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Abstract 

Bioactive peptides showing Angiotensin-I-Converting Enzyme inhibitory (ACEi) 
activity can control blood pressure. They can be produced from various protein 
sources, including fish gelatin. This article provides a systematic review and meta-
analysis on gelatin extraction, conditions of enzymatic hydrolysis, characteristics of 
ACEi peptides, and effect of hydrolysis procedure on ACEi peptides. Fish gelatin 
preparation uses various solutions such as acids, bases and distilled water. 
Enzymatic hydrolysis is carried out with an E/S ratio of 0.2 – 7% and temperature 
of 28.9 oC (using bromelain) and 60.6 oC (using Alcalase). Level of pH in hydrolysis 
also varied greatly, from 2 (using Pepsin) to 10 (using Purafect enzyme). The 
molecular weight of fish gelatin ACEi peptides ranged from 186-829 Da and the 
sequence of peptides was dominated by hydrophobic and aliphatic amino acids. 
Based on a meta-analysis, hydrolysis using enzyme combination resulted in more 
satisfying product than a single enzyme, represented with a combined effect size 
value of 0.593. 

 

Keywords: angiotensin I converting enzyme, fish gelatin, hydrolysis, hydrolytic 
preparation, protein hydrolysis 

 

Introduction  

Hypertension is defined as having a systolic blood pressure greater than 140 mmHg 
and a diastolic blood pressure greater than 90 mmHg (WHO, 2020). Prihartono et al. 
(2022) reported that prevalence of hypertension has increased significantly in 
Indonesia over the last five years, with 46% of farmers in West Java experiencing 
hypertension. In Indonesia, 3322 people (56.2%) were found to have undiagnosed 
hypertension (Mahwati et al., 2022). Synthetic drugs that act as ACEi have been 
used to treat hypertension. Angiotensin converting enzyme (ACE) is a 
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metallopeptidase that participates in the conversion of peptides such as angiotensin 
I to angiotensin II, which causes vasoconstriction and aldosterone action (Sturrock 
et al., 2004). ACE functions as a hydrolase in RAAS (Renin-Angiotensin 
Aldosterone System), which promotes the synthesis and release of aldosterone as 
well as the production of reactive oxygen, resulting in an increase in blood pressure 
or hypertension (Xu et al., 2021). Captopril, enalapril, zofenopril, ramipril, 
fosinopril, lisinopril, and SQ 29852 are commonly used ACEi (Ahmad et al., 2019). 
To enhance the efficacy, Man et al. (2020) studied a combined captopril, and this 
significantly reduced blood pressure.  

The search for disease treatment has raised remarkably, including through functional 
food which provides health benefit beyond basic nutrition. Bioactive peptides are 
one of the most potential ingredients (Martirosyan and Singh, 2015), which meet 
functional food characteristics. Functionality of bioactive peptides (BPs) relates to 
various health-promoting properties such as anticancer, antihypertensive, 
antimicrobial, cholesterol-lowering, and antidiabetic activity (Barati et al., 2020). 
Technically, BPs are derived from the parent protein and then hydrolyzed into 3-20 
peptide fragments with the aid of enzymes to form fish protein hydrolysates – FHPs 
(Wang, 2021). Body parts of fish are good source of collagen protein, including skin, 
bones, head, and scales. 

Furthermore, collagen can be degraded into gelatin, which is an insoluble fraction 
(Gorgieva and Kokol, 2011). Collagen is the parent protein of fish gelatin which can be 
used as a source of bioactive peptides (Regenstein and Zhou, 2006). Fish by-products 
such as skin, bones and tendons, contain type 1 collagen (Ahmad et al., 2017). Several 
studies showed that gelatin could be employed as a protein source in the production of 
bioactive peptides. As argued by Mahmoodani et al. (2014), hydrolysis of catfish skin 
and bone gelatin produced antihypertensive peptides with IC50 activity of 3.2 g/ml and 
1.3 g/ml, respectively. Hydrolysis of Theragra chalcogramma skin gelatin yielded 
antihypertensive peptide of 17.13 M (Byun and Kim, 2001). These findings revealed 
antihypertensive activity from peptide of fish gelatin, but the bioactivity of the BPs may 
differ remarkably, depending on how they are produced. Meanwhile, discussion on the 
impacts of hydrolysis method to BPs has remained inconclusive. To fill the gap, this 
systematic review and meta-analysis work discusses the effects of process conditions in 
manufacture of antihypertensive peptides from marine fish gelatin.  

