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Optimization of fermentation conditions
for vacuum microwave puffing hawthorn piece
YAO Yuan,LIU Su-wen, LI Cong, CHANG Xue-dong~ ,HU Quan

(Department of Science and Technology, Hebei Normal University of Science and Technology , Qinhuangdao 066604 , China)

Abstract: To determine the optimum process of puffed hawthorn tablets,on the basis of single factor experiments,
response surface method ( RSM) was applied to optimize the process of vacuum microwave puffing hawthorn
piece.This article analyzed the influence of three factors, such as initial water content, vacuum pressure , microwave
intensity,,on the expansion degree and the sensory.Determination of the changes of the nutritional composition and
physical characteristics of the Hawthorn slices in the process of expanding,the optimum technology of microwave
expanded Hawthorn slice was obtained.Results showed that under the condition of initial water content to 35% +
0.5% ,vacuum pressure to -74 kPa, microwave intensity to 31 W/g, puffing degree and sensory scores were
respectively 1.663 +0.18 and 6.382 + 0.213. Nutrients V., flavonoids, anthocyanin of hawthorn piece decreased in
expanded process.Hardness and chewing ability increased, and elasticity and adhesion decreased.The change of
the structure of Hawthorn in the expansion process was demonstrated by the electron microscope. Scanning
electron microscopy ( SEM) images showed puffed haw in the process of organizational structure changed from
dense to loose.
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2800 AU TF Wi et P RMBMY E R & R TE
AR H ; TMS-PRO BIEMAYL  SEE FT A
101-2 FU e P T He 8 LV T S g #%);
SK-1.5BRIEZs3E 2.2 kW ;;JYC-21CS16A AU mF b
W AR JUBH /N S A BR 23 ®] 5 BS110S B 53 By K
o A BEE R IRP A RAF
1.2 LWHE
1.2.1 s E=s A PhabHrff (A 2R, 2803 i
ve Wi R VIR AE 3~7 mm BBSIYI A, HR
— i Y LA SR 88X RFE 60 °C 4, 477K
Sy VR AR LA e R 3G S K B AE 15% ~40% Z 4] .
B2 oK SRR 0 LA R 5 2 3 507 JRAEBE RS L |,
TRAIOR LS TRAR e % W rh i T k. e bt 7
LS VL E S (=50 £2.5) ~ (=70 £2.5) kPa, 3 58
BE.7.5~37.5 W/g.,
1.2.2  ma R TEEPLALSe g6 7R AT o e 2R S 56 1Y)
il , MR ¥ Central Composite 256 1 B, 8 & B
PRIZR SEger 5 2R, ok BB il i A0 LA g v 1) 2SR 3R
EA RS (X) SRR (X)) WG & K= (X,) , 1
A JEEE R T mm ; LUBCE A5 43 R0 A0 B Sy v 5 AR,
AT 3 RIFR 5 K- o7 15 43 AT SE 5, F-HeIE AL 1A JifE
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Experimental range and levels of

Table 1

independent process variables

7K
Rz -1682 -1 0 1 168
X, H% %1 (kPa) 53.2 60 70 80 868
X, R E (W g) 24 75 15 225 276
X, WIS KE (%) 21.6 25 30 35 384

FENR R T AL S 596 T i E 1 B o T 25 45T,
SRR G AL B R 25 TS AR 1 AR AR O, 535 2L O
40 .80 .120 160 s >y 55 14§ Ak A5 2 AH N R £k = &, 33
M43 AT 45 T8 b 2B AR IE O o
1.2.3 AL RIIE B4k LA B A BRI 2 >R A/
HKEE o KRR 0.9~ 1.1 mm , H A K 7 9%
A AEE T RN A /DK, SRS AR B H AR 2
3 cm JE24 8 mm 1EDE LA F 10 4>, [ AF4k &2 A
AR R R 2 A s, HRIR e st e as ok,
SRIG IR PR S B A W 2 BN AL, LiAE e
Vo a- w73 (1l /N N =

W =m,/m, (1)

