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Table 1. chemical composition of Undefatted, defatted powder and protein isolate of

Ash (%) Fat (%) Moisture (%) Protein (%)

Undefatted powder 5.4+0.16° 21.25+0.12° 8.03+0.35% 43.75+0.12°
Defatted powder 4.36+0.12° 7.06+0.11° 7.2+0.26" 61.25+0.16"
Protein isolate 1.15+0.11° 4,10+0.23° 5.3+£0.25° 87.5+0.24°

Means with the same letters in each column show no significant difference at the 0.05 level
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Table 2. ANOVA of degree of hydrolysis of protein hydrolysate with pepsin and trypsin

Sum of squares

df

P value Coefficient estinlate

Hydrolysis with pepsin

Hydrotysiswith trypsin

ANOVA of degree of hydrolysis

Model 146.7 5 0.002 15.7
98.60 5 10085 8.09

A-time 4484 1 0.002 2.37
40.37 1 0013 419

B- E/S 435 1 0.00 2.33
1.64 1 0422 1.64
AB 34.57 1 0.004 -2.94
6.92 1 2111 1.32
A? 2.04 1 0.288 -0.60
17.02 1 0743 1.74

B? 23.87 1 0.009 2.0
1.28 1 0535 -1.94

Lac of fit 0.17 3 0.364
16.48 3 0847

*A: hydrolysis time B: enzyme to substrate ratio
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Figure 1- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on degree of hydrolysis of
protein hydrolysate of skipjack viscera (A: hydrolysis with pepsin, B: hydrolysis with trypsin)
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Table 3. ANOVA of DPPH radical scavenging activity of protein hydrolysate with pepsin and trypsin

Sum of squares df P value Coefficient estimate
Hydrolysis with pepsin
Hydrolysis with trypsin
Model 584.29 5 0.0010 4291
837.88 5 0.0095 51.57
A-time | 32.30 1 0.0358 2.01
60.36 1 0.1003 2.75
B- E/S 291 1 0.4314 0.60
75.78 1 0.0738 3.08
AB 1.22 1 0.6032 0.55
4.43 1 0.6089 1.05
A? 323.46 1 0.0003 -7.57
479.44 1 0.0024 -9.21
B? 384.43 1 0.0002 -8.25
422.20 1 0.0031 -8.65
Lac of fit | 19.71 3 0.0711
24.59 3 0.0641

#A: hydrolysis time B: enzyme to substrate ratio
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Figure 2- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on DPPH radical scavenging
activity of protein hydrolysate of skipjack viscera (A: hydrolysis with pepsin, B: hydrolysis with trypsin)
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Table 4. ANOVA of Fe reducing power of protein hydrolysate with pepsin and trypsin

Sum of squares df P value Coefficient
estimate
Hydrolysis with pepsin
Hydrolysis with trypsin
Model | 0.16 0.0160 0.41
0.16 5 0.0467 0.46
A-time |5 0.2944 -0.025
0.050 1 0.0494 -0.079
B-E/S |0.016 0.0906 0.045
6.13 1 0.4091 0.028
AB 8.1 0.8873 -4.5
1.6 1 0.9651 -2
A? 0.085 0.0047 0.12
0.057 1 0.0408 0.10
B? 0.096 0.0037 0.13
0.081 1 0.0220 0.12
Lac of fit | 0.018 0.0891
0.038 3 0.1130

#A: hydrolysis time B: enzyme to substrate ratio
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Figure 3- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on Fe reducing power of protein
hydrolysate of skipjack viscera (A: hydrolysis with pepsin, B: hydrolysis with trypsin)
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Table 5. ANOVA of Fe chelating activity of protein hydrolysate with pepsin and trypsin

Sum of squares df P value Coefficient
estimate
Hydrolysis with pepsin
I Hydrolysis with trypsin
Model | 215.06 5 0.0044 35.71
390.36 5 0.0067 40.38
A-time | 47.64 1 0.0086 -2.44
4.19 1 0.4398 0.72
B-E/S |2.96 1 0.3437 -0.61
201.01 1 0.0021 5.01
AB 27.93 1 0.0238 2.64
0.51 1 0.7814 -0.36
A? 6.78 1 0.1746 -1.10
130.35 1 0.0055 -4.80
B? 102.43 1 0.001 4.26
13.58 1 0.1916 1.55
Lac of fit | 11.98 3 0.1697
29.61 3 0.0980

#A: hydrolysis time B: enzyme to substrate ratio
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Figure 4- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on Fe chelating activity of
protein hydrolysate of skipjack viscera (A: hydrolysis with pepsin, B: hydrolysis with trypsin)
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Table 6. ANOVA of total antioxidant activity of protein hydrolysate with pepsin and trypsin

Sum of squares df P value Coefficient
estimate
Hydrolysis with pepsin
I Hydrolysis with trypsin
Model | 9.28 5 0.0358 0.53
0.016 5 0.0412 0.64
A-time | 1.85 1 0. 2892 -0.015
3.47 1 0.1103 -0.021
B-E/S | 1.08 1 0.0462 0.012
2.10 1 0.1918 0.016
AB 7.29 1 0.4909 0.014
3.25 1 0.1197 0.028
A? 1.4 1 0.3503 -0.016
6.09 1 0.0403 -0.033
B? 5.3 1 0.1006 -0.031
2.94 1 0.1344 -0.023
Lac of fit | 6.56 3 0.9510
29.61 3 0.0678

#A: hydrolysis time B: enzyme to substrate ratio
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Figure 5- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on total antioxidant activity of
protein hydrolysate of skipjack viscera (A: hydrolysis with pepsin, B: hydrolysis with trypsin)
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Table 7. ANOVA of NO radical scavenging activity of protein hydrolysate with pepsin and trypsin

