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1.1 R 5iF

w3 IR (Malus  domestica) , =£ 18 7R 2 (b
O MTTA BRA ] P E — 2, KNy — 6
BILAR A5 495 R H 3 10 3 5 Sk 16 S e

GalA -H,0 3-2RFE KWy | =9 L R ,Sigma—
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ZEVRUR TR, T BF AL R T FH 2 o 15 % T A PR
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HD plus # P, 9% [E Stable Micro System
3w s P14F0114 Bk 73 WY, S SMS 24w 5
DSC 8000 27w & AL, £ HE PE A Hl;
SUB010 HL FHI# il si, H A H 2w ;YC-80
T RS, B R BRAXES A7 FRZA #]

1.3 Hik

1.3.1  Z0ffBE 2R 0 10 7 AR I BRI
i (Alcohol —insoluble residue, AIR) il 5 = 18
Peng S 7 WL IEREB L SR L B AR Y)
SRS 2 mm B, TR THLLE 60 CTH
THZEEE, THRYERR R KRGS 6 A3
95% & TV IR G Ja Y ot , BT v g sk A
95% L BRI 2 YWOOT- Rl g, 15 31 (1 a8 AR [ A
M EEEEE AIR TR,

A] % PEJE B £F 4 (Soluble dietary fiber,SDF)
MIAHEMRE R L 4E (Insoluble dietary fiber,IDF)
)l 5 2 B Wang SEUO J7 25 5 RS AR A& 2 2 F 15 2]
) 40 L RE ) BT ATR 5 7 R R V5 MR (819 b =1:40)
RA, WATIHEW pH £ 2.0,70 C/KE M &4
TRAE 2 h, I8 A5 B 0 DR D HOK R IR &
TS UR T R EAR ) IDF, A I I8 AR %
PR, T 28 RAR AR A, URT 2 EE S 2
SDF,

1.3.2 FESAE W SRR R SR AR AR BEAL )
PR BE A 2 mm B R, ZE VAR 120 s IRAT A
e, AT 20 M BE Z2 05 4 0I5 A BOLIR &5 3
A, BB AK TR 2 emx2 emx1.4 em 1Y
fik AR 2 T 2 M RE 22 0 2 0 S 0y i L
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Table 1 The formula and additive mass fraction

of vacuum freeze—dried restructured apple chips

AIR/ IDF/ SDF/  GaCly R/
% % Yo % %
x PR 20 100
1AIR 1
2AIR
4AIR 4
1IDF
2IDF
41DF
21-0.5S
21-1S
21 -2S
25-0Ca
25-0.5Ca 0.5

25-1Ca 1
TE « 200 M0 BE 22 I 4 85 8 1 O S e DR SR 4 0 2 O (%) o

H 5

0.5

[N R NS T S R L "

0

[NST NS TR (SR (SR

133 EXEBRHETE 58RI AE-80
CIKFGR 24 h J5g HAE B % T, B IHRE
Sk —40 °C, 25 B 60 Pa, — UK T b M 6 2 N
25 C, W THRBRARR B Ry 60 °C MR8 2K
SERANT 4%, JFE T TSI 48 h J5
TE AR R
1.3.4  RZLBERERERR & A b PERE A R 4H
it BE Z2 W5 20 53 19 Bl B T2 &5 1 5 I Peng %59
2, RO B, LA GalA - HyO 1 b o i 4 i
M

41 i BE Z2 45 2 43 1) TP P I 2 TRl X A
17 IR VE B . FRELZY 10 mg FF T K i
H A 4 mol/L 1) =3 4 TR 4 mL, BEAFE 72 A
1 min, F 120 CHEFE KR 1.5 h, B H J5 AR &
T K E W I EA R 10 mL, 7 B 2 4 id
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2022 455 1 #

WeFE ,iF 0.2 wm JEBES 2R, 73 B4 CarboPac
PA20, i s Ml A B aliK W sh Al B .C 43 51
0.25 mol/L A AL B A1 1 mol/L BEFR &Y, W% 0.5
mL/min, #EFEAFL 10 pL, HE 35°C, KR
[T QUIE-S 3 walllF:rN

1.3.5  FMBBERME IR TR 5 R HS 0 AR
wEHFE M, ZJE S R AREI e A
RV, E R 6 WG BOF-HME , R A
L (D)5,

_M
Py (D

A, p——FF i 19 R % B (g/em’) ;s M——
e BT i (g) ; V—FE AR (em?) .

