PG VEY 4R 2023, 44(3): 647-660
Chinese Journal of Tropical Crops

A [E] B ot Xof £ 0N P R AR B AU W 5 A R EL PR TE M Y S i

ERE, AL, %22, #xa, 2u8°, RrE, WER4
B 22

1 Bl R B S22k, B EERF  830053; 2. HHEBF KB LB & EMAR ISR, BRI T
571533; 3. mEE R BE BB T PG RIS T, Rl 6780005 4. V& F APV EYE BN T 5
rh RS N SRR, R T T 571533

o OE: HILIBTRAAE ( gum arabic, GA ) 5 K540 B & H ( soybean protein isolate, SPI). ¥Li& /3 & & A ( whey protein
isolate, WPI ) FllJi% 25 9 2 £ ( sodium caseinate, SC )YE N BEM , 1813 & & 5ER B4 3 FhagummEih ( green coffee oil, GCO )
e . B G AR AR TBe, XTREM M | LLAMGIERE . FUIE A DL RSO G AT 5085 Hegg 3 Ahakun
MEV R 22 A R B33 . TEAH . AR . S5 RAE PR e ME . S5 RERM, BTRLA M SRR 8 A 2 188 1§ i AR AR
TR T, A AL R LR T B RE AL s ZLAMGIE BT W], 3 P RERS 2 AR AL LT b A R Akl , A2 R DR 3
/IMKIRH SPIGA-GCO (69.26% ) >SCGA-GCO (58.69% ) >WPIGA-GCO ( 52.57% ); ZRMIMHE 5% A 28 A0 SRR 485 ) 26 T
FH, WAL, Horh SPIGA-GCO Hiliig /r A B 2] 5 22 A G ik 0 A R B, U S P2 1 UL B2 4 s
(103.93~108.33 C ), HA BIFMHFEaEN, HIocg R L, SPIGA-GCO e MBI BAL T Hifth 2 FlBET 51 45 3%
JBEHE ™ i o AR S R R R R A A S W vl ol P 0 7 T B LR R S, A Sy i e £ v £ A R P B AL B AR AR
KRR sRumETh; GARAE; EABERD; SR, MEREh

FESES: S571.2 SREFRIRAD: A

Effects of Different Wall Materials on the Microstructure and Ther-
mal Stability of Green Coffee Oil Microcapsules

MU Jingyil’z, HUF aguang3, ZHANG Zhenzhen'’, DONG Wenjiang2’4*, LI Ya’nan’, BI Xiaofei’, HU Rongsu02’4,
CHEN Xiao’ai**

1. College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumgqi, Xinjiang 830053, China; 2. Spice and Bever-
age Research Institute, Chinese Academy of Tropical Agricultural Sciences, Wanning, Hainan 571533, China; 3. Institute of Tropical
and Subtropical Economic Crops, Yunnan Academy of Agricultural Sciences, Baoshan, Yunnan 678000, China; 4. Key Laboratory
of Processing Suitability and Quality Control of the Special Tropical Crops of Hainan Province, Wanning, Hainan 571533, China

Abstract: In this paper, three types of green coffee oil microcapsules were prepared by complex coacervation using the
combination of gum arabic (GA) with soybean isolate protein (SPI), whey isolate protein (WPI) and sodium caseinate
(SC) as wall materials, respectively. The turbidity, infrared spectral characteristics, apparent morphology and fluores-
cence co-localization of the wall materials were analyzed by combining different characterization techniques; the en-
capsulation efficiency, morphology, particle size, structural characterization and thermal stability of the three green
coffee oil microcapsules were compared. Gum arabic and different proteins formed complexes through electrostatic
interactions, which can be used as a new wall material for encapsulating green coffee oil. Infrared spectral analysis
showed that the three wall materials could encapsulate green coffee oil better. The encapsulation rate in a descending
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order was SPIGA-GCO (69.26%), SCGA-GCO (58.69%), WPIGA-GCO (52.57%). The microstructure of green coffee
oil microcapsules had a flat surface without obvious cracks, among which the oil droplets were more uniformly distrib-
uted in SPIGA-GCO. DSC analysis showed that the thermal denaturation temperature of microcapsules was higher
(103.93-108.33 C), with good thermal stability. The results showed that the performance of SPIGA-GCO microcap-
sules was significantly better than the microcapsule products prepared from the other two wall materials. This study
would provide technical support for the development of stable and effective green coffee oil microencapsulated products,

and also provide a theoretical basis for the high value utilization of green coffee oil.
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W (£ 1), BEWET 45 CHEEAKBIREE
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Tab. 1 Formulation of three composite wall materials
for turbidity determination
v BEM T 5L 1L
i Wall material quality ratio
Sample

1 2 3
KRESrEHENA PR 1:2 1:1 2:1
FLIFEEE  FIRA 1:2 1:1 2:1
B RGN« FTHLAF B 1:2 1:1 2:1

122 ARyeya &Iy RIEE 2 WA
H R BRI N 1 %R, BIR AR R
B2 = LB, PREFMARIREE 50 °C, & THEE
2R AN e O 1 AN /1A & O g B DR (7 & T 43
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PETT FLVR Y pH Z AT bR 9 e pHL. & AT i
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EEERY . H 1% NaOH WA R pH &
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T S IE] Ay 3 o 1 £k S BRI Ay s e ke i 8% B VR
FE T B0 B LIRS TR 80 C Y
TR VKAE T4 24 h, 7E-50 ‘CHI 20 kbar | H235%
TR T 1 48 ho RS ARSI T B B R O R4,
R TAR B TS TP

