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Figure 1- Standard curve of protein assay using bovine serum albumin (BSA)
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Table 1- Soluble protein concentration of the protein hydrolysate obtained from Beluga head

Pretreatment Protein concentration (mg/ml)
HTH 40.48 +1.27¢
USHS5 43.32 £1.25°¢
USHI10 49.37 £ 0.21*
MWHS5 42.25 £ 1.08
MWH10 47.37 £1.03°

Data are expressed as mean =+ standard deviation (n=3). Means followed by different letters are significantly
different (p<0.05).

HTH: Control Treatment, USH5: 5 min Ultrasound Treatment, USH10: 10 min Ultrasound Treatment, MWHS5:
5 min Microwave treatment & MWH10: 10 min Microwave treatment
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Table 2- Degree of hydrolysis (DH) of Beluga head protein hydrolysate

Pretreatment DH%
HTH 34.48 +0.25¢
USHS5 38.55 + (.384
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USHI10
MWHS5
MWHI10

43.51 +0.20°
41.78 £ 0.13¢
50.42 + 0.18¢

Data are expressed as mean + standard deviation (n=3). Means followed by different letters are significantly
different (p<0.05).

HTH: Control Treatment, USHS5: 5 min Ultrasound Treatment, USH10: 10 min Ultrasound Treatment, MWHS5:
5 min Microwave treatment & MWH10: 10 min Microwave treatment.
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Table 3- DPPH free radical scavenging activity (%) of Beluga head protein hydrolysate

Concentration (mg/ml) 0.5 2.5 5
HTH 11.29+0.31¢ 14.34 + 0.6¢ 33.26+0.35¢ 68.49 £0.57¢
USHS 1548 £0.51° 19.32 £ 0.30° 45.57 £ 0.45° 78.15+£0.67°
USHI10 14.37 +0.44° 16.53 +0.44° 39.64 + 1.14% 74.7 £0.46°
MWHS5 12.89 + 0.35¢ 15.4+0.34¢ 34.53 £ 0.54¢ 70.24 £0.75°
MWHI10 12.42 £ 0.57°¢ 14.76 £ 0.25% 33.75+£0.54° 70.58 £ 0.6¢

Data are expressed as mean =+ standard deviation (n=3). Means followed by different letters are significantly
different (p<0.05).

HTH: Control Treatment, USHS5: 5 min Ultrasound Treatment, USH10: 10 min Ultrasound Treatment, MWHS5:
5 min Microwave treatment & MWH10: 10 min Microwave treatment.

Table 4- The ability of Beluga head protein hydrolysate to inhibit 50% of DPPH free radical (ICso)

Treatment ICs
HTH 3.64 +0.02*
USHS5 2.97 +£0.01¢
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USHI10

MWHS5
MWHI10

3.64 £ 0.02*

3.53 £0.04°
3.54 +£0.03"

Data are expressed as mean = standard deviation (n=3). Means followed by different letters are significantly
different (p<0.05).

HTH: Control Treatment, USH5: 5 min Ultrasound Treatment, USH10: 10 min Ultrasound Treatment, MWHS5:
5 min Microwave treatment & MWH10: 10 min Microwave treatment.
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Table 5- Iron ion reducing power of Beluga head protein hydrolysate

C“g;fgr}ﬁ;“’n 0.125 0.25 0.5 1 2.5
HTH 021+£0013° 045+0014° 046+0014° 0630018  147=0.11°
USHS  044+0023 062+0018 078+0016° 095+0.027°  1.86+0.2°
USHIO  037£0.022° 0.55+0018° 0.68+0.01° 088002  1.76=0.19"
MWHS  032£0014° 0420016  0.6+0014°  078+0.017°  1.64+025°
MWHIO  026=0.017° 039+0.018 0520016 072£00160  1.52+0.11¢

Data are expressed as mean =+ standard deviation (n=3). Means followed by different letters are significantly
different (p<0.05).

