25 0.15 1.25 25 1.49 12.5 
50 0.30 2.5 50 2.98 25 
75 0.45 3.75 75 4.47 37.5 

100 0.60 5 100 5.96 50 
 212 
Molecular Weight of Inhibitor 213 

The SDS-PAGE procedure was followed according to the method 214 
described by Laemmli (1970). A 12% resolving gel and a 3.5% stacking gel 215 
were used. The sample buffer consisted of 188mM M Tris-HCl pH 6.8, 15% 216 
β-mercaptoethanol, 3% SDS, 0.01% bromophenol blue, and 30% glycerol in 217 
deionized water. Sample preparation was conducted by mixing protein 218 
samples with loading buffer in a ratio 1:1 and heating the mixture to 950C 219 
for 10 min to denature the protein samples. An SDS-PAGE broad-range 220 
molecular weight standard (6.5 to 200 kDa) (Bio-Rad, Alfred Nobel Drive, 221 
Hercules, CA, U.S.A) was used. The running buffer consisted of 0.12 M 222 
Tris base, 0.95 M glycine and 0.5% SDS (w/v) in deionized water. Samples 223 
and protein standard were run into well. After finishing the process, gels 224 
were then immersed in deionized water for 5 min and stained with 225 
coomassie blue stain buffer for 20 minuntes and destained with a destaining 226 
buffer for 1 min. The gels were then immersed in 1% acetic acid and 227 
incubated for 1 h on a shaker. The acetic acid was replenished every hour 228 
until the gel was completely de-stained. 229 
 230 
Statistical Analysis 231 
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 Only descriptive statistics was utilized for the reporting of the 232 
data. 233 
 234 
RESULTS AND DISCUSSIONS 235 
Proximate Analysis of Blood Plasma 236 
 Table 3 shows the value of proximate analysis for each blood 237 
plasma. The moisture content of catfish blood plasma was 91.46%, while 238 
for the swamp eel was 93.05%. 239 
Table 3. 240 
The proximate analysis of catfish (Pangasius hypopthalmus) and swamp eel 241 
(Monopterus albus) blood plasma 242 

Source of plasma 
Proximate Analysis 

Moisture content 
(%) 

Protein (mg/mL) Ash (%) 

Cat Fish 91.46 16.63 0.75 
Swamp eel 93.05 11.92 0.92 
  243 

According to Kisia (2016) and Martini (2005), moisture content in 244 
plasma in plasma of vertebrates is 90-92%. The difference of moisture 245 
content in both of plasma is due to differences in other chemical 246 
composition, such as protein content and ash content, which affects 247 
moisture content. Protein is one of the important components in the body. 248 
Proteins have the function of maintaining water balance in the blood and 249 
tissues, regulating blood volume, helping the transport of fat, vitamins, and 250 
hormones and as an antibody defense. 251 
 The protein content of catfish plasma was 16.63 mg/mL and the 252 
swamp eel plasma was 11.92 mg/mL. Protein in plasma reflects the blood 253 
protein content, except for hemoglobin. Plasma proteins are divided into 254 
three main fractions i.e. albumin (42% w / v), globulin (56%) (α1-globulin, 255 
α2-globulin, β-globulin, and γ-globulin) and fibrinogen (1%). The largest 256 
proportions contained in solutes include proteins, which account for 6% -8% 257 
in blood plasma (Moure et al., 2003). Florkin and Scheer (1974) suggests 258 
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that solutes in fish's blood plasma vary between freshwater fish and marine 259 
fish and that the differences in plasma blood plasma protein is associated 260 
with the development and physiology of fish. 261 
 The ash content of catfish and swamp eel plasma were 0.75% and 262 
0.92% respectively. The difference of ash content in both of plasma is 263 
related to endogenous (genetically controlled and associated with species-264 
specific life cycles) and exogenous (such as environmental and dietary) 265 
factors (Perschbacher & Stickney, 2017). Ash content reflects the mineral 266 
content in blood plasma. Minerals in the blood plasma are part of a minor 267 
component of blood plasma which amounts to 1% (Moure et al., 2003; 268 
Martini, 2005). The minerals compose the normal extracellular fluid ion 269 
composition for vital cellular activity and contributes to the osmotic 270 
pressure of body fluids. The major plasma electrolytes are Na+, K+, Ca2+, 271 
Mg2+, Cl-, HCO3-, HPO4