 

Materials and methods 

Determination of research questions, inclusion and exclusion criteria 

A laptop, Mendeley, Microsoft Word 2013, Microsoft Excel 2013, OpenMEE, and 
Colander were among the tools and materials used. The Sitanggang et al. (2021) 
method, with some PRISMA modifications (preferred reporting items for systematic 
review and meta-analysis). The literature search began with research questions as 
follows: How is gelatin substrate prepared, and what are the best conditions for 
enzymatic hydrolysis to produce ACEi peptides from fish gelatin protein? 
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PEO (population, exposure, and outcome) approach was applied as search strategy, 
i.e. population including "bone and skin gelatin from marine fish," exposure 
including "enzymatic hydrolysis", and outcome including "ace inhibitor." Then, for 
a more general Boolean search, alternative search of PEO synonyms was applied, 
i.e. ("enzymatic preparation" OR "enzymatic hydrolysis") AND ("fish gelatin" OR 
"marine fish" OR "collagen" OR "bone" OR "skin") AND ("ACE inhibitory" OR 
"bioactive peptide" OR "hypertension" OR "antihypertensive" OR "Angiotensin 
converting enzyme"). In several databases, such as Proquest, ScienceDirect, and 
Scopus, Boolean search was used as a keyword to find the journals required. 

Criteria applied for article search focused on the relationship between activity of 
ACEi peptides and enzymatic hydrolysis preparations from marine fish gelatin (skin, 
scales, and bones). Subsequently, the collected articles were screened using the 
following steps: article type, duplication removal, as well as selection based on title 
and abstract by removal of articles unfitting to the inclusion criteria. The full-text 
articles were assessed for eligibility based on inclusion and exclusion criteria. 
Inclusion criteria included ACEi peptide activity, enzyme treatment, hydrolytic 
preparation, hydrolysis of gelatin, gelatin or fish collagen, English language article, 
no time limit for publication, non-reviewed and unduplicated research articles.  

Article search 

Article search was conducted on October 26, 2021, covering various databases fitting 
Boolean search, i.e. Scopus, Proquest, and Science Direct. There are minor technical 
differences in the use of colons, parentheses, and word count when searching each 
database. For the article screening process, PRISMA guidelines (figure 1) and a 
colander were used. The screening process resulted in 21 eligible articles based on 
inclusion criteria, and 3 of them were included in meta-analysis referring to Boolean 
search. The OpenMEE application was used to calculate individual and combined 
effect sizes in meta-analysis data using the dersimonian–laird random-effects model. 

 

Results and discussion 

Fish gelatin substrate preparation as a source of ACEi peptide 

Fish protein can act as a promising source of protein for daily protein requirement, 
and it can be converted into gelatin. The fish by-products constitute a major raw 
material for gelatin production. However, some parts of the fish body are often used 
as parent proteins for production of ACEi bioactive peptides, including: head, skin, 
meat, scales, swim bladder, viscera and bones. Additionally, finished or semi-
finished materials (have gone through a processing process) such as isolates and 
concentrates of fish are also can be parent proteins in the production of fish gelatin. 

According to Shahidi (1994) and Alam (2007), fish protein is classified into 
myofibril, sarcoplasmic, stromal proteins; in this regard, collagen belongs to stromal 
protein, which is a main material for gelatin extraction. There are two major 
processes of gelatin manufacture: pretreatment and extraction (Ahmed et al., 2020). 
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Figure 1. PRISMA guidelines for the inclusion of articles on the enzymatic preparation of 
ACEi peptides from fish gelatin proteins. 

 

Based on the data in table 1, fish gelatin was often extracted from scales, skin, a 
mixture of skin and scales, as well as a mixture of bone and skin. Differences in 
materials affect the gelatin extraction process. Extraction of fish skin gelatin used 1-
4 solvents, such as bases and acids, either strong or weak, and distilled water. 
Extraction of scale gelatin often used 1-5 solvents including such as salt solution 
(NaCl), strong base, alcohol, chelating (EDTA), strong acid, weak acid, enzymes 
and distilled water. Extraction of gelatin from a mixture of scales and skin using 3 
solvents (NaOH, n-butanol, distilled water) was reported by Mirzapour-Kouhdasht 
et al. (2021a). Extraction of gelatin from a mixture of bone and skin using 2 alkaline 
solvents and distilled water (Neves et al., 2017), while another experiment worked 
with 4 solvents, including NaOH, H2SO4, C6H8O7 and distilled water (Vázquez et 
al., 2019).  

 

 

Se
ar

ch
in

g 
Sc

re
en

in
g 

In
cl

ud
ed

 a
nd

 E
li

gi
bi

li
ty

 

Journal search data base: SCOPUS, 
ProQuest, and ScienceDirect 

3178 records of fish gelatin identified 
through database 

3032 records after removing duplicate 

1475 records after removing non English and 
type article 

21 of full-text articles assessed for eligibility 
and included in systematic review 

53 studies screened based on title and abstract 

3 of full-text articles assessed for 
eligibility and included in meta-analysis 

Extracted data 

147 removed 

1557 removed 

1420 removed 

32 removed 

18 removed 
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Table 1. Extraction of fish gelatin substrate. 