HTH: Control Treatment, USH5: 5 min Ultrasound Treatment, USH10: 10 min Ultrasound Treatment, MWHS5:
5 min Microwave treatment & MWH10: 10 min Microwave treatment.

slaossn ICso Jluie el ey HTH 5 USHS
23 SHI5L gbados Sl eslizal b 5 edd 5550
03 S 458 Oles 5 L5 5wl il glackle
Sl e gl o il sdalie LB Vs
ICso lais o 5 s (P<t/00) Slils 3425 (b3 sme
Ol Sl AeS 5 Gilike e Sike A8 £/
Slslest 85 0 Gl e 5 p 5 e PO £ /T
Sbs ICs0 o wiomes kel vty USHS 5 HTH
(p>+/40) Sl 34y oo sl MWHIO , HTH

290

ABTS 5131 JIesl, Gl bl g —Y-¥-¥

O.ALAA J.;ﬁ - oL ‘}3})).\.3.& SR alisee L;Lﬁg,.kl&
0oy bodes e LS ) Gl lasles Sl ol
Sy glackle ol js cilie ol 4@@'
‘_S'AL“: DL (p<'/'°) JJJ; GML:J)‘JL;Z&A C)_}LL? W]
Loss pFeS 5 i ekd @Sl slachle
sl s o o ABTS JKsl, Gl LUl



LSALGJ?? o J‘ °"““j"_|):3))"k:" u":;ﬁji J"‘J}-’ Q\)KA.A 9 o PU P ol

Table 6- ABTS free radical scavenging activity (%) of Beluga head protein hydrolysate

Concentration

(mg/ml) 0.25 0.5 1 2.5 5
HTH 8+0.12¢ 10.34 £ 0.26° 11.86£0.15° 23.43+£0.36¢ 52.5+0.61¢
USHS5 9.85+0.76% 12.82 +£0.45? 13.65+0.68* 30.39 + 0.60? 63.;2?

USH10 9.1 £0.45%® 12.15+£0.27® 13.1+£0.932 27.7+0.33% Sg'ngi

abc be ab c 55.29

MWHS5 8.86 +£0.75 11.14 £ 0.57 12.86 £ 0.63 25.87+1.35 0.93¢

be c ab d 5545+

MWHI10 8.44 +£0.26 10.66 £0.18 12.53 £0.25 24.09 £ 0.36 0.45¢

Data are expressed as mean = standard deviation (n=3). Means followed by different letters are significantly
different (p<0.05).

HTH: Control Treatment, USH5: 5 min Ultrasound Treatment, USH10: 10 min Ultrasound Treatment, MWHS5:
5 min Microwave treatment & MWH10: 10 min Microwave treatment.

Table 7- The ability of Beluga head protein hydrolysate to inhibit 50% of ABTS radical (ICso)

Treatment ICso (mg/ml)
HTH 4.94 +0.06*
USHS 3.95+0.03¢
USH10 4.38 + 0.04¢
MWHS5 4.63 +0.1°
MWHI10 4.84 +0.1°

Data are expressed as mean + standard deviation (n=3). Means followed by different letters are significantly
different (p<0.05).

HTH: Control Treatment, USHS5: 5 min Ultrasound Treatment, USH10: 10 min Ultrasound Treatment, MWHS5:
5 min Microwave treatment & MWH10: 10 min Microwave treatment.
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This study aimed to evaluate the effects of ultrasound and microwave
pretreatments on the degree of hydrolysis and antioxidant activity of
hydrolyzed proteins derived from beluga sturgeon (Huso huso) head.
Fish heads were pretreated using ultrasound (frequency 20 kHz,
intensity 75 W) and microwave (frequency 2450 Hz, temperature
90 °C) for 5 and 10 minutes, followed by enzymatic hydrolysis with
alcalase (2% enzyme concentration) at 55 °C and pH 8. The effect of
different pretreatments on the degree of hydrolysis (DH) and
antioxidant activity was subsequently investigated. Results indicated
that both ultrasound and microwave pretreatments significantly
increased DH values (p <0.05). The minimum degree of hydrolysis
was 3448 + 0.25% and the maximum was 5042 + 0.18%,
corresponding to water bath and 10-minute microwave treatments,
respectively. The highest and lowest antioxidant activities (DPPH and
ABTS radical scavenging activity and iron ion reducing power) were
observed in 5-minute ultrasound and water bath treatments,

10.48311/f5¢t.2026.117483.82920  ognectively. The ICso values for DPPH and ABTS radical scavenging

of the 5-minute ultrasound treatment were 2.97 +0.01 mg/mL and
3.95+0.03 mg/mL, which were significantly lower than other
treatments (p<0.05). Also, in all samples, with increasing
concentration, antioxidant activity increased significantly (p < 0.05).
In general, it can be stated that ultrasound and microwave
pretreatments have a favorable effect on the properties of hydrolyzed
protein from beluga head, and different treatments can lead to the
production of products with different characteristics.
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