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ME204 HL T 5 K7 MR -4 2 (1)

g A BR2N 7], PHS-3C pH it, i ACH Bl A%
YA BRZA ] UV-26001 48 k-1 WL 43 56 % i
T, B RS (R M) A BRA ] 5 MS-2000 306k EE
A, [ Malvern X #52\ 7 ; GeminiSEMS00 4
HL - B U, 7 1 ZEISS /A ] ; Nicolet8700 {1 HL it
AN/ NG R Thermo Fisher 23 ] ;TGA
Q5000 A AL, €[ TA (UEFA A B8 % TR
THEML, bRt PA TR A R R AT BRA B 5 Y-25
1= B VI LA A HUOML , b 1R 2 3l MLAR 15 25 A BR A W 5
HJ-4B DI in#eg Ty b e, LRk i Sl A B
YN IN
1.3 Fi&
1.3.1 HERRN AN E 2 ER RN pH
{ELFT HSP-GA J5i 8 b2 5% i 52 45 ¥ 28 S 1 1 g
PUZE R, 5 228 1 S i 52 6 3R R L 1Y) e £ pH
{EL AT HSP-GA Jii i [t . e i AS [5) T & Lk % HSP-
GA (1:1,3:1,5:1,7:1) % W, BE B V45 W 1) Jo £ 53 4K
¥h 01%, FIRGWRAERE S FE a8 LR Zehi
SN EE 45 °C, HIBTEE 43 B 5% 1) Tl B2 175 W 22 18
PET BEAP VA WY pH (L, BURTE pH E TR G
VSWT U1 600 nm A 347 108 I e, 225 il ek 4 i
pH HARfL At £k o B AS TR & BT i i HSP-
GA (1:1,3:1,5:1,7:1 ) % W, BE B V45 W 1) Jo £ 53 4K
¥ 1%, ¥ iRGWAER TIPS LR Eehi bt
N E 45 °C, FHJBT 708 5% 10 T IR V4 W 2 12 14
TRE M VAW pH (AR Y 2 E AR . 5 000 r/min
2.0 8 min, 71 5 FH K WS B B BERWAE 105
CHRAFTHT FEE, BERY ™ R0 H A
T

BERYI P2 (%) = m/mex100 (1)
X ome WEEM B g m N R ERY
B e,

132 SBERY) LA LG i R p il 5 AR

— 2 R WK AR G R BT RAA SR A, A
afi 7K 43 590 I 1) s AS ) Jo 4t 43 0 HSP-GA %W,
FE 45 COKIBAAF T B 28 BE S 70 00V A, ekt
R 400 v/min, B X AREM T, 7E 600 t/min
PEFEEE R T, I a2 5 5% 1 T TR 1 T 2 1 A 1
VW pH (R 3.9, 5 58 R S 30 min, VKK 1A %
IRZE S ChA AR 30 min, HEZE, FFE LW
W, H BRI  FR A R, 2R R THR R
Tl A5 7K A R 2 8 AT AP S 56 SR W (HSP-GA )

TER AW W N A GE & 0 EE W, 7
11 000 r/min %% 3 & ¥ BT 53 5 min, 5 2L 6 %
A b BIAS A 220K il UK % (GEO-MPs) , %2 TR
A8 A5 B 25 A 2R T R
1.3.3 A5 22 K5 Tl 0 288 1 1 i S 3R AE
1.3.3.1 AR e PIFE BN ER, B R
HRF 5,10,15,20,25,30 we/mL 4= FH5 il — %
VW, DA EEOR R 7R A 2 I A R K
207 nm Ab I 5E £5 5T e VR B AR 22 R VI VO B
18, 2 AR e M 2R 45 2 A A i 4k [ )3 7 72

ARG T R 4 T I D LRI 0.1 ¢
A= NG IO % 20 mL B B EL 1 min, 5 000
r/min B0 10 min, B3O & %6 B ik
PE 015 75 A8 R R e 3 R 1T AR ZE R T i i

A K T TR 2 T S R R L R 0.1 g AE 2
K iR 2 A 20 mL BB, T I A ol e
1242 35 min,5 000 r/min # 0> 10 min, B 37 0
SEHWOGRE, Ry R R e A v B 2R
A, AR R R B AR A T

