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Article Info ABSTRACT

Article type: Ultrasound and microwave are new technologies that have recently
Full Length Research Paper  heen widely used to perform hydrolysis. The aim of this study is to
investigate the effect of modern ultrasound and microwave technologies on
the properties of hydrolyzed protein of the microalgae Chlorella vulgaris.

Article history:

Received: 11.24.2024 For this purpose, the microalgae Chlorella vulgaris was hydrolyzed with
Revised: 12.09.2024 alcalase enzyme (temperature 50 °C, concentration 100 mg enzyme, pH=8,
Accepted: 12.15.2024 for four hours) under ultrasound waves (70 W for 10 minutes) and

microwave (90 °C for 10 minutes). The results showed that the protein
content with a value of (59.67 £ 0.12%) in the algae Chlorella vulgaris has

Eﬁm)zgiz’t property, the highest level. Among the chemical compositions of protein hydrolysate,
Chlorella vulgaris the highest protein content was related to protein hydrolyzed with
microalgae, ultrasound with a value of (89.19+0.24%) (P<0.05) and the highest
Microwave, moisture, ash and fat content was related to enzymatic hydrolysis with
Bflft)::;gl:‘ggm'ysate, values of 3.8+0.73, 8.2+0.22 and 14.37+0.07%, respectively (P<0.05).

The degree of hydrolysis increased with the use of microwave and
ultrasound and the highest value was related to ultrasound hydrolysis with
37.98+0.76% (P<0.05). The antioxidant performance was also improved by
using pretreatment, such that the ultrasound hydrolyzed sample showed the
highest value at all concentrations (P<0.05). The highest IC50 values of
DPPH and ABTS radical scavenging power in ultrasound treatment were
0.22 £ 0.01 and 0.32 + 0.02 mg/mL, respectively (P<0.05). In general, the
results showed that the use of modern methods such as microwave and
ultrasound can improve the antioxidant performance of Chlorella vulgaris
algae hydrolysate.
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Figure 1. Hydrolysis degree of hydrolyzed protein from microalgae Chlorella (C. vulgaris).
Mean + standard deviation of three replicates, different letters indicate significant differences
among treatments (P<0.05).
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Table 2. Evaluation of DPPH free radical scavenging power at different concentrations (%) of hydrolyzed
proteins of the microalgae Chlorella (C. vulgaris).

B P PR RN PPN W W Py FIETY VIR PSS PR W AN IERSNPEE Wy cble
(Ao ) [EWEH) (Ao ) (e /0 S o)
Ultrasound Hydrolyzed Protein Microwave Hydrolyzed Protein Hydrolyzed Protein Concentration
(%) (%) (%) (mg/ml)

37.93+0.30" 34.93+0.30%" 15.45+0.06°" 0.1
44.43+0.47 41.20+1.57% 25.5440.05%9 0.2
56.13+0.94"° 53.20+0.40% 41.2140.07%' 0.3
65.46:0.45" 63.30:£0.965¢ 57.66+0.06 0.4
74.2940.74"° 70.7040.45%¢ 66.75+0.03% 05
81.21+0.59"" 78.70+0.785% 72.87+0.06 0.6
93.40+1.56" 91.50+0.30%° 82.40+0.03% 0.7

- 95.30::0.65" 86.95+0.0752 0.8
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Mean + standard deviation of three replicates, different capital letters in row indicate significant differences among
treatments, different small letters in column indicate significant differences among concentrations (P<0.05)
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Table 3. 1Cx, values of hydrolyzed protein from the microalgae Chlorella (C. vulgaris) for inhibiting DPPH radical.

Ll 5 Lol 5 oen 155 23,550 el s . o s,des s Sles
Ultrasound Hydrolyzed Protein Microwave Hydrolyzed Protein Hydrolyzed Protein Treatment
Aoy 00 oS Hlee hale
0.22+0.01° 0.260.02° 0.350.02° Gdhes /08 o)
(mg/ml) |C50

(P<e/v0) dal o cilimes Slajlasd s fne Sl sliasOlis o a5 ogline Gy o ST as jlane Ol ol £ (500
Mean + standard deviation of three replicates, different letters indicate significant differences among treatments (P<0.05)
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Table 4. Evaluation of ABTS free radical scavenging activity at different concentrations (%) of hydrolyzed
protein of microalgae Chlorella (C. vulgaris).

Lol 51 L o s, dos s sl bodd g des 55 0 ol sods s ckle
(1ss3) (1s3) (As52) Gadskee 10 5 o)
Ultrasound Hydrolyzed Protein (%) Microwave H)(/gjor)olyzed Protein Hydroly(zozt)j Protein Co?;(;r}:;alglon
41.48+0.58"" 39.20:0.985" 36.44+0.38°" 0.1
44.56+0.75"9 41.26+1.13% 40.50+1.22% 0.2
49.70+0.64" 46.33+0.75° 43.60+0.75°" 0.3
53.76:+0.20"° 50.36+1.065 49.36+0.20% 0.4
59.96+0.15" 58.56+0.56 52.60+0.34% 0.5
66.23+1.00"° 64.43+1.20% 59.63:+0.58% 0.6
73.16+0.58 69.50+0.88%° 67.30+0.30%° 0.7
81.33+0.75"™ 78.46:0.66™ 73.73+0.68% 0.8
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Mean + standard deviation of three replicates, different capital letters in row indicate significant differences among
treatments, different small letters in column indicate significant differences among concentrations (P<0.05)
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Table 5. 1Cx, values of hydrolyzed protein from the microalgae Chlorella (C. vulgaris) for inhibiting ABTS radical.
Lol D5l Lot s 5 oden 155 235,550 el s ode S 0 o s ,ds s Sles
Ultrasound Hydrolyzed Protein Microwave Hydrolyzed Protein Hydrolyzed Protein Treatment
Lo s 00 oS Hlee il
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Mean + standard deviation of three replicates, different letters indicate significant differences among treatments (P<0.05)
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Table 6. Evaluation of the iron (111) ion reducing power (FRAP) at different concentrations (based on the
absorption rate) of hydrolyzed protein of the microalgae Chlorella (C. vulgaris).

Ll 5l oS5 558 55 sss Sl beddyd st (055, ol g oder (155 5 (H"Jﬁﬁ/r;w_) ke
Ultrasound Hydrolyzed Protein  Microwave Hydrolyzed Protein ~ Hydrolyzed Protein Co?r(;](;r}tnrqzi';lon
0.152+0.014f 0.143+0.00° 0.113+0.01%¢ 0.1
0.166+0.01°f 0.146:£0.00"5 0.126+0.018 0.2
0.226+0.02"¢ 0.190+0.015¢ 0.146+0.00F 0.3
0.266+0.01"¢ 0.213+0.005¢ 0.176+0.02°® 0.4
0.446+0.03¢ 0.363+0.02%¢ 0.330:0.02%¢ 0.5
0.786+0.03"° 0.736+0.025¢ 0.70040.015¢ 0.6
0.94340.02"° 0.903+0.01%° 0.862+0.02%° 0.7
1.053+0.04%% 1.006:£0.04% 0.890+0.0152 0.8
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Mean + standard deviation of three replicates, different capital letters in row indicate significant differences among
treatments, different small letters in column indicate significant differences among concentrations (P<0.05)
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