2-, and SO4
2- (Martini, 2005). 272 

Inhibitory Activity of Blood Plasma 273 
 The inhibitory activity of blood plasma to protease enzyme 274 
increased as the concentration of blood plasma for both fishes increased. 275 
The protease inhibitory activity ranged from 7.66 to 50.73% for trypsin and 276 
20.34 to 83.05% for  papain for the catfish blood plasma (Figure 1). The 277 
protease inhibitory activity of the swamp eel blood plasma ranged from 9.49 278 
to 46.35% for  trypsin  and 28.81 to 64.41% for papain (Figure 2).  279 
 The activity of blood plasma inhibitors to papain enzyme was 280 
higher than that of trypsin enzyme. This result was in contrass with the 281 
recomendation of Yongswatdigul et al. (2014) and Sriket (2014), where the 282 
surimi made from tropical fish were susceptible to serine protease attacks 283 
that cause protein degradation. But this was in line with the result of Ge et 284 
al., (2014) that reported softening occurs in grass carp fillets caused by 285 
cathepsin B and L as the major endogenous enzymes that leading to 286 
proteolytic degradation. 287 
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 Based on data, the highest value protease inhibitory activity on 288 
trypsin enzyme and papain was resulted by swamp eel blood plasma 289 
although its protein concentration was lower than catfish blood plasma 290 
(0.15-0.60 and 0.21-0.83 mg/mL, respectively). This was probably due to 291 
the higher efficacy of the protein plasma of the eel acting as a protease 292 
inhibitor as compared to that in the catfish. Fowler and Park (2015), showed 293 
that the protease inhibitory activity of salmon plasma ranged between 25% - 294 
81% for papain and below 20% for trypsin. The higher inhibitory activity of 295 
the salmon blood plasma as compared to that of the catfish and swamp eel 296 
(this study) was probably related to it being free of impurities such as water, 297 
fat, ash, and other non-protein components. 298 
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Figure 1. Inhibitory activity of catfish (Pangasius hypopthalmus) blood 300 
plasma to trypsin and papain enzymes 301 

 302 
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 303 
Figure 2. Inhibitory activity of swamp eel (Monopterus albus) blood plasma 304 
to trypsin and papain enzymes 305 
 306 
Molecular Weight of Blood Plasma 307 
 The molecular weight of catfish (C1-C3) and swamp eel blood 308 
plasma (S1-S3) is the range of 9.64 to 124.36 kDa (10 proteins) and 19.84 309 
to 174.14 kDa (13 proteins) respectively (Figure 3). According to Howell 310 
and Lawrie (1983), the molecular weight seen in the protein bands detected 311 
in blood plasma of catfish and swamp eels showed similarities with 312 
molecular weight of pigs plasma, namely albumin (65-69 kDa), 12 bands of 313 
α-globulin protein (7-120 kDa), 8 bands of β-globulin protein bands (48-100 314 
kDa), 3 bands of γ-globulin protein bands (33, 58, and 110 kDa), and 315 
fibrinogen at 40 kDa. According to Benjakul and Visessanguan (2000), the 316 
presence of serine protease inhibitor is in the range of 58-64 kDa  and this is 317 
within the range of the proteins in catfish and eel plasma which was able to 318 
inhibit the enzymes chymotrypsin and trypsin. Li et al. (2008) reported, the 319 
presence of the cysteine protease inhibitor at 55 kDa. The variation of the 320 
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proteins from catfish and swamp eel as determined by the SDS-PAGE 321 
analysis determine their inhibitory activity. Therefore, swamp eel blood 322 
plasma activity was higher than catfish. The thickness of the protein band is 323 
associated with high inhibitory activity of plasma to papain.  324 

  325 
 326 
Figure 3. Molecular weight of catfish (Pangasius hypopthalmus) (C1,  C2, 327 
C3) and swamp eel (Monopterus albus) (S1, S2, S3) blood plasma (M= 328 
protein marker) 329 
 330 
CONCLUSIONS 331 
 Both the catfish and swamp eel blood plasma had inhibitory activity 332 
towards trypsin and papain. Papain  is a cysteine protease and its inhibition 333 
was higher than trypsin by the protease inhibitor in both catfish and swamp 334 
eel plasma. The highest inhibitory activity to protease enzyme was from the  335 
swamp eel blood plasma. 336 
ACKNOWLEDGEMENT 337 
 The authors acknowledge with sincere gratitude toward the 338 
Sriwijaya University for the support and the aid of the Competitive 339 
Research Grant 2017 from Sriwijaya University, South Sumatra, Indonesia. 340 
REFERENCES 341 

Page 14 of 18

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

 

 

An, H., Weerasinghe, V., Seymour, T.A., & Morrissey, M.T. (1994). 342 
Cathepsin degradation of Pacific whiting surimi proteins. Journal of 343 
Food Science, 59(5), 1013–1017. 344 

AOAC. (2005). Official methods of analyses of the association of analytical 345 
chemists (18th ed.). Washington, DC: AOAC.  346 

Barret,  A.J. (1981). α2-macroglobulin. In S.P. Colowick (Ed.), Methods In 347 
Enzymology (Vol. 80). New York: Academic Press, Inc. 348 

Benjakul, S., Srivilai, C., & Visessanguan, W. (2001). Porcine plasma 349 
protein as proteinase inhibitor in bigeye snapper (Priacanthus 350 
tayenus) muscle and surimi. Journal of the Science of Food and 351 
Agriculture, 81(10), 1039–1046. 352 