FLHE AR (%)= (A ZERE Tl % B - 3R A AR 2 HG

TH ) L ZERE TR X100 (2)
1.3.3.2 Rifemle LUl KA/E b aon,
WOGCRLFEAS o M IR 38 BRI AR B S R
B b UL AT 2R 1,45, 20 B0 AT 58 % 1.33 4 b
LR EL O, 23 B AR Sy 3 FH S (BROE ) .
1.3.3.3 JEARIE RGBS W I Ui
PR SPEFTIES, I LA 400 175 B KA BOR 59
TR R R B — i [ A U 2 oK [
TEF A b W2 2 Rk AR 5 R T I 4 Ab 3 fin
B IR 9 20 kV, B350 mA | 5% Al i 7 s
R 5 3] 285 s e 0 3R TR 45 4
1.3.3.4 HHE AL AN GRS T BGE R
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5 REH (KBr) TR R IS IR 5T, TR BILT A
LA KBr 8 5/  xf B, SR P ARE L i 21 A0 S 1 AS06)
WA OR A 220K ol A RRE E AT K A E B
4 000~500 em™, 7 HFFHy 4 em™,
1.3.3.5 MHEHT FRIBGE 2R T H 2R
HTGA Q5000 FA4 T J3 B {30 X fol Jie 48 1) F4 g 2 oy
PEFEAT 3, R FE 30~500 °C, FHE R 5 °C/
min, 2 # 20 mL/min,
1.3.4 A ZHEMMRENPUEILBE T o I FRE
50 mg #1100 mg ¥ Wik ¥ & (HSP-GA .GEO -
MPs) % T 10 mL. DPPH- £, B % ¥ (0.05 mmol/L)
o, 7E & R OGS R RO 30 min, [N 4
4 000 r/min &0 20 min, B _E R T K 517 nm
WA AL I G A, IFI5E 25 1 DPPH G (E
Aoo DPPH H BTG BRI IE L (3),
DPPH H H TG BR 2 (%) = (Ag-A,)/Ax100
(3)
KA, 7S 11 DPPH WG RE(E A, Ak
FE b I IROGFEAA
1.3.5 A= T U B 1 v e PR v 1 iz ]
1.3.5.1 FERHIALEE  AETREEIESMT, W
i 1) 5% B TR A0 UL R B 100 g, 40 i) 38 8 28
HEAH (CK) 25 FI T 48 Ak #L 41 (HSP-GA) Fl A 2%
K5 TR 4 Ab FZH (GEO-MPs)3 MR 4, GEO-
MPs 228 BB PRI T 1900 4= 2205 il il 4
W, HSP-GA 4124 BLA RIR T 25 1O 4
VW, CK L R T Ik B R E] 2h 10
min, WiZk, ¥GAE4L 18 Hfs B A% T &
U BEPL A R 6 ATV A TAT 3 B L
P E T 4 COKFR R, BERR 2 d 20 5 AT v i
BHUE R pH (E 48 R PR B A (TVB-N) {E #il
PRI 75 B (TBC) B S E PF 43 S5 18 Bl o
1.3.5.2 pHEMIME S MR WL 2 E bR
£ i pH 599 E Y (GB 5009.237-2016) (k77
Be, PRELS g FESL, InAGE & (1 S0 B E (0.1
mol/L) , & W MLEHE R FE , iE4T pH (LI XE .
1.3.5.3 #ERMESRERAMME S8 (Ehie
B R bR &b & R L A2 ) (GB
5009.228-2016) H* F s L G A, HERH PRI 10
o WHEE, A SR HLLRE A RE e B B LE
JNAGE & 2l K P 35 $2 3 30 min, #£47 TVB-N {H

M
1.3.54 WHELSBWNE SR (BMEEEK
PR &SR W AR R R R B RO 2 ) (GB
4789.2-2022) " J7 I 28 TV SEL,
1.3.55 BEEH S (A5 R G5 EEEE
FLAE) (GB/T 22210-2008) 1 9775, th 6 44 & i
Tl A B2 R T DA ANAL R AR B R
R 20 SUIR A FO R B SR 4R AR HEATIF 4, PP A v DL
1,

