ZHR M RIS, J. Anhui Agric. Sci. 2018,46(7) :13 - 17

BROMEZHEREMMETFREZTRIZ

1,23 1,2,3 1,2,3 1,2,3 21,23 w123
& VEEN T RS T R E T W4 ,EARGTT
(1. BB TR a2 SR 2EBE , 2B R 65050052, 8 5 rp B2 245 48 B sy = L IR ] 15 K R A 8 S0 0 =, = LA 65050033, =
= LV TR R R T 95 %, 25 1 W 650500)

HE [0 R BRAT FREELYE, [ FF]AHEAEARA, R LR FiX A B30, A EHR EB fEF C ATk
At A6, RA BRI EF RAT TRIBE ATEAHR BESM AT FTRILGY a, RETBEARRI AT FRIY,
[BRIFHATTFREEILELAEABETO C AT/E0.06 MPa 3nk B & 4 mm, #4534 T LT3 AP 47K0, 4 R B 78354
BF A A A8 (5.40 £0.20) pg/g, 4 A& F C A(598.90 +12.60) ng/g, & XA A (11.46 +0.17)mg/g, E@r 4 (19.07 0. 11 )mg/g, 55
WA, [ LR RAN FRILEE T TS E R N e, B S ANEE Z,

KR AT ERRS AT TR BRSO ;S 18AF R

FESES S-03 XERERIRES A XEHEE 0517 -6611(2018)07 - 0013 —05

Multi-index Evaluation of Ultrasonic Extraction Techniques Optimization of Lemon by Analytic Hierarchy Process
XU Lei'**,CUI Xiu-ming'** , XIONG Yin'?" et al
ogy , Kunming, Yunnan 650500 ;2. The Key Laboratory for Sustainable Development and Utilization of Pseudo-ginseng Resources, State Ad minis-
tration of Traditional Chinese Medicine of the People’s Republic of China, Kunming, Yunnan 650500 ;3. Yunnan Province Key Laboratory for Sus-
tainable Development and Utilization of Pseudo-ginseng Resources, Kunming, Yunnan 650500 )

Abstract
single factor orthogonal experiment was employed. AHP ( Analytical Hierarchy Process) method was used to investigate the effects of drying

(1. College of Life Science and Technology , Kunming University of Science and Technol-

[ Objective ] The aim was to optimize the vacuum drying condition for lemon. [ Method ] Fresh lemon was used as raw material and

process (vacuum drying temperature ,vacuum degree and slice thickness) on the multiple indexes of flavonoids,, total phenol,vitamin C and lemon
essential oil. [ Result] The optimum extraction process conditions was temperature of 70 °C ,vacuum pressure of 0.06 MPa,and slice thickness of
4 mm. Parallel experiments showed that the index of content was as followed: lemon essential oil (5.40 +0.20) pg/g, vitamin C (598.90 +
12.60) wg/g; total flavonoids (11.46 +0.17) mg/g; total phenol (19.07 +0. 11) mg/g, which were corresponded to the theoretical value.

[ Conclusion] The optimization of drying process was stable and feasible.
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Table 1 The design table for lemon vacuum drying process of single

factor experiment

[ £ Factor
K L HES YIFr IR
Level Temper- Vacuum Slice thick-
ature // °C pressure //MPa ness // mm
1 50 0.05 2
2 60 0.06 3
3 70 0.07 4
4 80 0.08 5
1.3.3 ERRm i it e R R 4 A |

P Central — composite {8 5 11 R B, £ & PN 2406 4%
K3 PZE 3 KO IE 58 o0 7 T A A B s T 4
T2

1.3.4  JEFRIE

1.3.4.1  REEER &R, B g RGO A, A
200 ml. 70% Z. B , 35299 30 min, 50 °C [ 2 H 60 min, 1
JE U8 M A 150 mL 70% Z, VS W, 50 °C [n] 3 4 B
45 min, i1 3E . A2 RUEWL, FHEHE 78 & A 46 % 100 mL
AP, FiFH 70% 2 BERE 28 %8 100 mL, & 1™ o LA TVEbRiE
i, 2% FH NaNO, - AI(NO, ), — NaOH 755, 7E 500 nm i < 4k
PL70% 1528 R 2 il @ OB

1.3.4.2 Sy aille. L g TEFFER A, ITA
20 mL 95% W BE W, T 30 °C 250 W 2% {4 T #8742 Bt
30 min,4 °C .10 000 r/min 2.0 10 min, B | V5%, BE @ F-h0
A 20 mL 95% W B, B IR AP TR, 59T 08, F 95% W
BRI 2528 50 mL, % 1 o DA TR VbR &, R
TR - By k) 2E 765 nm Ak L) 95% PRSI WL R 25
X R 2 I G

1.3.4.3 PRI S e . FRER 3 g MR R 3 mm
I AGE B, SR FH 28 FRHR BT , A 2 A Vil ik 60 °C [l it $2
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Fig.1 The target tree for lemon vacuum drying process evaluation
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Table 2 Evaluation standard of target tree at different levels
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Table 3 Decision matrix of paired comparison

ek THEW A EC AEE R
IEI d/\ Lemon Vitamin  Total flav- Total
naex essential oil C onoids  phenol
Fh M Lemon essential oil 1 2 3 5
4 2% C Vitamin C 12 1 2 3
SV P Total flavonoids 1/3 1/2 1 1
Sl Total phenol 1/5 1/3 1 1
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Table 4 The influence of temperature on the vacuum drying for lemon

