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(10 mmx10 mmx10 mm) JEE AT AR T4, wE TR
N S50 C, THERXEN1m/s, HESKERER 0.1 g/g
GBED PUN, g meE, 424 0.150 mm KR
HET o
1.1.2 X7

A, Wil 97 %, o-TWRRER 97% (aladdin), jii
2 97 %, 1ECkt, WEH, WRELEE, FHEE N Hrai(E 2
LM EFIA R AR, % 99.99%.
1.1.3 BE

TANK s AR CHF e Re I s I B RR A WD,
6890N AR AL CiERRHARA R, JIDKY-1 2
ETRARE (KEH KRB EEARAAD,
0S-200 i X IR7 & (BTN E AR AR A 7)), TG16K
BN (KD RIESLIG A H R A D), SC-15 Hids iy
TEIRAE (7o Z AR R G BR A F]D, CHD100 V]
THL QUARBRERENA R A D, | B E L
(IKA R EZARAFD, MD200 Z AW (bt
I BLEEA AR A PR A FD .
1.2 RWHE
1.2.1 XE%at

K H Design-Expert 8.05 [1J Central Composite Design
HHC T T ] R THT VA1 A T 2 D 4 S A 4 b R AN T
R T2, RABREIATE, LB SREELmP A
g T R A B Al 22
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Table 1 Factors and Levels of Extraction Conditions Encoding

# Factors
S T AEIUN JA) DI 5 H hE
Level  pyiraction  Extraction time Proportion of Liquid —solid
temperature X;/C Xo/min acetone volume X; ratio Xy/(mL-g™")
-2 65 10 0.00 1.5
-1 70 15 0.25 2
0 75 20 0.50 2.5
1 80 25 0.75 3
2 85 30 1.00 3.5
1.3 FEFNBEAAER AR EX

4 6.000 0£0.000 5 g T8 28 Az Ak N TR T e
W ARIER 1 X, X S EURIRINA 9~21mL 7 Al
IECkE, IR % 180 rpm FR¥% 10 min YR 780 TR
By PR AR R A, RER 1 XL X
IS EGAT RO BRI . R 7 45 R 03874 2005 K B PN
WEREEOE T, 3000 r/min B O3RBUNHE AR .
1.4  AIEFABERAER RO E
1.4.1 9wk

IR B2 AT (P o b e B v, EAT B e i, B

ZEEXH (AN T 0 I 7 1 2 A Rt rst AR T LA £t P
g T AR A B SR P AN L R R B IR PR, A RSO ZE L 1
YR BRI AL 51 CIRFRER: WAL N 1
20) 7E 80 C/KIGHEEIL 1 h.
1.4.2 454w & 09 284 BAE S 2

FAPARIEIR 3 Bl AN AN g o RS 82 ) £ B ]
x| AR HE R 2, K BT AR URE AT SOR BT B e
(GO, TEFEE R o FFIE e R EL L 25 DL S bR i 1 [
Y. frfEfi A ™A (1D ~ 3D,
T ERFRUE 2R : Y wnn=418.6X wun—4.477 R=0.991 9

QD)
THERFRHEMIZE: Y 6=299.4X yn—5.214 R=0.9913  (2)
o=V FRER AR I 2R Y wim=542.1 X uim—3.976 R'=0.993 5
(3

Y N R TR D R ) E e I T R, X AR R TR 1T
JiE 4, mg/g.

GC W72 XM FID S K IEEFAIE, (Aikt: HP-5
(30 mx0.32 mmx0.25 pm), HEFEIEE: 200 C, 43
Eb 20 : 1, KGIBSIEEE: 290 C, #EkEE 1uL, HiE: ¥)
GIEFE 150 'C, FRFF 1 min; 20 C/min F+3] 200°C, f#
1 min; 3 C/min F13] 230 C, %% 1 min; 20 “C/min
FH3 240 °C, fREF 1 min, A SAES, WE 1.2
mL/min.

2 WRENTIZHRUERS SR

2.1 ¥UERK ANOVA £ 47

¥ AL S IR AT SAR S T, R —AH
BRI AR R T o L AR, A A 1L 24 3,
V0 U TR R T B AN T R R 7 o o 40 4, I DA AN T A
e WA ER IR B/ BON M NS, X REBCRE . REE R . 75
Ml 5 b RHREE 4 NIRRT AL, SRWTER 2. £ 3
Fi7R.

