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Preparation and blueberry preservation application of
PVA clove essential oil mcrospheres
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( College of Civil Engineering and Transportation, Northeastern Forestry University, Harbin 150040, Heilongjiang, China )

Abstract: The inhibitory effects of clove essential oil, wintergreen essential oil, lemon essential oil and
peppermint essential oil on Escherichia coli, Staphylococcus aureus and Penicillium chrysogenum were
evaluated by double dilution method, with clove essential oil showing better inhibition on all 3 bacteria
strains. The polyvinyl alcohol (PVA) clove essential oil microspheres were then prepared by emulsion
crosslinking method, and the optimum preparation conditions were determined by single factor experiments
and response surface optimization with encapsulation rate of clove essential oil as index. The microspheres
obtained were further characterized by SEM, FTIR and TGA, and applied in the preservation of blueberry.
The results showed that under the conditions of PVA mass fraction 4%, Span 80 2.0 g and emulsification
temperatur 48 °C, the PVA clove essential oil microspheres exhibited the highest embedding rate of 72.69%.
The microspheres displayed regular morphology, smooth surface, an average particle size of about 40 pum,
stable thermodynamic properties, and good clove essential oil slow-release performance, with a cumulative
release of clove essential oil reaching 81.20% in 25 d at pH=3. During the storage period (0~18 d) of
blueberries, PVA clove essential oil microspheres reduced the weight loss rate, spoilage rate, and
polyphenol oxidase activity of blueberries, which decreased the loss of hardness and titratable acid of
blueberries.
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R 5 SR IR R S BUB R IR, (e
MR P T R A, TR R e A,
BEH 2 AR IR AN R IR FE T, Xk K IR PR
AATEFTOR IR A T RV E R BRAD TS
RIEEN, YR JeaE 1 AR TE R, 760 A¢
PREEGUR BA R AT (HHEATREE. 5
FERAE L AR BRI B O S5 IR R 1 A
B T Tz

E TR ERIEE7E Rl KOREIEE SER7/E- 3 L L/ 82N
S I AR, BN R RORIIRR E 522
RS A RORNS . R OMEE (PVA) T
A A S S ) SRR | AR AR A AL
REPY, B2 F T A A R B 2 G, Al 5K
VAP MRE T TR e, e L A S I v A
B T2 R RS . J4E PVA TIORTE 25 2 ey Tl
IIF TSR R, BB A PR EE AT T, e
SRR E RS (AERE ) ROPREE, AR

ASCHUN T A A . AT R EORS I e i 12
XA R A T UL R . AT B B 0 4 Bk
TR TR SCR S AL RS A A R, SR T FLAR S
HRYE A 25 PVA AEMIRG IR o 38 ik 5 DK 3R S A
mi R E G AL PVA RSk il & 205 JF%F PVA
K BORES G BEATRAL , 75 SRR AL RS I 13
AR FBEAT ARSI o LIERE A PR XS 4, RS
PVA AR X BEAF RO PREERCR . LU 5 S B il Y
KAV AF SR AT 2814 A W 93 i 2R 400 BT R S SRS

1 SRIGERSY

11 #El KFENEE

T LHRM . MR W, &
BFEARAWARAE; MBIt (9 emx
7em), PRERMGLIMTARAR; “HE" &
&, BIRITE W RIETTZIE £ 5 8 R A% o

KIGFFE . SEOMERE . T&EE, iR
AR AR O BE ) LB HE Rt . DS M A
fEHEFREL, WS EYREARA R TTKOEE.
i 80, Span 80, TRF /4L 50% L BE/K W . I —
fE . HeERFR (BB 36%~38% ), sriral, [EZy
R TG BR A 7l 5 PVAL24, 43ral, PapFl
A BRA s IE, fh2eal, i gRskfb Ak
FABRA T AEFEFE—g KRG, &M, L=
W TV FABRA ® s NaOH, Z0#ral, 1L 74 %
FIRFIABRAF s oK OBREN, aFral, KTk
T2 ARG R A F ;. R OIRMEE e (K30 ), 4B
AW BYBKAE R . R B 6000, A4k, K
BTG E R Ak T 98 T .