Species  Fish 
parts  

Extraction Condition References 

Solution  t (h)  T(oC) C  

Theragra 
chalcogramma  

Skin  Alkaline  72  5  Ne Byun and Kim 
(2001) Aquadest Ne Ne Ne 

Sea bream  Scale  HCl  24 R  0.6 N Fahmi et al. 
(2004) 

Salmo salar L.  Skin Alkaline Ne 55  Ne Gu et al. (2011) 

Gadus 
macrocephalus 

Skin Ca(OH)2  24  Ne 1% Ngo et al. (2011) 

Aquadest  30  60  Ne 

Sparus aurata Scale  NaCl 0.5   Ne 5%  Mosquera et al. 
(2014) 

 
NaOH 1  Ne 0.1 M 

Isobutil 
alkohol  

0.5 Ne 10%  

EDTA Ne Ne 0.5 M 

Aquadest 12 45  Ne 

Sparus aurata  Bone, 
scale 

NaCl 0.5 Ne 5%  Akagündüz  et 
al. (2014) 

 
NaOH 1  Ne 4 g/L 

isobutil 
alcohol  

0.5 Ne 10% 

EDTA 12  Ne  146 g/L 

CH3CO2H 
99% 

3 Ne 2.85 mL/L 

Aquadest 12 60  Ne  

Okamejei 
kenojei 

Skin Ca(OH)2  24 Ne 1% Ngo et al. (2014) 

Aquadest  30 60 Ne 

Thunnus 
albacares 

Skin NaOH 69.6  10 1.9% Han et al. (2015) 

Aquadest 4.7  56.6 Ne 

Ghodus 
macrocephalus 

Skin Ca(OH)2 24  Ne  1% Ngo et al. (2016) 

Aquadest 30  60  Ne  

Synodus fuscus Scale  NaOH 6 4 0.1 M Chen et al. 
(2017) CH3CO2H 24 Ne 0.5 M 

NaCl Ne Ne 2 M 

CH3CO2H Ne Ne 0.1 M 

Aquadest Ne  Ne  Ne 

Salmo salar Bone, 
Skin 

Alkaline  0.25 R Ne Neves et al. 
(2017) Aquadest 16 70 Ne 

Oncorhynchus 
mykiss 

 

Skin NaOH  0.5  4  0.2 M Cheung and Li-
Chan, 2017 CH3CO2H 3  R 0.05 M  

Aquadest 2  70 Ne 
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Hemiramphus 
far 

Skin NaOH 2  4  0.05 M Abdelhedi et al. 
(2017) CH3CO2H 48 4  0.1 M 

Aquadest 18 40 Ne 

Synodus 
macrops 

Scale  NaOH 2  Ne  0.05 M Chen et al. 
(2018) Pepsin 5  50 1% 

Decapterus 
Macrosoma 

 

Skin NaOH 0.67 45 0.15%(b/v) Rasli and Sarbon 
(2018) H2SO4 Ne 45 0.15%(b/v) 

C6H8O7 Ne 45 0.7% (b/v) 

Aquadest  Ne 45 Ne 

Macrourus sp., 
Capros aper, 
Lepidorhombus 
boscii, 
Merluccius 
merluccius, 
Trachurus 
trachurus 

Bone, 
skin 

NaOH  0.5 22  0.2% Vázquez et al. 
(2019) 

 
H2SO4  0.5 22 0.2% 

C6H8O7 0.5 22 1% 

Aquadest Ne 45 Ne 

Scomberomorus 
commerson 

Scale, 
skin 

NaOH 24 Ne  1 N Mirzapour-
Kouhdasht et al. 
(2021a) 

 

n-butanol Ne Ne  10% 

Aquadest  5.8  70.7  Ne  

Gadus morhua Skin NaOH 4  25  0.1 M Coscueta et al. 
(2021) 

Salmo salar L. Skin Alkaline Ne 55  Ne  Liu et al. (2021) 

Salmo salar Skin NaOH 0.5 22  0.05 M  Vázquez et al. 
(2021) H2SO4 0.5 22  0.02 M 

C₆H₈O₇ 0.5 22  0.052M 

 

