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e RIS Ty 2, IR BB R 22 JEURE b A R o 1 5
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JRBLHR F (JSS) , 3 32 78 75 i AR [ 285 56 oA 400 4k
R /NG TR R, B B A LR JSS AR R K
O3 BRE B B A 5 AR KA Sl Ik ) S B TE Sl
530 T v J W 2 e g ) R

1 MRlEF*E
1.1 MRS F
JRAC e [ B B 5 2 MR e SRBE Tk
HIEBE R AL R R A PR A L
12 NEE5EHF
SB25-12DTN M i vk ds, TR RX ALY
B A BR A 7 ;ZWH-KFY -BT41/Hg #4515 1%
#, I JUH AR IR B £ B A BR 2 w5 1CS-3000 5
TR, FEERR A A XL, ER
Bruker Corp 2% ) ;Q200 2% 7% 14 & # , & [H
TA A W] 5S-570 H4 i 7 B lss , H A H S22 )
B WHHX , P[5 SMS 723 7] ; HR1848 KAl
PG —HIHL, BRIBLTR X CAIHRE LA
PR\ ] ;Sigma 3K15 5 3% Uk 5041, 75 E Sigma
OwEly KRR EEAL, L B IR SOA FRAE FT4
ZUJReM Bt M A%, PE[E Freeman Technology 2
] ;BSA224S KAV B8 2 R R AL A R A W
1.3 Fik
1.3.1  AWER S E  H 500 g KA
AN, A B, VIS 4.0 mm A,

A A PR T Hou Z517V45 BT IR 6 75 ¥ 31 7
B, 258 1K AE 25 CF L BR3E R (6
AT . ¥ 400 g A LA 4 L BB FK
o BT A S (40 kHz) P 60 min, BRI A B
YMmr A FRER, RIFTE2SCTH4LME
B OKAE R s o R A A Sk, it
6 h, LhFRAS FoMEA 7 HE i JSS.

1.3.2  ARRIFE K BN FRES B R SR
Ruiz—Cabrera 55190 )7 B AR B 20, 7E 25 C&
PET, 2005 R i T 7E AN () i 28 B L A9 1
WP FE R % 15 min (125 t/min) |, FH doB %5 Wk
FE 58 4% AN7E 2 B i BT i 5 VAR B L [ e
J 110, BiE 5, FH 2 A GH0R A B 3% AR A R
WG BV WA AR S B bl 3 1 BiER | 7E— Joik
R AT BRI B 0B s iR R
VEBEWG RPN 05, HOL A 5 IR e o 5
TR U R T RN (F) 0 A0 (G ) REbE
(S)=1:1:2 5 F:G:S=2:1:1 (¥ M JF & o ) P Fh e ]
H e TR 5 R 0G Ak & G W i 18 50 T A )
EL A B /N T W JSS AR 5 )

1 BABRFMEREL

Table 1 Type and proportion of sugar solution

%5 X¢ Xe Xs
14 — Tk A 1 0
21
3# 0 0 1
44 =k & 172 172 /
S# 1/3 / 2/3
6# / 173 2/3
T# Z kA& 1/4 1/4 1/2
8# 172 1/4 1/4
o# JR A Ay / / /
10# JSS / / /

TE  Xo X Xs 2050 27 SRBE A 00 R B s I Le 4], /7 Fom R
IINZFHE

133 Akl T2 SRR TIRE A 2N
(R B 5 932 32 i A b AT T TR IR E Y 60
C A7 TR K &AL 4%, B THRIG
F i e Bl BTN OB R 10 s, L 3 0, 30k
W 30s, i 60 H i, 74 2 5940k & il T E AR T
M e HORAT
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1.3.4  $8F5I0 A Jr i

1.3.4.1 /Ny FRES EIE RS Simkovie 5E1Y
B J7 B #EAT T B, I A K e B R T
(HPAEC-PAD) 1Y e R0 BT 5 - 28 460 (0,33 76 X 48y
RN RS BT T 50 mL BT K
TE 75 I K (40 kHz) $2 5L 2.0 ¢ 83 30 min,
IRJGTE 4 CF LA 12 000xg £5.0> 20 min, Wt 13
W, R KR 022 pm P 38 5 % H Dionex 1CS—
3000 & GE b AT /N TR S o AR ERE R
10 wL, &M Carbo Pac™PA20 {44} (3 mmx150
mm) , A (/K )l B(200 mmol/L. NaOH )£ N A ,
A0 B R B A R TN 25 2 BT