Benjakul, S., & Visessanguan, W. (2000). Pig plasma protein: Potential use 353 
as proteinase inhibitor for surimi manufacture; inhibitory activity and 354 
the active components. Journal of the Science of Food and 355 
Agriculture, 80(9), 1351–1356. 356 

Bradford, M.M. (1976). Rapid and sensitive method for quantitation of 357 
microgram quantities of protein utilizing principle of protein dye 358 
binding. Analytical Biochemistry, 72, 248-254. 359 

Chéret, R., Delbarre-Ladrat, C., de Lamballerie-Anton, M., & Verres-360 
Bagnis, V. (2007). Calpain  and cathepsin activities in post mortem 361 
fish and meat muscles. Food Chemistry, 101, 1474-1479. 362 

Florkin, M., & Scheer, B.T. (1974). Chemical Zoology (Vol. VIII). New 363 
York: Academic Press. 364 

Fowler, M.R., & Park, J.W. (2015). Salmon blood plasma: Effective 365 
inhibitor of protease-laden Pacific whiting surimi and salmon mince. 366 
Food Chemistry, 176, 448-454. 367 

Ge L., Xu, Y., & Xia, W. (2014). The function of endogenous cathepsin in 368 
quality deterioration of grass carp (Ctenopharyngodon idella) fillets 369 
stored in chilling condition. International Journal of Food Science 370 
and Technology, 50(3), 797-803. 371 

Page 15 of 18

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

MySony
replace with more recent reference

Answer: I had already replaced it with new reference. (Line 81-84)

Rawdkuen, S., Benjakul, S., Visessanguan, W., & Lanier, T.C. (2007b). Cystein proteinase inhibitor from chicken plasma: Fractination, characterization and autolysis inhibition of fish myofibrillar proteins. Food Chemistry, 101, 1647-1657.

MySony
use recent reference

Answer: I’m sorry I can’t change with new reference, because this reference is used for one of analysis that we conducted and still used and referred until now by other researchers. 

MySony
needs more recent reference

Answer: I had already replaced with new reference.

Kisia, S.M. (2016). Vertebrates Structure and Functions. Boca Raton, Florida: CRC Press.



For Review Only

 

 

Howell, N.K., & Lawrie, R.A. (1983). Functional Aspects of Blood Plasma 372 
Proteins. Separation and Characterization. Journal of Food 373 
Technology, 747-762. 374 

Halliday, D.A. (1973). Bloods-A source of proteins. Process Biochemistry, 375 
8(12), 15-17. 376 

Ho, M., Chen G., & Jiang S. Effect of mackerel cathepsin L and L-like, and 377 
calpain on the degradation of mackerel surimi. Fisheries Science, 66, 378 
558-568. 379 

Jiang, S.T. (2000). Effect of proteinases on the meat texture and seafood 380 
quality. Food Science and Agricultural Chemistry, 2(2), 55-74. 381 

Kang, I.S., & Lanier, T.C. (1999). Bovine plasma proteins functions in 382 
surimi gelation compared with cysteine protease inhibitors. Journal of 383 
Food Science, 64, 842–846.  384 

Kisia, S.M. (2016). Vertebrates Structure and Functions. Boca Raton, 385 
Florida: CRC Press. 386 

Laemmli, U.K. (1970). Cleavage of structural proteins during the assembly 387 
of the head of bacteriophage T4. Nature, 227(5259), 680–685. 388 

Lafarga, T., Aluko, R.E., Rai, D.K., O’Cornor, P., & Hayes, M. (2016). 389 
Identification of bioactive peptides from a papain hyrolysate of bovine 390 
serum albumin and assessment of an antihypertensive effect in 391 
spontaneously hypertensive rats. Food Research International. 81, 91-392 
99. 393 

Lafarga, T., Rai, D.K., O’Connor., & Hayes, M. (2015). A bovine 394 
fibrinogen-enriched  fraction as a source of petides with in vitro renin 395 
and angiotensin-i-converting enzyme inhibitory activities. Journal of 396 
Agricultural and Food Chemistry. 63(39), 8676-8684. 397 

Li, D.K., Lin, H., & Kim, S.M. (2008). Purification and characterization of a 398 
cysteine protease inhibitor from chum salmon (Oncorhynchus keta) 399 
plasma. Journal of Agricultural and Food Chemistry, 56(1), 106–400 
111.� 401 

Page 16 of 18

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

MySony
change

Answer: I had already change with new reference

Benjakul, S., Srivilai, C., & Visessanguan, W. (2001). Porcine plasma protein as proteinase inhibitor in bigeye snapper (Priacanthus tayenus) muscle and surimi. Journal of the Science of Food and Agriculture, 81(10), 1039–1046.

