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ABSTRACT: Different methods are used to improve the quality of meat, one of which is to add proteolytic 

enzymes to the meat and tenderize it, thereby increasing the solubility of its proteins. Physical and chemical 

methods tenderize the meat by reducing or degrading myofibrillar proteins and connective tissues. In this study, 

the impact of kiwi protein on the physicochemical properties of Rainbow Trout meat was investigated. 2 cm 

cube pieces of fish meat were marinated in 20 ml of kiwi protein with the activity of 0.9 u/ml for a duration of 2, 

4, 6, 8, 24, 48, 72, and 96 hours and then kept at 4 ± 1˚C. Afterwards, the actinidine enzyme was inactivated at 

60°C for 10 minutes and the specimens were evaluated. The results showed that the hydrolysis of the muscle and 
the released amino acids significantly reduced the treatments pH in comparison to the control sample. The 

duration of enzyme activity significantly influenced the decomposition of fish meat proteins, increased the 

solubility and degree of hydrolysis, and reduced the peptide chain average length. The protein enzyme kinetic 

equation was suitable for modeling the enzymatic reaction of fish meat; the influence of kinetic parameters on 

enzyme and substrate variables was further investigated. Changing the concentration of the enzyme and substrate 

did not affect the parameter b but it positively influenced the parameter a. The results of SDS-PAGE 

electrophoresis showed that the kiwi enzyme enhanced the fish meat tenderness by affecting the sarcoplasmic 
and myofibrillar proteins. 
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Introduction1 

Fish meat is delicious and suitable for 

most people. Compared with other meat, 

fish have more water and less fat. The 

quantity of essential amino acids in this 
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type of meat is equivalent to other types. 

With a digestion and protein intake of 

higher than 90%, fish meat is more easily 

digested compared to other meat. Fish and 

other marine organisms are abundant in 

minerals such as phosphorus, calcium, 

iodine, fluorine, and other micronutrients 

(Tavakoli et al., 2005). 
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Fish is a good Source for bioactive 

peptides and hydrolyzed proteins 

production, and hydrolysis of fish meat is 

a good economic strategy to achieve high 

biological value food from the Qualities 

aspects (Safdari et al., 2014). 

Furthermore, fish meat helps iron 

intake, prevents nutritional anemia, and 

plays a role in the treatment of many 

diseases such as rheumatism, pneumonia, 

migraine headaches, kidney disease, 

asthma, inflammation, autoimmune 

diseases, and certain cancers. The fatty 

acids that are unsaturated in fish are 

conducive to the development of the 

nervous system, the brain formation of the 

fetus and babies, and the treatment of 

depression (Tavakoli et al., 2005). Fish 

hydrolyzed proteins are widely used and 

considered as suitable materials for cancer 

treatment owing to their bioactive 

peptides, chondroitin sulfate, and 

antioxidant properties. Moreover, due to 

the shortening of peptide chains, they have 

high digestibility and could, therefore, be 

applied as a protein supplement in 

humans, livestock, and aquatic animals 

(Alsmeyer et al., 1974). The effective role 

of hydrolyzed proteins has been further 

proven as a good source of nitrogen in 

bacterial culture media (Ovissipour and 

Ghomi, 2008). Treatment with foreign 

proteases can be regarded as an 

appropriate method for tenderizing the 

meat. Proteases such as bromelain, papain, 

and ficin derived from plants, are 

commonly applied to tenderize meat 

(Koak et al., 2011; Ha et al., 2012). 

Extracted from kiwi fruit, actinidine is a 

protein with a molecular weight of 30,000 

daltons; it belongs to a family of 

sulfhydryl proteases such as papain and 

similar to papain, it is a meat-tenderizer 

enzyme that is more effective (EL-

GHARBAWI et al., 2006 and Gilman et 

al., 1946). When applied for meat 

tenderization, this enzyme prevents the 

formation of soft and sticky tissues on the 

meat surface, found in meat tenderized by 

other tenderizer enzymes such as papain 

(Lewis et al., 1988; Kowlessur et al., 

1989). Actinidine is also applied as a 

digestive. In compounds that are 

commonly consumed to help digestion, 

particularly in people with digestive 

disorders such as inflammatory bowel 

disease, actinidine is utilized as a kind of 

protease.  When used with papain as a 

protease, this protein is also able to remain 

active in the range of 2-45˚C, which is 

significantly less than the appropriate 

temperature for papain activity (70-60˚C) 

(Lewis et al., 1988; CARNE et al., 1978). 

