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Response Surface Optimization of Mesona Microwave Intermittent-
Hot Air Combined Drying Process and Its Effect on Mesona
Gel Quality
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Abstract: Taking Mesona blumes as the research object, the effects of microwave power, microwave intermittent time,
drying point and drying temperature on the extraction rate of polysaccharides were studied with the microwave intermittent
hot air drying method. The effects of different drying methods on the extraction rate and gel quality of Box-Behnken were
studied. The results showed that the optimal process was as follows: The microwave power was 403 W, the microwave
intermittent time was 60 s, the moisture content at the conversion point was 42%, the hot air drying temperature was 74 °C,
and the extraction rate of Mesona blumes polysaccharide was 13.60%. The extraction rate of polysaccharides from the
microwave intermittent hot air drying was higher than the heat pump dried (12.36%) and sun- cure dried (12.78%). The
drying time was only 1.44% to 16.67% of the latter two drying methods. The hardness of the gel samples (516.60+8.54) g,
elasticity (0.83£0.01) and recovery (0.33+0.01) were all moderate. In the gel the cohesion (0.48+0.01) was slightly smaller,
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the adhesive viscosity (359.68+11.56) g and chewiness (285.54+13.21) g were higher, and the texture characteristics and

sensory score of the gel samples were better. Comprehensive comparison, the microwave intermittent-hot air combined

drying was more suitable for Mesona blumes drying.

Key words: Mesona blumes; microwave intermittent-hot air combined drying; process optimization; extraction rate of

polysaccharide; gel quality
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Table 1 Factor and level of response surface test design
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Table 2 Sensory evaluation criteria
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CFEA—, 53 0~5

BURPELF, A, LS, ToKAT 11~15
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RS, A, TCURIRR AT bk 31~40

40 PRI, éﬂiﬂﬁfﬁ, ﬁﬁ#ﬁ& ii’i}’\ﬁ'% 21~30
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AR, JURL I 8., TCod 0~10

Ay e R v, TG, G 20~30
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PORGOI i bkt Aok siok, AR 712
TG 7, R R, IR 0~6
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Fig.1 Effect of microwave power on extraction rate of

polysaccharide
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Fig.2 Effect of microwave intermittent time on extraction rate
of polysaccharide
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13.0f 2 b
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- Z 5
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Fig.3 Effect of water content at conversion point on extraction
rate of polysaccharide
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WP ST . FEHRX R 1 T, AR
PR, K53z s, st s K o3 iE
RPN, G S ROX TR ], Dl D pd A v 22O,
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1o, ARG IIRZE K, A2 LSS R WA As T 2 W5 44 T
ZEN IR EEROR, SECPEUR 2, il 2P
PRIBCR T B, AWFFESS RS FRIXUBE TR B AT R P
ZPH I RARZEI DRI, 22 FHFROXUT e it
JE 70, 75, 80 C BEATHR N AL A HL

135}
13.0f
S 125t

glz.o-
2115+
]
o 110
N 105+

100f ¢

951

45 55 65 75 85
PTHRREE (°C)
P4 BRI RS X 22 BRI 5
Fig.4 Effect of hot air drying temperature on extraction rate of
polysaccharide
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Table 3 Design and results of response surface test

HE Y MR
RIS ARGE BROEMEC CHEBUR DIATER (o)

R P i) KR S
1 -1 -1 0 0 7.93
2 1 -1 0 0 12.02
3 -1 1 0 0 8.42
4 1 1 0 0 10.98
5 0 0 -1 -1 9.85
6 0 0 1 -1 10.94
7 0 0 -1 1 8.01
8 0 0 1 1 10.49
9 -1 0 0 -1 8.09
10 1 0 0 -1 11.85
11 -1 0 0 1 6.08
12 1 0 0 1 10.07
13 0 -1 -1 0 9.95
14 0 1 -1 0 10.16
15 0 -1 1 0 10.99
16 0 1 1 0 12.11
17 -1 0 -1 0 7.36
18 1 0 -1 0 11.06
19 -1 0 1 0 8.92
20 1 0 1 0 12.11
21 0 -1 0 -1 11.04
22 0 1 0 -1 11.88
23 0 -1 0 1 8.41
24 0 1 0 1 10.41
25 0 0 0 0 13.40
26 0 0 0 0 12.98
27 0 0 0 0 13.09
28 0 0 0 0 13.53
29 0 0 0 0 12.97

K FH Design-Expert 8.0.6 FA4XT AL 156 % P
AT Z I BNERLG, FRASTRIE I | TR [a] ER ]
T80 R 7K R AR IR B XA B 22 BB R 1
TR AR, XA T 25T IR
11 =X 6 )9 5 R Y=13.19+1.77A+0.30B+0.76C—
0.85D—0.38AB—0.13AC+0.058 AD-+0.23BC+0.29BD
+0.35CD—2.20A>—1.02B*—1.32C*—1.92D?,

MRk 2 mE R AT LUF Y, R R
i A%, B>, C? Fl D* 2R v 8L, vl ik 2 mi=k
B AR A . BIAEAEAR (ERT,

¢ 4 Jy 2250 n] 0, 4R P<0.0001, 7E
0a=0.01 7K T ik 2, R P=0.0962, 7F 0=0.01
B 0.05 7K R AN, RINZBIARUA AL, e R
L R°=0.9735, R, ;;’=0.9470, BLHHIZAIRY (42145 F2 BE
B4, DAL I B A8 o R I ] SR -4 XUIBR 5 1 e v T 15
B AR ZECR AN 2205 BRI T Y
T .
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Table 4 Variance analysis table of regression equation