F2 INGFHEMNERREHS
Table 2 Gradient elution conditions for

small molecule sugars

PR F ur e/ wE/
A/% B/%
min mL-min™!
0 0.4 95
0~20 0.4 95
20~30 0.4 80 20
30~40 0.4 0 100
40~50 0.4 95 5

1.3.4.2 X-HHEAT S (XRD)ME i A7 SolX
i %% i) Bruker D8 ADVANCE XRD %t fif 5 &
ANV 38 01 T 1 0 Ry i 47 45 i A s e 8 P
R, FEETAFRETBCEEM AR L, L 4 %/min
R AE 4°~60° (1) 20 35 1B P 47 I &1
1.3.4.3  WOWZEH SR H 934 f BE (SEM) X 285
H OIS K AT WS K AR IR 5 ST A5 3T RY
RS N = e B 2L S L) S e = K
T B T WSS 1 000x £ #Y fHOWL 45 #e) I R 4
EZ .

1.3.4.4 KA & LKA EEWNE K4l GB/T
5009.3-2016 (£ i %4 E R b &K 8
I 5 Yo (g 5 s AT PR 1.5 ¢ MR T
HeEEE NS, T 105 CF 4 216 & (P
FE22/NT 2 mg), MRE LR L g K/100 g fif BE R
TN PRI T g SR RE h , SPAl 7E 7K 20 1% BE A& FH
B, A TK S FEALHEAT I AE

1.3.4.5 WEBHEERZMIE MR 4 2 B AR R JF
PO AT E R, B 2 20 mg AR B T RES S

FE G CE A R E 25 C LA 200 scem | AH XF
MR (RH)O%M AL T TR B fHE, AR50
5 RH % 10%34 5 F 0% T+ 2 90% , B 84— B
0 dm/de {8 (m; B 5 B st B E) A 0.002 g/min,
B B R A P S — R, LK 2RI JEE D A AR
i, AN TR 7K 9330 B S5 7K o0 3 AR AR, 22
1 52 By A5 T2
1.3.4.6 BCIGALFL ARWEEE (T,) W& 2 A
5 2H Hou S5 J7 6 JF #EAT B 2k, 1l FH 22 - A
i 52 AL (DSC) 2k 7 B FE i 1Y T K429 7~9
mg [FE 5 BRI T O 4R o 2% )l s 4R 4
PR IR RE S IRLEE LA 10 °C/min 1Y 328 B2 5 IRV
HZE-70 °C, VA 5 min, Z8 J5 LA 10 °C/min [ 35
PR ZE 100 °C, 8 T o0 B 2R A 35 3 A B 28 A
U6 (Ty) , ] (T,,) MAS R (T,)3 AN IELEE , 7320050
TR T VE B AORRE i 1Y T,
1.3.4.7 Apmsh ke kA sh v ik FT4
B X Flowability £ XHEAT I 5E . 1 SRR BE 1
1 RE 50, AL 34 P B 40 mm/s , 0 4 4
29 100 mm/s, AL HE (Basic flowability ener-
v, BFE) HAE U B 938 U o s
— B T A LT AR AR, BUE S I A
i N 2 Bl DR R G NS

AT EARK.

n

Eﬂnw (mJ): J ( r

0 Rtano
A H  R—— A A 2R mma—I2 iE
i, 0 H——2 NSRRI, B F —— IR e
e B A I T 0RE R IS AR A A N
1.4 HESW
K SPSS 25.0 B4 A7 B w9 5 25 0 b
FH Duncan’s 5 #4712 # L3, KR Origin 2019
B B D B E bR ifE 22 3808, P < 0.05 &
NESRE, BHIREYER 3K,