*k2 EARBENEFUHGHRRELRS
Tab. 2 Formulation of green coffee oil microcapsules
prepared by complex coacervation
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Fig. 1

Schematic diagram of green coffee oil microcapsules prepared by composite coalescence method with three proteins

and gum arabic as wall materials
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JEBERYA, JPUKINA 30 mL A imEE P E DT, SR

Je it g EAE E B EHM m,, 1€ 45 CAHl 100 Mpa

FEF AT R s, W4 e e TR IR T R AR
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Fig. 2 Effect of pH and mixing ratio on turbidity of three proteins and acerbic gum system
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Fig. 3 Fourier infrared spectra of green coffee oil microcapsules, coacervates, core material and single-component wall ma-
terials prepared from three composite wall materials
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A: SPIGA (x1000); B: SPIGA (x2000); C: WPIGA (x1000); D: WPIGA (x2000); E: SCGA (x1000); F: SCGA (x2000).
4 3IMEARSEMNARKFSNERYREBRER

Fig. 4 Scanning electron microscopy of coacervates prepared with three proteins and gum arabic

IR FI TS GA WHEFRIC. A: SPIGA ZERY)-FITC (£ ); B: SPIGA ZR¥Y-RBITC (£1{4); C: A S B ZLEHIE
BZm (R ); D: WPIGA B RY)-FITC (4(% ); E: WPIGA Z R Y -RBITC (414 ); F: D LR E £ZL(EHEZ M QRED );
G: SCGA EERY)-FITC (4(5); H: SCGA EEY-RBITC (414 ); 1. GEEHM H L@ MEMm (IREE ),

Double labeling of different proteins with GA, respectively. A: SPIGA-FITC (green); B: SPIGA-RBITC (red); C: Superposition of A green

and B red channels (yellowish); D: WPIGA-FITC (green); E: WPIGA-RBITC (red); F: Superposition of D green and E red channels (yellow-
ish); G: SCGA-FITC (green); H: SCGA-RBITC (red); I: Superposition of G green and H red channels (yellowish).

El5 3MEBRS CAHENERYHARMARERHE

Fig. 5 Confocal laser scanning micrographs of coacervates prepared with three proteins and GA
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El6 3TERRS GAFIENERYHEMH<E

Fig. 6 Scatter plot of co-localization of coacervates prepared by three proteins and GA

®3 3WMEARS GAHENERMAREEMSH

Tab. 3  Fluorescence co-localization parameters of three
proteins with GA-prepared coacervates

ZIRY

Co-localization
SPIGA 0.930 0.918 0.905 0.931 0.368 0.999
WPIGA 0.945 0943 0.850 1.050 0.624 1.000
SCGA 0.902 0.937 0.858 1.020 0.433 0.978

e r N IR JE R (Pearson’s ); R N2 flEl & R4
(Mander’s ); Ky A5 —EERE; K AES ESRE
my AE S BN REG m AFES I E N REL

Note: r is Pearson’s correlation coefficient; R is Mander’s
overlap coefficient; K, is signal one overlap coefficient; K, is sig-
nal two overlap coefficient; m, is signal co-localization coefficient;
m, is signal two co-localization coefficient.

23 WKERIELMER

23.1 WIREMEEROEE RFE 4 AMH,

SPIGA-GCO % Fferm , “F¥Ih 86.40%,

WPIGA-GCO )" %5, SPIGA-GCO, SCGA-
GCO ik %5 % 5 WPIGA-GCO # 7 & &
(P<0.05) o AS[RVEEM A0 1o e 2 22 0] A MR SR A7 AE
25 (P<0.05 ), SPIGA-GCO £ HE % i 55
SEHIR 69.26%, % SCGA-GCO 5 WPIGA-GCO
B XA ) R . L WPIGA-GCO &
T R (15.96% ), X 408 KA AL,

SCGA-GCO [ TO & =& e , (AL HE SRR
232 MEIE®EZE>H 3 FEARSIRA
JUE Sy BE A il 5 1 g oA e RS B R AR A A 5T

SR RIES A, BB RS (E 7).

3 IO 2 1% A3 T I R b o 28 A [] T TG P b 2
5 (P=0.05), yull 4 0.72~1.87 (£ 5), BEFFFR

R m; m; Kl KZ

®k4 IMEFEMHEHRMEERBRELSM,
REH, SIEEF~E
Tab. 4 Total oil, surface oil, encapsulation rate, and yield
of green coffee oil microcapsules prepared by three
composite wall materials

[plE:: SO/ TO/
Microcapsule [£:(100 g)'] [g(100 g)']
SPIGA-GCO  7.67+0.45" 24.98+0.37° 69.26+2.23" 86.40+0.38"
WPIGA-GCO 15.96+1.16* 33.64+0.70° 52.57+2.88° 52.10£0.07°
SCGA-GCO 15.72+0.72* 38.15£1.99* 58.69+3.39" 78.40+0.35"

TE: SO MR T ihE, TO NEHAM, EE ARMKEQH
K, YE N R RS R/ING TR R AN R RE A ) 28
¥ (P<0.05),

Note: SO is surface oil; TO is total oil; EE is microcapsule
encapsulation rate; YE is microcapsule yield; Different lowercase

letters in the same column indicate significant differences between
samples (P<0.05).