RIGET ANOVA 437, SRR 3 fror, A
1] P {£=0.000 1<0.01, X568 HTidk A R R HA w1
EE, BEGHHE N, AEE . RE R R=0.939 8,
& W R VA A2 R DA o b i 3 25 TR 25 5 i I A 22 [i) ) 3
SRR RIMI P=0.625 1>0.05 N2Z, BHISFERE
Rar, RIGRED.

F 3K A4 A ) Optimazation-Numerical D) REf € 544
EAESN AR TR T2 o8 R
TR 81°C, AEHUNA] 11 min, AEEUAT T PIER 5 EE 0.802
5, BH# b 3.25 ¢ 1,381t Optimazation- Numerical-Solutions
TR AL A 7 B2 1) o 2 23 450 1.084 mg/g. & FRZ AR AL
T RMARI & E, W DR E A RKOEIR 1.3 Al
1.4 37 7 3 ks, EEGESME, S HAEARIR &
oA 1.081 mg/g, SEMMEFILA /7 FERITIIAE 1.084 mg/g
A= @i P EMRN (P BN, 5200 5
E), PR & DR 300 R 2 A Ay R N TR I I 7R
T BCEME KNG TN TR 7 Ee> R > 2GR > A
BN E], BRI Xy Xon Xav Xev XeXas X3 X3, X3 A
Xa NEZERNE (P<0.05 NEE, RZUAEE), FHE
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Table 2 Design scheme and results of experiment

SEANELRN R T R 1
. N

Te?r%tier Xi X X3 X4 Marsj\siiffn of

sum of unsaturated

fatty acids/(mg-g ")
1 -1 -1 -1 -1 0.707 3
2 1 -1 -1 -1 0.781 0
3 -1 1 -1 -1 0.683 4
4 1 1 -1 -1 0.745 6
5 -1 -1 1 -1 0.887 6
6 1 -1 1 -1 0.9559
7 -1 1 1 -1 0.826'5
8 1 1 1 -1 0.904'5
9 1 1 -1 1 0.747 4
10 1 -1 -1 1 0.866 6
1 -1 1 -1 1 07348
12 1 1 -1 1 08198
13 -1 -1 1 1 0.984 3
14 1 -1 1 1 1.040 4
15 -1 1 1 1 0.953 9
16 1 1 1 1 1.0029
17 -2 0 0 0 0.8180
18 2 0 0 0 1.012 5
19 0 -2 0 0 0.995 6
20 0 2 0 0 0.8222
21 0 0 -2 0 0.638 1
2 0 0 2 0 0.992'5
23 0 0 0 ) 0.760 2
24 0 0 0 2 1.040 9
25 0 0 0 0 1.034 8
26 0 0 0 0 0.968 9
27 0 0 0 0 0.9919
28 0 0 0 0 0.942 0
29 0 0 0 0 0.990 6
30 0 0 0 0 0.931 4

2.2 BATENIEEZES T
KZuRANE G, 153 55240 A g
R R B B AL Y XF Xy Xos Xs» X FIZ2 70 K [H]
HJF R R A3 4, wi s T LR 1.
Y=—5.082 07+0.117 73* X;+0.032 533* X,+
1.247 36* X;+0.419 63* X,+0.077 928
#XX,—7.125 37x107% X,2=7.764 84x107** X2~
0.684 74* X57—0.085 994* X,? (4)
la. le M. R LG S A AW h AR

JUTBR & B 2, BERNA LG R SISt K N
ey, HIEREREERNR LRI, PRI 77 iR
FERR, VBERMOC, IARER S AT Y, TRbR
Ko XM v g R A B s, AR AR RE T
W, AT REARCHR B RR A9 262200, &) 1b R . DI o5 Lox
DR el T A SR & B R 2E, BEEN
i ot B R OK RIS KR RN B S, LR AR
B HBARR FR)  791) EL Rl AR BIORRCR i T A r s (R
B2 R PR ORI A B 2 — RGO R, IER
T J AE BB R X i 3 W B A /3 W PR S v T K PR
Ry BT CAAE B 7 ) 32 9 EEAE T R NS W Z 2 [ 4R 38—
AT R AR R (IS 20,700, 2K
SN TR AR, M0 LR e Tk B A G B IR ) AR UK
i, AHE T EESN rEREE 1.58) MRAMEL FE
BARE, WA ARG, PR B ANIE DR &
TENREHUA T, IR B ORI EE SRR PRIE R B, [
Id W] AHUS [R]X 58 2 R aob b BRI TR & &
SR, SR SRR R, AU [ BT s R
1f AT, SHE8 S AR Ay o ANV ATl R 25 F il A% UL
FERYIG RS v, I AL DR D — 5 I v 18 B % 2 2
24, A G AR A AT A I R £ vk AR RO R, T P
I 58 56 °C, ARIETLBAH ARAERE I ZER, REHUN Dy
T BRI, SONR AN b R 1.5 £