2o, W- B2 403 s m, — B2 AL AT HE BB /N K B
g;m, — AL EHEH /INKRI T E , g
124 JBRETEM AL RHATREOWITEANL, §7F
PN LT e B B9 AL 5 i AT RUR =I5 AR, SR 7
St TR AR . ARPE B R A AR DN T 4. AR S
I iE 28 AAE e v B E FE AR TP 51, B s LA 28
NS BT EAE R BB PRI 45 5 . PEF B A4S
SLEE TAEAGL 10 A, 58 452 4R IR 7E 35~45 T4
B2 18 N, A4k AR IR 22~25 B 2
6] , BRI S FRASAAR NS LA 4 R )5 s 19450
1.2.5  BEHRASZR A0
1.2.5.1  FRUEMZMHIE RSB T X R, 20 mg
T 50 mL 95% L BEEET, A 50% Z BERE 4R &
100 mL Z5 &) . HERN U HUPR HEHSE ¥R 0.0 ,2.0 4.0,
6.0.8.0 .10.0 mL 439 % 50 mL 255 R0, B2 m A
5% WAHPRENE W 0.6 mL, £, iU E 6 min, FEANA
10% HEPREDTEWR 0.6 mL, B E 6 min, F-JII A 1 mol/L
SAEALNTE W 8 mL, SR 5 43 A H 50% W) 2 B B A&
ZIEE ,F245), JCE 15 min, 76 510 nm ZbP) 5 W SYGAEL, LU
SN ML IR A G R, DL B R A S R Ak
b, WG RE R D\ A B 22 il AR v il £ o 45 HH s 7
g EIE 7Ry =0.1898x +0.0130( R’ =0.9962) ,,

w2 BEINbRE

Table 2 Sensory evaluation standard

b 144 3 4 5 6 7
AL R B ENRETIN PN 214 WA AL A2 358 k54
S e BN, R PREra e PR a KT,
PR B B4 B s A A To A TC A
- Kk Pt e YUKk MO ALSUREOREE,
> T AR NS TRt B, W SRR TR A W, SR 1R A
bk TR B LR ARIR  EERER,  WEERIE, LA ERIKES,
B 8, s oA Sk sl Al S W A V8 A A TR TR
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1.2.52  EAAFRATTE LU R S 70%
2R 1218 R HL, F 65 °C A I3 60 W 441
AR 40 min, AR A LR () R RO A
o SR)E HFEE WL 2 mL A S, 32 B8 B3R T 120 a2
SERE R LA B RS (L T T

IS TR AT R (% ) = £ B 25 B 2 0/ LLAE 19
H g x 100 i (2)
1.2.6 feAaF e RAH pH 7~ 22 500 & 24k 1L
R e & h. pH Sy 1 B FE AT LA (A
2RIk 1B AR AE . pH 2 4.5 B, B AT
LA Je o i) B AR ek i) T2 AR 7 . AR AR Ll A
10 g, WF#E5 50 mL 60% (V/V, %45 0.01% HCl) Z,
BEVR A, =R T A $2E 20 min, JR -G 5000 r/min
B0 15 min, B WS WA . BFFIIE 1.00 mL, 43
S pH1.0 1l pH4.5 BOZZ iAW E 25 2 10.00 mL Jf:
I 22 PP MAE 700 (510 nm I 40 14 10 S {E, 451
BE S (B2 IR R O AT =0, OR3P

A =(As—As) pHL.O- (A5 — A, ) x pH4.5

2 (3)

FARDE A~ AT H LA BOR $E 9 T AR AT
SR -3 - AT S R Y

FHOFF S E (mg/mL) = (A x MW x DF x 1000)/
(BxL) 2 (4)

A, A SRS RS A GAE s MW =449.2 %

LA -3 - M AT 4 T AL s DF S B E0CH 10
B =26900, Kk 4245 -3 - f A M IHC R EG L S Tk
YR (1Tem)
127 V. &mmilleE R 2,6- &5k, U
HAFREL 20 mg IR IR , 7% F 1% W ELER  , I Rt
#2100 mL, & F kG P A7, BTG 5 mL, & T
50 mL i, A 1% SR xE %%, Bt % 0.02 mg/mL
FIPTIR 1 P8 b 7 W . R EIL 2, 6 — — G I V% TR
50 mg, %+ 200 mL &4 52 mg WRIR S AN #UK A,
FRU8 B T VKA D IRAE . 20 g 60 5 /201 2% RIR I
WEAEFER rh F R, T A 100 mL 25 50 b, B 0% VA W
VRIHAIER , i 2% FLP i BE RN 20 B, L 845 .