L6/L6S B2 4h-1] W43 BTt . Nicolet 6700
AU AR e 21 SRS (FTIR ) , 3£ Thermo
Fisher Scientific /A #]; JSM-7500F 44y T W6k
B (SEM), HAHF#RASH; S3500 BIFOCKE
BT, FE[E Microtrac 23 Fl 5 Q500 HIHE 43 ML
(TGA) , EH TA {UEF/AH]; CT3-10K B Fiie 43
Hri¥, 5[ Bookfield /A,

1.2 FHik
1.2.1 #bFER

KK ZE SR ABOR 2, #8500 mL
=BT A AN A B kR 100 B IR R,
A 250 mL ZE15 7K B s 1 A A Z= ik 1 g
SIS P IS L AR, B K A2
WSO R T, o8 P I K A TR N T R e R A B
Koy, Wsli sl TR &F . . Wk,
HRH BN 1.8%. 0.65%. 0.89%. 0.9%.
1.2.2 #hdp @ &z
1.2.2.1  {RSMIEE TG

R e LR EUR T, KA E R 4B
0047 78 BR TR 2 1 A R A P B R O AN B TR
Vg Bk 3 RO AR R, BT A AT,
A ARG X 3 A TR 1 100 1 2R

S HSCER[ 13174 . B KGFFR . 4 4
BRIAFE LB 55, HEWE DR EmA
Bilg R R P B3R, 3 d F R EA N 5 mm AU GH
FTALES 2 BIAE 3 FhOASTR] B MR 0 855 3% S, or 4%
5 mm HYHSE R R A F B EWRE (0.75. 1.50,
3.00, 6.00, 12.00mg/L) T #& . &% . Frig. Hin
iRl paE = O Rl TR VA=W 7y 1B iR S EAE B 2 )
XERAL, RAFEERE 3K,

B EAMERIE . BRI EE 0 A
WK 37, 28 CHAEKE M TSR, & 6 h
MEL 1R, K BUNTIRAL A R AR AR KA R I AR R
R REFEINL 2/3 B, 0 A A ) A TR AR AE K ELAR
AR (1) TFFOR RSN R (% ):

s %= 222
1

K Dy XA R A2, mm; Dy MG IHAL R
HFTE EAE, mm,
1.2.2.2 Kt/ NI &= E

K AR B T I U KRG i R I e
80 R, MKURASH T vk BE 4 0.75. 0.60,
0.45. 030, 0.15 mg/L BFEMIEFREL, RH 1.2.2.1
TALEET I, HU 25 pL WREAE I TR N 2 IR
[F) Jo v B RS TR I R SR, B 6 hoURgR 1k, LU
24 h PN G IR AR AT 0 8 B A A K T o R R S L
MW E (MIC ),

%100 (1)
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1.2.3 PVA T A#y b ko 4 &

K HFLAL S e 4 PVA T A ikt Fr
B 10.0 g PVA124 HiE#HE T 90 CEE TR, 155
ANTR] PVA Ji 243 KX ) PVA I 1 o FR BL— 22 1t Span 80
5 1mg THERKMIES, WA 100 mL KG3H, K

(40 °C) #iitk, SRJFZHEH A 10 mL PVA ¥, 4k

gefif e, FLAL 30 min JETERGM ALK LI . B H—
SR A FLALR P 2 A 0.5 mL JRESECH 1%
W, K (45 °C) 4k 10 min JSHIA 1.5 mL ¥
BEA 1 mol/L EhFRMEILACHR N, FIRFEsl 1.5 h 1%
FIFH . BT 4 DB OB E L S min J5,
Pi_EJZIM, TEA 2 mL AERAESEELC 5 min, 155 F
JZUTTEY) , IR T 24 h 5132 PVA T RS T ek .

KA B3R PVA T BRI R 25 O ik R B,
AT AKE & P SOER IE R PVA TR .
1.2.4 T &AM a3 24 i #2690 T

1.2.4.1  FrifEdh £ HilE
BT BRI JCK CBERC I BT e 1 g/L
BRI, SR 45 B 0.2 .0.4.0.6.0.8.1.0. 1.2 mL

B, FTOK R E 10 mL, 5558k E S
W 0.02, 0.04. 0.06. 0.08. 0.10, 0.12 g/L HyfF
M, DATCIK Rt B, SR Ah-1] W36k
FETHTE 295 nm AL e AN [F] 5T e ok B A5 DU P9 Ot
BE, DB EWRE (x) FEARAR . WG (»)
RYPAEER, FIVERR RIS, 15 B bR i 2k 0 AR R
y=19.432x-0.0121, R*=0.9969,