+E)BS€ ) dH

2 BR55W
21 NS FHEEER XRD 47

J I A T JSS 1A 3R 2R [) F 28 T L 461
WS 3 G S /N TS RN 3 R, TR
TR (9#) A &8 101.39 mg/g, ) 25 4 &
TN 94.94 mg/g, HEBE F O 232.90 mg/g, B
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B RERE S R B R B 1212, AR AT
7 TR G 25 5, ek 4% (wiw ) Bl T RT3 1
A B A S BT R R TR R SR, &
JoBE b FR Y JSS A R (10#) P, RBE S N 1.43
mglg, HWABES RN 1.55 mg/g, REBES RN 0.06
mg/g, FBEFR N 98.59% ,98.37% ,99.97% , N
I JSS AT g Jol A 5L A AR R S i — 2 Y
BB . SARRNY FHBE TR S
(1~84) B b b SR 260 W | RO 55 22 91 161 49 )

M 14.96~388.69,16.66~385.06,13.19~377.13 mg/
go PR /N TR B S TE 406.91~430.14 mg/g 2
8], 55 J5 46 ARy th/IN o3 8 R (429.22 mg/g) #
MIEAT, I la~d B]AT, 22K ] BB/ 237 R T
BB G AN RE S A B Y &G 0 AR
ai JCRE S R BN R BL I AL TR RE RS . 4k
Al A AH G A T bR A 0 JEORE LA B S A RE K,
P ANESE Y, H ] DA 2Oy i R e M
BEZ /NG E R

®3 ZEFRMERILAERRESERISSHERP NS FHEE

Table 3 Small molecule sugar contents of jujube powder osmosed by different types and proportion of sugar solutions

%5 R #E/mg-g”! # # HE/mg- gt FEAHE/mg- g Do FHEE F/mg- g
1# 388.69 £ 2.67¢ 16.66 + 1.19° 13.19 £ 0.29° 418.55 £ 4.16°
2# 28.15 + 1.08° 385.06 +2.72" 15.87 £0.21* 429.08 + 4.00"
3# 25.80 £0.31° 24.52 +0.49" 377.13 £ 0.08! 427.45 + 0.88¢
44 201.04 £ 0.12¢ 211.41 041" 17.65 £ 0.14* 430.10 + 0.67¢
S# 153.53 + 1.69" 19.39 + 0.98° 257.23 +0.30" 430.14 = 2.96*
6# 14.96 + 0.24¢ 13522 +0.27° 256.73 £ 0.13¢ 406.91 + 0.64"
T# 101.35 £ 0.72° 117.38 +0.62¢ 191.87 +0.29° 410.60 + 1.63"
8# 214.92 +3.25° 115.22 +2.37¢ 96.94 + 0.80" 427.08 + 1.69¢
ot 101.39 £ 0.14° 94.94 + 0.21 232.90 £ 0.26 429.22 +0.34¢
10# 1.43 £0.03* 1.55 £ 0.01¢ 0.06 + 0.02* 3.03 £ 0.05*

TE A BE ARG T REAR TR 22 57 3 (P < 0.05), T 1A,
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Fig.1 X-ray diffraction pattern of jujube powder osmosed with different content and ratio of sugar solution
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SRR B G, TR B2y 5
HE AN KLU (g bR 25 K L7, R SR TETY IH 2R S
ARAS, HARH & A A /NBRL, fE—JeiR R, &
TREIB B 5 1 AW UKL 28 1 fe 6 (B 2a.2b
2c), TEICHRZR T AN UKL 3% 1] 35 S R 0 1Y
FtR G ATAF RS 23 23 TR S5 44 (] 2d 26 \2f) , =TT
TR v B2 X LR 45 A8 Y SR 7 o ok 784y,
T v 2454 (] 2g . 2h) .
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Fig.2 The microstructure of jujube powder osmosed by sugar solutions with different content and proportion
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T# 10#) , 3 0] B T BB A R R K g3
Re TR, TR R KA S SAE KA 5373 8
FHEOK SRR, FEa T 3 RN TR SR
I MR 22 T AL ) (24 3# 4# SH# 8# O#) K
WARBTCREEES, (AHKE B Z B
Wl /NGy TR S R (18 3b), filan 8# 5 94
o3 AN R R R R R PE 22 R (P<0.05),

4.250 -

: f
aige L de g el def def
B 00 e b ©
oz
=
MO8 ssmh a
ol
&
N g 3.75042
OAIZE)I_IIIIIIIII
0.000
1 2% 3% 4% 58 6% T 8% 95 108
205
Group

() Z2 N [ b 26 B LU ARDHIES W95 125 19 083 1) 7K 2 5

KAy Em e EM 2SS (A 8# KA L 9
5 13.93%, H B A W E 2R v ieeh T 84 b
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Fig.3 Water content and water activity of jujube powder osmosed by different types and proportion of sugar solutions