1.3.6 MM 5% Peng SFRY 73k, A s B
5E K TA. HD plus P4, RA P / 0.258
BROBB L, B E W A&y . m I B 2.0
mm/s, A 1.0 mm/s, 5 WA EE 2.0
mm/s, filt & J7 A1 EE % B R 400 A 10 ¢ R 30.0
mm, Hrb SRE e R A R A A i
KR FTR (FRAL 2 ) 5 M PR I ik A o 0
BRI (AL ) o AL FRAS 10 YOPAT, Z5BR
e KA A e/ IME 5 BOE- 3418

1.3.7  ARASE 7K 3 W B o SR AR B A A9
T5 I AR Bl FREEFE i (20~30 mg) & T 3l 2
KA W B, CE AR 25 °C, AU 200
scem XTI (Relative humidity , RH)0% 1) 21 35
T, PR EEE, 5 RH L 10%3 & H 0%
T+ 90% , 15 B 5 — By BE W dmide {5 (m——FF i
JE i, mg ;t——HF ] min) A 0.005%/m , I B iR 1
JUT- A il BF 1] 1715 72 Ak A5 5 3810 R0 1 4887 [ L B 2
5% AEN VR B 1] DA R B 00 K 5T B (ay) , BT L
A RN R R S K 205 B (W) ] € A il st
sl Jo A A [RD () B oA 1 ming, DAZK G010 B A R AL ot
DA G 7K 4335 B S K 43 i o Ak A, 25 il
M BfT 25 TR 2&

FREL 6.0 mg - H M AR AR &L, Wil iCE A
ML bk % B R 8BS A R R % W (LiC,
CH,COOK ,MgCl,,K,CO5,NaBr) i 9 5 M. | %5 I
X RH B B 11.3%~57.6% 2 18] ,48 h &
WM R A 0 55 2 3t Bl B T 38 0 b AR UL 1Y
M 7E

) B 55 AL % AR IR JF (Glass  transition
temperature , T,) & F 22 75 & #0814 o 17 DU
S W R  Hh —A23 AR A AR 2 R RO BT
48 h 5 MSE R R AT T, M, RS H AR
9. LA 10 “C/min 093 B2 30 C¥EIE]-70 °C,°F
5 5 min, [7]FE /Y 3 I EE] 100 C. R AHALES A
A A3 T AR B il 2, AR BRI AR A P K
SO BRI B | IBCH b AUk i I R A S
AL AR E T,

1.3.8  BLEIELA T BN S K o 0 B AT
2K BET A7 (5 2) % W i i Ze it A T 1005,
A T, FE K20 15 B 0.113~0.576 Z [a] 47 0 22,

o 1 C-1
(=a)W. W€ W, ™ 2)
X, a, I TE S W Sl F Y T

FTOKFE (g Klg TIH) ;WA 2K 50 W FHE (g
IKig THE) 5 C—— B FAAH G 1 i o 4

SRy T T 3 3 Ak A U B S K 0 B 2 AT Y
KA H AKX G)IATLIE SR,

T=Ya+Z (3)

Ko,y M Z—— A BB E G T —R
e B B AR A AR 1 TP B TELEE ()
1.3.9 W 2% Yi S0 7 kU CE 3
Fr BT TAT SHEAT SROW 5 A8 43 BT, BSOS SR G A DR TR
BEh G S L e b B PR A
TR TE 40 £ FHAME S0 HT
1.3.10 ¥R BEARZE B A5G 50 76 e % TR 50 A I
HEAT , FA B E Tl 00, 55 3152 52 0 15 v/min, ¥R
TR A& — 5 143 mm . 1748 67 mm
(40 35 LR, IR WA TR [T e e % 1
R (4 22 A AN, ASC e 7 1ok I =2 A 30 33 3, g
10 min FREE— 7= AR S A i, SR ¥ W A
6] 4 60 min, 41 7 25 HU5 4528 3K (4) TR IR % B v
L

P(%):%‘ x100 (4)

Ko, P—F 8 H o s M——) 1R S R e
Pt B (g) s M—1 I 2055 08 B B 6 (g) .
1311 SEitsrdr 45500 W MR g6 FH Oy 25
3BT (ANOVA) flDuncan £ 35 B A 5, 8. & MR
95%,1#i F Origin 9.0 #4142 I K AUG 43HT .
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4 Jf BE Z2 B 20 53 AIR \IDF F1 SDF i o V4
AIUME T8 T 1 47 IO 1) & B an ¢ 2 firzs . Hovh SDF
20 53 WETE TR (0 1) o ) 1t 3 bl ey, 3R B 53.329%,
[ LR ZUBE A R S i Ew, UK PR
e A8 Y SDF (1) %220 43 164 ,SDF h & i £
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IDF 20 53 AW 5 %6 0 B 7 A0 0% 55 rh M )
Y B B T SDF 44y, 50 IDF vh 4 5 4%
2 A A M (Xyloglucan ) | % B 9 iR ] 417 411 % 5L
AR M (Glucuronoarabinoxylan ) % - £F 4 % | DL I
LR YE R A 3 IDF B IERR & i =ik 47.49% , i |
L) TE DA (SR IS SR N ey =i 1))
FARTEE A 2 5 & RG-T 324 45 F 4 S e 4897
X S L b 2T 2 2R RS £ o R B A A TR T