1.2.4.2 ARG R

B 50 mg PVA T &FAMBMER TR 04T, A
5 mL JOKOBE, WEUEIFHH PVA RTmGOR R m i)
TAEMREM, L (12000 r/min, 10 min) JFHL
FYEW 1 mL F 50 mL RIS, HIGKOEER,
FHIEHD-0] WA GG TR 295 nm A0 H O
I, fbnfEth 2y it EAR 5] PVA TR hiHok R
T AR T e B . RAEC (2) R (3) 4t
BPVA T R IMOR A T AR a2 (%) Fifi
HE (% ):

m —m,

AL /o = x100 (2)
ms

v =1 100 (3)
my

Kb my HHERP RO T FRMA R, mg; m
9 PVA T ERGIMERFR T T ER MR, mg; m;
B T FAE MR, mg; my N PVA T &R
ERFTH, mg.
1.2.5 PVA T A4k & T Emie
1.2.5.1 PARZESLR

R 1.2.3 W8, 18 Span 802.0 g, K

Gl 100 mL . FLALIEEE 50 °C. FLALATE] 30 min .,
SR 0.5mL, #RR (1 mol/L) 1.5mL. T Fk5ih
1 mL W4T, %% PVA i 2048 (1% 2%. 5%.
8% 10% ) X T FHHG AL R0 ; /£ PVA it
3EC 5% . KT 100 mL. FLALIREE 50 °C. #ik
A 1E] 30 min. & 0.5 mL, /2 ( 1 mol/L ) 1.5 mL
M4, %% Span 80 4 (1.0, 1.5, 2.0, 2.5,
3.0 g) X T FRE IR 75 PVA i 4K
5% .Span 80 2.0 g K 3 100 mL . FL AL T E] 30 min .
B 0.5mL, 8 (1 mol/L) 1.5mL FUEMTF,
L ALIRAE (20, 30, 40, 50, 60 °C ) % T #&Hs
AL Y RE M
1.2.5.2 W o I S B8 s i

AR E SR 25 IR B, Ll PVA iR %L
(A4). Span 80 i (B) MFLILIRE (C) MAE
H, R EHER (Y) SHmRAE, XF 3 R
B 3K, H-1. 00 +1 3R/R, PVA B34k,
Span 80 Fiwm FIFLAL IR AR 4 2 PR E o 4 SR e
JUE
1.2.6 PVA T &b Bk ZAE 5 )X
1.2.6.1 SEM Fk:i 4250 A U

(E 4 Ja JIC L ¥ 50 Bl 35 5 PVA T & RS T ik
FEFEATIE 4 Ab B {81 1] SEM X ik (01 85 B2 43 Bt
SLUEFTOLES, LR 20 kV. i FHIEOERE 0
G 5E PVA T B A TH Bk B4 F XA RE A% 1 A3 15 DL o
1.2.6.2 FTIR flliz;

Z: BSCHR[ 17109 777 , >R H KBr F 72530 72 PVA
T EHKGIMHERE) FTIR 3% &, 1%L 4000~500 cm ',
H#E3 W, R 2em ',
1.2.6.3 TGA iz

A3 FREL S mg PVA fERFI PVA T 75K i sk il
AN 3547 TGA K, RSl 30~700 °C,
FHEBE 10 °C/min, FSES M 10 mL/min,
1.2.6.4  #KFRM E

4 50 mg PVA T & HE M HERAE 60 °CHH IR T4
M TR EEE, 54K KBRS M IE R
(PBS, ¥ pHHZE 7.4) ¥, #£0~36 h NEFE 2 h
¥ PVA T FRG R T B O A 3], I DR 4R+
PVA T F A Il Bk &m0 7K o3 e AR U8 AR s 4)
15 PVA TEAEM GRS KE (% ):

kR o= TS
e

L. ms WEIKG PVA T FMIMMOK T, me;
me N TG PVA T HRMMER T E, mg.
1.2.6.5  ZERAT RELALN

S TERYE (pH=7) ZRIRR (JOKLEE) M
FRIEERRIR R (pH=3. 5) %% PVA T A5 Ik

%100 (4)
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BT M. £ 25 d N, & 24 h 2 50E PVA T 5
Mok SR ER M SR, THRRE, JF4HIE
e, B9 pH X PVA T & RS IR A T R 10 2 il
1.2.7 PVA T &4k i ks 35 2 09 4R 8 2R
1.2.7.1  #E%RE SR TAL B