Since 1991, researchers have examined the 

effects of a wide range of plant enzymes 

on different types of meat using the 

immersion method. They found that fruits 

such as kiwi, ginger, pineapple, figs, and 

papain increase the tenderness of the beef 

and improve the flavor of the product 

(Garg et al., 2006; Han et al., 2009; 

Naveenaa et al., 2004; Toohey et al., 

2011; Wada  et al., 2002).The plant 

proteases found in such fruits can enhance 

the tenderness of meat tissues  through 

influencing myofibrillar proteins and 

connective tissues and decomposing 

actomyosin, elastin, and collagen (owing  

to collagenase and elastase) (Lawrie et al., 

2006).  The enzymatic hydrolysis of 

various parts of fish has been widely 

studied using commercial enzymes. Many 

of these studies have examined the effects 

of various enzymes, including papain 

enzymes with plant origin (HOYLE and 

Merritt, 1994), trypsin and chymotrypsin 

enzymes with animal origin (Shahidi et al., 

1995), and Alcalase, protamex, 

flavourzyme, Neutrase, and Promod with 

microbial origin (Aspmo et al., 2005). 

Given the importance of actinidine in this 

study, we studied the influence of kiwi 
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protein on the physicochemical properties 

and electrophoretic pattern of Trout meat. 

 

Materials and Methods 

- Extraction of kiwi protein 

Extraction was performed according to 

Paul et al. (1995) with some minor 

modifications. Employing a mortar, 10 g 

of peeled kiwi fruit was homogenized in 

liquid nitrogen. Next, to bring the final 

volume to 12 mL, an extraction buffer 

containing 150 μL of 100 mM phosphate 

buffer (pH = 6) from L (+) 10 mM 

ascorbic acid and 5 mM EDTA was added 

to the solution; afterwards, it was 

centrifuged at 4000 rpm for 10 minutes at 

4°C. The supernatant was stored at -20 °C. 
Inorder to minimize proteinase activity, all 

processes related to extraction were 

carried out on ice (Afshar-Mohammadian 

et al., 2011). The concentration of kiwi 

protein was measured by the Bradford 

method. 

 

- Determination of proteolytic activity 

The solutions and buffers used to 

determine the protease activity included 

0.05 molar phosphate buffer (pH = 7.2), 

phosphate-cysteine-EDTA buffer solution 

with pH = 6 (7.1 g sodium phosphate 

dibasic anhydrous, 14 g sodium EDTA 

dihydrate, 1.6 g of cysteine hydrochloride 

monohydrate to prepare 1 liter of buffer), 

Trichloroacetic acid solution 30%, casein 

substrate solution (1% solution of casein in 

0.05 M phosphate buffer), and papain 

stock (100 mg papain USP with 3 U/mg 

activity in 100 ml of phosphate-cysteine-

EDTA buffer solution). Dilutions of 2, 4, 

6, 8, 10, 12, 14, 16, 18, and 20 mg/100 ml 

of phosphate-cysteine-EDTA buffer 

solution were made from papain stock 

(Englund, et al., 1968). 5 ml of a 1% 

casein solution was poured into every test 

tube (10 tubes related to blank and 10 

tubes belonging to standards). The 

specimens were placed in a warm water 

bath at 40°C for 15 minutes; following the 

equilibration of the temperature, 2 ml of 

papain dilutions was added to standard 

tubes. First, 3 ml of trichloroacetic acid 

and then 2 ml of papain dilutions were 

added to the 10 control tubes (blank) 

which were incubated at 40°C for 60 

minutes in a water bath. During this time, 

the tubes were shaken several times in the 

bathroom. The contents of the standard 

tubes became milkier and more opaque, 

indicating the enzymatic hydrolysis of 
casein by the papain enzyme. After 60 

minutes, the reaction in standard tubes was 

stopped with the addition of 3 ml of the 

chloroacetic acids solution. The tubes were 

placed in a 40°C bath for another 30 

minutes to ensure the coagulation of all the 

proteins. Protein clots were filtered 

through Whatman filter paper no. 42. The 

adsorption of standard tube solutions vs. 

the corresponding blank was read at 280 

nm; the possible relationship existing 

between the absorption rate at 280 nm and 

the concentration and activity of the 

papain was further specified (Englund et 

al., 1968). The kiwi activity (0.9 u/mg) 

was determined using the standard chart of 

the papain activity.  