EE/% YE/%

1071 SPIGA-GCO
—— WPIGA-GCO
8 — SCGA-GCO
2
S
g
E 4r
#
w20 3
0 i

|
0.01 0.1 1 1 100 1000
%if8 Particle size/um

B 7 3#ME & & EUHER R RHE S E
Fig. 7 Particle size distribution of green coffee oil micro-
capsules prepared by three composite wall materials

ZENT g W e ik A - M KL AR A R 2 S e ( P<
0.05), F¥ K2 H 97.60~162.00 um, H
WPIGA-GCO Hyfifef K (162.00 pm ),
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Tab. 5 Diameter and average particle size of green coftee oil
microcapsules prepared by three composite wall materials

B (el Kt
Microcapsule Span Particle size/um
SPIGA-GCO 1.87+0.03% 97.60+0.95°¢
WPIGA-GCO 1.49+1.06° 162.00+1.00°
SCGA-GCO 0.72+0.01° 131.00+1.00°

0 FFIARING FBE R R AR il ] 22 55 i 2 ( P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference between samples (P<0.05).

24 WERBEHMMREWSH

241 FT-IR 4#7  SrmimmEgh il 28 o 21 4 ik
WK 3 s, SUmHE 3464.45 cm™' (O-H Fiff )
F12935.13., 2850.27. 1745.26 cm™' ( C=C {145 )
HagEsisiR, Hrb 1157.08 em ™ X} C-O-C fif
A5 o 3 Tl &t i mE b B B 2T 40 Ol 3 iy T
3542.00~3507.00 con™ IXIH N, 3 PR BRI X
B AEAE A B 3 T ( 3299.00~3208.00 cm '),

o -
e

HT O-H #MM4giiksh, HE GA BAH
3392.17 em™' Zb & ARG, M O-H A1
{16 B2 I WS R 46 (3550.00~3200.00 con '), i
7 AF I (N-H ) {4145 ( 3400.00~3300.00 cm ")
F R (N-H) {45 (3350.00~3310.00 cm ™' ). 7F
e B U 3P S T R BRI 3465.45 cm!
Gy VLR B 3 b ol v i i 6% 3131.83
3139.54, 314532 cm ' 4b. HeEcsEMIME | 3 AR
5 Yy R i I Gk B O, 7 2933.00~
2850.00 cm 4b H FUARAE ST | UEBA A7 7F 25 # i
f PR3N (2920.00~2970.00 cm™ ') FITE H 31
AR FRIESD (2925.00~2853.00 cm ™' ), &R &kl
METH £ BT B E 3 FhOR TR R R, SR
Jeit B 1745.26 em W STIG Sy H 3 = g R
B REARZUERAE R, HAE 3 R # FT-IR
Kl 1745.00~1743.00 cm ' &b B0 L0 AH

242 SEM 7r#r 3 R RUR SRy AR SO 4548 4 [#]
8 JII7R o JITAT R il by A AR ELAT R B 38 45 4 R 25 4

cHt, HABRDE AR MR/, 2 AR AR

A: SPIGA-GCO (x1000); B: SPIGA-GCO (x2000); C: SPIGA-GCO (x8000); D: WPIGA-GCO (x1000); E: WPIGA-GCO (x2000);
F: WPIGA-GCO (x8000); G: SCGA-GCO (x1000); H: SCGA-GCO (x2000); I: SCGA-GCO (x8000).

B8 3MEASBEMGENEMULHKEAMEREE

Fig. 8 Scanning electron microscopy of green coffee oil microcapsules prepared by three composite wall materials
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458 . SPIGA-GCO . WPIGA-GCO # SCGA-GCO
U #E iR T8 T FLALRRME , TR G JC AL
MR MATE AT 8L, BRI 7R Ok TH A 244
MBI G

243 CLSM 447  HIE 9 AfLLEIE, Skl
U AR+, T CLSM MR A IR,

Mg RmMHEEE X BnRhRe, gal)Zz (F
9A . K 9D, K1 9G ) N FITC FF e A In] A& FH i,
@R E (K 9B, K 9E., Kl 9H) K Je B L fir gy
2RI ME T, JE S Ot B R B . 7
WPIGA-GCO Fl SCGA-GCO ki 2 i 47 7 73 48 51

A D

ML, Ul B T B3 2 HARXH R AR
(K 9E. K 9H ), SPIGA-GCO EME i/~ 17t
5o S AT LY 5) e A S il e ok 48 g b L MR AE
WOk N (9B ). kA, MK 9C, & 9F, A
o1 FFEEETHIR (L0345 ) Bt st AfEE
FBEERT (25 ) T, TieRINZRENZ,
FOALE0MER 8% SPIGA . WPIGA 1 SCGA i3
#A . Hirp SPIGA-GCO WL (5% Y0 A 8l 1
A1, UABHERINME B A A HEE SPIGA H; 1
WPIGA-GCO "8 73T i 4 41 2/ N A1 88 A
BEM R (7R PR o

A: SPIGA-GCO UKHEH 1 SPI (4%{5 ); B: SPIGA-GCO RUKEZEH il (4162 ); C: A M BNENM/Z; D: WPIGA-GCO K%
g WP (45 ); E: WPIGA-GCO B EE P ¥ (£068); F: DA EMENZE; G: SCGA-GCO MUKHEH Y SC (4 ); H:
SCGA-GCO e it (4168 ); 1. G R H W& mZE.

A: SPI in SPIGA-GCO microcapsules (green); B: Oil droplets in SPIGA-GCO microcapsules (red); C: Superimposed layer of A and B; D:

WPI in WPIGA-GCO microcapsules (green); E: Oil droplets in WPIGA-GCO microcapsules (red); F: Superimposed layer of D and E; G: SC
in SCGA-GCO microcapsules (green); H: Oil droplets in SCGA-GCO microcapsules (red); I: Superimposed layer of G and H.