*3 EEAREMEEHREER

Table 3 Regression model coefficient test

A8 AR SFIT A H ¥ F {4 P

Source of variation Sum of square Degrees of freedom F value P value

A Model 0.38 14 16.74 <0.000 1

X, 0.040 1 24.6 0.000 2

X 0.017 1 1071 0.005 1

Xs 0.20 1 120.8  <0.000 1

X, 0.062 1 38.53  <0.000 1

Xi%a 1.163x107* 1 0.086  0.773 4

XiXs 4913x107 1 0.27 0.613

Xi X4 4.589x107° 1 0.038  0.8472

XoXs 2.385x107* 1 0.17 0.689 8

XXy 1.234x107* 1 0.062  0.806 4

XXy 1.518x107° 1 478 0.048 4

X 8.704x107 1 5.33 0.0356

X 0.010 1 6.32 0.023 8

X3 0.050 1 30.64 <0.000 1

e 0.013 1 7.38 0.0159
5% Residual 0.024 15

KA Lack of Fit 0.015 10 0.83 0.625 1
4% % Pure Error  9.241x107 5
S Cor Total 0.41 29

2.3 [MEUELER
EUCRIG S R TR 4, SoRFrdES I EE N
96.54%~100.85%, IF B A5 iHE i A (R UACR 30T
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AHIFIRR TR B & 434
Mass fraction of sum of sum of
unsaturated fatty acid/(mg-g™)
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e. Liquid —solid ratio and f. Extraction time and extraction
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Fig.1 Response surface of various factor on the quality score of unsaturated fatty acids in raw potato flours

x4 ERIELER

Table 4 Recall experiment results

N ¥ wing & =
5 FE R AE N M [E e
Test It Sample bottom Add Measurem-  Recovery
estitems value/(mg-g™') amount/mg ents/(mg-g™)  rate/%
. E/EEE& . 0.586 0.163 0.752 100.85
Linoleic acid
iR
Oleic acid 0.101 0.188 0.279 96.54
oA R 0.07 0.173 0.245 100.82

Alpha-linolenic acid

3 MU BERNA

R R T 226 ZEBUREE 81 °C, AEHU [A]
11 min, ZEEUAFR AR S 0.802 5, BHELL3.25: 1,
FA 23 BT A [) 49 0 5 5o 5 48 28 A 4y H AN AR g P
Al

PRIE T DA, K i DA T T HRRT
i, HAbSRAE R, ERAAF KR E (50, 60,
70, 80, 90 C) #AT T4, EHEEH/KEMET 0.1 gg (&
F) PUN S5 oBE T IR0T B8 ok o R BL_EA3 S 1R e A ik
BEREROTT RACA RN T RS T J5 1 5% R
ANGY BT, 2 i) A N AN g 7 R Ko L P o v il 2 75
HEEgRTERS.

F 3 A e A B IR 2K 22 43 BT & Duncan % 5 L4y
TS TS R 0 2R P 15 B R R

SR P ABEAR TR & AR, JUHR R S R R
JETE e N (P<0.05), iR AH IV BRIER ) & B AR X T
WHERAR D, AR AR, AN T BRI
Ths R E N (P<0.05). SIEXMAR T EA 2 D IRE:
— T R e A AR TR, 5 T R
B AW A . He S T T, LR A Ak
B ERHERR AR AR I 1 A K B TR I AE AR R, A IR TR
T I P S TR T R o S RRIR 2o i 5 A
RS, FHRYE TR P B AR B 2 P R AR AL AR
$i2 i AN g 1R EL 451«
x5 DHRELSMPTIGMEERERRE S HRBER

Table 5 Test results for mass fraction of unsaturated
fatty acids in raw potato flours

-1
[(mg-g™)
% Temperature/'C
259 Type
50 60 70 80 90
RIRTHTzd
0.696+0.002 0.727+0.003 0.831+0.007 0.947+0.003 1.059+0.002

Linoleic acid

/Hﬂﬁ& ., 0.277+0.002 0.291+0.002 0.298+0.009 0.320+0.002 0.412+0.001
Oleic acid
-V BRI

Alpha-linole 0.083+0.002 0.086+0.003 0.091+0.004 0.090+0.002 0.092+0.002
nic acid