 

- Preparation and Marinating 

Following slaughter, the fish was stored 

at 4°C for 24 hours. After separating the 

skin, meat was cut into cubes of 2 cm 

using a knife. Next, each piece of meat 

was packaged in a polyethylene bag (8×12 

cm2).  In order to calculate the best 

enzyme / fish meat ratio several 

pretreatments were done and the best ratio 

for this matter was 20 ml kiwi protein of 

Hayward cultivar with the activity of 0.9 

u/mg (for each 8gr fish meat) was added to 

each piece; they were kept in a refrigerator 

at 4±1°C. After 2, 4, 6, 8, 24, 48, 72, and 

96 hours, hydrolysis was stopped at 60°C 
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for 10 minutes. All experiments were done 

in 4 replications. 
 

- Physicochemical properties 

- pH 

The pH of the samples was measured 

directly using a pH meter (Testo230 

tissue). 

 

- Extraction of total protein  

Total protein (sarcoplasmic + 

myofibrillar) extraction was carried out 

based on Joo et al. (1999). Accordingly, 

40 ml of 0.1 M phosphate buffer (pH = 

7.2) containing 1/1 M potassium iodide 

was added to 2 grams of minced meat; the 

sample was homogeneous and then 

centrifuged at 4°C for 20 minutes at 1500 

g. The supernatant (total protein) was 

transferred to new micro-tubes and stored 

at -20°C. Protein concentrations were 

measured using a Biuret method (Joo et 

al., 1999). 

 

- Extraction of sarcoplasmic proteins 

The sarcoplasmic proteins were 

extracted according to Toledra et al. 

(1992).  Primarily, 20 g of minced meat 

samples were mixed with 200 ml 

phosphate buffer 0.02 M (ph=7.4) in a 

1:10 ratio and then homogenized. This 

mixture was centrifuged for 20 minutes at 

4°C at 15770 g. The supernatant 

(sarcoplasmic section) was sterilized 

through filtering with 0.22 μm filter and 

kept at -20°C until use. Protein 

concentrations of supernatant were 

measured using a Biuret method (Molina 

et al., 1992). 

 

- Extraction of myofibrillar protein 

The extraction of myofibrirole protein 

was carried out according to Kelies et al. 

(1995). Using a homogenizer, 25 grams of 

minced meat was homogenized with 25 

mL buffer solution (3°C, pH = 7.6) 

containing 0.25 M sucrose, 0.05 M Tris, 

and 1 mM EDTA at 16000 rpm for 30 

seconds. The homogeneous mixture was 

centrifuged with 1000 g for 10 minutes. 

Following separation, the solid section was 

again mixed with 25 ml of buffer solution 

(3°C, pH = 7.6) containing 0.05 molar tris 

and 1 molar EDTA; after vortexing, it was 

centrifuged with 1000 g for 10 minutes, 

and the used supernatant was discarded. 
For the third-order, extraction was 

performed with 25 mL of 0.15 molar KCl 

(cold) solution. The resulting deposition, 

which was actually the isolated 

myofibrillar proteins, was stored in 10 ml 

of MFI buffer (100 mM potassium 

chloride, 20 mM potassium phosphate 

(pH=7), 1 mM EDTA, and 1 mM 

magnesium chloride, 1 mM sodium azide) 

(Claeys et al., 1995). The concentration of 

the proteins was measured using the Biuret 

method. 

 

- Determination of the hydrolysis degree 

The hydrolysis degree was specified via 

the method developed by Nissen et al. 

(1986). The orthophetaldialdehyde 

indicator had to be daily provided. 7.620 g 

di-sodium tetraborate with 10 molecules of 

water and 200 ml sodium dodecyl sulfate 

(SDS) was allowed to be dissolved in 150 

ml of water. The dissolution of 160 mg 

orthophetaldialdehyde (97%) was 

performed in 4 ml of ethanol and added to 

the previous solution; afterwards, 400 μl 

of beta-mercaptoethanol was also added 

and made to volume 200 ml using distilled 

water. Following the extraction of 

myofibrillar, sarcoplasmic, and total 

proteins from the control sample, the 

proteins were dried by freeze-drying, 0.1 g 

of proteins was dissolved in distilled 

water, and the concentration of proteins 

was measured using Biuret method. The 

solution was pasteurized at 85°C for 3 

minutes and then cooled down to 
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hydrolysis temperature (50°C); prior to 

adding the enzyme, the solution pH was 

adjusted to 8 via sodium hydroxide 4 N 

and 2% concentration of meat proteins and 

kiwi protein were added to the solution. 
By heating at 60°C for 10 minutes, the 

reaction was stopped after 2, 4, 6, 8, 24, 

48, 72, and 96 hours; 400 μl of protein 

hydrolyzed samples was mixed with 3 ml 

OPA reagent for 5 seconds, and after 2 

minutes of storage at room temperature, 

the absorbance was read at 340 

nm(standard used was serine). The 

hydrolysis degree (DH) was calculated by 

the following equations: 
 