B9 3MESBRMEEHNEMUIRREREALLRERHERE

Fig. 9 Confocal laser scanning microcapsules of green coffee oil prepared by three composite wall materials

244 XRD %4 [® 10 i, 3 FhEERT( SPIGA .
WPIGA . SCGA ) 5 H:Zgum i a1 2 i 177 5 1K
TEREBAEML, A— 850018 S i, 32 B Sk
M iOle 9% B o8 TR 5 O RFAE s 3 Atk

TS RERT A (20) YEMIH 19.38~20.92° 5 BF
MAALEE (19.18~19.58°), fali i 4 py HRAE AR % A=
TI#% . £ SPIGA-GCO . WPIGA-GCO #i
SCGA-GCO WA= M IR . teoh, 3 FhiEEd 5
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SRR SR B Y 20 B I LR (R A0 B R B A
TEZERE, SR HE I e S DA (A A8 HL 5 B2 1S
2B in 2w i AS 2 S 2 AR AT S A Y A7
B, AN S HaR B, AR5
SPIGA-GCO , WPIGA-GCO #il SCGA-GCO 3 Fis
JUE 4 (1) AH XE 45 5 BE 43O A 45.99% . 46.37% Fil
42.23%, Hirh WPIGA-GCO im Hi AR /M 25 5 i
W), 5 HEARRE R AE b EA R AR X 4 R

SCGA-GCO 22 ARG S
42.23%
19.18°

WPIGA-GCO,#*
46.37%
19.58°

=
o
2 |SPIGA-GCO
z 45.99%
g 20.92°
= 1SCGA 0
J&% 19.38° 36.96%
™ | WPIGA 0
20.26° 39.57%
SPIGA 41.01%
| 1 | | I e |
10 20 30 40 50 60

175t 26 Diffraction angle 26/°

B 10 3#ESEEM K HE&H LRk im Rk E
X B TE B
Fig. 10 X-ray diffraction pattern of three composite wall
materials and prepared green coffee oil microcapsules

25 RERRMEESH

FH P 11 AT, 3 g Ml v Gl e 24 1 38 35 Ak
M AR B E 100 'C LA, SPIGA-GCO .
WPIGA-GCOH F1 SCGA-GCO 43 4%I1E 107.60.,
108.33, 103.93 ‘CA B B Mg #Ag | i 3 Fj ikt
SYAIAE 112,12, 11021, 109.46 C ik B #E H: IR
JE, SH B EIARRL, A A,

SCGA-GCO
WPIGA-GCO~ /
N
=~ - 2
‘?1) T _— T
R \@.330"/ T T T
& [WPIGA . )
S| 107.598°C." -7
%2 [SPIGA Ny
- '109.463€
N \\l,’ /,’
*110.206C”
, 12121 , ,
50 100 150 200 250
i Temprature/'C

1 3MHESBRMEESENEUMNHERENRITA
Fig. 11 Thermal behavior of three composite wall materi-
als and corresponding green coffee oil microcapsules

3 i

ABEFCEE T Skl 5 3 FpEE SR
TR SR SR E I e R I 25 65 25
31 ERYRE pH MEEH LR

3 Foh B 1 55 BT e R 2R 3 T B pHL 1)k
NS EFHE TGS, Y pH TREE 3.0~4.0
BF, R SO b Th A, R R S TR
HEABCNIBER TR B, B2 TRE H R
FPHEAE RIS SR, SeiiE s 26wkt
T EER B EEHE , IR B R ORE X R A 2
52 T Wy ik B 1 I (I MR A6 A [R) 2 1 o 5 BT v e
2 T) P e FELAH B R 3 T e R, 20 & A A
OYES, B TR AR B T REE R U s
WA S AV E AR R B B, X AT RE R T AN
HESWHEANR, RRLER AL EWN
fpiRad e, &4 B3 ML, AREARS
BRI IR A LU GRS TR] e B i 2 L AA e 3K
K25, UL pH FIBEM T L AR Kb 1
B RN 2 05 19 AH BLAE DA S O e I i, 3k
T A B FH R B A48 (] Tk e R ) S B, 4%
i 2 3ok J3E A5 R A 38 R 4% O 4B A e v s
KB T RE A B KRR A . AW ST 45
SRR e PR — 2, IR
RN R IR 1 FeiE pH 5 XN B AL &P B 5T 45
RWSA AR, AT BESE H TR A 3R A A VR
BE TR WKk R AN, FIEAM
22 % A Ao
32 ERRSMAMARG & ERMMEHRIE
3.2.1 AR Eet T Lrshkag (FT-IR ) 247 040
B RAEMRE WS A 1 T E, T4t
1 RN BT A e 52 2 B SR e v AR ELAE R4
SO AHRGEE T FT-IR 4514 P 3 F e St s fir
AIATIESE T HR 1 5 BT AF i =2 [ A7 6 i E A
EH, SR TR . EWERNERY, NEs:
() 2R ME T AL 38 T /R 25 T 2Rl . SPI. WPI HI
SC MW fE R R kAW, =W SPI. WPI
F1SC WY O-H JEH1 5 B hr A e v i C=0 A Z
IR T BT, 3 R RS TR R R
RY, o—H o WEEMAETE BUE R G AEmER 1 .
T 760 T4 B2 AT e e ) D 8%, 0 D 1 O 1) 2 2
SRR AR I i PR BE A SE R AR F LA BAEA . QIU
2 D15E 5 41 40 6 3 kB 4 5 AR 1 W 0
3294.01 cm™ B 3h 24 G H A R E BY
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Hify 3293.46 cm ' b, RIS G E S5 KR
ZIRAFHRAHTAEN, SAMRZ T3
322 fa# w4 (SEM) 454 SEM FARMALE
AR 910 ) A5 R SR W R R TR R e, T
24%% . il SPI. WPI. SC SB-HifA e HH I AE I,
PR T BURE R I REMR R, (R SRS 4 1) IE
BT BRI AR A W R R TN A5 BE A R R AE S5 F T
A LW INFRE, XFRSA AR R e A AL, 2
R e B R E T, AR R BYIE L
B 5 CHARLES ™ot 45 51 —5, FE LM
DLZZ ZERRE A L35 43 25 2R 1 45 1 A SR ) HL 45
AHN], Bz ERERIE, SWEELL.
323 HMARXR LB I ME (CLSM) 5 #
CLSM T 3 P& RYIA/NAFN], MR Bk
oA AAY, X AT AR A K Ak B ) AL AR ) BE
MEREAE SN TR, RABEZM ST
PR, S ORI A T R e A A R
DUHORANIMANA Z:USIpge 60, B E
B AR IR 1) U S B AN LT L e B B R
FITFAEY S . CLSM T & 8L, 3 FhiE (s Al
BTRLA B HE S IR N I 50 43 A, A6 BURRE I 42
AT T B e 0 B — o P LB R R RN O M, X4
o U 1) S A RS e M AR