24 TERSND FHARRSEN JSS K4
R Bt Fry 22 i

AW 1) I B S8 R 0 T TR0 i T s A o R
S RNIOY et oo | o e M S e ) & o S T
AR A, AR & T R A AN
. A€ HRTAFSE A X BTSN (RH 0~90%) ,
FR 5 Brunauer S5V 432 | A5 B & B4 I B 45 VR
LB I RS STEh 4k . FEfE R T T A
it 1) P KRB A RH (% T e T 2 R
(& 4),

L 4d AT, DGR AR AR A E T (ay
<0.4) 7K 53 W Bt 4248 | 7 W B 45 F T (a,>0.4) K
3 W R SR R R I LA K 40 B R 0.9 B
KW BB IR B 58% LA I 5 H B LB E R
SR A G 7E K435 A B 0.4 1T, JSS W IR 8 p (&
da~d) , 3X 5 O EE A6 A G, e B A SIOUFL B K,
W TR K AT BE AR E 0.4 J5 7K 43 W B3 K
A b B H AE X AR, AL B AR N A e
T TR AR, AR 0 W R Al A A el A R R e

T2 rh AT BB P B SR S W A5 R I AR AR AR IR 2 AT
(1285 &7 e = o WL AN TN o7 0 i
T SO B R PR A AR AR

— IR A vy 2K 43 W B RE U R < JSS-F >
JSS=G > JSS-S(I&l 4a) , 1 SCHR AT %1 3 Fh /N3 b
149 7K 43 W B 8 T MBI Sy SR 0 > 4 280 4 > ARG 5
IS BEATF, B JSS XF BRI T BRI K 43
W B RE 1 TG S FE IeAR R v K A W B B
I JSS=1/2F+1/2G > JSS—1/3F+2/3S > JSS-
1/3G+2/3S (&l 4b) . SRME 5 1 4 B8 % 523K 95.90%
) JSS=1/2F+1/2G 41 (43510 201.04 mg/g,211.41
mg/g) K5 W BERE T Bes® . JSS—1/2F+1/2G A5
JSS-1/3F+2/3S /N F Wi S0 M 25 = 7
a, 7 0.9 B FLHE 55 8 % Bl 5 4tk 95.90% 1 JSS-
12F+1/2G 4 (43514 201.04 mg/g,211.41 mg/g) 7K
51 W B RE T bE SR BE 5 BB S i Ak 95.50% 1 JSS—
1/3F+2/3S 21 (43 51°/ 153.53 mg/g 1 257.23 mg/g)
wi it 5.73% ., fE=JoikF T (Kl 4¢),JSS-1/2F+1/
4G+1/4S HRE i BBE 5 LIk 50.32%, i T
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Fig.4 Adsorption isotherms of jujube powder osmosed by different types and proportion of sugar solutions

25 ZEERSMNGFHEABRESEX JSS K
W TR R 0

A SCHARGE SR B A T, 2 2 40 M EAR
FARIEE R AR B 200 % T, A7 i 35 5 >

x4
WERUETRE

T E T2 R L B4R A k5

EEEBN

Table 4 Glass transition temperature of jujube powder

osmosed by different types and proportion of sugar solutions

Y% Al i A 3 B PE A rJC
132 4 FTR  FE—TGIK Z b | B AL A5 R 1 i P 2075 5 162
BNy 14 < 24 < 38, KW 3 TNy HEREAR JSS 24 o 36.33 + 1.56°
1 Tg (NI Ry Sl > 250 > FERE X 5 Lee 51 34 3 40.00 + 3.60
DS SRME . MAhE , RERER T 45 R —%, B 4 RAE:H H =101 36.19 + 1.32¢
Ruiz—Cabrera "2 i (45 AR L, £ —JCik R 5# R =122 38.37 £ 0.14
b S A L 46.749% 1945 4 2L SR A i o# REEDS ST 4524 £0.72°
i He 3.68% 11955 6 41 T, 1% 20.00%, 1£ =tk & o REERHEREM=IT2 4008078
f, RHEERG I 50329 15 8 AR AR 8 REERAIRARRZEL 3054124
1 L 24.68% 1955 7 41 T, 1% 23.80% ., £ Ji 25 o Jate 39.97 £ 2.24°