Gelatin extraction is performed using various types and quantities of solvents, 
depending on composition of raw material or parent protein. For example, fish bones 
and scales constitute a biocomposite material consisting of hydroxyapatite and type 
I collagen fibers, thus requiring additional demineralization before collagen 
isolation. The source of raw materials dramatically influences the extraction process, 
because each fish species possesses different structures, chemical composition, and 
complexity (Salvatore et al., 2020). In pre-treatment stage, solvent is applied 
differently in accordance with the target. Strong acid and strong base solvents in 
combination with temperature are usually applied to remove non-collagen 
compounds, but their presence may hydrolyze e collagen into gelatin. The soaking 
process using alkaline solutions such as NaOH and Ca(OH)2 was applied for 0.5 to 
72 hours at 4-55 oC, while soaking using acid solutions such as HCl and H2SO4 was 
performed for 0.5 to 24 hours at 22-45 oC. According to Benjakul et al. (2012), the 
effect of solution concentration was stronger than type of solution. For pre-treatment, 
salt solution (NaCl) and EDTA are also often applied. The soaking process in NaCl 
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enables to remove contaminants, but it can also facilitate extraction of targeted 
compound when added in further stages. The later condition is known as the salt 
solubilization extraction method. Chelating (EDTA) is employed for 
demineralization (Ahmed et al., 2020). Some acids such as HCl are intended to 
reduce minerals (Benjakul et al., 2012). Ahmed et al. (2020) argued that alcohol 
groups such as n-butanol were effective for removal of pigments and fats. Previous 
researches by Byun and Kim (2001); Ngo et al. (2011); Ngo et al. (2014); Ngo et al. 
(2016) applied skin pre-treatment that yielded a better ACEi peptide activity than 
others. The pre-treatment process was carried out by soaking in a solution of NaOH 
or Ca(OH)2 for 1-3 days at 5 °C and room temperature. In addition, pre-treatment for 
bones/scales as reported by Fahmi et al. (2004) was applied using HCl solution for 
24 hours at room temperature.  

Hydrolysis conditions of fish gelatin for production of ACEi peptides 

Hydrolysis conditions are influenced by the type of enzyme, pH, temperature, time 
and E/S ratio (Sitanggang et al., 2021). Enzyme showed a specific mode of action 
and differed each other. The origin of enzymes is a crucial factor that determines 
their activity, and as presented in Table 2, we recorded three groups of enzymes by 
isolation source as follows: microorganisms, plants and digestion. Microbial 
enzymes included Alcalase, Corolase, Neutrase, Esperase, Pronase, Protease, 
Purafect and Subtilisin A. Enzymes from plants included Bromelain, Papain and 
Actinidin, while digestive enzymes included Pepsin, Pancreas enzyme and Trypsin. 
Bacillus is predominant bacteria producing enzymes, such as Alcalase, Purafect and 
Subtilisin A enzymes produced by Bacillus licheniformis (Gu et al., 2011; Abdelhedi 
et al., 2017; Mirzapour-Kouhdasht et al., 2021a). Neutrase from Bacillus 
amyloliquefaciens (Eckert et al. 2019), Corolase from Bacillus subtilis (Cheung and 
Li-Chan, 2017), Esperase and Alkaline protease from Bacillus sp (Akagündüz et al., 
2014; Fahmi et al., 2004). Pronase from Streptomyces griseus (Byun and Kim, 
2001), Protease from microbial mold Aspergillus satoi type XIII (Ngo et al., 2014). 
As stated by Dos Santos Aguilar and Sato (2017), microbial enzymes are favorable 
since they can be produced in a short fermentation time and possibly engineered to 
modify the properties. 

Regarding the mode of action, endopeptidase seems to be the most common. The 
enzyme activity depends on the site of action, commonly classified into two groups: 
exopeptidase and endopeptidase. Endopeptidase hydrolyzes middle chain of protein 
(Subin and Bhat, 2016). Each type of enzyme has a specific action and the work of 
the enzyme is influenced by the hydrolysis conditions. Based on the data obtained, 
the conditions of enzymatic hydrolysis of fish gelatin can be divided into 2 groups 
regarding the hydrolysis system, namely a single hydrolysis system (single enzyme 
hydrolysis) and a combination of enzyme hydrolysis. Both enzymatic actions 
predominantly occur in microbial enzymes, namely Alcalase, Corolase, Esperase 
and Neutrase. The combined hydrolysis of enzymes after Alcalase was dominated 
by Papain enzymes isolated from plants. According to Nasri (2017), Alcalase more 
often cleaves peptide bonds at C terminal containing hydrophobic amino acids.  
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Table 2. Enzymatic hydrolysis conditions and characteristics of fish gelatin ACEi peptides. 
Hydrolysis Condition Peptides Activity of 

ACEi 
Referenc
es 

T (oC) t (h) pH E/S Residue Da % µM 
Alcalaseen--Pronaseen/ek-- Kolagenaseen 
50--50---
37 

2--2--
2 

8--
8--
7.5 

2%*--
3%*--
1%* 

GPM 303 Ne 17.13 Byun and 
Kim 
(2001) 
 

GPL 285 Ne 2.6 

Alkalin proteaseen 
60   1  8 5%*  GY 238 Ne 265 Fahmi et 

al. (2004) VY 280 Ne 16 
GF 222 Ne 708 

VIY 393 Ne 7.5 
Alcalaseen--Papainen 
50--60  3--2  8.5-

-7 
1%*--
2%*  

AP 186 Ne 322 Gu et al. 
(2011) VR 273 Ne 1216 

Papainen 
Ne 4  Ne 1%* TCSP 406 81 Ne Ngo et al. 