324 FXRAEHH AS[FEE A BTN E A 5E
Rim HA RIrmAer:, K WPIGA #oet:ix
5, UL BHFLIE 2 B R S PR I 2 (R B R I
FRERA AR o ASBIFSY & BLAR RN 22 0 7 JkE
WIS oA, M m R E B AL, A gy
Mr R H 5 2R AL, EARIRE] 70%
P tb, 5 ZHANG %POW R 5 45 R 20

33 EARSMuMAKHEMEKENENLE
R, SRR R

3.3.1 AL AS[FVEREA O GRUBSE 1Y 3
FRW, AL Y EEEPII KRG B K
AT AT J5C A B Ao LR A8 9 1) & SR — 3, Ui
RPN A AR ZE I IR P ORI R, 2
THUBE BE Ry A 1) T EARAE . ILYASOGLU 2552 5+ v
P T AR AT 0 fa T Tl i L Rl 29.40%~
81.60%. SAMSE iR Al AHMLL, UiH] 3 Fhik
bR R R e . SHAO 212010 2 2
K- R BEM ] £ R 2 2, SR
FEHAEEE AR L, LI A2 2R
265G 25 P U ZE AL HE K 1 89.80% , ik AT Y
TSN 0T 0 27 ZERIRS MR RE , R S ERCR

UL AT, BEBA 425 26t T A Al i B MR
HY5EEM MR ICLM R . Rl (SO) Fm
FETE T B e T AR e B A sl , 5 R 2R
AR T, AT FEARZh AE o i A B Y, e
AU AR EEREZ — FHIh R E >
BB e pg R il s . WPIGA-GCO 1) SO %
B, AR AR, SCGA-GCO (1) SO &N
e, PALHDRENL, dnalm, BRI
1RO T AR, (A X A R 1 A 3 et T R
SHGEMHREPY R 0 T e KRR i 1 [
ik /1 2 TV 7

332 HAR R KR/INEUR RN T AL o
) —A> FBRHE o BE T 28X S ol vk e 2 7
PR B EE W, AU EH WPIGA-GCO #Y
iAok, AlRESE T WPL AL AL A B BE 1 16
T B P R R K SO AL, n
P 2 S R B IR AR R o X — 25 R 5 A A
2 V0T A4 2 0 S MU 8 AL Y 45 SR AR, U 3
SERRIAR A 147.00 pm,

33.3 FT-IR FT-IR B2 Ko FRHREY L
AT 7 TH, it FI-TR Hi0Hr, wIL
BIRS YR TS5 AR AL A4, AT LAIE
FF A J 8 1 1 B LA S ) Tt 22 () 2 A5 A 78 A HAR
FH o L uh e f35 Jie 4 B 20 /M6 s,
HATSRZ IR ACER®Y, BERS R b 22 8] S A
ROV, I ER BOAEAERS ) Sl s AL T 3
FERY R, HY5EEM R E B2

3.3.4 HULLH  SEM R 3 PR #EK K O
S5k, WoRMORL R MG R LB AR T S, (A
AN [) s 20 AT A7 A AR R s R FLBRL, Tl BB
T FLR G ARV VR 8 R s/ N ki, HLAE
WOR TR R AR, TR 2 FL45 1 . YANG
25 CTVRIE % i 8 1 oSG 20 2% T Y W R TN Oy 2 1 TR
¥ 5 25 Bl 4 B 105 O [R) R R %) AH B AE R I e
Ag T A R A A AR, 0 i A
TEHRE R E A MM ARG W RmEK S . &
R LS HE o, 3 FIEC Ty il A 1 o oo I vl o 2
REZE P AR XS S8, ph 1 ] AR T f s 2 X LA
RIFARIPER . teAh, Songs i 5 H R &
TR R A SE 4 SR — 2, DL SPT FIBTH A I
Shy FE A ] B 118 gt WO P 7 G 0 % T S T AR
R & AL, R EL . SEM R T4k
U R S NS U 2 S EW N TR E BN IR 2
TS () S AT, PR, i 2 B AR IS ) CLSM
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WEYR | 78 350 0 1 ek it AN B 2B 0 1) R R e PERRAIR
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IR EE G B, PTRE R TorF A EA R, 45
im RN AR R g 2 B iE %, HAM
PO ERIOlISE Wi<Yreg s
33.6 #Mak SR DSC ERE S ESS IR R
H T A B R ) B, DAPEAY AR i A I S
£ DSC W, $O ik b i e A3 1l ke
(A PR A T R X, T2 U (0T IO 199 ek D Ay A
MR (IR AR R ), A o A 22 T e B A
PR E T AR g, 3 Rkl s
PR DB IL AR TR R Y #E 100 C AL, AP
WAl g mE o BOA R a0y R AR
SPIGA-GCO . WPIGA-GCOH #! SCGA-GCO 3t
HH S 1% W R 0 55 3K 1) B M L B I 5 AOM
oI, WA #, HIFHREE 2 FR Rl
B2 RO 25 #4911 2% 5 . BURHAN 255951 %1 7y
FERS M AN K U 2 B A B s R e M, R I A
e SEARMEZES FRIMMEEENA X, 5
ENTIEREE L

