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HEEAE ™ LR TE B, AT A A0S H b B H EER IR P
IRALEY . Fan 55 R 850 OK Ve B T 12 5 4
SR P LAY, ELEE TR R LAY
FLEYIEE BB AR X AR TG VR AT
F 3R LA v A 1B R BB £ R AT ) A S A
Mo BRI 38 AR WA 5 LA S B B BE TE A
AHOR T I I AT AL B 4GE

AT FE AV 0 18 0 65 2 Tl X 5 T KA A 7
SCARER A3 BN R BB TR 5 R A BERE | ) e i i
T, DR AL AR g O e 2 R X 54
OSSR HEAT AL, LU 75 B RE Ve A 6 45 7 It e )
WAERLEE  RA RS SR HIE I PLE . A5
57 0 A I RS E T, B A I B e R O
DAy B Tt T K JE A A DA M R i R 2 2 U
DAL e

1 #R57E

1.1 #Rt5iRH

W I K TEA , LIRS A A BR A A 5
W 22 E (2 000 U/g) , 0N BB A R A BR 2
A R A A, KR R A R | A
R, RSB A BR A w5 AL AR, K ALk
K A Ak 27 S A BR 2 ] 5w ER IR Sk T B v 1k T
A BRAE] JALER QB R R TAF AL
TATRRA F] S AR, KT LE T2 AT PR A
A RS R OCE R R A RA R, SCE T
FHRF4 Ry o bt
1.2 NFE5iEE

DF -101S R4 P IR m #Ams g H P 2%  HH -
ZK4 B ALK I, ST TR AT BR A ]
TG16-WS #5320 B0 AL, i S i S i A
AR F]; DHG -9203 A HY e FAviE R 5 T4 , I
g —E R} AR A PR A 3 BS224S A 43Afr KAF-, L
R ZRNTRL AR B2 7] ;888 Titrando 7Y HL {3
AL, Bk Metrohm 23 ] 3 SHA — C B 7K 78 i PR
Vi, UM SRR R 4 BR 23 7 5 Alphal ~2LDplus
TR T 1ML, 5 E Vacuubrand 23 7] ; PHS =25 #Y
pH i, I i B # A A Bl 2% AU 4% A R F SB -
5200DT HYHE 75 38 VML, T° % 2 /A Hl; L Spectrum
100 AUAH BLH AR R 2T AP ETE(L  DSCA000 B 227R 494
UYL STA6000 AIFAEE /34T, 5[ Perkin Elmer 23
F;Smart Lab(9) I X-SZAiFHH{X, HAS Rikagu #°%
3] SUB020 A4 FL i fdse , H A H Sr A Al

1.3 ZWH*E
1.3.1 RREA#EHSZEMOHE

S Sun %k B TR BCR 10% HITE
KL WIS AT B TR 3R S 4 oil) 328 BT e 1 (1]
(2.4.6.8.10.12 h) ,pH f (4.0.4.5.5.0.5.5,
6.0) JAFE (40 45 50 .55 .60 .65 C) & 22N
(20 .40 .60 .80 100,120 U/g) HEAH &, RIS
PR 2 LIRS T IE S, iAo ) 3 o 2 4
6h,pH{E N 4.0.4.5.5.0,75% K 40 45 50 C, %
2 FFGS A 80,100,120 U/g,

1.3.2 H#RHEIHNT

27 Murty S5 SRR IEA TG AL EE, B 83 ¢
WAL 2 o i 37 o GALHT, HEFRKERE 1 LIEE
PO, s R 2 S AR 10 AR A brRE Wi, PR
IUBERE B i 100 mg HEAT IS, A 25 B F 7K1 mL,
1 mol/L FUEEALER 5 mL. 2 ~ 3 Ji B 34, FH 0.5
mol/L R FI, H¢J5 A 0.5 mol/L ML ALEF 10 mL,
HEATHLEIRE , MR RS (A o B BT 7 i
1.3.3 HA#EH-FTBELEHNH &

25 A LR 2R S I A OE 22 R B, 18 B BB UE B
St KRR 5 A R 9 B S UE M (ELEE VE A
S 2.45% 5.86% \9.24% 11.70% 15.26% )
FE M BERE 80 CARHF 15 min, [7 H APl A 0.3 mol
FEL AR L h Bl A HEaalich 1.2,
3454, VAFEE R 1 mol i1, BN T id &=
1) 75 I 2
1.3.4 @a3gRegm e

BHIGEHE" Jr ik, DL OB A AR E
A 190 ~600 nm Ab I 7 7 - FE Y 25 S0 42 i K
TGS i B KRB o A - s o ot 5
FXF TR 0.1 ~0. 6 mg/mlL, 7E 5 R W K
IR B 22 BRI 2R