Degree of Hydrolysis= h/htot ×100% 

Equation 1 
 

where h is the number of hydrolyzed 

peptide bonds and htot is the total number 

of peptide bonds present (htot value is 8.8 

meqv/g of protein). 
 

h= serin-NH2–β /α                     Equation 2 
 

where serine-NH2 is meqv serine-

NH2/g protein and α and β values are 1.00 

and 0.40, respectively. 
 

- Determination of the average peptide 

chain length 

The average peptide chain length (PCL) 

of the hydrolyzed protein samples was 

calculated according to the following 

equation (Marambe et al., 2008): 
 

Average peptide chain length= 100/DH 

Equation 3 (Chaviraet al., 1984) 
 

where DH is the hydrolysis degree. 

 

- Electrophoresis 

Electrophoresis for proteins was 

performed by Laemmli method. The 

sample was mixed based on a 1:1 (v/v) 

ratio with a sample buffer (Tris-HCl 0.5 M 

with pH = 6.8, 4% SDS, 20% glycerol, 

and 10% beta-mercaptoethanol). 20 μl of 

the sample was electrophoresed in a 

polyacrylamide gel (5% stacking gel and 

12% separator gel) with 30 mAh current. 
Following electrophoresis, the staining of 

the gel was performed by use of a staining 

solution (0.1% (w/v) Coomassie R-250, 

45% methanol, and 10% acetic acid). The 

destaining solution contained water, acetic 

acid, and methanol in a ratio of 8:1:1 

(v/v/v). Protein markers were utilized as 

an indicator with molecular weights of 10 

to 250 amu (Sinaclon Co.). 

 

- Enzymatic hydrolysis kinetics 

The speed of an enzymatic reaction can 

be determined by two methods: one is to 

measure the concentration of the substrate 

(S) in the environment, and another is to 

measure the amount of the product (p), the 

latter giving more accurate results. In 

systems composed of an enzyme and a 

substrate, the change occurring in the 

substrate over time is initially linear; 

however, later, with the reduction in the 

concentration of the substrate in the 

environment, the amount or rate of the 

substrate change decreases (Fatemi, 2016). 
An important criterion for measuring the 

ability of an enzyme is to determine its 

kinetic properties. Kinetics is a systematic 

approach to analyzing and quantitatively 

measuring the effect of factors such as 

enzyme concentration, substrate 

concentration, environmental conditions 

such as temperature, and pH on enzyme 

activity. The use of Michaelis–Menten 

equation is the most facile way to achieve 

kinetic enzyme. The relationship between 

the rate of product formation (catalyze 

rate) and the enzyme concentration and the 

substrate was determined (Mortazavi et 

al., 2007). To evaluate the impact of 

diverse concentrations of substrate and 

enzyme on enzymatic reaction, different 
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concentrations of substrate (18-45 mg/ml) 

with a fixed concentration of enzyme (0.7 

g) and different concentrations of the 

enzyme (0.8-1.4 mg/ml) with a fixed 

concentration of substrate were prepared. 

Based on the method of Nielsen et al. 

(1986), over-time changes in the 

hydrolysis degree were measured using 

orthophetaldialdehyde indicator. All 

experiments were conducted under the 

same conditions at 50°C and six 

replications. 

 

- Statistical Analysis 

All experiments were performed with 

four replications. The data were analyzed 

in a completely randomized design at 95% 

confidence level using SPSS version 22 

software. The mean of data was compared 

by the Duncan method at 95% confidence 

level. All charts were drawn by Excel. 

 

Results and Discussion 

- pH changes 

According to Table 1, the pH of the 

control sample was higher than other 

treatments due to the high initial pH of the 

meat. The pH of the treatments 

significantly decreased in comparison to 

the control sample because of the lower 

initial pH value of the kiwi fruit protein. 

Muscle hydrolysis can result in the release 

of amino acids and reduce pH. According 

to Rawdkuen and Katnawa (2011), the use 

of bromelain extract reduced pH in 

treatment samples compared with the 

controls (Ketnawa et al., 2011). The pH 

value is very important in meat products as 

it significantly influences such qualitative 

and physicochemical properties as water 

holding capacity, tenderness, and juiciness 

(Goli et al., 2007). PH changes due to 

post-mortem metabolism and the use of 

substances added to meat during the 

process are technological (Gault, 1985). 