1 AHHNBBEITINRE

Table 1 Sensory evaluation criteria of cold meat

845 FH AR S

&% (25%) BN A R %) A 45
PR AR Bz b e R E 2-3

HNRZIAWE, RAF 0~1

A (25%) BB 0 Btk R Frek 425
Ak R oA Bk 2-3

KW Fok, Erkid & 0~1

MR (25%)  HPLARAE RS 3Pk AL 4-5
WM G EBRERKL 23

RGN, 35 EJG U A 2 0~1

F5E(25%) SRR, R A F 45
R@EF BBF 2-3

ShR A B IR A F 0~1

1.4 HEZITHH

I EE o 3 WE I 0¥ E,
SPSS 21.0 4 43 B 35 A X0 B A kA7 AL 3 2 1A) L
8RR K 22 90 B (one—way  ANOVA) |, P<
0.05 A BEMEZESR . KM GraphPad Prism7.00
Al OriginPro 9.0 HfH1EE

2 ZBR55H
21 ERBRMEHG

K St K 58K (A S BT R AR i (HSP-GA ) & B
B I S HL TR (1 i e A B G R AR AT R
pH {EL7E 18 15 & B AH B VR FH A9 5 B2 A1 HSP-GA %
R AR B AR A B OCE EWAEH] . HSP-GA
K 2 Bt 25 5 T pHL AFL 10 BR324 28 3 IS AR T 265 110 24
AL 2 IR AR R e B A AR Ak 3 ) 2 R
WP, ATHUARTE pH (254 T HSP-GA & &
(g Ve R BE L i IR 1 AT g0, ANTR] HSP-GA H 3]
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X TR R B pH (E-UEE i 277 4B T AR R
Bl A R pH B AW AT, 4 B0 HSP-GA LA
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KA T OKE WA R R R B TR
W pH {E, /K i K 28R T I H g AN BT 8G Z2
GA B bz 210, s i i g 2 e b
PR TR R k8 ) 52 4 v R, 3K 3 R e 52 4 R ORI
I 5, KA R 9 R 1A I H for 4k 22 SRR 5
T BRI REAT B B ) G R g, T HE IR R HE R T
TR R 1 RTAL, K K LR S BT
e oM 1:1,3:1,5:1,7:1 B, fedE pH {EAR K
4 3.5,3.7,3.9,4.1,

1.0 -
A . 1:1
08t A +—3 U1
—~ AY .
_ §= A a-511
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T I AP e Y
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S 14 tlvy
™ = 04F w A
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Fig.1 Turbidity change with pH value under different
HSP-GA mass ratio

22 HEZFHHUKEEREASN

il i T4k, 78 HSP-GA ikt ok 5:1,pH
{60 3.9 Z A T il 7 A 2R b fUke 4, LA
RN T76.51% , T FHIE T 0T AR 22 K5 iih e
AT T EE, W 3a fToR 6624 W5 KR
Hh A R T O R R A S R Y
5, 0 S U RE JRL RS VAT BLAH 6 45 ) 3
B REME K I [H] OR A AR o TUBE B ARLAR B 3 A S
A £ TG B U 11 AR AR, R AR 43 A 45 SR
Pl 3b BT 7, A 2205 T RS 8 1 KL A2 S I B G E S
O3, HUETE RO BRAS B4R KN A R B R 7
10~100 pm, P K42 (Dyasy) A 51.38 m, 36 B 76
2R R BRA ) A 220 e 2 L A2 /AR
XEE) oot R
2.3 HEEEHMEENRREN

SR FH A4 0 BE (SEMD) Xt 8 U T e Ak 241 ) 74

HSP-GA 1R & Lo il J2& 5% i 1 5 5 3 = 07 (1)
B2 NEESE, hik— 2 HSP-GA HAER
JiT i L HSP-GA 1R REER Y1 )= F R Ak 5 H &
FE AR, PR, T AR i A 28 A2 0 R RN (1) 7 R g
— L HSP-GA i f A i Lb , F 11 2 mp
RY =5 HSP-GA i & b @ F A%, fiE
HSP-GA M 1:1 B4 hn#] 7:1, SR R L9 e
e BEAG a3, B R 7= R TE 56.03%~76.87% , 247K
fife R B A S BT RLA B B L Ry 51 BF R RAAR
i B e B BE SR W) R 76.87% (pH=3.9) ., It ,
HSP-GA 5 5 % = i 1 fe FE 4544 pH R 3.9,
Fihr bR 501,