Lee, J.J., Tzeng, S.S., & Jiang, S.T. (2000). Purification and characterization of low molecular weight kininogen from pig plasma. Journal of Food Science, 65, 81-86.

MySony
missed the year

Answer: I had already added the year (2000)

MySony
!

I’m sorry I can’t change with new reference, because this reference is used for one of analysis that we conducted and still used and referred until now by other researchers.



For Review Only

 

 

Lynch, S.A., Mullen, A.M., O’Neill, E.E., & Garcia, C.A. (2017). 402 
Harnessing the potential of blood proteins as functional ingredients: A 403 
review of the state of the art in blood processing. Comprehensive 404 
Reviews In Food Science and Food Safety, 16, 330-344. 405 

Martini, F.H. (2005). Anatomy and Physiology. Singapore: Pearson 406 
Education, Inc. 407 

Marquez-Alvarez, L.R., Torres-Arreola, W., Ocano-Higuera, V.M., 408 
Ramirez-Wong, B., & Marquez-Rios, E. (2015). Effect of bovine 409 
plasma protein on autolysis and gelation pf protein extracted from 410 
giant squid (Dosidicus gigas) mantle. Journal of Chemistry, 2015, 1-9. 411 

Moure, F., Rendueles, M., & Díaz, M. (2003). Coupling process for plasma 412 
protein fraction using ethanol precipitation and ion exchange 413 
chromatography. Meat Science, 64, 391-398. 414 

Mullen, A.M., Alvarez, C., Pojic, M., Hadnadev, T.D., & Papageorgiou, M. 415 
(2015). Classification and target compounds. In C.M. Galanakis (Ed.), 416 
Food Waste recovery. San Diego: Academic Press. 417 

Murray, J., & Burt, J.R. (2001). The composition of fish. Rome, Italy: Torry 418 
Research Station, FAO Corporate Document repository. 419 

Nomura, I. (2007) The state of world fisheries and aquaqulture 2006. Rome, 420 
Italy: Food and Agriculture Organizationof The United Nations. 421 

Ouali, A. (1992). Proteolytic and physicochemical mechanisms involved in 422 
meat texture development. Biochimie, 74(3), 251-265. 423 

Perschbacher, P.W., & Stickney, R.R. (2017). Tilapia in intensive co-424 
culture. UK: John Wiley & Sons Ltd. 425 

Rawdkuen, S., Benjakul, S., Visessanguan, W. & Lanier, T. (2007). Effect 426 
of chicken plasma protein and some protein additives on proteolysis 427 
and gel-forming ability of sardine (Sardinella Gibbosa) surimi. 428 
Journal of Food Processing and Preservation, 31, 492–516.  429 

Sriket, C. (2014). Proteases in fish and shellfish: Role on muscle softening 430 
and prevention. International Food Research Journal, 21(1), 433-445. 431 

Page 17 of 18

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

 

 

Ueki, N., Wan, J., & Watabe, S. (2016). Deterioration of white croaker 432 
(Pennahia argentata) meat thermally-induced gel products caused by 433 
proteolytic enzymes in the contaminated intestine and kidney. Food 434 
Chemistry,  199, 416-422. 435 

Yongswatdigul, J., Hemung, B.O., & Choi, Y.J. (2014). Proteolytic 436 
enzymes and control in surimi. In J.W. Park (Ed.), Surimi and Surimi 437 
Seafood (3rd ed.). Boca Raton, Florida: Taylor and Francis. 438 

  439 

Page 18 of 18

Journal of Tropical Agricultural Science

Journal of Tropical Agricultural Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Pertanika J. Trop. Agric. Sc. 42 (1):  (2019)

© Universiti Putra Malaysia Press

TROPICAL AGRICULTURAL SCIENCE
Journal homepage: http://www.pertanika.upm.edu.my/

Article history:
Received: 21 March 2018

Accepted: 26 September 2018

Published: 25 February 2019

ARTICLE INFO

E-mail addresses: 
nopi_81@yahoo.com (Rodiana Nopianti)

herpandinapis@gmail.com (Herpandi)

ace76_none@yahoo.com (Ace Baehaki)

rinto.unsri@gmail.com (Rinto)

sherlyridhowati@gmail.com (Sherly Ridhowati)

mthenawidjaya@yahoo.com (Maggy Thenawidjaja Suhartono)

* Corresponding author

ISSN: 1511-3701
e-ISSN: 2231-8542   

Protease Inhibitory Activity and Protein Analysis of Catfish 
(Pangasius hypopthalmus) and Swamp Eel (Monopterus albus) 
Blood Plasma

Rodiana Nopianti1,2
*, Herpandi1, Ace Baehaki1, Rinto1, Sherly Ridhowati1 and 

Maggy Thenawidjaja Suhartono2

1Department of Fisheries Product Technology, Faculty of Agriculture, Sriwijaya University, Indralaya, Ogan 
Ilir, South Sumatera, 30662, Indonesia
2Department of Food Science and Technology, Faculty of Agricultural Technology, Bogor Agricultural Institute, 
Dramaga Bogor 16002, Indonesia

ABSTRACT

Protease inhibitors can prevent protein from degradation caused by protease activity. 