Zi b, WS R, R &E A SR
(YN EREPO R ¢ & R TR E KR RS2
el 5 3 o fe L 2T A S e BRRE B RO 22 )

TER TR I AN 3 SEM FI CLSM 6 4iF 45 S3iF B
SRR A 2 AR 3 FRRER s XRD &3 B
3 P dE B JCE 45 H,  H akmnmEah i i A
Xof AR A 1) &5 F RS TG . 2 5 5 i DSC XS
I) 8 55 TR A1 R TE B 1) A SR e e M kA 7
AT, A5 GO B 7 R LR, ARG,
FTERE, FBH 3 PP G BER 0] XFSRmME AT R4
B AL A/E . Hob SPIGA-GCO 17 K i 7
(86.40% ). kifes/N (97.60 um ). ikl kA
(169.26% ). M g i 15 5 1k A BEM ITHA THLF 1)
PFEME (107.60 °C ), R K T4 5 8 1 Fi ]
PIAFT T 2R e AL SR AR, B A ) i
MEI B AE A T . LA 3 g K 8 1 5 55 BT A
JKE R RERE 38 3k A2 U R 1 T % gk i e el A G
A TATPE, T B w7 fal e 2 26 B AR AR
R P, kil v e 2 s 0 T in T
FFHERAE T BSR4 A AR S 4%

Sk

[1] W8, SU0EE, EBER, SOLANO W, Je 74, BRiftE,

AR, WEPUR, OO, T DT AR
Mr B w6 i B2 23 A (0], B4R o i, 2021, 42(2):
535-545.
HU R S, KUANG Q R, WANG X Y, SOLANO W, LONG
Y Z, CHEN Z H, LI X J, JIANG K L, DONG W J. Sensory
characteristics of dry aroma and cupping quality of coffee
from Pu’er producing area[J]. Journal of Tropical Crops,
2021, 42(2): 535-545. (in Chinese)

2] AP4TE, 50T, KM, ek, BE, FE, Kb
i, WIRST. BZEAE 3 AR /R meER R fE
FIMT]. el Rz, 2020, 40(3): 67-75.
FUXF,LIGP,HUANGJ X, CHENGJH,LYUYL,LIY
N, WU R R, HU F G. Investigation and analysis on the dis-
eases and insect pest of Coffea arabica in three coffee pro-
ducing areas of Yunnan province[J]. Chinese Journal of
Tropical Agricultural, 2020, 40(3): 71-79. (in Chinese)

[3] LOMBO V O, CRISTINA B S M, PAULA B A,
FRANCESCHI A F, BRUNO B, JEROME L, CRUZ F E M,
NATHALIE G, PIERRE V, VALERIE G, MORAES R C,
CLAIRE B L, SIMOES L F M. Active packaging films con-
taining antioxidant extracts from green coffee oil
by-products to prevent lipid oxidation[J]. Journal of Food
Engineering, 2022, 312: 110744.

[4] LOMBO V O, TSUKUI A, GARRETT R, MIGUEZ R M H,
PILER C C W, PEREIRA F S, MORAES R C, SIMOES L F
M. Production of bioactive films of carboxymethyl cellulose

enriched with green coffee oil and its residues[J]. Interna-



%5 3 4]

I A s AR BERT T 2 ook fol i 2 OO H e AR R P ) 5 T

659

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

tional Journal of Biological Macromolecules, 2020, 146:
730-738.

MUHOZA B, XIA S Q, WANG X J, ZHANG X M, L1Y,
ZHANG S. Microencapsulation of essential oils by complex
coacervation method: preparation, thermal stability, release
properties and applications[J]. Critical Reviews in Food Sci-
ence and Nutrition, 2022, 62(5): 1363-1382.

HRELT, B0, PEALL, TWRDY. Ar WA R FE Ak e
B M ROBECE BOBFSE [0, g, 2022, 47(12):
97-101.

HANJ Y, LUO W T, PANG Y H, SHEN X F. Storage sta-

bility and release properties of chia seed oil microcapsules[J].

China Oils and Fats, 2022, 47(12): 97-101. (in Chinese)
seYE, PRETA, BIEA, XU, JEENE. R IM RN
il g R KR e HEE SR [J]. & Tk BB, 2022, 43(2):
206-214.

ZHANG W, CHEN L R, SHIM J, LIU H, FAN L Y. Prepa-
ration and stability of hazelnut oil microcapsules[J]. Food
Industry Science and Technology, 2022, 43(2): 206-214. (in
Chinese)

COMUNIAN T A, DA SILVA ANTHERO A G, BEZERRA
E O, MORAES I C F, HUBINGER M D. Encapsulation of
pomegranate seed oil by emulsification followed by spray
drying: evaluation of different biopolymers and their effect
on particle properties[J]. Food and Bioprocess Technology,
2020, 13(1): 53-66.