 

- Protein solubility 

Over time, the concentration of meat 

proteins increases. The increase in the 

enzyme activity or the contact time with 

the substrate leads to further hydrolysis 

and increased solubility. Generally, the 

increase in the activity of proteolytic 

enzymes augments the efficiency of the 

production of soluble nitrogen (soluble 

protein). If the substrate concentration is 

beyond a certain limit (> 8%), the 

hydrolysis rate is reduced (Kristinsson et 

al., 2000). The difference lying in protein 

solubility can be due to the difference in 

meat composition (Rawdkuen et al., 

2013). Increased protein solubility by 

enzyme was reported by Buckley et al. 

(1974) and Kim et al. (1981). The 

increased solubility in treatment samples 

could be owing to the increased 

permeability of myofibrils, which can be 

easily decomposed (Figure1). 

 

- Determination of the hydrolysis degree 

Hydrolysis degree, which shows the 

breakdown of the peptide bands, is an 

important parameter considered in the 

evaluation of the properties of hydrolyzed 

proteins. It is highly important to control 

the amount of this degree because many of 

the hydrolyzed protein properties, 

including the amount of free amino acids, 

solubility, and molecular weight of the 

produced protein depend on the severity 

and degree of hydrolysis (Šližytė et al., 

2005). As shown in Table 2 and, with the 

increase in time, the degree of hydrolysis 

increased. On the other hand, the severe 

hydrolysis of the enzyme, which reduces 

the allergenic properties of proteins and 

makes them suitable for feeding children 

with allergies, can be estimated by 

examining the hydrolysis degree 

(Mahmoud, 1994). Klompong et al. (2007) 

investigated the functional properties and 

antioxidant activity of the hydrolyzed 
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protein Acanthopagrus latus. They 

observed more hydrolysis in the 

hydrolyzed proteins containing more 

enzymes. Batista et al. (2010) investigated 

the properties of hydrolyzed protein and 

the antioxidant properties of scabbardfish 

(Aphanopus) carbo. They reported that by 

increasing the amount of the protamex 

enzyme up to 2%, the hydrolysis degree 

was significantly enhanced. The results 

showed that peptide bands were more 

likely to break down in the presence of 

enzymes and nitrogen recovery increased. 

Taheri et al. (2011) reported  a positive 

correlation between the degree of 

hydrolysis and nitrogen recovery, where  

the increase in the degree of hydrolysis 

augmented the recovered nitrogen. A 

similar result was obtained by Souissi et 

al. regarding the intestines of sardines 

(Souissi et al., 2007). Bagheri Kakash et 

al. (2019) showed that an increase in the 

hydrolysis time, increased the degree of 

hydrolyzing chicken meat using the 

enzyme kiwi fruit actinidin(Bagheri 

Kakash et al., 2019).  . In line with the 

present study, many researchers, such as 

Ovissipour et al. (2010), Cao et al. (2008), 

and Kristinsson et al. (2000) also found 

that increased hydrolysis time increased 

the hydrolysis degree. Another property of 

the hydrolyzed proteins is the length of the 

hydrolysis peptides. The degree of 

hydrolysis has an inverse relationship with 

the peptide chain length, meaning that by 

increasing the degree of hydrolysis, the 

chain length of the average peptide is 

reduced. 

 
Table 1. Comparison of the mean effects of kiwi protein at different times on the pH of meat fish samples 

 p < 0.05 

96 hr 72 hr 48 hr 24 hr 8 hr 6 hr 4 hr 2hr control Treatment 

4.79 4.83 4.88 4.91 5.11 5.32 5.32 5.55 6.19 pH 

 
 

 
Fig. 1. The Effect of kiwi on changes in the concentration of fish protein. 