SN
L
Sum of

unsaturated
fatty acids

1.056+0.002 1.104+0.005 1.220+0.011 1.357+0.006 1.563+0.004
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Fig.2 Changes in quality score of unsaturated fatty acids in
raw potato flours with hot air drying temperature

1)l Design-Expert 8.05 i . [f1 15 73 #fr 45 S 38 B
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I P=0.625 1>0.05 A3, UWHMEEERY, i
RN

2) ARG e 4% 2 A ARy A AN RN g I R A
HIW T EA4MN: FEURE 81°C, AU 11 min, #
BUAAI R IR 5 B 0.802 5, RREEL 3.25 1 1. FHFEM L
4 A Ay AN VRLRN TR I R I R 43 B e KN oy A
PRI (5 EE>Ah 9 > A% e P> A5 EUS [ o FR0I AN T A0 g iy
23 55 e 43 500 A A 1.084 mg/g, SN S I8 o &
SRR 1.081 mg/g. [IUEEAE 96.54%~100.85%,
TIE B BRI i () (B WA 3R 50T

3) A S BIEE T S8 R FE R R85 B X 8
BRI R DT RR & BRI bR, 45 SRR
EHT R TR, AWARIR & 88N (P<0.05), H
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Optimization of microwave-assisted extraction parameter for unsaturated
fatty acidsin raw potato flours and its application

Wu Wenfu®, Chen Junyi*, Cheng Rongmin®*, Bi Hongda®
(1. College of Biology and Agricultural Engineering, Jilin University, Changchun 130022, China; 2. College of Chemistry, Jilin University,
Changchun 130012, China; 3. College of Food Science and Engineering, Jilin University, Changchun 130062, China)

Abstract: In 2015, the Ministry of Agriculture of the People's Republic of China formally put forward the strategy of using
potatoes as the staple food. Potato is one of the most productive crops in China. However, fresh potato is easy to go moldy in
storage. Fatty acid is an important component for quality of food. Most of the fatty acid in potato is unsaturated fatty acid
which is the necessary nutrient of the human body and has an important physiological function. In this research, we have
conducted an orthogonal experiment to determine extraction temperature, extraction time, the proportion of acetone and the
solid-liquid ratio for microwave-assisted extraction of unsaturated fatty acid from raw potato flours. The content of
unsaturated fatty acid in each group of experiment was tested by the gas chromatographic method. After all the data were
acquired, the microwave-assisted extraction process of the unsaturated fatty acid in the raw potato flours was optimized by
virtue of Design-Expert 8.05 Analysis and Response Surface Method. Then the optimized program was used for studying the
influence of the hot air drying temperature on the content of unsaturated fatty acid of potato. The results allowed us to develop
the extraction model (P=0.000 1<0.01, R’=0.939 8) of unsaturated fatty acids in raw potato flours . By use of the model, the
optimum extraction technology of unsaturated fatty acids in raw potato flours was obtained and they were, the extraction
temperature was 81°C, the extraction time was 11 min, the volume ratio of acetone in the extraction solvent was 0.802 5, and
the solid-liquid ratio was 3.25:1. The effects of various factors on the content of the unsaturated fatty acids were as follows: the
volume ratio of acetone > the solid-liquid ratio > the extraction temperature > the extraction time, and the predicted value of
the content of unsaturated fatty acid in the raw potato flours was 1.084 mg/mL. After getting the average value from three
replicated tests for the optimal extraction process, the actual value of the content of the unsaturated fatty acid in the raw potato
flours was 1.081 mg/g, which confirmed the predicted response value. In the application of optimization scheme, the drying of
raw potato flours was operated by making use of different temperature (50, 60, 70, 80 and 90°C ), and the determination
showed that, with the increase of the drying temperature, the content of total unsaturated fatty acids had been increased
(P<0.05), therein, the content of linoleic acids had also been increased significantly (P < 0.05), and the content of oleic acids
and linolenic acids had been also increased, which has been not increased significantly by comparing with the content of
linoleic acids. Such change can be attributed to two reasons: on the one hand, the lipolysis had produced the glycerol and fatty
acid, on the other hand, the fatty acid has constantly been biosynthesized. Through the research on the influence of hot air
drying temperature on the quality of raw potato flours, the optimal hot air drying temperature was obtained according to the
index of content of unsaturated fatty acid to realize the optimal quality of raw potato flours after drying so as to promote the
strategy of taking potato as the staple food.

Keywords: microwave; partition; optimization; response surface; raw potato flours; unsaturated fatty acid; methyl
esterification.
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