25 mL AEWECEF 50 mL = 4, BBl in A
2,6- S EE VS OTE B4 AR RS B4R 25 i
JE PP — R — R A, LU BLA LT (A FE 15 s
PIANTHE I LS IC SR THFEN 2,6 — G BE M AR
W ARTLV , [R]Bgeas Prc e pl v

X =(V-V,) xT x100 + m :(5)

o X — B 5 BRI R B R, mg/100 g
T—1 mL Y% W AR 24 T H0 IR il 198 b E 135 ) 2,
mg/mL; V— i 58 R M BT AR YL R i AR B, mL; V- i
RE A5 T T FE G R AR B, mL 5 m— 375 5 B T BORE T
A ARSI TR, g,

1.2.8  FiAdErEmE  FH TMS—PRO # 5 #4400 2
=R IT IR AR i A R R R IR PR A ZH AR
ME =R BCFIE . S50 85 - BB R AR I 6
3k s ZHONTEE IR 60 mm/min, fih & J7 0.1 N,
JEAS T T0% o JEIWIFFEERT ] 2.000 s, TR
Zx AN RIFRAT N 2 3 U, BUHSE B, &N AR 47
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FRHESCER AT 3 IRE A, WO G5 R 1 5 R
B R bn i A 22 S0 280 B4 . B0¥R FH SPSS 1k R &t
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SEAT I RV T S 58, 00 N T S 58 1 T A 25 R 4 Mok A
Design Expert 8.0.6 %44,
2 HERE5HH
21 O EALEZLERSH

FIFH Design Expert8.0.6 K443 A7 45 2 52 56 13 11
FEREVEER LR 3, XM EHRHITZ e MG, K15
BZACEE (Y ) X 52w LLAR - A0 0 G g PR+ FL 25 R )
(X)) TRIEEBRBE (X,) R 4R & 7K 2 (X)) B ik 2 1
2B AREAY Sy

Y, =1.55 +0.13X,-0.018X, +0.18X, +0.15X,X,
+0.035X, X, +0.057X,X,-0.02X,*-0.19X,* —0.094 X’

BB T (Y,) X 52 Ll B g4k i S g R+ &
ZSIEIT (X)) SRR (X,) IR 2K 5 (X,) 19—
A= EE) Sl R

Y, = 6.32 + 0.059X, + 0.015X, + 0.18X, +
0.25X,X, + 0.84X,X, + 6.250E — 003X,X, — 0.30X,” —
0.27X,’-0.10X,>

R3SV RER

Table 3 Experimental design and results

o WL
S X, X, X, Y, WAk Y, R
1 1 -1 -1 0.925 5.39
2 -1 1 -1 0.610 5.26
3 0 0 0 1.511 6.31
4 0 1.68 0 0.981 5.58
5 0 0 1.68 1.213 6.09
6 0 0 0 1.375 6.16
7 -1 -1 -1 1.023 5.82
8 -1 -1 1 1.290 6.13
9 0 0 0 1.508 6.27
10 0 0 0 1.726 6.51
11 0 -1.68 0 0.574 5.20
12 1.68 0 0 0.743 5.35
13 1 1 -1 0.983 5.71
14 0 0 1.493 6.22
15 1 -1 1 1.204 591
16 -1 1 1 0.976 5.47
17 0 0 -1.68 1.007 5.64
18 0 0 0 1.684 6.48
19 -1.68 0 0 0.690 5.29
20 1 1 1 1.618 6.38
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F4 BRI 2=
Table 4  Analysis of variance( ANOVA ) for the regression model

N3 2
Ty L e ey T v
g e E BERY RE BERY BE RERS BRE RESS
LAY 9 1.92 3.21 0.21 0.36 17.59 7.25 <0.0001 " 0.0024 "
HkE 10 0.12 0.49 0.012 0.049
Rl 5 0.035 039 7.08E-03 0.078 0.41 3.93 0.8242 0.0796  0.9406  0.867
a2 5 0.086  0.100 0.017 0.020
A 19 2.04 3.7
T o FoRM B E K (p <0.01)
RS DERR AR AR
Table 5  Regression coefficients and their significance
BRRE AmE 2 L e
gt REESS BE O EESS BHE O BERS . BRE BERS
X, 1 0.23 0.048 0.23 0.048 18.69 0.98 0.0015 " 0.3459
X, 1 433E-03 3.20E-03 433E-03 3.20E-03 0.36 0.065 0.5637 0.8038
X, 1 0.42 0.45 0.42 0.45 34.66 9.06 0.0002 ** 0.0131"
X, X, 1 0.18 0.51 0.18 0.51 14.79 10.26 0.0032"" 0.0094 **
X, X, 1 9.87E-03 0.056 9.87E-03 0.056 0.81 1.14 0.3886 0.3107
X, X, 1 0.026 3.13E-04 0.026 3.13E-04 2.13 6.35E-03 0.1751 0.9381
X, 1 0.056 1.26 0.056 1.26 46.37 25.62 <0.0001 " 0.0005 "
X,’ 1 0.054 1.06 0.054 1.06 44.57 21.51 <0.0001 " 0.0009 **
X,? 1 0.13 0.15 0.13 0.15 10.47 3.11 0.0089 *" 0.1082