 

y = 4.5479x + 44.261
R² = 0.8998

y = 9.1126x + 52.258
R² = 0.9143

y = 19..243x + 32.898
R² = 0.7866

0

50

100

150

200

250

300

control 2hr 4hr 6hr 8hr 24hr 48hr 72hr 96hr

p
ro

te
in

 c
o
n

ce
n

tr
at

io
n

 (
μ

g
/m

l)

Treatment(hr)

Myofibrillar Protein Sarcoplasmic Protein Total Protein



S. Bagherikakash et al. 

 

 64 

Table 2. Results of the degree of hydrolysis and average peptide chain length of fish proteins 
 

Protein type Time DH PCL 

Total proteins 

2 hrs 0.24±0.006 413.24±4.13 

4 hrs 0.62±0.02 159.72±1.59 

6 hrs 0.71±0.009 140.82±1.4 

8 hrs 0.91±0.06 109.38±1.09 

24 hrs 1.06±0.009 93.60±0.93 

48 hrs 2.52±0.01 39.61±0.39 

72 hrs 2.89±0.02 34.56±0.34 

96 hrs 3.12±0.01 32.03±0.32 

Myofibrillar proteins 

2 hrs 1.39±0.02 71.82±0.63 

4 hrs 1.43±0.04 69.71±0.61 

6 hrs 1.97±0.01 50.59±0.46 

8 hrs 2.27±0.01 43.93±0.40 

24 hrs 2.82±0.01 35.44±0.33 

48 hrs 4.98±0.09 20.04±0.19 

72 hrs 5.19±0.10 19.24±0.18 

96 hrs 6.24±0.085 16.00±0.15 

Sarcoplasmic proteins 

2 hrs 1.44±0.01 69.10±0.69 

4 hrs 2.49±0.007 40.07±0.40 

6 hrs 2.51±0.03 39.81±0.39 

8 hrs 2.79±0.01 35.72±0.35 

24 hrs 3.08±0.01 32.37±0.32 

48 hrs 3.74±0.02 26.72±0.26 

72 hrs 5.04±0.11 19.82±0.20 

96 hrs 5.24±0.12 19.05±0.19 
 

All values are the mean ± standard error; DH = Degree of hydrolysis; PCL = Average peptide chain length 

 

- Effect of different concentrations of 

substrate and enzyme on enzymatic 

reaction 

As shown in Figure 2, by increasing the 

substrate concentration from 18 to 45 

mg/ml, the hydrolysis degree decreased. 

Therefore, the substrate not only increased 

the reaction rate at low concentrations, but 

also inhibited enzyme activity at higher 

concentrations. In the process of 

enzymatic hydrolysis, selecting an optimal 

substrate concentration, maintaining a high 

reaction rate, and maintaining the activity 

of the enzyme can improve the enzyme 

efficiency and reduce the production cost. 

 

- Effect of different enzyme 

concentrations on the enzyme reaction 

As shown in Figure3, the hydrolysis 

degree dramatically increased by 

increasing the enzyme concentration from 

0.8 to 1.4 mg/ml. 

In practical applications, selection of a 

low enzyme concentration in accordance 

with the conditions and controlling the 

degree of hydrolysis can also provide the 

catalyst cost (Qian et al., 2011). Similar 

results were obtained for sardines (Quaglia 

and Orban, 1987), shark (Kristinsson 

1998), crab (Baek and Cadwallader, 1995), 

Menhaden (Hevia et al., 1976), calf bone 

(LINDER et al., 1995), whey protein 

(Mutilangi et al., 1995), casein 

(MOHAMED et al., 1992) and Chicken 

(Bagheri Kakash et al., 2019). As shown 

in Figures 3 and 4, the hydrolysis degree 

increased over time and then reached a 

constant value, having direct and inverse 

relationships with the enzyme 

concentration and the substrate 

concentration, respectively. The reaction 

speed decreases over time, especially in 

the middle and final stages of the reaction. 

This phenomenon could be owing to three 

reasons: 1) reduction in the concentration 
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of peptide bonds for hydrolysis, 2) 

inhibition of enzyme or product, 3) 

deactivation of the enzyme (Gonzàlez 

Tello et al., 1994). 

 

 

 

 
Fig. 2. Effect of different substrate concentrations on the degree of hydrolysis during the time, (a) total protein; 

(b) myofibrillar protein; (c) sarcoplasmic protein. 
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Fig. 3. Effect of different enzyme concentrations on the degree of hydrolysis during time a) total protein b) 

myofibrillar protein c) sarcoplasmic protein. 
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In order to determine the coefficients of 

the DH equation, DH changes were 

measured over time and the coefficients a 

and b parameters were determined using 

equation (4). Afterwards, by drawing a and 

b versus the enzyme to the substrate ratio, 
their equations were obtained and shown 

in Table 4. The results of Table 3 showed 

that the parameter b had a minor change, 

and the mean value of b for total fish meat 

was 0.073, the myofibrillar protein of fish 

with actinidine was 0.053, and for fish, 

sarcoplasmic protein with actinidin was 

0.0716. The parameter decreased with the 

increase in the concentration of the 

substrate and augmented with the increase 

in the enzyme concentration; therefore, the 

relationship between a and E0/S0 is linear 

(Figure4) and their equations are: 

 

𝐷𝐻 =
1

𝑏
𝑙𝑛(1 + 𝑎𝑏𝑡)               Equation (4) 

 

where a and b are constants and t is the 

hydrolysis time. In the model, the 

parameter a is expressed as ke0 /s0, where 

k is the reaction rate constant, e0 is the 

initial enzyme concentration and s0 is the 

initial substrate concentration. The 

parameter b is expressed as kd /k, where kd 

is the enzyme inactivation constant. 