Blood plasma contains a variety of protease inhibitors. The objective of this study was to 

investigate the potential use of crude blood plasma from catfish (Pangasius hypopthalmus) 

and swamp eel (Monopterus albus) as protease inhibitors. The parameters observed were 

moisture content, protein content, ash content, inhibitory activity to trypsin and papain 

enzymes and protein profile of blood plasma. The inhibitory activity increased as the volume 
of blood plasma increased (25 μL, 50 μL, 75 μL, 100 μL). The inhibitory activity of blood 
plasma from catfish was 7.66-50.73% to trypsin enzyme and 20.34-83.05% to papain 
enzyme while the inhibitory activity of blood plasma from swamp eel was 9.49-46.35% to 
trypsin enzyme and 28.81-64.41% to papain enzyme. The highest inhibitory activity was 
demonstrated by swamp eel blood plasma with molecular weight between 19.84-174.14 

kDa (13 proteins). Protein content of blood 
plasma from swamp eel (11.92%) was lower 
than catfish (16.63%) but resulted higher 
enzyme inhibitory activity. Further research 

can be conducted to carry out purification 
steps on blood plasma that are expected to 

show better inhibitory activity.

Keywords: Blood plasma, catfish, protease inhibitor, 

swamp eel
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INTRODUCTION

Fish is a commonly used food around the 

world and is classified as perishable food. 
One of the factors that affect the rapid 

change in fish quality is the high protein 
content. In general, protein content in fish is 
15-20%, but protein content lower than 15% 
and higher than 28% is also found in some 
fish species (Murray & Burt, 1983). Protease 
enzymes act on fish protein to bring about 
its deterioration in its quality.

The decline in quality after the 
post mortem phase is one of the most 

unfavourable changes in fish muscle. During 
post mortem, degradation of muscle proteins 

contributes to the rapid softening of flesh. 
The protein proteolysis can be attributed 

to endogenous protease activity (Chéret et 

al., 2007). Two characterized proteolytics 

are known to hydrolyze protein during 

post mortem storage of meat and fish 

muscle: calpains and cathepsins (Jiang, 

2000; Ouali, 1992). Cathepsin L is one of 

the most important protease enzymes in 

the softening process in fish meat, and in 
surimi processing it is a problem because 

washing cannot eliminate it. The presence 

cathepsin enzyme in surimi or fish mince 
results in a decrease in gel strength with a 

brittle and non-elastic gel at temperature 
around 60

o
C (Rawdkuen et al., 2007b). Ho 

et al. (2000) reported that cathepsin L and 

and L-like in mackerel surimi had Myosin 
Heavy Chain (MHC)-degrading ability 
which consequently caused gel softening 
during setting at 40-45o

C. In addition, 

texture softening also occurs in grass carp 

fillets caused by Cathepsin B and L as the 

major endogenous enzymes that leads to 

proteolytic degradation (Ge et al., 2014).
One way to  inhibi t  proteolyt ic 

degradation by cathepsin enzymes is by 

using blood plasma. Blood plasma contains 

a variety of protease inhibitors, including 

α2-macroglobulin which is a protease 
inhibitor of some protease classes with its 

mechanism of action baits and traps (Barret, 

1981). Many studies have been conducted 

using plasma to inhibit the work of cathepsin 

enzymes, including cow blood plasma 

(Kang & Lanier, 1999; Marquez-Alvarez 
et al., 2015), pig blood plasma (Benjakul et 

al., 2001; Benjakul & Visessanguan, 2000), 
chicken blood plasma (Rawdkuen et al., 

2007a) and salmon blood plasma (Fowler 

& Park, 2015). However, the utilization of 
blood plasma from cattle and chickens is 

limited due to mad cow disease infection as 

well as avian influenza in poultry.
Blood plasma comprises 46-63% of 

total blood volume, with moisture content 

being 92% (Martini, 2005). According to 
the Food and Agriculture Organization 

(Nomura, 2007), the global fish catch and 
aquaculture amounted to 106 million tons 
in 2004, and since blood is about 7% of 
body weight (Philips & Williams, 2011), this 
would amount to 7 million tons. Fish blood 

is generally not utilized but has the potential 

to be collected and processed to produce 

value-added foods based on its nutritional 
value and functional properties (Lynch et 

al., 2017). Fish blood can be extracted for 

application in the food, biomedical and 

pharmaceutical sectors (Lafarga et al., 2015; 

Lafarga et al., 2016; Mullen et al., 2015).
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The objective of this study was to 

investigate the ability of blood plasma from 

two freshwater tropical fish (catfish and 

swamp eel) to function as protease inhibitor 

towards the enzymes trypsin and papain.