7J(“5’25]o

AIR 445 5 25 R T B 11.70% (B &
HI ), Hodh 4l & IDF F1 SDF 21 43, I it How g
iR AR PR R B LR SRR, S
I3t AIR SDF Hl IDF = 3% ) 5% 4 43 IDF FI
SDF " ¥ s & SRR A 4y, vl 3 SR B 5 )
BE LA (R1,R2 \R3) 70 A1 Hoor T4 M B AR B2,
% 2 W], SDF B L 1 R IDF (19 5.54 %, %
B SDF 5 Jie i) 2f 2L 185 19 2R A (HLG) &5 44 PR.oT
i T IDF, Ah  IDF (8 L) 2 Rtk L) 3 53
A SDF Y 2 {501 1.76 175, 3¢ W R % v 2F 4k v ir
TR EAE 20 RS, s RE
By 7 A7 SR R > 2L R B 4 L 3X 5 SDF b & A1
Z ) HG ¥.c—3, IDF F1 SDF 7£ N &5 £ 4 21 /3
FILEER 22 5, J2 1l B 3 ) 0 5 ) 2
(LR

R2 PWRAESBASWEI TN

Table 2 Composition analysis of cell wall polysaccharide fraction

A AIR IDF SDF

AR 5 B RAE 0.61 +0.02 2.50+0.11 0.07 £0.01

REHE 1.06 = 0.09 3.96 £0.16 1.88 = 0.06

GRS 423 +0.14 12.14 £ 0.29 0.90 +0.22

F 5L 2.98 +0.01 10.34 £ 0.22 5.17 £ 0.06

# A 49.98 +2.02 9.44 £ 2.04 37.92 +0.09

KA 4.00 +=0.17 14.13 £ 0.17 0.75 £0.02

EBE R 37.15+1.59 47.49 +1.10 53.32+0.32
H vt Al R1 - 1.10 6.09
R2 - 0.08 0.04
R3 - 5.68 3.23

AR N BEAR T PEAL 53 IDF S ARV PRI B 25 4 ;SDF Jhy 1] i M I £ 28 24k ; SP00% 21 ZURE R 198 7 B 500 5% Sy ORE 19 ) o 1 42 71 40 L 5
L4 i 28 203158 . R1=Gal A/Fuc+Rha+Rha+Gal+Xyl ,R2=Rha/GalA ,R3=(Ara+Gal )/Rha, H ' GalA Fuc Rha.Gal Xyl Ara 5 4% % 2F

FUBREMG e bl RN F ZUBE AR A1 B R AV
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i

AN [R) 240 Jf R Z2 AN o i %) 5P SR G %) 2 0
BEANIEL 1 ez o 0% B ok A Rk Y o A
R AR 2, AR R & T W RHAR BRI T 11 1
LB, 7F— @R LR T 2Ly Ik % s
FERZALYE, WE 1 A%, R AIR IDF 1 SDF

A3 BIER N, PTG AL B L i F i) e L R A ) TR
IR T AT RE R AN RE 2 0 4 oy
(R IINA — 7 TG 388 KT B AR PR 1 A R
LN By R e DI S AT N A B e Y =
YR % B 2 4w o SN AIR (IDF A1 SDF 2173
SRS R A 2 R A I i ) S 0 R, iR
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Fig.1 Effects of different cell wall polysaccharide

fraction on the apparent density of vacuum

freeze—dried restructured apple chips
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vacuum freeze—dried restructured apple chips
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Fig.3 Effects of different cell wall polysaccharide fraction on the relationships

between water content —water activity — 7T, of vacuum freeze—dried apple chips
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PERY MR 22 5 A 838 IDF H1 1-S 2H 43 ] i 3 P A
JE R 7K 23 W B £ 77, HL 41DF Ak 220 0 35 1 o
WAt 21-2S 41, Horp st B — T 0] B R L
ST K M IDF 2053 AR & s 56, 55— D T, il
B 41DF Ab B3 21 i 45 A0 118 28 00 2 5 % 17 s e 4%
A e R AR, BRI T 7K 735 G 0 AR B F 3K
K 53 W B 6 7 B A