B R A 0 i R E LRGSR HR AL AL
BRACFRAL, £ 2H VRO B Se - Jome i, B . K
I TEARF AR S 20 i, X REZH R HEA T AR AT A 2
¥ PVA T FR R FB R Y R4S I B
TRERAL BRAL R EE G RE . KEHAL T 4 CRIRATT, &
2 d HBORE 1R, I AR FRAE R
1.2.7.2 B BE

SRR SRE AT ASC 5 A A 1 o R IOTC A0 1) s 25
RS, R AR T DO 28 R Sk I s T B 4 B
ILHYRES A b, SR P2N 453k AT 22 5E o 2
BREE R 6 mm, AT I R DR S 3 R34 1 mm/s,
fih %z J1oh 5.0 g, BEALERINGE 10 ¥k, BApEh gt
1.2.7.3  JE R

Z BESCHR[20107 ¥, % 1 85 1) i S R BE R A 7 0
oA, MR YRR S R RN AR R Al S
%, 0% TCARMIEES; 1 % BRAmAVN TR 32
TR 1/45 2 9 FERETARAE AR SEHE AR 1/2~1/4 35
FEI 5 3 9. A et ARLAE SR S AR Y 1/2~3/4 LN
4 Y. SRR TR E A 3/4, ARPER (5)
TR (%):

e o, _ o JEREGON < ZGON ARSI OE
= R i BRI
1.2.7.4 R H RN

S IOCER[2117%,, FREFEM AR, RER
SRV S S SR T R e AR ST R ) 43 E
1.2.7.5 W] 2 B w2

AVHERR (TA ) R PR i 2 T4 00 e 22
I R — H i S B AR vE S WO BRI Y 0.1 mol/L
NaOH R TP o FREX 10.0 g AR BT
e, BB E 100 mL HERAN, HEBKESR
100 mL, JR-&AEH 30 min J5 ¥EAT E A g . W
20 mL JEWTHEIEM T, FIRINA 2 % Rk N
10 g/L ByBkFE =7, FCARE R NaOH iAW 17
Eo MIEWRHG I E, H 30 s IR @ THE
1R E, 05 NaOH B A &, B4l SCBe ke ik 4T
5PNE, S5RBURECEAE, 3 dE 1R,
1.2.7.6  Z 1 S AT M0

2 MR SCHR (23109 He B ik X Z A AL ( PPO ) 1%
PEGEATINGE . FREC 1.0 g #5452, fNA 10 mL #
HZEM (54 1 mol R s HIBLREE . Fimsy
B A% S BR R £ H W o ) A5 S 40 550 1% v i
X-100 ), 7EVKIE HAFEE 2139, T 4 °C . 12000 r/min

x100 (5)

B0 30 min, WHE LVEW, RRAERSH. 1 K
A, A 2.5 mL 50 mol/L ZFRENZE rhi N 1.0 mL
50 mol/L &P 7K WA, BeJa A 100 uL i, F
420 nm AW RE 2 min PO EE YZRABAE,  LAZETEK
RZWAE . Do e WO EE A8 46 E (0.01) 24 1
ANEEWE S (U), PPO IEPELL U/(grmin) 3R
1.3 #HELIE

KM Design-Expert 13 #EFTm N 4347, R
Origin 2019 32 &, RH] SPSS Statistics 20.0 4%
PR R AT Ge T2 08T, A AR R U B A S 56
FEMGE 3, Z5RLL RO EAR RS #
N, PHEEHPEEERR