(2011) TGGGNV 503 68 Ne 
Esperase 8.0 Len 

60 3  8 7%# Ne Ne Ne Ne Mosquera et 
al. (2014) 

Alcalaseen--Proteaseen 
50--37  6--6 7--7 1%*--

1%* 
MVGSAPG

VL 
829 Ne 3.09 Ngo et al. 

(2014) 
LGPLGHQ 720 Ne 4.22 

Esperase 8.0 Len 

60  3 8 7%# Ne Ne Ne Ne Akagündüz  
et al. (2014) 

Alcalaseen 
60  6 Ne 1:1* Ne Ne Ne Ne Han et al. 

(2015) 
Pepsinen--Tripsinen--Pancreasek 
Ne--55--
37  

Ne--
Ne--1-
-2  

Ne--
8--
6.3  

Ne Ne Ne Ne Ne Manikkam 
et al. 
(2016) 

Pepsinen 
37  4 2 1%Ne GASSGMP

G 
662  6.9 Ngo et al. 

(2016) 
LAYA 436  14.5 

Neutraseen 
50  8 7 Ne Ne Ne Ne Ne Chen et 

al. (2017) 
Corolase PPen 
50 1 7 1%* PP 212  1912.5 Neves et 

al. (2017) GF 222  178.1 
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GPVA 343  445.61 

GGPAGPAV 626  673.16 

Corolase Nen 

55 6  7.5 1%Ne Ne Ne Ne Ne Cheung and 
Li-Chan 
(2017) 

Purafecten 
50 3  10 30:1U  Ne Ne Ne Ne Abdelhedi 

et al. 
(2017) 

Alcalaseen 
60   2 9 2.92

% Ne 
Ne Ne Ne Ne Rasli and 

Sarbon 
(2018) 

Neutraseen 
47 2.8

3 
7 3.2%

* 
AGPPGSDGQPG
AK 

82
7 

 420 Chen et 
al. (2018) 

Alcalaseen 
60.6  4  8.6 1%# Ne Ne Ne Ne Vázquez 

et al. 
(2019) 

Subtilisin Aen--Actinidinen 
55--37  3--

3 
8.5
--
7.5 

1%*--
1%* 

Ne Ne Ne Ne Mirzapour-
Kouhdasht 
et al.
(2021a) 

Bromelainen 
28.9 0.5 4 0.5%

* 
Ne Ne Ne Ne Coscueta et 

al. (2021) 
Alcalaseen--Papainen 
50--60 3--

2  
8.5
--7 

1%Ne

--
2%Ne 

GR 231 61.1 3160 Liu et al. 
(2021) RER 459 52.2 1938 

GPR 328 47.7 3201 
GPAG 300 20.9  
NVG 288 15.5  
LQ 259 13.7  
NK 260 12   
LN 245 11   
VL 230 9.08    
FTE 395 8.12   
PNH 366 7.90   
PH 252 1.71   
VDGK 416 1.07   

Alcalaseen 
60.3 4  8.8 0.2%

# 
Ne Ne Ne Ne Vázquez et 

al. (2021) 

Ne - no data; * - w/w; # - v/w; en - endopeptidase; ek - exopeptidase; -- - sequential hydrolysis; U - 
(U/mg); Da - molecular weight; t - extraction time; T - temperature 
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The pH range was obtained from 2 to 10 based on data on the optimum hydrolysis 
conditions of fish gelatin in table 2. Enzymes from microorganisms were isolated at 
pH 7-10, while digestive enzymes such as Pepsin were isolated at pH 2 and Trypsin 
at pH 8. In addition, plant-sourced enzymes were obtained at pH 7-7.5. Dos Santos 
Aguilar and Sato (2017) states that proteases are classified into three types according 
to pH: acidic, neutral, and basic. Acid protease enzymes work properly at low pH 
and show a high affinity for amino acids with aromatic side chains. Neutral proteases 
show a high affinity for hydrophobic amino acids but they are prone to heat. Alkaline 
enzymes can hydrolyze tyrosine, phenylalanine, leucine (near the terminal carboxyl 
group), aspartate, histidine, and serine. 