100 -

80 |

H

HH

HH

= 60 |

- 40}

Coacervate yield/%

20

s k1 3:1 BH 7:1

HSP-GA Fiht Lt
HSP-GA mass ratio
B2 A[E HSP-GA RELL THERMNEREM X
Fig.2 The coacervate yield of the system
with different HSP-GA mass ratio
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FEAS L, I Al RLFE ) Az 200 Tl Ui 4 2 A W
D) ) bR BROR | 45 R B S, A G il U 3 3R T
ArEMBHUN A, BRI RR R X Al
H AR 22 Tl LA T8 R A b HSP-GA 1K
A A mKBEETE /N, BOR T 21 8EL
R 2 HOK S LA VR b TR 5
T ALIE, I, B Y R TR A R IR
PRGN ZAL . AN BPORES K, ZER S
Chen 251 55 #) fE BE TE A A5 IE S A — B
24 HEEHBBERENLILE (FTIR) ST

LLAMGIG IR 5 B, Az 2l £ %
J o3 S i AR S W) B, A C=C  —CH, 55 5& 11, H
7E 3 463 cm™ 4b Sy HLAL () O-H il 45 4i 31 ,2 964
em™ 48K C-H W45 PR 30,1 679 em™ 4tk C=C i
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Fig.3 Microscopic image and particle size distribution of ginger essential oil microcapsules
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Fig.4 SEM images of ginger essential oil microcapsules at different magnifications
gfﬁ%ﬁj s E 145lem™ Wﬁ%%%%—CH; *D—CHz GEO-MPs
SEUA ) C—H A9 8 P9 25 M 5% 4 0, £ 887 em ™ At W
O ST 5 —C HE, FE AT 9 C—HL 1 T 9025 i 9 2 GO s P2 gt 1S
X GA B 25 L C—H 14556 20 b ‘
(2 928 em™) J H AR 545 31048 (1 609 em™) o omty
DL R B X FR AR 46 3R 304 (1 424 em™) , HSP 7& 2964 i
3416 cm™ b 7R O-H F1 N-H ) 4L 5 (1 fif 255 4 A b 1652~ 1542
B, 1 652 ecm™ S C=0 $7 i I 3l FEERE 145 | P
34007 2928 1609 1424

1542 em™ JgmERE 45,1401 em™ g N=H 25 i Al
C-N $ifidRsh, 2 LAk, b A 205 ih Ui e 21
AP EERRAR 0 5 A RGBT A e A K S
KR I RRAE AT AR Z Ak, 158 B A K5 T £
JREBE R B T X B B Ay AR BRI R T BT LA
JE v ) R R 5 K K B TR A A R A
JHe BE VA 5265 0, A 220K il OIS 7E 3 000~3 700
em™ 00 [ 5 9000 BEATAHT A& i NH, A1 OH J 1 A 45
PR sh o1& 0y, [ I Az 22085 0 R AR 1 2 964
1 679 em™ F1 887 em™ 45 7E Wl e 48 (9 21 40 6 141

4000 3500 3000 2500 2000 1500 1000 500
iz
Wave number/cm™

B 5 £EFmRBKRENFTIRE

Fig.5 FTIR spectrum of ginger essential oil microcapsules
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25 A EFEHMEKENRREEST