10# JSS 50.30 = 0.54"

A8, 1) R S IR TR A I 109 ] R T

T A EV/NG TR R 22 5 135 (P < 0.05)
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FEA, B2 B UR INRRAR T 253 F )2 & 7K %, Ruiz—
Cabrera ZFPOHRIE T AT TX S A 45 2008 | oAb A AR
SR R YR B, A B BE S A i B
T, BEAR, 25 5 AR WF 5 45 AR L, 5 0 /N oy 70 i
RERS W R B Y T, 5ROk AH L, JSS B
PR 140.66% , T, 4 30.75 °C, e THE
Bl 1 PR Sl , RWIRRAR/ N o o = T
DLA BLREARA R 1 T,
26 EEESMFHEAREESEX JSS EX
ik A: b= |

R B A3 B fiE (BFE ) K, 75 B 40 AL 4R
B ReE M E R s 2 B S nTAE T
—JCK &, K& BFE Bt 1# 4>04
>34 41, M H i 92.87%F% = 6.04% ,BFE [%
1% 19.87%, BV {A& R Hi sl T 4 19.87%., 18 —Jtik
Z ™, BFE AR fL a5 h 44 2 >54# 41 >6# 4, Mk
hi b 46.74% % & 3.68% ,BFE F#A% 17.12% , %
BEFEAR BFE [ RCRBEAR, 7] RE S o T WS 5 10 4
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Fig.5 The flowability of jujube powder osmosed

by different types and proportion of sugar solutions
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Table 5 Correlation analysis of physical and chemical properties of jujube powder after infiltration of different types

and proportions of sugar solutions

35 AR a 14 T, BFE F G S
a, 1.000
W 0.479 1.000
T, -0.396 -0.399 1.000
BFE 0.694 0.562 ~0.923% 1.000
F 0.334 0.342 -0.908* 0.838 1.000
G 0217 0.033 -0.072 0.118 -0.155 1.000
S 0.140 0.168 0.366 -0.179 -0.366 -0.470 1.000

T % FORTE 0.05 KPR ASE ok LIRTE 0.01 KB 35 456
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Effect of Amorphous Small Molecule Sugars on Water Adsorption and Glass Transition
of Jujube Powder

Yang Xinrui', Bi Jinfeng', Chen Qinqin", Jin Xinwen?’, Wu Xinye', Gou Min'
(‘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
A gricultural Products Processing Research Institute, Xinjiang Academy of Agricultural Sciences,
Shihezi 832000, Xinjiang)

Abstract The glass transition of small-molecule sugars in amorphous forms is an important factor that causes moisture
absorption and agglomeration of jujube powder, which affects its quality. In order to clarify the contribution of different
small molecular sugar composition and content to the moisture absorption of jujube powder, the jujube slice skeleton
(JSS) was first established, which was then infiltrated with different proportions of fructose, glucose, and sucrose solu-
tions. Dried JSS and made powder, analyzed the influence of different small molecule sugar content on the water adsorp-
tion, glass transition temperature (7,) and basic flow energy (BFE) of the JSS. The results showed that the ratio of the
three small molecule sugars significantly affected the water adsorption, 7, and BFE of JSS, and there was a very signifi-
cant negative correlation between fructose and 7T,, and a very significant positive correlation with BFE. When @,=0.9, the
proportion of fructose decreased by 25.64%, the water adsorption capacity of the powder decreased by 21.68%. The order
of the ability of the three small molecule sugars to reduce the T, of JSS was fructose>glucose>sucrose, and the proportion
of fructose decreased by 25.64%, T, increased by 23.80%, BFE decreased by 21.18%, and powder fluidity was signifi-
cantly improved. In addition, reducing the total amount of small molecule sugars in the jujube powder could also effec-
tively reduce the water adsorption capacity of the jujube powder system, increase T, and improve fluidity. In summary,
reducing the proportion of fructose in the jujube powder or reducing the total amount of small molecular sugars in the
jujube powder could achieve effective regulation of the moisture absorption characteristics of the jujube powder, which
could provide a theoretical reference for improving the problem of moisture absorption and agglomeration of the jujube
powder.

Keywords jujube powder; small molecule sugar; moisture adsorption; glass transition; basic flow energy