Sum of squares df P value Coefficient
estimate _
Hydrolysis with pepsin
Hydrolysis with trypsin
Model | 2615.75 5 0.0113 53.52
4426.90 5 0.0358 64.86
A-time | 83.55 1 0.2543 3.23
715.40 1 0.0791 9.46
B-E/S | 556.18 1 0.0210 8.34
548.12 1 0.1121 8.28
AB 504.68 1 0.0250 11.23
155.38 1 0.3522 6.23
A? 1317.46 1 0.0037 -15.27
2079.745 1 0.0133 -19.19
B? 507.68 1 0.0247 -9.48
1809.04 1 0.0173 -17.90
Lac of fit | 251.03 3 0.0691
738.13 3 0.0615

#A: hydrolysis time B: enzyme to substrate ratio

Loyl st G0 JIGsls Sles b ol sl
BP ARG ACTCCI eI IPUSH RS E WA
sl Slee b o i Joged 4 g LS
v‘»ﬂ e Sl ol (Asys ¥2/0) S!S
Waoka 0l 5 Aoy VAY Gl chle s ey S
Ity Slee Slled Ll A5 Jole aids Yeo/oYV
Wl ss Bl e S 1) S
et sl Gl a3 5 pdasdes Sl e
Ul Cl sdd jasie oS AL g S sl
S osba Ll dst G s Il Dl 5o (s i
Aaodes GlapSsn St S JSGsl) les b
Ol (St el S 5 o 51 ilin Jalge w0
FIEAPSEWANTH U ISNPE Supiion p—:}j ¢35 ook 4z
ol slaasl b oaliae [F7] syls S s Ll
Aodea L OTAV) 0La 5 gike cm i sy
Lo L35 Ol SYSIT wpTb (S5 a8 wls (5
St Gl Slee clled i Oley b 531

SRl Ll Sl i eas slasae 05 A

YYA

Sl B Gl Sulb ol s BA IS 4 a5 L
e ol nipliel dops WVO L oyl sl
Lol L m L_Suc.)u.:r J:JJJJ?A Jﬁw&S‘ &'.’.J:'.‘." JK:!'.)‘)
S ISty Dlee Ul ) el chale x5
35 53 S 3l ClS Jol el 3 sd AlS)
V20 G dasdes Ol Slil (o el ol clale
OFIVY )t S ISl Sles odlad Ol o 2y
g)Ld) 03 O CMJLLB )‘ J.,ab— 6Lﬁso.)\_.2r ):JJJJ.:A (MJJ
ol o3 YYP 5T ke 5 4i35 VAZI0F 35 0
mjj )\ J«ob— 6[.&6.4\.«3 J:.‘j).l.:.ﬁ ))_}A L A
'&;&L.O DL cg:,wu‘ ol eb‘b OL-:»J GB ‘-}ga:/ L 45 )}JG_JLA.A
@ids VPO b s Ol SRl L e T ol gl
Sleds sdosda St S sl Ll b
2B ks Ol ie SRl 5 8k Rl a5
ol ol o3 s (g sl Skl R

Aops WO b il ke (il ey 5 L s




Al Cens s sladay SlSt 1 ol ) s

C)b&.«.ﬁja)ls

Olpes S5 odd asden 85 sl Cools
ol e LU T st s Il Sles ol

[¥#]

No radical scavenging activity (%)

No radical scavenging activity (%)

V] csls el e 36 T clale
a)ls 9 &J)ALA gbu Lam.:.eli U'i‘ L’ L}JLE BEl w.«ewh

S LS SIS 58 S 8y, e L OFY)

0865117 695406

Figure 6- The effect of hydrolysis time, enzyme to substrate ratio and proteases type on NO radical scavenging
activity of protein hydrolysate of skipjack viscera (A: hydrolysis with pepsin, B: hydrolysis with trypsin)
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ABSTRACT

ARTICLE INFO

In fish processing industries, 50-70% of primary fish are produced as waste, while they are
rich sources of protein and essential amino acids. The optimal use of these wastes and the
oroduction of compounds with high added value that have significant health-giving
aroperties is one of the important challenges of fish processing industries. In this research,
the effect of hydrolysis conditions (time: 30-300 minutes and enzyme concentration 0.5-3%)
and type of protease (pepsin and trypsin) on the degree of hydrolysis and antioxidant
aroperties (DPPH radical scavenging activity, Fe chelating activity, No radical scavenging
activity, total antioxidant capacity and Fe reducing power) of hydrolyzed protein obtained
from Skipjack viscera were evaluated using response surface methodology. The results
showed that the optimal conditions for the production of hydrolyzed protein with the
maximum antioxidant properties with pepsin and trypsin enzymes were respectively:
1ydrolysis time of 179.09 and 143.62 minutes and enzyme concentration of 2.63 and 1.94
Y; In this condition, the degree of hydrolysis of the hydrolyzed proteins resulting from the
activity of trypsin was calculated to be higher than that of pepsin. Comparing the
antioxidant properties of the hydrolysates obtained from the two enzymes used showed that
the hydrolyzed protein obtained from trypsin had a stronger antioxidant potential than
aepsin. Therefore, it can be stated that the hydrolyzed protein of the Skipjack viscera using
Irypsin enzyme as a health-giving supplement and with high added value can be used in the
aroduction of functional food products and health supplements for athletes and elderly
deople.

Avrticle History:

Received:2023/4/19
Accepted: 2023/5/28

Keywords:
Antioxidant,
pepsin,

bioactive peptides,
trypsin,

Skipjack

10.22034/FSCT.20.141.200
DOR:20.1001.1.20088787.1402.20.141.13.1

*Corresponding Author E-Mail:
Sadeghiaz@yahoo.com

YYY