TERB I AME ¥Ji FE  PE BEM

AL 106.37 14 7.60 36.74 <0.0001  **

A 37.77 1 37.77  182.67 <0.0001  **
B 1.09 1 1.09 528  0.0375 *
C 7.01 1 7.01 33.89 <0.0001  **
D 8.64 1 8.64 4176 <0.0001  **
AB 0.59 1 0.59 283 0.1147
AC 0.065 1 0.065 031 0.5838
AD 0.013 1 0.013  0.064 0.8040
BC 0.21 1 0.21 1.00  0.3340
BD 0.34 1 0.34 1.63  0.2229
CD 0.48 1 0.48 234 0.1487
A? 31.38 1 3138  151.76 <0.0001  **
B’ 6.79 1 6.79 32.84 <0.0001  **
c? 11.25 1 11.25 5441 <0.0001  **
D’ 23.93 1 2393 11573 <0.0001  **
B 2% 2.89 14 0.21

RIR 263 10 0.26 402 0.0962

HiRZE 026 4 0.066

MEE 10926 28
R, =0.9470 R*=0.9735

H MUEEFBE, P<0.05; R E LT BE, P<0.01,

Fh TS AR — R 3Ty 22 50T HR Al i, Bl D)3
T8 i B KR AR X1 R 22 R B
majAR i 2 (P<0.01), SRz (] BRHSF TR B 22 MR IR
RN 2 (P<0.05) o H [RIJEASEARY — Rk 31 Jy 2243 vh
WL, SO DR A A BRESHA] | 530 s 5 KR L R
R EE X B Z2 W BTS2 A i 2 (P<0.01) .
P [ TSRS B 350y 22453 h ], PO~ 2 22 TRl
A& HAEFH XL Z2 53 BOCR S i A i 55 (P>0.05)
MRYE F AT 15 W A1 A (] R -V g
R RN A7+ B T 38> X A i TR B > T 48 v 57
IR FE> 0 TR R TR] .

2.2.2 W ETHRER ST AR [ B - XU & T
TR T 254 4 ARV SRR s BAE AN
Bl S~I&] 10, Mgz T ) i 2 e 34 ek B, 156 B P4~
FEAH A FH S 5 2, i I T P R 2R AT
I, DUSEEA P DN 22 a0 AR AR R A, S e
W I 7 PR 2838 HAEFH Al 35, S5 i 2 M IR )
VA 32 HAE A 23508, &l 5~&] 10 AT, 4 4~
ZHJCHH BAC HAE .

2.2.3 BOUESCES ARSI IS B A T4 BT
AbFR, A5 H AR TRT R - AR XIS A1 5 T2 e f
SR TR I3 403.52 W, TR [ BRI TE] A 60.87 s,
i S B /KRRy 42.88%, HUXTRIEREE - 74.00 °C.
IR ) e R B S A 13.44% 0 S5 A LB
HATE IEAS B A T 25 ik D% 403 W, 1
PERIAKES AR 60 s, 4 s /K 2k 42%, FRRT15:
RN 74 °C, TR R TE0UEIES, (il5 20
B2 HOR S N 13.60%, 322 U7 45 750 31 35 i KA
13.44%, UEBHSZ LG BN R AIT, Rl m] &
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Fig.5 Contour and response surface of interaction between
microwave power and microwave intermittency
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Fig.6 Contour and response surface of interaction between
microwave power and moisture content at conversion point
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Fig.7 Contour and response surface of microwave power
interacting with hot air drying temperature

Y: ZHHEHCER (%)

50.00 -3

45.00 —

40.00 —

(%]
bl
=
S
]

C: BEHS B 7KR (%)

50.00 5500  60.00 6500  70.00
B: AR 8] (s)

60.
ti, 300 Ss00
4y, 30005000 N

2 Py \é\
Lt %) B gucdE

P8 folcipe ) BT 1] 55 2 it 5 /K R A AR ) 258 i 2 )
JO7 i T

Fig.8 Contour line and response surface of the interaction
between microwave intermittency and moisture content at the
transition point
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Table 5 Drying time and polysaccharide extraction rate of
Mesona blumes treated with different drying methods

F TR AT R E-RERS T B
THERFE] (min)  270.00+3.61° 42.001.00° 2880.00+18.03°
ZHHEPCR (%) 12.36+0.10° 13.60+0.11° 12.78+0.19*

TE: FATANRNG FRE0R 22 57t .35 P<0.05, 6l o

AR P E SRS AR . FHEE 6 I, SR MRl BR-HXUI A
T A BEAH BT IAE REE A S A R (516.60+8.54) g
P24 (0.83+0.01) A1 [0 &2 £ (0.33+0.01) I 58 h 36
i, BRI A P SR (0.48+0.01) A /)N, ek (359.68+
11.56)g FIMHMEME(285.54+13.21) g s, ARk
) B - XU A A BT ) 4, 1B 2 W S A IR
20, DN EE I AARAS 5 i, 11U Q SUliiv .

F 6 ARy 2 FRAN A A AL
Table 6 Texture gel characteristics of Mesona blumes treated
with different drying methods

FE IR AT kBRSO T BT
W (g)  373.25+6.87° 516.60+8.54" 637.08+8.12°

L 0.86+.023° 0.83+0.01* 0.81+£0.01°
IR 0.680+.006 0.480+£0.010° 0.510+0.002°
JeREPE(g)  253.48+3.74° 359.68+11.56 324.28+2.36°
MMEME(g)  231.51£1.37° 285.54+13.21° 270.57+4.36°
mgEPE 0.370+0.020° 0.330+0.010° 0.250-+0.004°
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Fig.11 Effect of different drying methods on sensory
evaluation of curcuma polysaccharide gel
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