Based on the most types of enzymes used, the hydrolysis conditions using Alcalase 
ranged from pH 7-9 and temperature 50-60.6 oC. The Corolase worked effectively 
at 50 oC and pH 7 (Neves et al., 2017), which was slightly different from the research 
of Cheung and Li-Chan (2017), using a temperature of 55 oC and pH 7.5. In terms 
of Esperase, two former studies applied similar conditions, i.e. pH 8 and temperature 
of 60 oC (Akagündüz et al., 2014; Mosquera et al., 2014). Additionally, hydrolysis 
by Neutrase was carried out at temperature of 50 oC and 47 oC at pH 7 (Chen et al., 
2017; Chen et al., 2018). The Papain enzyme is more commonly combined with 
other enzymes. In this regard, there are three studies involving the use of Papain, 
applied at 60 oC and pH 7 (Gu et al., 2011; Ngo et al., 2011; Liu et al., 2021). Halim 
et al. (2016) mentioned that hydrolysis conditions using Alcalase on various fish 
substrates were found at pH 7.5-10 and 45-60 oC. Neutrase worked properly at pH 
8.5 and 55 oC, while Papain performed appropriately at pH 6-7 and 50-60 oC. 
Meanwhile, according to Villamil et al. (2017), Alcalase showed a satisfying 
hydrolytic activity on fish offal substrate at pH 8-8.5, temperature of 40-55 oC, while 
proper activity for Neutrase was observed at pH 7 and 40-55 oC. Sitanggang et al. 
(2021) mentioned that the dissimilar hydrolytic condition by enzymes results from 
physicochemical properties of each fish gelatin protein substrate. 

Furthermore, the unit applied in E/S ratio (enzyme/substrate) differed between 21 
articles assessed, including weight per weight (w/w), volume per weight (v/w), and 
enzyme activity (U/mg). The E/S ratio ranged from 0.2 to 7%, expressed in w/w and 
v/w. The hydrolysis time ranged from 30 minutes to 7 hours. It is known that the 
concentration of enzymes and substrates affects the hydrolysis time. According to 
O'Meara and Munro (1984), if the ratio is relatively similar, the enzyme hydrolyzes 
weakly bonded peptides with normal time, whereas if the enzyme concentration to 
the substrate is high, there will be a faster hydrolysis process on weak peptide bonds 
and the remaining hydrolysis time will continue on stronger peptide bonds. The 
concentration of the enzyme to the substrate is an important factor so that the addition 
of the enzyme to the substrate must be balanced. A lower substrate concentration 
makes the enzyme molecule in a free state, when the substrate increases the free 
enzyme molecule reacts to the substrate. As with the statement of Araujo et al. 
(2020), when the Alcalase enzyme concentration is constant and the substrate 
concentration is lower, the enzyme reaction rate is limited and when the substrate is 
increased the enzyme reaction increases. On the other hand, when substrate 
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concentration is higher, the substrate becomes a dead-end inhibitor, in which it 
presents at the active site of the enzyme but unable to involve in the hydrolysis 
reaction.  

Bioactive characteristics of fish gelatin peptides as ACEi 

In this work, bioactive peptides are obtained from fish gelatin. The gelatin is a 
hydrolyzed form of fish collagen classified as stromal protein (Nurdiani et al., 2020). 
Collagen contains low amount of methionine and tyrosine, but glycine accounts for 
about 33% of the collagen (Karayannakidis and Zotos, 2016). Collagen has three 
chains (alpha helix), and the three helical structure is bonded to each other (hydrogen 
bonds) between the chains. The chain is a double-stranded structure formed when 
two chains are covalently connected while the chain is a triple-stranded structure 
(Ahmad et al., 2017). According to Nurdiani et al. (2020), each collagen polypeptide 
contains the amino acid structure Gly‐X‐Y (X is usually proline and Y 
hydroxyproline). Gelatin has a combination of 52 amino acid residues with different 
molecular weights such as chain (80 – 125 kDa), chain (160 - 250 kDa), chain (240 
- 375 kDa) and other low chains (Huang et al., 2019). Since bioactive peptides are 
available in nature at low level, production of bioactive peptides is required. 
Bioactive peptides generally consist of 2-20 amino acids and are generally rich in 
hydrophobic amino acids (Chakrabarti et al., 2018).  

