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Table 1- Box-Behnken design of three variable in the extraction of bioactive compounds by assisting ultrasound

Ultrasonic exposure time

Ultrasonic Extraction temperature

Ultrasonic Amplitude

Run (min, X1) (°C, X2) (%, Xs)
1 15 25 60
2 10 25 100
3 15 45 60
4 5 35 20
5 10 25 20
6 10 35 60
7 10 35 60
8 10 45 20
9 10 45 100
10 15 35 100
11 5 35 100
12 5 25 60
13 15 35 20
14 10 35 60
15 5 45 60
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Table 2- Model selection for dependent (response) variable
Extraction TPC DPPHsc FRAP o acids B acids
Yield (%) (mg/100 g) (%) (pmol/l) (mg/l) (mg/l)
Source Sum Sum Sum
of Pb> Sumof Pb> Sumof Pb> Sumof Pb> of Pb> of Pb>
square F squares F squares F squares F squar F squar F
S es es
Mean 3764.8 991600 17621.3 180600 228.4 148.0
5 0 6 0 1 0
Li 16,77 0.21 133200 0.07 1465.85 0.19 173586 0.09 43.45 0.34 11.14 0.19
inear 7 5 3 7
Polynomi  9.03 0.47 70347.6 0.19 1559.99 0.08 391455 0.68 91.31 0.01 17.48 0.00
al 0 1 5 5
Quadrati 22.78 0.01 82609.9 0.00 1049.93 0.03 18293.1 0.00 3167 0.01 428 0.00
c 0 8 6 4 I 8
. 2.93 0.14 101480 0.05 17060 0.39 997.11 0.54 4.49 0.31 0536 0.03
Cubic 5 6 1 3 4
Residue 0.31 398.60 67.00 680.67 1.28 0.012
Total 3816.6 102100 21934.7 184800 400.6 181.7
7 00 4 0 0 7
TPC: total polyphenolic compounds
DPPH sc: DPPH radical scavenging power
FRAP: ferric reducing/antioxidant power
Table 3- Analysis of variance for Quadratic modelon responses
Extraction Yield TPC FRAP DPPH sc o acids B acids
(%) (mg/100 g) (umol/l) (%) (mg/l) (mg/l)
(mg/l)
Source Sum of Pb>F Sum of Pb>F Sum of Pb>F Sum of Pb>F Sum of Pb>F Sum of Pb>F
squares squares squares squares squares squares
Model 33.22 0.0006 166.43 0.003 4075.78 0.011 39566.37 0.005 286200 0.004 48.58 0.02
X1 1.33 0.017 5.71 0.07 317.93 0.049 8.66 0.88 1874.80  0.389 5.41 0.03
X2 2.88 0.003 414 0.12 1120.20 0.005 14999.90 0.001 113100 0.0007 11.33 0.008
X3 7.26 0.005 33.59 0.003 27.72 0.48 2350.10 0.045 18221.09 0.0323 0.03 0.85
X1 X2 1.26 0.019 12.85  0.020 1141.74 0.004  59.70 0.69 11255.72 0.069 342  0.07
X1X3 16.21 <0.0001 2.29 0.217 397.05 0.034 69.16 0.67 2285.89 0.346 3.20 0.07
X2Xs3 0.005 0.829 76.16 0.0005 21.20 054 378569 0.02 56806.02 0.003 240 0.11
X1? 0.675 0.056 0.04 0.864 89.76 0.22 204331 006 1942125 0.0289 229  0.12
X2? 0.22 0.21 12.11 0.023 722.32 0.01 169.15 0.51 35537.04 0.009 19.32 0.002
X3? 3.19 0.003 21.25 0.0078 361.42 0.04 14049.45 0.0008 24080.46 0.019 0.001 0.92
Residual 0.548 5.77 237.60 1677.78 10546.66 3.24
Laﬁ:‘t of 053 0034 ;. 0313 17060 0392 99711 054 1014805 0056 293 0.4
Pure 0.012 1.28 67.00 680.67 398.60 0.31
Error
Cor Total 33.77 172.20 4313.37 41244.15 296700 51.82

Xz :Ultrasonic exposure time (min,), X, .Ultrasonic extraction temperature (°C,), Xs.Ultrasonic Amplitude (%,)
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Fig 1- The effect of a) ultrasound exposure time and b) ultrasonic extraction temperature on the extraction
effiviency (%) of hops extract
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Table 4- Designed equation models for dependent variables.