P AR IR VW R T BT S R
WA Z MR B 56 AR 24 T, I 3R 858 38 B A BT
BRI, 55 SR & TR IR . Ak
AR CE SR T A SE R IRBAAERY, R IE 3 n] A,

Bl 7K 5305 BE RGN, SR Y T, 2k N R
KAE TR ER IS IEIER, WMRKTREY
(4 FR AR T) S5 K A0 BE T 20 M RE 22 5 20
TR, e TR T, AIR WIS MER T,
T, LS IR R B s, IDF AT =S 4k
PR RE 50 BB AR L, T, 76K 235 3 i B A%
TE 5 7K 431 FE I T e AR 35 B 4 B 22 s
MR T, Tbwm, — i S Z e A Koy A
AR T, A0, 75— J7 IS Inx 2 K51 fa
e 53 T B TR R sh i, 250
ARIA T, (R BN INAE R K A I AR
B FRAR T RES B T, 0 E A SCHkE 55 175
FE T Loy KA A ELVE SR AL T 28 S5, REAIR
TR YRR, B ERE ST
A 22 1) 3 6 0 A A ek 9

3 EFRFTRBERERBERASAE-KPFE-T,HEBUEHN BET(W,, C)Fn&kisE T (Y, 2)ERNSH
Table 3 Parameters of BET (W,, C) and linear (Y, Z) models fitted to water content —water activity—T7, data

of vacuum freeze—dried restructured apple chips

i BET(W,, C) T,(Y, 7Z)
W, C R? Y A R?

x PR 20 15.988 0.654 0.977 -116.786 34.261 0.998
1AIR 19.141 0.414 0.975 -111.636 33.762 0.998
2AIR 17.280 0.524 0.979 -116.749 34.477 0.996
4AIR 18.768 0.436 0.975 -122.247 30.866 0.998
1IDF 21.043 0.298 0.980 -116.543 28.984 0.999
2IDF 15.156 0.548 0.982 -98.176 22.709 0.971
41IDF 17.250 0.339 0.985 -122.247 30.866 0.998
21-0.5S 14.788 0.636 0.977 -131.839 38.562 0.968
21-1S 17.219 0.421 0.967 -115.263 29.738 0.985
21-2S 30.758 0.155 0.980 -107.086 28.328 0.995
25-0Ca 18.627 0.413 0.974 -122.873 34.276 0.997
25-0.5Ca 29.906 0.212 0.975 -128.049 31.193 0.971
25-1Ca 25.141 0.258 0.976 -136.864 37.304 0.997

TE R 7 B2 R 8 A LA IR .
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Effects of Cell Wall Polysaccharides on the Texture of Vacuum Freeze—dried
Restructured Apple Chips

Du Qiangian'?, Yi Jianyong?, Bi Jinfeng”, Ma Youchuan®, Zhao Yuanyuan®
(‘School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, Liaoning
’Key Laboratory of Agro—products Processing, Ministry of Agriculture and Rural Affairs, Institute of Food Science
and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193)

Abstract Cell wall polysaccharides are the main components of the dry matter of fruits and vegetables and material ba-
sis that determines the texture formation of dried fruits and vegetables. In order to explore the influence of cell wall
polysaccharides on the textural quality of restructured apple chips produced by vacuum freeze drying, three polysaccha-
ride components of apple cell walls, e.g. alcohol-insoluble residue (AIR), soluble dietary fiber (SDF) and insoluble di
etary fiber (IDF) were extracted and then added to the restructured apple chips with various relative contents. The re-
sults showed that the hardness of the chips increased by 0.56%-214.13% and the brittleness decreased by 21.67%-—
65.14% after adding the cell wall polysaccharide components. Moreover, the hardness of chips was increased by 214.13%
and the brittleness was reduced by 52.89% after simultaneously adding 2% IDF and 2% SDF. The addition of cell wall
polysaccharides can significantly increase the 7T, and reduce moisture absorption of chips, while reduce the broken rate of
the product. The restructured apple chips with the addition of SDF exerted the porous microstructure as compared with
other polysaccharides. Conclusion: The cell wall polysaccharide component is an important factor that regulates the texture
formation of the vacuum freeze—dried restructured apple chips.

Keywords vacuum freeze —dried apple chips; cell wall polysaccharide; glass transition temperature; texture; porous

structure