MATERIAL AND METHODS

Materials

Live catfish (Pangasius hypopthalmus) 

(size 2-4/kg) and swamp eel (Monopterus 
albus) (size 10-15/kg) were obtained 
from Indralaya traditional market, South 

Sumatera, Indonesia. Trypsin (from bovine 

pancreas), papain (from papaya latex), Nα-
Benzoyl-

L
-arginine-

DL
 β-naphthylamide 

(BANA) and Nα-Benzoyl-
L
-arginine 

4-nitroanilide hydrochloride (BAPNA) 
were purchased from Sigma Aldrich (USA).

Collecting of Blood Plasma

The collecting of crude blood plasma was 

according to methods described in Fowler 

and Park (2015). Whole blood was collected 
from bleeding fish into bottles containing 
EDTA (Eethylenediaminetetraacetic acid), 

and then centrifuged for 15 min at 1500 

g at 4o
C. The supernatant was regarded as 

plasma and kept in freezer until it was used.

Proximate Analysis

Protein Content (Bradford, 1976). The 

protein analysis followed the method of 

Bradford (1976) and the Bovine Serum 

Albumin (BSA) was used as the standard.

Preparation of Bradford Reagent Solution. 
A 25 mL aliquot of ethanol (95%) was 

mixed with 5 mg of Commassie Brilliant 

Blue G250. The solution was then added to 

50 mL H3PO3 85% and homogenized. The 
mixture was adjusted with distilled water 

until it reached a volume of 100 mL and 

kept at 4o
C before use.

Preparation of Standard Solution. The 

preparation of standard solutions for protein 

analysis is given in Table 1. Ten mg of 

BSA was added to 10 mL of distilled water 

and then stirred with a magnetic stirrer 

to give a homogeneous solution. Specific 
volumes of BSA (0.1, 0.2, 0.4, 0.6, 0.8 
and 1 mL) were added to different volume 

of distilled water (0.9, 0.8, 0.6, 0.4, 0.2 
and 0 mL) respectively, and then 5 mL 

of Bradford solution was added to each 

mixture. The mixtures were allowed to react 

for 30 minutes at room temperature. The 
absorbance was read at 595 nm.

Table 1

The concentration of standard solution (Bovine 
Serum Albumin)

BSA (mL)
Distilled water 

(mL)

Concentration 

(mg/mL)

0.1 0.9 0.1

0.2 0.8 0.2

0.4 0.6 0.4
0.6 0.4 0.6

0.8 0.2 0.8

1 0 1

Preparation of Blank. One mL of distilled 

water was mixed with 5 mL of Bradford 

solution which was then homogenized and 

allowed to react for 30 minutes at room 
temperature. The absorbance was read at 

595 nm.
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Sample Assay. A 1 mL of sample plasma 

was mixed with 9 mL of distilled water. A 

0.5 mL of the mixture was then added to 

4.5 mL of Bradford reagent. The solution 
was allowed to react at room temperature 

for 30 minutes. The absorbance was read at 
595 nm. The concentration of protein was 

determined by the following equation:
y = ax+b

y = absorbance of sample

a = slope

b = intercept

x = protein concentration of sample

Moisture Content. The moisture content 

was determined using the evaporation 

principle until the sample reached a constant 

weight at 105°C (Association of Official 
Analytical Chemists [AOAC], 2005). The 

blood plasma sample used was 1 mL.

Ash Content. The ash content analysis was 

determined by the combustion of organic 

compounds at 550°C (AOAC, 2005). The 

blood plasma sample used was 1 mL.

Trypsin Inhibition Assay. Trypsin 

inhibition was determined according to the 

methods of Fowler and Park (2015). Four 

different blood plasma volumes ((25, 50, 75, 

100 μL) (Table 2) were diluted with distilled 
water and adjusted to 0.2 mL. 150 μL of the 
inhibitor solution was added to 300 μL of 
trypsin enzyme (20 μg/mL) and 150 μL of 
distilled water and pre-incubated at 37°C for 
10 min. 750 μL of 0.4 mg/mL BAPNA in 
50 mM tris-HCl buffer (pH 8.2) containing 
20 mM CaCl

2
 and pre-warmed to 37°C 

was than added, and the reaction mixture 

was incubated for 37°C for 10 minutes. 
The reaction was stopped by adding 150 

μL of 30% acetic acid (v/v). Absorbance 
was read at 410 nm and inhibitory activity 
was expressed as percent decrease in OD410 

compared to the control.