2 #HR5WR

21 FEHMELRS T
1 4 PP I SR AR RIS R

1 AR YRT IO B AR T R
Bacterial inhibition rate of four plant essential oils
against the test strains

Table 1

I HE /%
(mg/l) S aiElkE KW S5

TEAE 0.75 11.29 13.65 1033
1.50 33.71 3563  31.51

3.00 62.86 69.58  65.74

6.00 84.37 85.59  84.26

12.00 91.55 91.77  92.88

LR 0.75 13.81 11.90 6.67
1.50 47.91 33.54  23.60

3.00 66.55 5552 61.14

6.00 87.75 85.87  80.93

12.00 91.70 90.65  88.76

Frrs i 0.75 8.92 5.61 0.96
1.50 35.73 29.34 2.08

3.00 66.29 4870 2298

6.00 80.84 73.46  57.49

12.00 86.42 83.25  69.89

A I 0.75 8.41 7.80 7.29
1.50 38.21 31,52 34.28

3.00 57.29 52.19  62.79

6.00 79.98 74.88  78.55

12.00 82.33 81.86  84.91

M 1 ATLAAE W, 4 P YRS i il kS
H—E AN HIERT,  ELI0 58 2R AR RS I T v
FEE NG . EEIRE 0.75 mg/L F, T
Rt KT A % (13.65% ) & X4
BAREMBE R (11.29% ), 5% 2P
SR —E, MIFEBEWEET, T &R MAMmE R
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2 W E T AL A, AR EUER T, K
VTR 2R A 3 Ll R s I ) e e (L, (R 25N K
AR b TR TR X R A R RCR R M
FES ., TEFRESE 12.00 mg/L T, T &k
BHHEIMER (92.88% ) P T&EH K0 25 5 1
TR (88.76% ), 55 e S S0 5% 45 AN AT
PR T ARG TR RN R (91.77% ) 150
TR 1 o X 4 00 ) 2 B TR AT A R A e 1) R A4 T RS T
(91.70% ), HUZ T FHM (91.55% ).
22 R 4 FPRE PRSI X B AR G MIC,

2 A TR O B R B0 foe /M0 BT R
Table 2 Minimum inhibitory concentration of four plant
essential oils on the test strains of bacteria

T/ N R AR

5 Jo A e E/

(mg/l)  S#EWHRE KIGITE HRHE
T ks 0.75 + + +
0.60 + + +
0.45 + + +
0.30 + + +
0.15 - - -
LS 0.75 + + +
0.60 + + +
0.45 + + +
0.30 + + -
0.15 - - -
P i 0.75 + + +
0.60 + - —
0.45 - - -
0.30 - - -
0.15 - - -
ARG I 0.75 + + +
0.60 + +
0.45 - -
0.30 - - -
0.15 - -

& ARTWRIEH; ~RAMHEER.

FH 2 Al 7ERTIE AL 0.15 mg/L T, 4 Fikg
T 3 S FE R JC B B IR . R
FETFZE 0.30 mg/L B, T EHRMXT 3 Fpatk K
H A AN HIRCR , MIC 4 0.30 mg/L, MRS
TG 4 T (07 28 Bk DR AN R I AT B A SR
MIC 4 0.30 mg/L, {HX5 %5 W I O 2
MIC Hy 0.45 mg/L; #7HE ThXT K A3 5 75 5 6 1Y
IMRIROR 2, MIC H 0.75 mg/L, 450,345 5k
ARG A R SR R 55, MIC A7 0.60 mg/L; 8 far A5 3 X6
TR AT B R 4 8 €0 4 A 3K B 1) MIC i 0.60 mg/L,
P EEE MIC 4 0.45 mg/L, %4 MIC ¥, T

BRI 3 Fh AR D R RO BB 4T

g LRTR, BEECT RS IMAE IR 6 45 PVA
KT TR
22 PVA TERHMKIISERZLGRL
22.1 PVA REHHMHR

B 1 & PVA JEEEON PVA T 345 il ik
24 A3 A R AR AR S

15

= REE ] 6
B
12 ¢ 4‘
N ) 1% N
= 9r °\
5 vd 1 60 5
e =
61 56 'IBJ
3t 1L/ 52
0 1 1 1 1 1 48
1 2 5 8 10
PVAR R/ %
Bl 1 PVA Ui/ 806 PVA T 8K IR A0 13 671 2
RSP
Fig. 1 Effects of PVA mass fraction on encapsulation rate

and loading rate of PVA clove essential oil
microspheres

ME 1A LIE 1, RS PVA B B,
AR G BRI R TR PR, 24 PVA
Fi ECh 5%, AR M A R R B R, 4
Wk 65.50%F1 11.21%.

&l 2 IASE PVA JlTit 5045 19 PVA T &K
THERAY SEM [E

a— I 2%; b—RE 4L 5%; c—TE %L 8%
Bl 2 RE PVA B3l m PVA T &RS ek

SEM [

Fig. 2 SEM images of PVA clove essential oil microspheres
prepared with different PVA mass fractions

MK 2 ATDIES, 24 PVA B8 (2%) &
IREY, T J03E 750 S TR U ER , LS 2] ek J&] ]
HRZHERY T (K 2a); 24 PVA i 040 (8% )
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W& R I, SRR B R R BUER r HOR Y (] 2¢);
Y PVA Ui 3 8CH 5%, OKEOIES fmf (& 2b ),
W, PVA i34 5% Rl 45 PVA T &R ik
AR A, XS B AR PO BT ST 45 AR AT
2.2.2 Span 80 A& %

