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Optimization of Ultrasonic-Assisted Extraction of Free Amino Acids from the Flesh of Canarium album Fruits by

Response Surface Methodology

PENG Zhenfen, XIE Qian, CHI Yubin, CHEN Qingxi>l<
(College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: This study aimed to obtain the optimum conditions for the extraction of free amino acids from the flesh of
Canarium album fruits by the combined use of one-factor-at-a-time method, Plackett-Burman design, steepest ascent design
and response surface methodology. The results showed that the effects of factors on the extraction yield of free amino acids
were in the descending order of solid-to-liquid ratio > number of extraction cycles > ultrasonication time > ultrasonic power >
ethanol concentration > temperature, and the optimum levels of these variables were determined to be 20 min, 1:41 (g/mL),
3,50 C, 270 W and 60%, respectively. Under these conditions, the predicted extraction yield of free amino acids was
77.84 mg/g while the actual value was 79.88 mg/g. The relative error was 2.62%, indicating that the optimized extraction
method was reliable.
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Table1l Factors and levels used in Plackett-Burman design
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Fig.1  Effect of temperatures on the extraction yield of free amino acids
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Fig. 2  Effect of ultrasonic power on the extraction yield of free amino acids
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Fig.3  Effect of ultrasonic irradiation time on the extraction yield of

free amino acids
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Fig. 4  Effect of liquid/solid ratio on the extraction yield of free amino acids
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Fig.5  Effect of ethanol concentration on the extraction yield of

free amino acids
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Fig. 6  Effect of number of extraction cycles on the extraction yield of

free amino acids
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Table3 Plackett-Burman design with experimental results

iﬁjﬁ AE&E B&% G DL ELFE PRI %?gﬁ%@ﬁ%
5 RE RS fif ] WS R WES (mglg)
1 1 -1 1 1 -1 1 65.51
2 1 1 1 -1 1 1 55.39
3 1 -1 1 -1 -1 -1 4971
4 1 -1 -1 -1 1 1 57.52
5 -1 -1 -1 -1 -1 -1 50.69
6 1 1 -1 1 1 -1 61.43
7 -1 1 1 -1 1 -1 43.33
8 -1 1 -1 -1 -1 1 56.93
9 1 1 -1 1 -1 -1 58.27
0 -1 -1 -1 1 1 1 69.35
1 -1 -1 1 1 1 -1 59.39
-l 1 1 1 -1 1 69.07
£4 PBiREEHB M
Table4 Statistical analysis of Plackett-Burman design
KR SEAM HmE B SEUR Pl Pl
R 636.76 6 106.13 17.18  0.003 4%+
ABFEEE 0.069 1 0069 —0.076 0011 09198
BHEIEDIHR 4.98 1 498 —0.64 081 04105
(@ =] 11.50 1 1150  —0.98 186 02306
DR 402.44 1 402.44 5.79 65.14  0.000 5%+
EZEHBRNE 117 1 1.17 —0.31 0.19 0.6813
FHEIREL 216.59 1 216.59 425 3506 0.002 0%
% 30.89 5 6.18
MEE 667.65 11
R=0.9537

W s ZEREE (P<0.0D) .
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Table 5 Experimental design and results of steepest ascent path

Wi Clap DEHR L FHRE fﬁ?&ﬂ‘ﬁ%@?&
I} [ /min (g/mL) UKL I/ (mglg)

1 25 1:35 1 56.72

2 20 1:40 1 59.48

3 15 1:45 1 54.90

4 10 1:50 1 53.24

5 5 1:55 1 58.56
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T 5 4 5 At R 20T P R I R RS, K] bk R R
WHECNL IR, A2 AR I IE SN, B e e 7 1m)
MG, R SRR ZRKE, ik B PdoE T &
X3 H . BRST AR AEMHA R A2, Kk
156 2H 2 %414 Box-Behnkenidt 6 4 i B 0B
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2.4.1  Box-Behnkenif3& & il-45 R & 77 2904
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Table 6 Box-Behnken design with experimental results

wpe  CEP DRt FEp FRERRIERE (mglg)

it} /min (g/mL) A SEfR H g
1 0 (20) 0 (1:40) 0(3) 77.28 77.02
2 1 (25) —1 (1:35) 0 6271 61.56
3 -1 (15 -1 0 60.89 60.75
4 0 1 (1:45) 1(4) 71.61 70.96
5 1 0 -1 51.79 58.28
6 1 1 0 63.63 63.76
7 0 0 0 79.03 77.02
8 -1 0 -1 6175 61.23
9 -1 1 0 65.79 66.94
10 0 0 0 71.85 77.02
11 0 1 -1 63.77 63.15
12 0 -1 -1 58.41 59.07
13 0 0 0 76.67 77.02
14 -1 0 1 67.65 67.16
15 1 0 1 67.22 67.74
16 0 0 0 74.26 7402
17 0 —1 1 66.03 66.65

RT WP AR EST

Table7  Analysis of variance of response surface regression model

HERIE P A A Fli PlE
i) 774.06 9 86.01 33.72 <0.000 1%
Cit & I 1] 2.81 1 2.81 1.10 0.329 1
DN L 35.12 1 35.12 13.77 0.007 5%
FEEUREL  118.46 1 118.46 46.44 0.000 27
CD 3.98 1 3.98 1.56 0.2520
CF 3.11 1 3.11 1.22 0.306 3
DF 0.013 1 0.013  0.005 138 0.944 9
c 240.66 1 240.66  94.35 <0.000 17
D’ 162.12 1 162.12  63.56 <0.000 1%
F 144.56 1 14456  56.68 0.000 1%
B 7 17.85 7 2.55
AT 5.32 3 1.77 0.57 0.666 0
R 12.53 4 3.13
SR 791.91 16
R’=0.9775 R,=0.948 5

e ERREE (P<00D .

TEPBIA G 5 B BE MCH A 56 1 364l |, I H Design-
Expert 8.05b% /447 Box-Behnkenik & ¥ 11, F£15 2145
RUnReFTR, [FR AT Z AT RTFIR. R4
RitAr 2 ooBARE, BEIEETE: R IR
B/ (mg/g) =77.02—0.59C+2.10D+3.85F—1.00CD+
0.88CF+0.057DF—7.56C°—6.21D*—5.86F". MWETT
A, BERIPAE/NT0.000 1, iAFEE (P<0.01) /K
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