The following equations were used to 

determine the parameters of the Michaelis  
 

– Menten equation: 
 

𝑉 =
𝑉𝑚[𝑆]

𝐾+[𝑆]
                                 Equation (5) 

 

Where v is the initial reaction rate, [s] is 

the concentration of the substrate, vmax is 

the maximum rate, and KM is the 

Michaelis constant expressed in terms of 

concentration units (M/L). In other words, 

KM =
1

2
(𝑣𝑚𝑎𝑥) is the substrate specific 

concentration at which half the maximum 

rate has been taken. The results of 

calculating Km, Vmax, and KS values are 

reported in Table 4. As shown, Vmax had 

the highest and lowest values for total 

protein and sarcoplasmic protein, 

respectively. KM shows the inclination of 

the enzyme for its substrate. By reducing 

the KM value, the inclination increased. 

According to Table 4, Vmax in total 

protein was higher than myofibrillar and 

sarcoplasmic protein, indicating the higher 

activity of the enzyme in total protein. The 

Km value was lower in the myofibrillar 

protein, indicating that the actinidine 

enzyme in the total protein had more 

affinity with the substrate and reached its 

maximum activity (Vmax) faster. A 

similar result was also obtained by Bagheri 

Kakash et al. (2019) about the effect of 

kiwi fruit actinidin on various proteins of 

chicken meat. 

Table 3. DH equation constant for fish meat 
 

E0 S0 E0/S0 
T  M  S 

a b  a b  a b 

0.7 18 0.039 0.568 0.058  0.395 0.048  0.395 0.065 

0.7 27 0.026 0.406 0.057  0.292 0.042  0.222 0.048 
0.7 36 0.019 0.349 0.054  0.213 0.037  0.201 0.048 
0.7 45 0.016 0.303 0.072  0.192 0.058  0.168 0.062 
0.8 36 0.022 0.265 0.089  0.167 0.069  0.129 0.081 
1 36 0.027 0.308 0.086  0.247 0.062  0.229 0.081 

1.2 36 0.033 0.383 0.083  0.379 0.053  0.417 0.091 
1.4 36 0.038 0.543 0.084  0.523 0.052  0.543 0.097 

 

E0: Enzyme concentration, S0: substrate concentration, E0/S0: Enzyme to Substrate ratio, a,b: parameter, T: total 

protein  M: myofibrillar protein S: sarcoplasmic protein 
Total protein :                       a= 10.761[E0]/[S0]+0.0921 

Myofibrillar protein :          a= 12.763[E0]/[S0]-0.0531 
Sarcoplasmic protein:          a= 14.942[E0]/[S0]-0.126   
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Fig. 4. Changes in a parameter against different E0/S0 a) total protein b) myofibrillar protein c) sarcoplasmic 

protein. 
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- The effect of the enzyme on the 

electrophoretic pattern of meat proteins 

Figures 5, 6, and 7 show the 

electrophoretic pattern of proteins by SDS-

PAGE for fish meats treated with 

actinidine enzyme at different times.  The 

exact same protein patterns were observed 

for total, myofibrillar, and sarcoplasmic 

proteins in the control fish meat. Total 

protein bands are: Titin and Nebulin (600-

3200 KDa), Filamin (280 kDa), Myosin 

heavy chain (223 kDa), myokinase (221 

kDa), C protein (128 kDa), α-Actinin (103 

kDa), Glycogen phosphorylase (97 kDa), 

pyruvate kinase (60 kDa), Phosphoglucose 

isomerase  (51 kDa), desmine (53 kDa), 

creatine kinase (41 kDa), actin (42 kDa), 

aldolase (39 kDa), Glyceraldehyde 

Phosphate Dehydrogenase (36 kDa), 

lactate dehydrogenase (34 kDa) α- and β- 

tropomyosin (33 kDa), troponin T (30.5 

kDa), phosphoglycerate mutase or kinase 

(30 kDa), thiosulfate isomerase (26 kDa), 

Myosin light chain (25 kDa), Troponin I 

(22 kDa), Troponin c (17.8 kDa), and 

Myoglobin (17 kDa). Proteolysis of 

muscle proteins in all treated enzymes 

increased over time with the reduction in 

the number and intensity of the protein 

band in the treated samples. As observed 

in the electrophoretic pattern of total fish 

proteins, all protein bands in the fish were 

completely eliminated from the first day, 

which is the result of the impact of 

Actinidine on the myofibrillar and 

sarcoplasmic proteins, causing meat 

tenderness. 