R i Rl YerEE C SR S LEA TR
"IEH - ure //C Lemon essential Vitamin C Total flavonoids Total phenol Comprehensive

emperature Oil//ug/g Mg/g mg/g mg/g score//ﬁ:}’
50 3.1+0.3 961.3 +£57.8 11.19 £0. 16 15.16 £1.24 335.71
60 6.3+0.2 844.5 £32.8 10.98 +0.37 16.23 £2.28 341.19
70 5.7+0.3 652.2+19.4 9.79 £0.21 16.89 +0.03 298.02
80 4.0+0.2 603.2 £17.5 10.07 0. 12 17.04 £1.24 330.94
2.2.2 HEASJEMATBEA TR, MY R 5 0.07 MPa,
FE351 20 70 °C 3 mm, (2 S AR, KPR RS TR IR AL FL S
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Table 5 The influence of vacuum degree on the vacuum drying for lemon
HA ol 4R C SRR S LA
Vacuum degree Lemon essential Vitamin C Total flavonoids Total phenol Comprehensive
MPa oil // wg/g ne/'g mg/g mg/g score // 43
0.05 5.4+0.4 616.6 +£20.2 12.81 +0.10 16.38 +1.01 360. 83
0.06 5.7+0.3 652.2+19.8 9.79 £0.21 16.89 +0.03 298.02
0.07 8.0+0.5 689.1+34.1 9.78 £0.26 20.45 +0.46 365.71
0.08 10.7 +0.3 749.1 +£27.5 9.72 +0.17 17.35 £0.49 333.89
2.2.3 UIRJBEERATE RS TR, BEREMAE  DIRJEERN 4 mm,
JE5353020 70 °C0. 06 MPa, i3 6 AT 1, Fr45 FL 45 T4 At
F6 PREEIMTREE TR
Table 6 The influence of thickness on the vacuum drying for lemon
VIR BE Ak iR C sy L] psyis LRI
Slice thickness Lemon essential Vitamin C Total flavonoids Total phenol Comprehensive
mm oil // ug/g ne/'g mg/g mg/g score // 43
2 8.4+0.2 415.4 +18.9 9.51 +0.26 16.70 £1.24 314.96
3 5.7+0.3 652.2 +£19.8 9.79 +0.21 16.89 +0.03 298.02
4 5.4+0.3 605.1+20.8 11.69 +0.17 19.00 +£0.20 374.27
5 4.7+0.1 550.7 +10.3 12.30 +0.08 19.16 +0.25 359.19
23 ETABREUSBESTRIZER w0 T ®7 BEESTRETRBEZSKE
JERE BHESE R R E AR LR %( x£7), PP o Table 7 The factors and levels for lemon vacuum drying orthogonal a-
A TRH P 3 C M % bR, S I nalysis
SR R Minitab 16 83 IE SR A 6. A WD s e
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Table 8 Orthogonal experiment results analysis

L K Z Factors PEFEhR Evaluation index ZEBTESY
LA . e % C P am (lompre-
code A B C D Lemon essential Vitamin C Total flavonoids Total phenol score

oil/ pg/g ne/'s mg/g mg/g IS

1 1 1 1 1 3.1+0.3 961.3 £57.8 11.19 £0. 16 15.16 +1.24 335.71
2 1 2 2 2 4.8+0.2 972.1 £49.6 10.98 +0.13 18.36 £1.87 367.15
3 1 3 3 3 5.9+0.3 873.5 +42.1 10.27 £0.15 16.38 +1.19 334.11
4 2 1 2 3 2.9+0.1 923.1 £48.6 12.18 £0.19 17.23 +1.74 369.72
5 2 2 3 1 6.3+0.3 802.3 +40.8 9.21 £0.11 19.76 +1.56 353.84
6 2 3 1 2 7.2+0.4 687.4 £39.6 9.73 £0.16 17.57 +1.82 334.49
7 3 1 3 2 4.7+0.2 550.7 £33.7 12.30 £0. 12 19.16 £1.52 359.19
8 3 2 1 3 8.0+0.3 689.1 +£40.5 9.78 £0.13 20.45 £1.88 365.71
9 3 3 2 1 9.7+0.5 692.3 £38.7 11.54 +£0.17 20.12 £1.79 385.79
k, 345.7 354.9 345.3 358.4

k, 352.7 362.2 374.2 353.6

key 370.2  351.5  349.0 356.5

R 24.6 10.8 28.9 4.8

WSS TR T2 0 AB,C, BRI 70 °C A% 2.4 HFEEFSTFESHRATFEERIUMSELR F/H
J£.0.06 MPa, YI 7 J2RE 4 mm, AT RAERME T2, RE 70 C UJFJEE 4 mm SR PEERE S TR Ad
AL T 2 AR T 3 OATIRSS . 45 SRR B IS TR 4 M & & BFIm N (8.1 £0.2) pg/g;
FAEI 4 N (5.4 £0.2) pg/g; 4E4: % C g (598.9 Y R C Hy(389.6 +10. 8) pg/g; MLBH O (12,75 +
12.6) pg/g; MIEHR Jy (11.46 £0. 18) mg/g; S K (19. 07 + 0.09) mg/g; Wiy (13.81 £0.05) mg/g, it I iRLESTES K
0.11)mg/g, Z&ERGIELRBEE R A EIEEM T 326.75, BT HZE T, A B o TR AMBUATHRRE 5
FMRRE AT, FEGI A WL 2 .3,

a7l YInd

2 FREETE
Fig.2 The vacuum drying for lemon
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Fig.3 The hot air drying for lemon
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