B—Em LAY, FIJGK B B vk
J£R 5 mg/mL I ,6 000 r/min 50010 min, B I
TEVR, W AR e RS B A W AR AR
2t 550 e 26 A b B Y B VR B SR T RS Dk
(GEF I 360 W,40 °C 30 min) 5805 W45
P4 34 Y A i B 25 R, 6 000 r/min B A0
10 min , 7 9 00 2 A i e e R AT O K A 1 %
JCEE  ARABRHE RN T 5 B A M B ik,
FIHRIA (1),

g = P UIFEAITHEE)

p(agntE *100%. (1)
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K X-BFZeAi 913 ( X-ray diffraction, XRD) I
S W T K A AR 3 A i AR o B R I BE A
fas iR P, D3 2% 1 RS 40 kY, LT R
200 mA , fiT5T A (26) BUBEFE AL L 3° ~ 40°, 3140
R 1.2°/min, 24 0. 020, 45 EE T Origin 115,
3 3 AR R TR LB TS AR T
1.3.6 &5 mAILEH L

05 5T K TE A LI A b AR
SO IO A 2 TRI G 482 7 TS 5 41 P, S U85 ( scan-
ning electron microscope, SEM ) il | Jilt K A% K
2000 f5,
1.3.7 @5aARA By nl e

Bt b RS, LD G D
$CH 4 000 ~600 om ™" A A I AL S 0 5
FRVEMBER Z R AE AR
1.3.8 a&m#ierrka it

FRECS AR 45 2 mg, EH S AR KA T
(50 mL/min) , & EHE N 20 ~210 C, FHEHEF N
10 C/min, M8 2278 F = ( differential scanning
calorimetry, DSC) k>,
1.3.9 a&MHA TS

K HAAbR 2 AL 5 AR L2 5 mg B T/)
HE$ b, #4HE 43 1 ( thermogravimetric  analysis,
TGA) AT+ ik X [0] 2Ky 30 ~ 650 C, Fh ik # % Ny
10 C/min, A BRG AMHHC SRRE R R
Hh£E ( thermogravimetric curve, TG HH4R) , i i — B
SHROTEAF RN PR #h 28 ( derivative thermogravi-
metric curve, DTG HHZk) .
1.4 #iRALE

T S E AT 3 UK, BE LA (B + BRifE i
ZFn . M SPSS 5 Excel ZPE b 3 #4 % £ 5
HEAT53HT, Duncan 2 8 HACHEAT 22 5 10 & PR 20
P<0.05 FR2zm 2, HH] Origin 2K,

2 HR5HMH

2.1 AEE#HEMEECSYNEHEEERSH
3 b B PR 3R S0 ) 20 B S 2 el S T R
KIER FIALER &, 256 IE AR AT 2L &
SCYGZE AR | S HEVE AR S R K
B/ Ay 5 S I [R] | AR e SR FE | pH A
DA ) 5 J5T K S8 I8 S 25 1SR B SR T] 2 b, iV
JidE 100 U/g, ISR EE 45 °C , pH {8 4. 5, LI B B

TERY & R, N 15.26%

455 R 2R S RN IE A 5 2R N AR VE By
T 2.45% ~15.26% BEHL S AR A0 BE R X
BT (1 ~ 5 H L EETER & 1400 2. 45% |
5.86% 9.24% 11.70% 15.26% ) , 7 - i £ £ 5%
LB T, BB AR, BE A TE A 3 a3, A
RELETHE G TR, A RRKR KN 3.41% |
9.05% .5.23% .3.43% . 1.83% , Bk IEM & /N
5. 86% HH U3 A fe iy AU AE 5 B VE Ky % T 04k
PERFR , HAh SCHR A A 5 5k, A o vk = i B
R IR KL AR R AR AR B = T A
SR AR (H I Sy AR TR AR T 5 4% 4L
SRART 2RI A e B S [P L S S B Ay %o A I
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Fig.1 Geraniol embedding rate of inclusion complexes
prepared by wall materials with different

amylose content
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Fig.2 X-ray diffraction analysis of waxy corn starch, amylose

& 2

wall material and amylose-geraniol inclusion complex
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Fig.3 Microstructure of waxy corn starch, amylose wall material and amylose-geraniol inclusion complexes
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Fig.4 Infrared spectra of waxy corn starch and amylose-

geraniol inclusion complexes
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Fig.5 Differential scanning calorimetry curve of amylose-
geraniol inclusion complexes
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Tab.1 Differential scanning calorimetry parameters of amylose-geraniol inclusion complexes

215 Ty/C Tp/C T./C AH/(J-g™")
1 193. 61 2. 66* 195. 41 £0. 60* 199. 13 £1.01* 243.12 1. 01¢
2 186.22 +1. 68° 187.25 +1.65° 191.98 +0. 81° 556.26 0. 81°
3 186.53 +1. 40° 187.70 +1. 18° 192.55 +0. 80° 382.29 +1.17°
4 192.35 +2. 49 193.40 +1. 58 196.10 =1. 17" 272.03 £1.62°
5 189.59 0. 79" 191.77 £0. 52 196. 85 £0.27" 198.72 +0.27°¢

Ty ABIGIE , T, WIEHIR L, T AL R, AH AR R ARG, AR/ NE TR RIS s 22 5+ 345 (P <0.05) .