DE OLIVEIRA W Q, WURLITZER N J, DE OLIVEIRA
ARAUJO A W, COMUNIAN T A, BASTOS M D S R,
OLIVEIRA A L D, MAGALHAES H C R, RIBEIRO H L,
FIGUEIREDO R W D, SOUSA P H M D. Complex coacer-
vates of cashew gum and gelatin as carriers of green coffee
oil: the effect of microcapsule application on the rheological
and sensorial quality of a fruit juice[J]. Food Research Inter-
national, 2020, 131: 109047.

AR, EREME, PhR, R, REM, R, 2t
B R BRI R & . AR S AR A TR A 4 R AL
I iRk, 2021, 42(11): 186-194.

SHIZ D, JIANG Y P, SUN Y J, LI F J, MIN D D, ZHANG
X H, LI X A. Preparation and characterization of oregano
essential oil microcapsules and its effect on quality preserva-
tion of apricot fruit during storage[J]. Food Science, 2021,
42(11): 186-194. (in Chinese)

CHOI Y R, CHANG Y H. Microencapsulation of gallic acid
through the complex of whey protein concentrate-pectic
polysaccharide extracted from Ulmus davidianall]. Food
Hydrocolloids, 2018, 85: 222-228.

AR, WEE, SESCUL, B, T, WISREL PR, #
PR, G BER AR &AM U R S AR REL)]. &
Fla, 2020, 41(23): 144-152.

TAN R, SHEN J, DONG W J, ZHANG Z, LONG Y Z, HU

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

R S, CHEN Z H, JIANG K L. Preparation of green coffee oil
microcapsules by complex coacervation method and its
physicochemical properties [J]. Food Science, 2020, 41(23):
144-152. (in Chinese)

YANGL, LI F, CAO X Y, QIAO X, XUE C H, XU J. Sta-
bility and bioavailability of protein matrix-encapsulated
astaxanthin ester microcapsules[J]. Journal of the Science of
Food and Agriculture, 2021, 102(5): 2144-2152.

SRR, AEXUE, SRS, BEThEE, TLIEW, BT, £
L, RNZE. X5 T 20 & il U S 5 A AR P BT
W] ARk, 2021, 42(5): 99-105.

ZHOU L Y, REN S H, GUO Y N, FAN N J, JIANG L Z,
JIA F G, WANG Z J, LIU J. Effect of homogenization proc-
ess on the structure and physicochemical properties of pre-
pared fish oil microcapsules[J]. Food Science, 2021, 42(5):
99-105. (in Chinese)

LAN Y, OHM J B, CHEN B C, RAO J J. Microencapsula-
tion of hemp seed oil by pea protein isolate-sugar beet pectin
complex coacervation: influence of coacervation pH and
wall/core ratio[J]. Food Hydrocolloids, 2021, 113: 106423.
DUHORANIMANA E, YU J Y, MUKESHIMANA O,
HABINSHUTI I, KARANGWA E, XU X, MUHOZA B,
XIA S Q, ZHANG X M. Thermodynamic characterization of
gelatin-sodium carboxymethyl cellulose complex coacerva-
tion encapsulating conjugated linoleic acid (CLA)[J]. Food
Hydrocolloids, 2018, (80): 149-159.

BAKRY A M, HUANG J J, ZHAI Y Y, HUANG Q L. Myo-
fibrillar protein with k- or A-carrageenans as novel shell ma-
terials for microencapsulation of tuna oil through complex
coacervation[J]. Food Hydrocolloids, 2019, 96: 43-53.

ALI A Q, KHALEEL M J, ALI M A, WALEED A, ZHANG
M, ABDULQADER A, WEI M P, MON P H,YAO W R.
Physicochemical properties, microstructure, and storage sta-
bility of Pulicaria jaubertii extract microencapsulated with
different protein biopolymers and gum Arabic as wall mate-
rials[J]. International Journal of Biological Macromolecules,
2021, 187: 939-954.

SHIZ D, JIANGY P,SUNYJ, MINDD, LIF J, LI X A,
ZHANG X H. Nanocapsules of oregano essential oil prepa-
ration and characterization and its fungistasis on apricot fruit
during shelf life[J]. Journal of Food Processing and Preser-
vation, 2021, 45(7): 15649.

HERCE H D, CASAS-DELUCCHI C S, CARDOSO M C.
New image colocalization coefficient for fluorescence mi-
croscopy to quantify (bio-)molecular interactions[J]. Journal
of Microscopy, 2013, 249(3): 184-194.

FHH. EOBERER NG RE I UR 2 S HA T M R
BFSEID). i IR AR K, 2020

WANG X X. Study on the preparation of citrus essential oil

microcapsule and its bacteriostatic properties by compound



660 O AE B F R 5 44 3
condensation method[D]. Shanghai: Shanghai Institute of Chemical Engineering Journal, 2022, 428: 131195.
Technology, 2020. (in Chinese) [31] HZEEE, %, EEE, L, TiEHE SPI-GA HERE

[22] 1. S5 BER I ] & 2R AR Tl 9 K B e S L il s IR B T RAE ()], P& S 243, 2012, 12(11):
WHFE[D]. Jof: VLMK, 2012. 64-68.