LA BE 1 1 ) A R 1 ok R, 3R T M
Span 80 FZLAE &N AR KB ME M I LAG/ N 8 Y T
Sritesk g, 183 g Span 80 I X) PVA T FHG il
TR AL HE 2RI AR R R 5

15
= fRERE
12} ///i\\\ — ERE 4
L ol ;; ] S
P {60 ¥
"NIE
4 N | 454
3 L
070 15 20 25 30 8
Span 80 &/g
Bl 3 Span 80 FiE X} PVA T & AE Il i ER G R A 2 R
EpAT]

Fig. 3 Effect of Span 80 dosage on embedding rate and
loading rate of PVA clove essential oil microspheres

mE 3 ATLIES, Fi%E Span 80 FHEAYYE N,
ARG RS BTG T, 24 Span 80 &
H 2.0 g B, AR AR IR B B R AE, 430
68.50%F11 12.41%, ARk a3 545/ = 25T W Bk 55 245
R—3%, Span 80 /> FEAMMBREARNL, 5
FWIRR AT, &R MER R | R,
B Span 80 FHEEMyEhN, FLRE MBI E. 4
Span 80 ffid K (2.5 ¢) Af, #843> Span 80 2% Kff
TERERA R, AHTRERE .. Kk, %5 Span
80 FH & 2.0 g Milil 45 PVA T &N i iR i e L FH £ -

4 AN Span 80 il & Y PVA T F A il
Bk SEM A,

i 4 A LIFE H, Span 80 & /DI, IRy
TEARTT BEANUZRLIN] , 3 1 n] REAFAE — 2L B [ oA
B, WMERZ B EE AT RER 25, F Ik T BEAH
HAGHE R ETE— i, X LEI S Al HE & i T Span 80
AR, SERmERERL, 5 TlERR
EVE, TEH A B ERIE S Z B, T R AR
ERA A | R REL, % Span 80 &MY
Hahn, FLEESEOmMA AR e, ok 2 B0 B HU Y
BIE . Y4 Span 80 HiEid K (2.5 g) B, ik
T A BN, AR THERIE . Hit,
1 Ff Span 80 FH it 2.0 g Myl 4 PVA T &G il ik i
A .

a—l1.5g; b—20g; c—25¢g
Bl 4 A[A Span 80 &l £ 1 PVA T &K i il Bk 19
SEM [l

Fig. 4 SEM images of clove essential oil microspheres
prepared with different Span 80 dosage

223 SURBEMF A

FLAG L B LA S Ik il 7 Pk o A o g — 4>
SR, X BRI TE SRR AT 3 2T
5 AFLALIREEXT PVA T 8 il folsk G AR 4 3
HE- AT

15

= FEE 68
/\@‘ﬂ$
12 1
= e DN
® 5|
g 6 156 &
3 4152
oL - - - 1 ag
20 30 40 50 60
FAIRE/C
5 FLALIREEXT PVA T R i ik 60 1 2 0 60 20K 11
Al

Fig. 5 Effect of emulsification temperature on embedding
rate and loading rate of PVA clove essential oil
microspheres

M S WA 1, A FLAGIR B g,
RA R FL R LTHE TR, 78 50 °CHf
RN, 350 67.32%H1 11.22%, A 5k
RCHE S P BT 25 3 — 2L

Kl 6 Al ZL AL I EE 25 1 PVA T A i ik
) SEM [,

HE 6 FTLUE ), WA R (60 °C) 38X
BRENE (B 6c), MREERAIL (40 °C) NISZMfERIE S
AR EE (& 6a ), HFLALIREE R 50 °CHY, TERIEAR
B F, HAord RAr (K 6b). Ik, #E8esl
LR 50 °C A& PVA T Fks sk i e IR
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Table 4 Results of variance analysis
ARSI CFOTRL A 77 FIE P BEH

a—40 °C; b—50 °C; ¢—60 °C
Bl 6 AFFLACEREHI&R PVA T &Mk SEM F
Fig. 6 SEM images of PVA clove essential oil microspheres
prepared at different emulsification temperatures
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Table 3 Comparison of coding values of response surface
experiment with actual values
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Fig. 7 Response surface curves of effects of PVA mass
fraction, Span 80 dosage and emulsification
temperature on encapsulation rate of PVA clove
essential oil microspheres
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Fig. 8 SEM images of PVA clove essential oil microspheres
at different magnifications
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Fig. 10 TGA curves of clove essential oil, PVA microspheres,
and PVA clove essential oil microspheres
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Fig. 11 Swelling rate of PVA clove essential oil microspheres
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Fig. 12 Change of cumulative release rate of PVA clove