Papain Inhibition Assay. Papain inhibition 

was determined according to the method of 

Fowler and Park (2015). Four different blood 

plasma volumes ((25, 50, 75, 100 μL) (Table 
2) were diluted with distilled water and 

Table 2

Volume of catfish and swamp eel blood plasma sample for trypsin and papain inhibition assay

Sample

Papain Assay Trypsin Assay

Plasma 

Volume 
(μL)

Protein 

Concentration 

(mg/mL)

Plasma 

Concentration 

(mg/mL)

Plasma 

Volume 
(μL)

Protein 

Concentration 

(mg/mL)

Plasma 

Concentration 

(mg/mL)

Catfish
Plasma

25 0.21 1.25 25 2.08 12.5

50 0.42 2.5 50 4.16 25

75 0.62 3.75 75 6.24 37.5
100 0.83 5 100 8.32 50

Swamp 

eel 

Plasma

25 0.15 1.25 25 1.49 12.5

50 0.30 2.5 50 2.98 25

75 0.45 3.75 75 4.47 37.5
100 0.60 5 100 5.96 50
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adjusted to 2 mL. 2 mL of 0.25 M sodium 

phosphate buffer (pH 6.0) containing 2.5 

mM EDTA and 25 mM β-mercaptoethanol 
(βME) was added to 0.1 mL of papain 
solution (100 μg/mL) containing 25 mM 
sodium phosphate buffer (pH 7.0) and 2 mL 

of inhibitor solution. After preincubation at 

37°C for 5min, 0.2mL of 2mM BANA was 
added to initiate the reaction. After 10 min of 

incubation, 1 mL of cold 2% HCl in ethanol 
was added to stop the reaction. 1 mL of 

0.06% ρ- dimethylamino-cinnamaldehyde 
dye was then added to show the colour of the 

final solution. Absorbance was read at 540 
nm and the inhibitory activity was expressed 

as the percent decrease in OD540 compared 

to the control.

Molecular Weight of Inhibitor

The SDS-PAGE procedure was followed 
according to the method described by 

Laemmli (1970). A 12% resolving gel and 
a 3.5% stacking gel were used. The sample 
buffer consisted of 188mM M Tris-HCl 
pH 6.8, 15% β-mercaptoethanol, 3% SDS, 
0.01% bromophenol blue, and 30% glycerol 
in deionized water. Sample preparation was 

conducted by mixing protein samples with 

loading buffer in a ratio 1:1 and heating 

the mixture to 95
0
C for 10 min to denature 

the protein samples. An SDS-PAGE broad-
range molecular weight standard (6.5 to 

200 kDa) (Bio-Rad, Alfred Nobel Drive, 
Hercules, CA, U.S.A) was used. The 

running buffer consisted of 0.12 M Tris 

base, 0.95 M glycine and 0.5% SDS (w/v) 
in deionized water. Samples and protein 

standard were run into well. After finishing 

the process, gels were then immersed in 

deionized water for 5 min and stained with 

coomassie blue stain buffer for 20 minuntes 

and destained with a destaining buffer for 1 

min. The gels were then immersed in 1% 
acetic acid and incubated for 1 h on a shaker. 

The acetic acid was replenished every hour 

until the gel was completely de-stained.

Statistical Analysis

Only descriptive statistics was utilized for 

the reporting of the data.

RESULTS AND DISCUSSION

Proximate Analysis of Blood Plasma

Table 3 shows the proximate analysis for 
each blood plasma. The moisture content 

of catfish blood plasma was 91.46% and 
93.05% for the swamp eel.

Table 3
The proximate analysis of catfish (Pangasius 

hypopthalmus) and swamp eel (Monopterus albus) 
blood plasma

Source of 

plasma

Proximate Analysis

Moisture 

content (%)
Protein 

(mg/mL)

Ash 

(%)
Cat Fish 91.46 16.63 0.75

Swamp eel 93.05 11.92 0.92

According to Kisia (2016) and Martini 

(2005), moisture content in plasma of 

vertebrates is 90-92%. The difference 
of moisture content in plasma is due to 

differences in the chemical composition, 

such as protein content and ash content, 

which affects moisture content. Proteins 

are important components and functions in 

maintaining water balance in the blood and 



Rodiana Nopianti, Herpandi, Ace Baehaki, Rinto, Sherly Ridhowati and Maggy Thenawidjaja Suhartono

6 Pertanika J. Trop. Agric. Sc. 42 (1):  (2019)

tissues, regulating blood volume, helping 

the transport of fat, vitamins, and hormones 

and as antibodies.

The protein content of catfish plasma 
was 16.63 mg/mL and the swamp eel 
plasma was 11.92 mg/mL. Protein in plasma 

reflects the blood protein content, except for 
hemoglobin. Plasma proteins are divided 

into three main components i.e. albumin 

(42% w / v), globulin (56%) (α1-globulin, 
α2-globulin, β-globulin, and γ-globulin) and 
fibrinogen (1%). The largest proportions 
contained in solutes include proteins, which 

account for 6% -8% in blood plasma (Moure 
et al., 2003). Kisia (2016) suggested that 
solutes in fish blood plasma varied between 
freshwater fish and marine fish. The protein 
content of fish plasma is realtively low when 
compared to other vertebrates. The blood 

proteins are important in the maintenance 

of the right osmotic pressure and viscosity 

of blood.