T e FOR B E KT (p <0.01) , = FoR BEIF-(p <0.05) .

XA HEA T 7 28 50 A A [l U 58 250 2 PEAG 36 4%
RULFR 4 MRS,

HH R 4 7 25 50 B vl g, A58 14 i A6 B8 A0 IR P
ST RR p 29/ T 0.01, FWZAE TR B AT Ge it 20
X, FAUT p 435 M 0.824 > 0.05,0.079 > 0.05, J:
A, UL R 25 th BEAIL R 22 51 , 1200 B 2 A8
B, BEAS BT 1 4% 34 4% DR 2% 55 ) 1 AL =22 (1] 1) B 50 6
o HHMRKRBR, =0.969, R, =0.931, LYW {H
AITRLI AR 5 B AH OG5tk R R, = 0940, R, =
0.867 ,fUSE > 90% , i3 I 45 14 HE % S5z 1k g L7 L A%
b, SEBG R 2E /N, AT T AR R X L A# A B AT
I3 BEAT ST AT

H S A, IS I AL BEAS RS i — R0 X, (LA
JE77,kPa) 5 X, (W14 % K 5% ) 52w B w2, T X,
(PR EE W/ g) B R2 MR AN s 3 5 LA B8R PP o 4 Y
Y — I X, (B af S 7K HE) S2 0 3, T X, (A TR
1) X, (B3R ) WIS AN 2, il p ] =~ [A
N LU A R Ak B2 R SR P43 S e DR E /)N B TR
Jg: Xy > X, > X, , RIWI A & K B > BLas K ) > i
B IR X, X, s 2 (p <0.01) 10 X, X,
5 XX AN . AR R H A R ) SRR
T REE T LA i A R e R 1 IRk, B e, O L
25 i 1 SR A S AR IR .

22 HZEENSRBGREZ BTG

1.2 53 531) R s A 5 RN -4 e B A B
25 1 R RE W 52 AR —4El o T HA
R H AR A 2, A8 i ] R 7
— RE YU [ N Bl 6 (i 56 JEE AR L 25 s g B84 hon g o A i
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1 LRI (A) SRR (B) XL 28 B 5
Fig.1

and intensity of microwave(B)on puffing degree

Effect of interaction by vacuum pressure( A)

K2 Ezs I (A) SRR (B) XHEE I3 E
Fig2 Effect of interaction by vacuum pressure( A)
and intensity of microwave(B)on sensory evaluation
A B FIUZCE PE 43 52 B0 38 19 i 3 s SLEG Y Rl N L i Ak %
SIRCE VI OB —— il e 38 R ]
SREE 31 W/ g FIEZS K J1 =74 kPa Rl {45 1k A< Fl gk
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Table 7 Structure change of hawthorn piece in puffing process
] (s) ff i S il i ML
0 0.315 £0.026 0.904 +0.017 1.213 £0.011 1.320 £0.061
40 0.673 £0.014 0.661 +0.012 1.090 +0.023 1.670 +0.058
80 1.270 £0.056 0.349 +0.028 0.941 £0.016 2.090 +0.108
120 1.522 +0.123 0.390 +0.016 0.876 +0.019 2.710 =£0.121
160 1.712 £0.093 0.224 +0.047 0.655 +0.021 4.360 +0.189

EPE IR B R
2.3 WIEXWHERDH

FLT Design Expert #0414 UL AL T REIRAS IZ Ak L1
s i P e A 454, I Ak B2 RN U8 B PE 43 BRI (B 43 0 o
1.677 F1 6.416 , AT 3 4~ 8 F I BUE . EL2S R
F1-74.206 kPa, {35 5 B 31.250 W/ g, W] 4G & 7K &
35.370% .