essential oil microspheres at different pH with time
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Fig. 13 Blueberries quality appearance at different storage
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Fig. 14 Effect of PVA clove essential microspheres on
hardness of blueberries during storage
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SXTRRARLL, HORA TR TA &8 Ry
IC/NTXFREZH , 260 PVA T 7085 I ook b 2 RE )i 2%
WERF BT RRACHE, dERRRSC M T, SRR RS
FRARGE], 5 Rk T RO o 25 SR — 3
2.6.6 PPO &S

PPO E5E AR R 2 ., Kl 18
i PVA T RS IR0 5 22 5t B b PPO I M
AN

18 ATAFE I, 7EN K 6 d 5, fHERALFEL
WA PPO W MEAR T X IRLE . Ik, PVA T &5k
BRANFEAEA RN WA R PPO WM, 540 BRARLDT
T2 FNT I Bl A X A SRS PPO G B2 i) 1 45
—3

AHERE R %

Fig. 18 Effect of PVA clove essential oil microspheres on
polyphenol oxidase activity during blueberry
during storage

(1) THRMAEE TR . AP B T A
far R, XK MAFT TR | 4 B 0 75 BR 1A RN 7 5 1A 1)
FFEE, MIC 5.

(2)FUAAZ B B 45 PVA T b5 i ok i1 4%
k. PVA 5340 4% . Span 80 i 2.0 g. F1k
T 48 °Co TEULARAF il &0 PVA T FHAE M fER
AR 72.69%

(3) PVA T HAFHMERIE S AL, BN,
GERIEUR , PRI 40 um AT, BRI
BKAE S (WERK% 104.40% ); 7EARR pH (3, 5. 7)
T, 25 d N T BRI R CR>65% , ZREAUCR BRIt
TERRPEIA BT RO el , 3F T iRz o f
TR IR TR

(4) 7EiEEEI R0, ek B PR |
L RER . TA &8 M PPO G METEbRAS AL L
TXFHRYL, BRCHELE T AR I MOAS e, (R T8
FEME N5 T

ARSI 25 1 PVA T ARG T ek LA A S 90 7 1
REFIZZREREME, B R EESUAR T — R AT R
ik, BA—ENHTHALS S (kR &
SR EESE ) AREERTE T, > B IR 2, R
BEE A, HERREE SR ER S T

S E k-

[11 MO ZM (Z£¥##). Postharvest problems of fruits and vegetables and
development of storage and preservation[J]. Farm Products Processing
(K= HINT), 2019(7): 78-80.

[2] OLMEZ H. Foodborne pathogenic bacteria in fresh-cut vegetables
and fruits[M]. Salt Lake City, Academic Press, 2016: 151-166.

[31 WANG JY (EH:59), HU W Z (#3C), GUAN Y G (F EH),
et al. Research progress on the bacteriostatic mechanism of limonene
and its application in fruit and vegetable preservation[J]. Science and
Technology of Food Industry (& TolkBl47), 2021, 42(14):



%3 2 7F, AR PVA T ARSI IR A ] A K AR (R 6 1 * 569
414-419. et al. Preparation of thymol-containing microcapsules and its
[4] LIY R (ZEWH), ZHOU L Y (JEMHE), LI S R (ZIHER), et al. application in strawberry preservation[J]. Food Science (& fFEHF),

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Antibacterial activity and mechanism of action of plant essential oils
and their main components from fruits and vegetables: A review[J].
Food Science (X ihFl2), 2014, 35(11): 325-329.

RONG P X (#£}57%), HE X Q (fifi%3E), WANG J Q (L4:%k), et al.
Research progresson functional properties of plant essential oils and
their applications in fresh keeping of fruits and vegetables[J]. Food &
Machinery (£ 5HUHK), 2022, 38(5): 226-233, 240.

TANG Y J (AK%), LU X X (%), Research progress on
stability improvement of plant essential oil and its application in
food[J]. Science and Technology of Food Industry (£ TollBHL),
2020, 41(7): 353-357.