 
Table 4. Enzyme kinetics parameters 

 

  T  M  S 

       

𝑽 =
𝑽𝒎[𝑺]

𝑲 + [𝑺]
 

Vm 0.095  0.082  0.079 

K 33.25  28.7  36.33 

R2 0.98  0.98  0.98 
 

Vm: maximum reaction velocity, K: Michaelis constant, T: total protein M: myofibrillar protein S: sarcoplasmic 

protein 

 

a                                                                                      b 

 
Fig. 5. Meat protein of the kiwifruit analysed with 1D-SDS–PAGE. (a) Fish total protein control (b) Fish total 

protein hydrolys during time. 
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Myofibrillar protein bands include: 

myosin heavy chain (223 kDa), C protein 

(128 kDa), α- actinin (103 kDa), actin (42 

kDa), α- and β- Tropomyosin (33 kDa), 

troponin T (30.5 kDa), myosin light chain 

(25 kDa), troponin I (22 kDa), troponin c 

(17.8 kDa), Titin and Nebulin (600-3200 

kDa), Filamin (280 kDa), and desmine (53 

kDa) [11,24].Actinidine heydrolized a 

wide range of myofibrillar proteins, 

including actomyosin (actin and myosin) 

(42 and 223 kDa), Nebulin and Titin (650-

3200 kDa), Filamin (280 kDa), actinin 

(100 kDa), and desmine (53 kDa), which  

is similar to the results of Christensen et 

al. (2009), Han et al.(2009), and Kaur et 

al. (2010). 

The main bands of sarcoplasmic protein 

are: myokinase (221 kDa), glycogen 

phosphorylase (97 kDa), double band of 

pyruvate kinase and phosphoglucose 

isomerase (60 kDa), double band of 

creatine kinase (41 kDa) and aldolase (39 

kDa), glyceraldehyde phosphate 

dehydrogenase (36 kDa), lactate 

dehydrogenase (34 kDa), thiosulfate 

isomerase (26 kDa), phosphoglycerate 

mutase or phosphoglycerate kinase (30 

kDa), myoglobin (17 kDa) (Marcos et al., 

2010; Christine et al., 2003). Fig. 7 shows 

the results pertaining to the SDS-PAGE of 

sarcoplasmic proteins of fish meat treated 

with the enzyme at different times of 

enzyme hydrolysis. Many of the protein 

bands disappeared due to the hydrolysis of 

sarcoplasmic proteins. 

Investigating the changes in protein 

units over the hydrolysis period suggested 

that at the beginning of the hydrolysis, the 

increase in the mobility of these units was 

very slight; over time, their variation 

increased because with the progression of 

hydrolysis, the depth regions of the 

protein, which are more diverse in 

producer amino acids subjected to 

hydrolysis and action sites of enzymes, 

increased significantly, thereby increasing 

the intensity and speed of hydrolysis. The 

results of this study showed that 

Actinidine affected myofibrillar and 

sarcoplasmic proteins, causing meat 

tenderness. 

 

 

 
Fig. 6. Meat protein of the kiwifruit analysed with 1D-SDS–PAGE. (a) Fish myofibrillar protein control (b) 

Fish myofibrillar protein hydrolys during time. 
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a                                                                         b 

  
Fig. 7. Meat protein of the kiwifruit analysed with 1D-SDS–PAGE. (a) Fish sarcoplasmic protein control (b) 

Fish sarcoplasmic protein hydrolys during time. 

 

Conclusion 

Given the objective of the present 

study, tenderizing the fish meat, the results 

showed that the increase in hydrolysis time 

increased the degree of hydrolysis but 

reduced the peptide chain length. The 

electrophoretic pattern of fish proteins 

revealed that kiwi fruit tenderized the meat 

by affecting the myofibrillar and 

sarcoplasmic proteins. In conclusion, kiwi 

fruit tenderizes the fish and improves its 

characteristics. 
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