R A3 AT (TGA ) 2 A 2 fUE 28 7™ i T R i
P F B N DA T 4 1 PR e M e, A 22
KR BE AT T I AT A& 6 BT, AL 100
CH) 200 °C, A= ZE A I AT Pl o By B, A4 22
Fa 0 AE 2 B B BT R 2l 96.49% , JLF- 4 56
PR o 25 WS 8 R A 2 W T S 8 1) B3 i 22
JiT 3 Ak AR i e N E R A 125 °C, P H 1 i
PR EEAC LB, 73 5 h 7.85%,7.99% , F % /&
M T O 2 h i K o3 78 R s, k125 °CEl
400 °C, 75 il B 2 1) JoT i 01 O R 44.38% , A= 2%
e T 15 P 3 1) JOT i 2K Ry 52.70% , 7% B Al e 4
I i BB R AR B, T RE A S AR 1)
W7 2 T SR R T e R P R, dE AR T AR
O B R AR ZE e 0 1% o e i O R
KF25 FUIRBE 1 o et 104 O R 3, ] DL BE A X6 A=
ZHREMAE R TR ER . &5 400 CE
500 °C, 2 B B (9 150 0 S AT A 350 43 FA B A, P 5 1
TR AR A 7.67% ,7.09% , H: 2k i B AR
AR, RE R IR AR BRI R A4

120

——HSP-GA

100 f

80 f

Jo 4k 435

Mass fraction/%

60

40}

20+

0

0 100 200 300 400 500 600

i3
Temperature/C

El6 E£ZRHREREMEKE TGA S
Fig.6 The TGA analysis of ginger essential oil

and complex coacervation microcapsules

2.7 HEFBHMERENEARELROZ

2.7.1 ARG X A pH A A
257 i 1) pH B2 0 BT PRI AT A G0 A 0 T I
HEFE AR 2 — ,pH 1Y A8 1k 7T LA e 1 0
B AR (R e E R AR 5 pH A I E )
(GB 5009.237-2016) -4 brifE ,pH {E7E 5.7~6.2
0 — 2 E A, pH A TE 6.2~6.7 5 [k Uk 9
L pH E KT 6.7, BRI M, &l 8 w1, bl %

FERG I FEAE 300 CCHY Ry iR 45 1 T A e K 2 B
fiff, 25 A I 2k 2R T E 1o R A BT B Y
IAEE
2.6 HEBMAUKE DPPH BEEFBREENSHT
A FEKE I O 8 DPPH B il 5L R g dn &l
7 BN AR R S 5~10 me/mL Y BN, BE 5 5
Uk FE (0 TH T HSP=GA A 43 W) R A 24 il e
HEXT DPPH H Hy B35 BR 2R Z W -, B HSP-GA
0245 W) RN AR 22 OKG T A 4 5 IR o R R A M
PE, TER— B T, A4 2 i Ui 28 %) DPPH
B I RS T HSP-CA 41, X &M T
OB oA AR R A AE A Il P i 2 4R
TR 22 s 55 T P o LA AR P R e Y, Y
GEO-MPs JFi ¥ &£ 4 10 mg/mL i, H: DPPH [
AL B R ik 52.65%, LiRgE Roabr R, A&
LG MU R LA W bR IE M A L Re Sy, R
W PR TR, R e 2R T B A R
— R RARBUEALT , REE A SO A & IR R
PSS AR R T, A — o A B e R B

60

[ HSP-GA T
50} | B2 GEO-MPs

_‘m-
30 L T

=20 b

DPPH 4 iy S35 B 2
DPPH radical scavenging/%

10 |

0 1 1
5 N 10

Jo R
Mass concentration/(mg/mL,)

B7 ARREREEEBHMRENREMLE

Fig.7 Antioxidant capacity of thymol microcapsules

with different mass concentrations

U5 ST 1) PRy 484 o, 4% A B2 PR ARE B 4 pHL (i 2 5 3R
T, St TR TR T T O &
BEVEF T e T — ROV N, AR T & 5506
YA AW, FEUA G pH (EZ W 5, Hod, % ig
Y pH EFES 6 RiKF] 6.71, 25 F fUR 3 4b BEAH
pH ETESS 8 Kk 6.75, i A= 32 K5 T W0 42 21
pH EAESE 10 RAPRACT 6.7, 45 5 2 WA 22 K5 T
B 34 Arb L2 1 R S A5CR B B T b H A
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Ul B A 2RSS, A T A K
FEAS T A AT 40, AT AEZE T 4% TR pH {E 1Y
Vi