LYU Y. Preparation of jasmine essence micro/nano-capsule XIAO J X, YANG J, HUANG G Q, SHEN L, YU H Y.
via complex coacervation and its mechanism research[D]. Preparation of sweet orange oil microcapsule by soybean
Wauxi: Jiangnan University, 2012. (in Chinese) protein isolate-gum Arabic complex coacervation and its

[23] THOE, Ak K, BRLBA, 5K, fLAF2. pH FIBTHAR characterization[J]. Chinese Journal of Food Science, 2012,
X I 3 B B /R O AR 7 A LA ST A 52 e ], 12(11): 64-68. (in Chinese)

A5 R BTk, 2017, 43(5): 25-29. [32] ILYASOGLU H, EL S N. Nanoencapsulation of EPA/DHA
JIA C, HUA Y F, CHEN Y M, ZHANG C M, KONG X Z. with sodium caseinate-gum Arabic complex and its usage in
Effect of pH and Arabic gum on emulsifying properties of the enrichment of fruit juice[J]. LWT Food Science and
SPI/hydrolysates[J]. Food and Fermentation Industry, 2017, Technology, 2014, 56(2): 461-468.

43(5): 25-29. (in Chinese) [33] FIORAMONTI S A, STEPANIC E M, TIBALDO A M,

[24] HE=. 555D 4 MO h fUie 28 2 P i 5 D). PAVON Y L, SANTIAGO L G. Spray dried flaxseed oil
MRS ZRdbARl KA, 2016. powdered microcapsules obtained using milk whey pro-
XIA H T. Preparation and characterization of olive oil teins-alginate double layer emulsions[J]. Food Research In-
microcapsule by complex coacervation[D]. Haerbin: North- ternational, 2019, 119: 931-940.
east Agricultural University, 2016. (in Chinese) [34] KATARZYNA S, SAREH B, MANSOUREH G, HAMED

[25] XAk, JEA, Wi, SPHEL XURK, S, BEE R H, CRISTIAN D, SARA K N, HADIS R, REZA F S,
FNBTRLAR AR EAE T W98 S KR 45 [0]. £ T REZVAN S, SAFOURA A A, MAHDI J S. Green biopoly-
WM, 2017, 38(15): 68-77, 84. mers from by-products as wall materials for spray drying
LIU CH, ZHOU A M, YANG R, PENG D Y, LIU X, CAO microencapsulation of phytochemicals[J]. Trends in Food
Y. Studies on the interaction of sodium caseinate and gum Science & Technology, 2021, 108: 297-325.

Arabic and preparation of nanoparticles[J]. Food Industry [35] COSTA AM M, MORETTI L K, SIMOES G, SILVA K A,
Science and Technology, 2017, 38(15): 68-77, 84. (in Chi- CALADO V, TONON R V, TORRES A G. Microencapsula-
nese) tion of pomegranate (Punica granatum L.) seed oil by com-

[26] SHAO P, XUAN S Q, WU W C, QU L. Encapsulation effi- plex coacervation: development of a potential functional in-
ciency and controlled release of Ganoderma lucidum poly- gredient for food application[J]. LWT Food Science and
saccharide microcapsules by spray drying using different Technology, 2020, 131: 109519.
combinations of wall materials[J]. International Journal of [36] CHEW S C, TAN C P, NYAM K L. Microencapsulation of
Biological Macromolecules, 2019, 125: 962-969. refined kenaf (Hibiscus cannabinus L.) seed oil by spray

[27] A1 36, SRl 2% Ak VU SR IR 7 A9 1R £ L R A B L R AUE drying using B-cyclodextrin/gum Arabic/sodium caseinate[J].
7R [D]. M E: BB K%, 2008. Journal of Food Engineering, 2018, 237: 78-85.

SHI Y. Studies on the preparation and microstructure as well [37] YANG K, LIU AP, HU A X, L1 J X, ZEN Z, LIU Y T,
as property of microencapsulated Xizang ghee[D]. Nanchang: TANG S Y, LI C. Preparation and characterization of cin-
Nanchang University, 2008. (in Chinese) namon essential oil nanocapsules and comparison of volatile

[28] QIU L Q, ZHANG M, BENU A, CHANG L. Microencapsu- components and antibacterial ability of cinnamon essential
lation of rose essential oil in mung bean protein iso- oil before and after encapsulation[J]. Food Control, 2021,
late-apricot peel pectin complex coacervates and characteri- 123:107783.
zation of microcapsules[J]. Food Hydrocolloids, 2022, 124: [38] WR¥e, B, T, Bkl ik AL RS T A A2
107366. TRER BN R B 2 S M TSR [T]. B S AR R %

[29] CHARLES A L, ABDILLAH A A, SARASWATI Y R, 2, 2022, 41(4): 74-83.

SRIDHAR K, BALDERAMOS C, MASITHAH E D, CAO J Y, XU C, ZHANG Z. Preparation and properties of
ALAMSJAH M A. Characterization of freeze-dried micro- modified porous starch embedded cinnamon essential oil and
encapsulation tuna fish oil with arrowroot starch and malto- sodium metabisulfite microcapsules[J]. Journal of Food and
dextrin[J]. Food Hydrocolloids, 2021, 112: 106281. Biotechnology, 2022, 41(4): 74-83. (in Chinese)

[30] ZHANG T, CAOJ S, ZHU Q R, FU B M, YANG E, FANG [39] BURHAN A M, ABDEL-HAMID S M, SOLIMAN M E,

F, FENG Q, LUO J Y. Revealing the characteristics and
formation mechanisms of partial denitrification granular

sludge for efficient nitrite accumulation driven by glycerol[J].

SAMMOUR O A. Optimisation of the microencapsulation of
lavender oil by spray drying[J]. Journal of Microencapsula-
tion, 2019, 36(3): 250-266.