Ry i — 25 B UE A LA R AR LR o S50 1 v
PEFNG BRPE XS IE TS AR AT S UE S, L A%
FR : BL25 R J1-T74 kPa S EE 31 W/ g WILR & /K
B 35% , 4551 A IIBRIEAR)E S 1.663 £0.235 8K
BIPSh 6.382 £0.521, ILAE N gL BRE I E
P4 S S T AE AR 3T, AR X IR 22 978 2% LR, GE
B ] 57 T LA 52 985 1) S B PR T = AT AT 1
24 EBHIRERS
2.4.1 IHPEBSTIRRREE R R 6 AN, BEE I ALAT
(] B G LLARS i e B0 25 5 IR o S BB T2 (p <
0.05) , #rEAR e Fe ok, Fl4T 51.5% , b4 9 53.7% ,
M Ve BRAFEEF M 91.5% o RN T, X L8 55 R
Yoy Ry AR A 5T, W 2 T A st ) B JifE R IR IR A
e £, IR B, T LA E SR R —E ik,
B IR SR A AT AR B8 UE B < S B As Ak L AR IS
BEMS B4 1 ARAF LLUARS 1) A B 3R

F6 AT PR ISR

Table 6 Each activity index results

7 L1 I Y L 2 FIAURE Ny V. &
(s) (%DW)  (mg/100 g DW) (mg/100 ¢ DW)
0 297+0.164  22371+9.03  333.86 £5.67
40 2.04+0.123  198.65 +10.68  329.77 +3.89
80 175 £0.098 15429 £12.56 32331 £5.23
120 1.62 +0.085 12640 +9.45  319.54 +6.15
160 144 £0.153  103.56 +7.52  305.67 +3.83

242 FRgsAT thER T AT NBER AL ) B SE I
TR L AR e B¢ B 2 | L W 3 T 4, S Rl B PR
BT, I ARRT R REINE, T P ER 2K A3 PR AR TE
B TS SR A BE /)N, AN LS AR G R Ak, e i AR AR 1k
N RGBS CRELRE PR D, B RE S o Bl A I AR TE]
BE, e A W ORI B TR RE X 22, WS A ) A R 4
R, e NS B FLIBR Y 22, AL SUEE R ALY, 5T R B
PR, BEE  RE G

243 ROUSSHIEE BRI E R AT DL A B
LTRSS A o ] 3 2 A [R) B2 A sk Ta] Ll A 7 19 fRou
LSRR T O I A, i R RT A S I A ) TE] Y
S, W P OSSR AL . FERZAK 40 s B, B TR S

FE KRR LR, A AR AE T BRI e R 28 a G T
SPAE s A6 80 s B, i R e o B0 UK, 28 T 2 B
ARAIE s AL IR F 160 s B, iE F- 45 4 A Wy 2496505
PR B I, S B AR B R A sk o 2

»" /'l/ ] (‘ ’ [T ‘? )

)

P3RS A ] N RE Al 3 4 v B R A

Fig.3 Scanning electron microscopy photos of

the sample under different swelling time
TE: B abede 4305 7R 246 0,40 80,120,160 s
BRI R ORAE RN 200 1
A 26t - 23 TR =74 kPa IR 31 W/g,
WG &K 35%+0.5% JEFE 7 mm,
3 #Hig
X LU AR SR feie L s I A T 20 Kt B g AT 1 b
G o SR FHINE LTI A A T e i B | s T i | JBE R
FHI U 5 7 A5 DR 2 O6F LA 2R 7 A6 AU B 3
GEE M LA, 15 H RO LA I A LD A R ) AR T
AR J) =74 kPa MR EE 31 W/g W] UR &% K &
35% +0.5% . mZWALFIRT] 1.663, JH /3 ik 5
6382, FiIE T 2045 B B9 7™ il LA A R T S, 3 v o
e BRMERT 1 AR S PR PRt ATV /K DL
TH I X FEAS R A g ] LA e A A i A 4 1 i
Ji KB TR I b AR A, K BLRE A AR e Ta] Y SE
LAY e ) 2455 57 00 Jot 2 BB sk 2L (p < 0.05) , F)
AL 3 ) 25 1R RN AR €0 O B Ry — 2 A A, 32
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