Number .
Dependent variable

Equation R?

R2- cv
adj

1 Extraction efficiency  y=+15.02 + 0.822 X3+1.19 X»— 0.057 X3

(%)

—0.92 X% +0.89 X,? +0.77X32 - 0.79

0.937 0.825 5.08

XX+ 2.29X:1 X3 + 0.04 XoX3

y=+756.34 + 15.31 X;— 118.91 X>—
47.72 X3 —72.53 X1 + 98.11 X, + 80.76

2 TPC (mg/100g)

X3? +53.05X1 Xz + 23.91X: X3 — 116.17

0.964 0.900 5.65

XoX3

y=+18.91 +6.30 X1—11.83 X>— 1.86 X3

3 DPPH sc (%0)

+4.93 X3% + 13.99 X% + 9.89X3? +16.89
X1X2 —9.96 X1 X3 +2.30 X2X3

0945 0.846 20.11

y=+294.62 — 1.04 X;— 43.30 X+17.14

X3 +23.52X12 + 6.77 X% — 67.95X3% —
3.86X1 X2 +4.16X1X3 +30.76 X2X3

4 FRAP (1 mol /l)

0.959 0.886 5.28

y=+1.71 — 0.845X:+ 0.719 X>+2.05 X3

5 a acids (mg/L)

—0.10X2 + 1.81 X% — 2.40X5? —
1.79X1X2 —0.757X1X3 +4.36 X2X3

0.966 0.906  27.53

y=+2.74 — 0.41 X1+0.60 X+0.952 X5 —
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Fig 2- Response surfaces of the DPPH radical scavenging power (DPPH sc, %) of ultrasound- assisted hops extracts

as a function of (a) ultrasonic extraction temperature with ultrasonic exposure time and b) ultrasonic amplitude with
ultrasonic exposure time
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Fig 5- Response surfaces of the a- acids (mg/l) of ultrasound- assisted hops extracts as a function of (a) ultrasonic
extraction temperature with ultrasonic exposure time and b) ultrasonic amplitude with ultrasonic extraction
temperature
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Table 5- Predicted and experimental values of the responses at optimum conditions for ultrasound- assisted and
conventional extraction methods.

Extraction TPC
efficienc mg/100
Extraction method (%) y (mg/100 g)

DPPH sc FRAP o acids B acids
(%)

(nmol/l) (mg/l) (mg/l)

Solvent extraction
Experimental values®  13.67+0.76b  790.64+45.41b
Ultrasound-assisted
extraction (UAE)
Optimized values?® 16.54a 1191.75a

a

24.90+2.19b  340.300+14.09 0.78+0.05b  2.11+0.15b

b

40.69a 1.01a 3.09a
Experimental values !  15.78+0.15a  1147.49+50.48 39.90+0.185a 409.87a

0.89+0.042  3.01+0.18a
400.58+12.18a a
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! Mean * standard deviation of triplicate determinations from experiments

2 Predicted using response surface quadratic model

* The data within a column with the same letters are not significantly different at p < 0.05.
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ABSTRACT

ARTICLE INFO

The objective of this study was to make optimum use of hops medicinal plant as a
flavoring compounds (bitter taste) and extract bioactive compounds. To optimize
the extraction efficiency, total phenolic compounds (TPC), bitter taste compounds
(o and B acids) and antioxidant activity (inhibition of DPPH free radicals, ferric
reducing/antioxidant power) with ultrasound — assisted methods, the Box-
Behnken design was used. Sonication exposure time (5, 15 and 25 min),
extraction temperature (25, 35 and 45 C) and ultrasound amplitude (20, 60 and
100%) were considered as variables for the extraction of bioactive compounds.
The results showed that with increasing the time and intensity of sonication, the
extraction efficiency, the amount of bioactive compounds and the antioxidant
power of the extract increased; while the extraction rate and antioxidant activity of
the extracts decreased with increasing temperature. According to the resulting
models, in the optimal conditions of extraction with ultrasound- assisted process
(extraction time 12.73 min, extraction temperature 25 C and sonication amplitude
100 %), the extraction efficiency (16.5 %), TPC (75. 1191 mg/100 g), bitter taste
compounds (o and B acids 1.01 and 3.09 mg/l respectively) and antioxidant
activity (based on DPPH free radical scavenging and reducing power lron was
obtained 40.70% and 409.87 pmol/liter, respectively), higher than the
conventional extraction method (maceration, control). Extraction at the optimal
point confirmed the obtained results.
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