The ash content of catfish and swamp 
eel  plasma were 0.75% and 0.92% 
respectively. The difference of the ash 

content in plasma is related to endogenous 

(genetically controlled and associated with 

species-specific life cycles) and exogenous 
(such as environmental and dietary) factors 

(Perschbacher & Stickney, 2017). Ash 
content reflects the mineral content in blood 
plasma. Minerals in the blood plasma are 

part of a minor component of blood plasma 

which amounts to 1% (Martini, 2005; Moure 
et al., 2003). Minerals make up the normal 
extracellular fluid ion composition for 

vital cellular activity and contributes to the 

osmotic pressure of body fluids. The major 

plasma electrolytes are Na
+
, K

+
, Ca

2+
, Mg

2+
, 

Cl
-
, HCO

3-
, HPO4

2-
, and SO4

2-
 (Martini, 

2005).

Inhibitory Activity of Blood Plasma

The inhibitory activity of blood plasma 

to protease enzyme increased as the 

concentration of blood plasma for both 

fishes increased. The protease inhibitory 
activity ranged from 7.66 to 50.73% for 
trypsin and 20.34 to 83.05% for papain 
for the catfish blood plasma (Figure 1), 

while the protease inhibitory activity of the 

swamp eel blood plasma ranged from 9.49 
to 46.35% for trypsin and 28.81 to 64.41% 
for papain (Figure 2). 

The blood plasma protease inhibitory 

activity to papain was higher than that of 

trypsin. This result was in contrast with the 

recommendation of Yongswatdigul et al. 

(2014) and Sriket (2014), where the surimi 
made from tropical fish were susceptible to 
serine protease attacks that caused protein 

degradation. But this was in line with the 

result of Ge et al., (2014) that reported 
softening occured in grass carp fillets 

caused by cathepsin B and L as the major 

endogenous enzymes leading to proteolytic 

degradation.

The highest protease inhibitory activity 

on trypsin and papain was by the swamp 

eel blood plasma even though its protein 

concentration was lower than that of the 

catfish blood plasma (0.15-0.60 mg/mL 
and 0.21-0.83 mg/mL, respectively). This 
was probably due to the higher efficacy 

of the protein plasma of the eel acting as 

a protease inhibitor as compared to that in 
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the catfish. Fowler and Park (2015) showed 
that protease inhibitory activity of salmon 

plasma ranged between 25% - 81% for 
papain and below 20% for trypsin. The 
higher inhibitory activity of the salmon 

blood plasma as compared to that of the 

catfish and swamp eel (this study) was 

probably related to it being free of impurities 

such as water, fat, ash, and other non-protein 
components.

Figure 1. Inhibitory activity of catfish (Pangasius hypopthalmus) blood plasma to trypsin and papain enzymes

Figure 2. Inhibitory activity of swamp eel (Monopterus albus) blood plasma to trypsin and papain enzymes

Molecular Weight of Blood Plasma

The molecular weight of catfish (C1-C3) and 
swamp eel blood plasma (S1-S3) is in the 
range of 9.64 to 124.36 kDa (10 proteins) 

and 19.84 to 174.14 kDa (13 proteins) 
respectively (Figure 3). The molecular 
weight of the protein bands detected in 

the blood plasma of the catfish and swamp 
eel (this study) showed similarities with 
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molecular weight of pig plasma. The 

band is presumed to be α-globulin protein 
to have molecular weight ranging from 

105 kDa - 150 kDa, while albumins had 
molecular weight of 65 kDa - 69 kDa. 
α

2
-globulin is a protease inhibitor found 

indigenously in blood plasma and shows 

inhibitory activity againts serine, cysteine, 

carboxyl and metallo-proteinases (Benjakul 
et al., 2001; Lee e al., 2000). According 

to Benjakul and Visessanguan (2000), the 
serine protease inhibitor is in the range of 

58-64 kDa and this is within the range of the 
proteins in catfish and eel plasma which is 
able to inhibit the enzymes chymotrypsin 

and trypsin. Li et al. (2008) reported the 

presence of the cysteine protease inhibitor 

at 55 kDa. The variation of the proteins 

from the catfish and swamp eel determined 
by the SDS-PAGE analysis reflected their 
inhibitory activity. The higher variation of 

the proteins in the swamp eel blood plasma 

may explain its higher inhibitory activity 

than that of the catfish.

 

Figure 3. Molecular weight of catfish (Pangasius 
hypopthalmus) (C1, C2, C3) and swamp eel 
(Monopterus albus) (S1, S2, S3) blood plasma (M= 
protein marker)

CONCLUSION

Both the catfish and swamp eel blood plasma 
showed inhibitory activity towards trypsin 

and papain. Papain is a cysteine protease 

and its inhibition was higher than that of 

trypsin. The highest inhibitory activity to 

protease enzyme was from the swamp eel 

blood plasma.
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