TENT TR, A5 W) 32 PR B — 7 T RE I A I A 2 DA
ELRETE R R, F A D it B IR T A TR
e -SRIV S I R S Sl o N e
BERF 22 (A AH ELAT B | A PR R B 4
F TS OB R . NIRT S T DUA Y, A0 R d

(4 2 S E W)W B, BLAE 200 °C A2 45 H BUAR
7 A WA, IX 55 Nuessli 458 % B BB 6 0y -7
MR A YRS R EAE 90 CEAMZEE K, X
2 T St AR v I A KA, S5 KR L s
TR TR
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FE UL 6 FE 7, HIE 6 "I, B A 5 YIHE
20 ~ 650 C Ry B FA7E 3 R EAE AL, 2 —
BB 100 °C Z2 47555 9 BE 200 °C 22 A7, AU R = 1Y
R it % E I 4 S R A 5 5 =B 300 C &£
100 C Y2 E AT REFH T & WK 43 18 20 W s iR Ak Ui
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AEJE T RIATIY B S Bl 4 PRS2 o ik -5, 5
P ARAWTREAIR, NI 3R B R, AR VE M 7 i
1o, Fe AR BRI

0 100 200 300 400 500 600 700
t/C

Ko HEEER- Rt 5 YR I 2
Fig.6 Thermogravimetric curve of amylose-geraniol

inclusion complexes
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Fig.7 Derivative thermogravimetric curve of amylose-

geraniol inclusion complexes
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Preparation and Properties of Amylose-Geraniol

Inclusion Complex

NING Ke,

LI Songyuan,

ZHAO Kai®

(College of Food Engineering, Harbin University of Commerce, Harbin 150028 , China)

Abstract; In order to investigate the effect of amylose content on the inclusion of amylose-geraniol, using

waxy maize starch as raw material , geraniol was included by wall materials with varying amylose contents

prepared by enzymatic hydrolysis with different pullulanase debranching conditions. The embedding rate

(T#% 158 )
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the grain ultrastructure. This is due to the dense structure, thick cell walls, and poor permeability of
highland barley seeds. To address these issues, high pressure treatment was introduced during the
glutaraldehyde fixation and resin penetration steps. Additionally, the concentrations of the glutaraldehyde
fixative solution, osmium acid fixative solution, and resin soaking solution were adjusted to suit the
characteristics of highland barley grains. The samples were observed under different reagent
concentrations and high pressure treatment conditions. By comparing the differences, the optimal reagent
concentrations and high pressure ranges were selected, and the suitable experimental conditions were
further refined through orthogonal experiments. The optimal pre-treatment conditions for TEM of highland
barley grains were determined as follows: glutaraldehyde volume fraction of 4.5% , osmium acid
concentration of 15 g/L., acetone to epoxy resin volume ratio of 1: 1 in the resin soaking solution treated
overnight, high pressure treatment of 50 MPa for both glutaraldehyde fixation and resin soaking, and a
treatment time of 10 minutes. Under these conditions, the epidermal cell wall of highland barley grains
remained intact without breakage. The aleurone layer structure was complete and clear, with no cavities.
The cell structure of the endosperm layer was complete and regularly shaped, and the starch grains were
intact and unwrinkled. These conditions are optimal for preparing high-quality transmission electron

microscopy samples of highland barley grains.

Keywords: highland barley grains; transmission electron microscope; preparation of samples; high

pressure processing; ultrastructure
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was used as the index to evaluate protection of the inclusion complex on geraniol, and the morphology and
stability of the inclusion complex were characterized by X-ray diffractometer, scanning electron
microscope, infrared spectrometer, differential scanning calorimeter and thermogravimetric analyzer. The
results showed that there was no linear relationship between the content of amylose and the embedding
rate, and the highest embedding rate was 9.05% , acquired at an amylose concentration of 5.86% .
X-ray diffraction results indicated that the position of the diffraction peaks changed after the formation of
the inclusion complex and the inclusion changed the crystalline pattern of the wall material from A-type to
A + V-type. The stability of the inclusion complex was improved. Scanning electron microscopy results
showed that the surface of the wall material became more and more concave with the increase of the
content of amylose, while the local surface of the inclusion complex was relatively intact. Infrared
spectrum results revealed that the characteristic peaks were blue shifted with the increase of the
embedding rate, and the characteristic peaks of geraniol did not appear in the inclusion complex. The
analysis of the enthalpy characteristics indicated that the enthalpy of phase transformation and the rate of
thermogravimetry second stage weight loss increased with the increase of embedding rate. The above
result further conformed that inclusion complex formation improved the stability of geraniols. In summary,
the debranching treatment of waxy corn starch and the inclusion of geraniol based on the formed amylose
could improve the stability of geraniol, and this study hoped to provide a reference for the embedding of

active substances by amylose.

Keywords: waxy maize starch; amylose; geraniol; inclusion complex; structural characterization;

enzymatic hydrolysis
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