Based on Table 2, fish gelatin ACEi peptides were found to have molecular weights 
ranging from 186 to 829 Da and amino acid composition up to 13 residues. He et al. 
(2013), ACEi peptides from marine sources usually contain 2-20 amino acid residues 
and their molecular weight according to Halim et al. (2016), <3 or 4 kDa. 
Furthermore, according to Ishak and Sarbon (2018), the molecular weight of 
bioactive peptides from fish waste with ACEi activity and antioxidant properties 
were reported to be <1.2 kDa, <1 kDa and an average of 640–25,719 Da, 
respectively. The highest fish gelatin ACEi peptide activity was found in the study 
of Byun and Kim (2001), with GPL peptides (glycine, proline, leucine), while the 
lowest ACEi activity was in GPR peptides (glycine, proline, arginine) with 3201 M 
activity and a molecular weight of 328 (Liu et al. 2021). The molecular weight, 
composition and position of the amino acids formed determine the activity of ACEi 
(Sitanggang et al., 2021). 

Based on the value of the termination coefficient in Figure 2, the correlation between 
molecular weight and ACEi IC50 shows a weak correlation value of 0.0439. This 
shows that the molecular weights ranging from 186 to 829 Da did not significantly 
affect the activity of the ACEi peptide produced. The molecular weight of ACEi 
peptides <1 kDa, the activity was more influenced by the composition and position of 
the amino acids formed. According to Sitanggang et al. (2021), peptides with 
molecular weight <1 kDa did not have a significant effect on the activity of ACEi 
produced, ACEi activity was more influenced by the composition and amino acid 
position of bioactive peptides. The composition and amino acid position of the ACEi 
peptide in the presence of proline at the C-terminus of the QRP peptide with a short 
distance led to an increase in ACEi. Meanwhile, according to He et al. (2013), 
tripeptides or dipeptides having a high ACEi activity usually contain the tryptophan, 
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phenylalanine, tyrosine, or proline at C-terminus, and branched aliphatic amino acids at 
the N-terminus. As reported by Wang (2021), in general, hydrophobic amino acids at C-
terminus affected the activity of ACEi. In addition, there are amino acids Lys, Arg.  

 

 
Figure 2. Correlation between ACEi activity and peptide’s molecular weight. MWs and IC50 
values are taken from Table 2. 

 

The impacts of enzymatic hydrolysis systems on ACEi activity 

As discussed previously, enzymes and hydrolysis conditions markedly affect 
production of ACEi peptides from fish gelatin. As explained by Rao et al. (2020), 
the production of bioactive peptides was influenced by protease specificity that was 
associated with the low molecular weight and length of the peptide structure. The 
specificity of the protease closely links to enzyme types that determine the position 
of cleavage peptide bond in the mother protein, hence the composition of peptide 
and position of amino acids that are formed are also influenced by the type of 
enzyme. According to Mirzapour-Kouhdasht et al. (2021b), ACEi activity positively 
correlated with the size of the low molecular weight peptide. The low molecular 
weight of the peptide to being influenced by the type of enzyme, it is further 
influenced by the enzyme concentration on the substrate and enzyme concentration 
included in hydrolysis conditions. Halim et al. (2016) mentioned key factors that 
affect final product, such as enzyme concentration, pH, time, and temperature. 
Protein substrates differ in their amino acid composition, and the specificity of the 
enzymes is unknown. According to Dos Santos Aguilar and Sato (2017), the active 
site of the enzyme determines substrate binding and how the substrate fits into the 
enzyme, and thus the active site determines the specificity of the protease on the 
substrate. The protease specificity determines the molecular weight, the number of 
peptides, amino acid composition, and an amino acid sequence, all of which affect 
the bioactive activity of the peptides produced. To improve the optimization process 
during the production of bioactive peptides, the appropriate enzymes and hydrolysis 
systems must be determined. 
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Bioactive peptides can be produced through chemical hydrolysis, besides the 
enzymatic process, but as argued by Chakrabarti et al. (2018), Enzymatic hydrolysis 
is preferable to chemical, since chemically processed reaction requires a complicated 
controlling, and produces random peptides, as well as shows weak specificity 
(Zamora-Sillero et al., 2018). In the enzymatic process, there are a lot of methods 
for controlling the process, including the use of various enzyme sources (plant, 
microorganisms, gastrointestinal tract), fermentation with starter cultures, or 
hydrolysis of more than one enzyme to produce shorter peptides (system hydrolysis). 
Every method that was used needed optimization, in this regard discuss system 
hydrolysis more. There are 4 groups of hydrolysis systems obtained in this meta-
analysis study: two enzymes one pot, two enzymes sequential, three enzymes 
sequential, and four enzymes sequential. 

