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Abstract In this study, response surface methodology was employed in order to optimize the limonin and nomilin
extraction conditions from citron seed. The independent variables were extraction temperature, extraction time, and shaking
velocity. The yield of limonin and nomilin increased with increased extraction temperature and time. The extraction effects
on the limonin and nomilin were higher at extraction temperature (p<0.01). The predicted extraction conditions were
validated through actual experiments. The predicted conditions were as follows: 49.7°C of extraction temperature, 3.3 hr
of extraction time, and 400.6 rpm of shaking velocity for the maximum limonin contents (353.9 mg/100 g) and 50.3°C, 3.5
hr, and 399.9 rpm for the maximum nomilin contents (214.5 mg/100 g). The experimental values of limonin and nomilin
contents at the predicted conditions were 338.8 and 219.5 mg/100 g, respectively. The predicted values at the optimized
conditions were acceptable when compared to the experimental values.
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Fig. 1. Extraction yields of limonin and nomilin from citron seed
with various extraction solvents. Solvent ratio per sample, 1:10 (w/
v); extraction temperature, 40°C; extraction time, 3 hr; shaking
velocity, 400 rpm
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Fig. 2. Extraction yields of limonin and nomilin from citron seed
with extraction solvent ratio per sample. Extraction solvent, 80%
ethanol; extraction temperature, 40°C; extraction time, 3 hr; shaking
velocity, 400 rpm
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Fig. 3. Extraction yields of limonin and nomilin from citron seed
with various solvents concentrations. Solvent ratio per sample,
1:20 (w/v); extraction temperature, 40°C; extraction time, 3 hr;
shaking velocity, 400 rpm
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Table 1. Experimental combinations and limonin and nomilin contents of citron seed at various extraction conditions

E Independent variables Response variables
I\)I((l: ’ Extraction temp. Extraction time Shaking Limonin contents Nomilin contents
(°C) (hr) (rpm) (mg/100 g) (mg/100 g)

1 30 (-2)" 3(0) 400 (0) 334.2+10.5 200.1+3.6
2 40 (-1) 2(-1) 300 (-1) 315.8+13.9 191.0+5.8
3 40 (-1) 2(-1) 500 (+1) 336.7+0.6 199.2+6.3
4 40 (-1) 4 (+1) 300 (-1) 344.8+15.5 209.9+13.3
5 40 (-1) 4 (+1) 500 (+1) 333.8+4.5 210.3+8.0
6 50 (0) 1(-2) 400 (0) 346.7+18.0 215.7£10.5
7 50 (0) 3(0) 200 (-2) 354.4+18.0 219.5+2.1
8 50 (0) 3(0) 400 (0) 361.0+13.6 219.8+10.5
9 50 (0) 3(0) 400 (0) 361.0+13.6 219.8+10.5
10 50 (0) 3(0) 600 (+2) 359.1+25.1 220.3+7.4
11 50 (0) 5(+2) 400 (0) 356.9+5.6 221.2+2.7
12 60 (+1) 2(-1 300 (-1) 408.2+17.2 233.0+£3.4
13 60 (+1) 2(-1) 500 (+1) 386.5+14.5 215.9+153
14 60 (+1) 4 (+1) 300 (-1) 358.1+21.1 217.4+10.2
15 60 (+1) 4 (+1) 500 (+1) 343.5+25.8 212.0+15.4
16 70 (+2) 3(0) 400 (0) 337.9+14.6 214.1£2.0

Results were expressed as the average of triplicate samples with mean£SD.

“Coded values
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Fig. 4. Response surface for the effects of extraction conditions on limonin contents of citron seed.
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Fig. 5. Response surface for the effects of extraction conditions on nomilin contents of citron seed.
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ule} o] FE2w9| o] Mg E AR YERE O™ (F-value: 2 UeRth meir SRS A HE 21S AEsa
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aiMe ool Itk WHeEH BEAAIE Fig 4004 B I Bl E AI= Table 49 Lt} 2 AFdA e dF 7k
= vk} o] FELwe} A7k STkl wlel limonin EEFe] 5 limonin F¢]/de] = WA A SN2 H, nomilin
7¥ehe S JeEMIFSH, ZAT FEA T aiEEe] F frolAde] Qe oA Ak X2 ZgEAnt mEA /)
7l whE} 23 Tt Fol HAEE A VERIITH. Nomilin A limonin®] HF F&F 27 FEFLE 49.7°C, FEAZF 33
FEol gk BARA dx FE2EC] JFo] 7P E AR hr, RS 400.6 rpmollA] 353.9 mg/100 g0 8 VERE O™ | nom-
UEFsE O (F-value: 24.84, p<0.001), I Th&Oo & FZA7KEF- ilin® FE2% 50.3°C, FEA17F 3.5h, THHEE 399.9 rpmof|A]
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value: 6.67, p<0.001)0] ¢J&t] frejzlog Pk e Ao 214.5 mg/100 g & Epste),
vebsken, witEro] tiaiMe Foldel Itk v &
MAAN A B 7ro] TIAl7Fe] 2zl 2= Table 3. Regression coefficients of the second oder polynomials
—1;:_-‘*]‘1_ F1g.5°1]1£\_ H]-Q’]—E]L—]L_"] oﬂ = T = . . o
for limonin and nomilin contents

29 £ro] Frto] weEl fro]4 2 & nomilin ool ST
o8], 32T 50°C OJFHEE 2 57t Fo| 2aEE AL Limonin Nomilin
Parameters” df
vrERH I Pare}meter T-value Pare}meter T-value
estimate estimate
Intercept 1 358.55 46.64%*%D 21236 94 274
Table 2. Analysis of variance for limonin and nomilin contents of X, 1 10.78 3.71%%* 7.24 8.50%**
citron seed extracts X, 1 -2.90 -1.00 -0.33 -0.38
Sum of X 1 -1.06 -0.36 0.49 0.57
D} _ 3
Parameters df  quares  Tvalue XxX, 1 525 -8 168 -197
) . Extraction temperature (°C) 4 3,259 8.04x %1 X, %X, 1 -14.92 -3.63%** -5.37 -4.46% %
%;’;‘t‘:lg Extraction times (hr) 4 1515 374 XpxX, 1 -131 045 199 234
Shaking velocity (rpm) 4 271 0.67 XxX, 1 -5.76 -1.40 221 -1.83
_ Extraction temperature (°C) 4 3,457 24 84%** ))((3V))((2 : _3(1)3 _832 :zi :(7)3
Nomilin g ¢ tion times (hr) 4 98 667 > = > : :
contents Shaking velocity (rpm) 4 282 2.02 X,, extraction temperature (°C); X,, extraction times (hr); X;, shaking

velocity (rpm)
Dakp<0.01, *#%p<0.001 Pxp<.05, **p<0.01, ***p<0.001
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Table 4. Predicted and experimental values on the response
variable of optimum condition

Optimum values
Parameters Experimental ~ Predicted values
values (saddle point)
Extraction temperature (°C) 50.0 49.7
Extraction times (hr) 33 33
Shaking velocity (rpm) 400.0 400.6
Limonin contents (mg/100 g) 338.8 353.9
Extraction temperature (°C) 50.0 50.3
Extraction times (hr) 3.5 35
Shaking velocity (rpm) 400.0 399.9
Nomilin contents (mg/100 g) 219.5 214.5
o oF
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