2.7.2 A RS MU 26X 5 P TVB-N (B 11 52 1
W RFEI G R, AR W R R G AR
P R AR T X W) I 1 X R A
(10 S A AR RS B TVB-N (B2 5 B0 A
i DA 8 B, AR (R A B R bR (R
% &) (GB 2707-2016) ¥4 b5 i, A &b
TVB-N {5 KT 15 mg/100 g, BV g &5 0 4 T 7l 9
FEs ATl Ak BEZE AR & ) TVB-N {H B 25 % 9 s 1)

12

= CK
e HSP-GA
-
ssl | GEO-MPs i :
- ¥
° A
S i . :
— - 64 . &
i)
[=H
A
6.0 ~
—4
56 L ) L L L
0 2 4 6 8 10
s 1]

Time/d
B8 H£ZERMMREXNERN pH EKZM

Fig.8 Effects of ginger essential oil microcapsules

on pH value of pork

2.7.3 A ZERG TG e X TR TR A BRI 5

PRI 74 S BSOR D) B R A T YRR DL R T AR
JoT £ 0 AR, R R T B PR A o Y 32
RS RS2 bR &R REY
K56 BR V& BB A2 ) (GB 4789.2-2016) A5 i £
FE W BB 6 1g(CFU/g) , BRI A , ASTR]
Aob B A A ) A0 R T R AN T 10 TR 45 kb B
L PARE A AT % R K00t 5 T s T %) 398 o 45 2 B 4
T A RS T A B A T v BRI B K S
TR T H A, XA VE BEESS 6 KE
HL 6 1g(CFU/g) , %5 FI WG 3% Ak 320 T v S AT
5510 Kt 6 1g(CFU/g) o A 22 A T 10 4% b 34!
1T 7K BEESR 10 K3k 5.7 1g (CFU/g), 15T 6
lg(CFU/g) . B mT 0, A 220 T e 24 Ak 2441 1Y)
PREERCREE W] 0 OL T I e A, WA 22K
TS e RE U A D I S E i A K Ba, KA

(A SE R AN T 8, 2 1 B 48 Ak B 20 0 A 22K T
TR AL FRAT TVB-N {H 4f 218 T X E2H ) H A= 22
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Preparation of Ginger Essential Qil Microcapsule and Its Effect on the Quality of Chilled Pork

Abstract

GUO Jiagang"?, YANG Song'?,

WU Yuhan'?,

ZHU Qian'?,

DU Jingjing'?, JIANG Jian"*

(‘Institute of Agro—products Processing Research, Anhui Academy of Agricultural Sciences, Hefei 230031

*Anhui Engineering Laboratory of Food Microbial Fermentation and Functional Application, Hefei 230031)

In order to investigate the effect of ginger essential oil on the quality of chilled pork, ginger essential oil

(GEO) was microencapsulated by the coacervation method with hydrolyzed soybean protein (HSP) and gum arabic (GA)

as wall materials. The properties of ginger essential oil microcapsules (GEO-MPs) were characterized by particle size,

scanning electron microscopy (SEM), Fourier transform infrared spectroscopy

(FTIR) and thermogravimetric analysis
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(TGA). The antioxidant capacity of GEO-MPs was analyzed, and the effect of ginger essential oil microcapsules on pork
quality was evaluated. The results showed that the optimum conditions of coacervation method were as follows: Mass ratio
of HSP to GA was 5:1, reaction pH value was 3.9. The microencapsulation rate of GEO-MPs prepared by the optimized
process was 76.51%, and the particle size was 51.38 pum. The freeze—dried ginger essential oil microcapsules showed ir-
regular flake structure, and maintained high thermal stability and antioxidant properties. The freeze —dried GEO -MPs
showed irregular flaked structure and maintained high thermal stability and antioxidant properties. GEO-MPs were applied
to meat preservation. Compared with the blank control, GEO-MPs effectively inhibited the increase of pH value, total
volatile basic nitrogen (TVB-N) and the total bacterial count (TBC) of pork, better maintained the quality of pork, and
extended the shelf life of pork. These results provided guidance for the development and application of plant essential oil
preservatives.

Keywords ginger essential oil; microcapsule; antibacterial; pork preservation