The results of the meta-analysis showed that the P value was 0.04. The magnitude of 
the effect is seen from the cumulative effect size value of 0.593. Based on the 
cumulative effect size, the treatment had a medium impact on producing ACEi activity 
or the hydrolysis of a combination of enzymes was 59.3% better than single hydrolysis 
in producing ACEi activity. Enzyme specificity is unique for each enzyme; however, 
when some enzymes are combined, the specificity may be broader, which enhances 
the hydrolysis of fish gelatin. The combination would make the formation of peptides 
small in size, and this potentially produces peptides with more optimal ACEi activity. 
The results of the meta-analysis study confirmed that the combination of enzymes 
produced a better ACEi activity value than the control. However, it should be noted 
that hydrolysis with a combination of enzymes is sometimes not better than a single 
enzyme because it is influenced by some aspects like the type of enzyme used, the 
protein substrate, and the hydrolysis conditions. According to Nasri (2017), certain 
types of enzymes can be combined and produce positive results (resulting in high 
activity) and some of them have no better results than hydrolysis with one type of 
enzyme. Hence, suitable of a combination system of hydrolysis and the type of enzyme 
that is used needs to be optimized to get the optimum hydrolysis conditions (E/S 
concentration, pH, temperature, hydrolysis time).  

As seen in Figure 3, positive value indicates that the treatment (hydrolysis by 
combination of enzymes) is better than the control (hydrolysis by a single enzyme). 
The CI value shows a limiting effect size. Small CI value indicates a good level of 
precision, while large CI value indicates a less precise effect size. The CI value is 
also used to see the difference between control and treatment; if the CI value is 
tangent to the value 0 on the x-axis then the control and treatment are not 
significantly different. The CI value in the hydrolysis system group that is tangent to 
0 on the x-axis means that the group is not significantly different from the control 
group. The PI value indicates the distribution of the effect size data that has not been 
observed (forecasting). Based on the analysis of subgroup hydrolysis in 2, 3, and 4 
stages, there was no significant difference between control groups as seen from the 
p value. The p values for the 2, 3, and 4-stage hydrolysis systems were 0.363, 0.437, 
and 0.169, respectively. The one-step hydrolysis with the combination of two 
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enzymes was significantly different from the control but not significantly different 
from the effect size value of the overall subgroup combination with p value is 0.029.  

The type of enzyme used in the meta-analysis study resulted in better activity than 
controls, followed with two enzymes one pot (bromelain+neutrase), two enzymes 
sequential (bromelain-corolase or alkalase-corolase or papain-corolase), three 
enzymes sequential (trypsin-pepsin-chymotrypsin), four enzymes sequential 
(trypsin-pepsin-chymotrypsin-trypsin). The recommended hydrolysis system for 
producing ACEi peptide from fish gelatin is two enzymes one pot and recommended 
types of enzymes are a combination of enzymes from microorganisms or enzymes 
from microorganisms combined with enzymes from plants. 

Based on the results of the meta-analysis, the combined hydrolysis produced 
activities of ACEi better than single hydrolysis. This was due to the combination 
hydrolysis having a better possibility of producing low molecular weights. 
According to Rezvankhah et al. (2021), hydrolysis using more than one type of 
enzyme resulted in smaller molecular weight peptides. Daliri et al. (2017), showed 
that peptides with low molecular weight (<10 kDa) exerted more effective 
antihypertensive activity. Combination hydrolysis has a more variety of active sites 
so the enzyme and substrate in the hydrolysis process will be easier to match, even 
in some cases become more optimal. The use of various enzymes is the key to 
producing the desired amino acid composition or according to the active site of the 
ACE, so that it can be an option in engineering protein hydrolysis to produce ACEi 
peptides. According to Aluko (2018), protein hydrolysis occurs when the peptide 
bonds of the substrate are translocated into the active site of the enzyme, different 
active sites produce different peptides.  

 

Conclusions 

The review was conducted considering various articles discussing production of 
peptides with high ACEi activity from fish gelatin as parent protein. We found that 
optimum process of peptides ACEi production can be achieved by controlling two 
main stages: gelatin isolation and enzymatic hydrolysis. Gelatin extraction included 
4 stages: pre-treatment, extraction, purification, and drying. The pre-treatment stage 
was recommended using a simple method such as soaking of raw materials in a 
strong acid such as HCl for 24 hours or using a strong base solution such as 
NaOH/Ca(OH)2 for 24-72 hours without soaking in a salt solution or combination 
with other solvents. The extraction stage was carried out by soaking in distilled water 
for 30 hours at 60 oC. The final stage is separation by centrifugation and drying using 
a freeze dryer. Fish gelatin is further subjected to enzymatic hydrolysis. In the 
enzymatic hydrolysis process is recommended to use the Alcalase enzyme with the 
following hydrolysis conditions: pH 7-9, temperature 50-60.3 oC, E/S ratio 0.2-2%, 
hydrolysis time of 2-6 hours. Another type of enzymes recommended is isolated 
from microorganisms because releases peptides with high ACEi activity. The 
hydrolysis system can use single or different combinations of hydrolysis enzymes, 
which appeared to be more efficient. 
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