YAO Y N (k#k#), SUN I M (Fhat), LI Z (Z=H), et al. Research
progress of plant essential oils in fruit and vegetable preservation[J].
Light Industry Science and Technology (% TRH%), 2021, 37(5):
17-18, 21.DAI Y (#{#%), CHEN Y Y (:3HER), ZHANG X (5K#), et
al. Preparation of composite antibacterial microcapsules of nonanal
and carvacrol and its application in blueberry preservation[J]. Food
and Fermentation Industries (£ 5 &8 T k), 2024, 50(9):
238-247.

LIU Y (X%%), LI B L (Z#1K), GAO B S (#53%), et al. Fabrication
and antioxidant properties of carvacrol/gelatin/polyvinyl alcohol
fibrous membranes[J]. Fine Chemicals (KiZi{k T.), 2023, 40(9):
1910-1918.

CHI W R GR3C51), WANG Y F (E—14t), MI C H (CEIRE), ef al.
Study on polyvinyl alcohol/sophora japonica extract composite
antioxidant film[J]. Forest Engineering (FF#k TFE), 2022, 38(6):
69-74.

WANG C P (E##), YIN X T GFliiil), DING Y (T#), et al.
Progress in the extraction technology of essential oil from rose[J].
Jiangsu Agricultural Sciences (JT.Z 4\ EH), 2020, 48(23): 36-40.

ZHANG L H (3#k2Y), DENG N (¥54if), KUANG C T (0 Z#Hk).
Antimicrobial activity of kinds of plant essential oils and analysis of
their antibacterial components[J]. China Condiment (" [EJH1k ),
2023, 48(2): 31-34.

LU J (/9¥%), ZHANG L Z (5kTiEE), WANG X P (EFE ), et al.
Study on antibacterial and antioxidant activities of essential oil of
Nardostachys chinensis[J]. The Food Industry (& #h k), 2014,
35(4): 91-94.

GUO H (), XU R M (FRiIFL), YUAN M (JiE), et al
Bacteriostatic test of ethanol extract of Eucommia ulmoides leaves[J].
Journal of Henan University of Science and Technology (Natural
Science) [IRIRHRE2AAR (AR, 2023,5 44(4): 91-98,
9-10.

CHANG X Y (%% %), LI H Q (), CAO Y X (B &), et al.
Comparison of emulsification cross-linking method and solvent
evaporating technique for preparation of microsphere encapsulating
lemon essential oil[J]. Food & Machinery (& /- 5#HL#K), 2021,
37(9): 60-65.

LI G L (ZRER), LIU X P (X% ). Preparation and slow-release
properties of Cinnamomum cassia leaves essential oil/f-cyclodextrin
microcapsules[J]. Chemistry and Industry of Forest Products (#£7~1k
5 T0b), 2021, 41(4): 35-41.

XIN L L (¥§#%), ZHANG Y (3kM), LIU B C (XI51%), et al.
Preparation and release behavior of avermectin microspheres[J]. Fine
Chemicals (K52l 1L 1), 2018, 35(4): 652-657.

CUI ZY (¥ E), L1 Y (Z=¥), FENG X (153%), et al. Characterization
and pH-response release of chitosan- polyvinylpyrrolidone hydrogelfilms
loaded with tea polyphenols[J]. Acta Materiae Compositae Sinica (%
HFPRIZEAR), 2024, 41(1): 240-249.

XU T H (%), Research on quality changes of blueberry during
freezing and thawing process[D]. Harbin: Northeast Forestry
University (ZJbpfoll K2#), 2021.

ZHONG Q X (#FkE), ZHENG H Y (#535), ZHU Y L (RHHERN),

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

2023, 44(11): 167-176.

WANG X (£#%), LUO Y (B4E), XIU W Y (IBHl), et al
Preparation and fruit preservation performance of sweetcorncob
polysaccharide nano emulsion coating[J]. Fine Chemicals (f&4ifk
T.), 2023, 40(7): 1520-1531.

HAIDER M, ABDIN S M, KAMAL L, ef al. Nanostructured lipid
carriers for delivery of chemotherapeutics: A review[J]. Pharmaceutics,
2020, 12(3): 288-289.

CAO J K (@), IANG W B (ZEMi%), ZHAO Y M (B EAf).
Postharvest physiological and biochemical experiment guidance for
fruits and vegetables[M]. Beijing: China Light Industry Press ("'
Tl A, 2013.

MENG Y (i#i—), ZHANG Y H (3K £4€), CHEN D J (BRR7K), et al.
Preparation of plant essential oil microcapsule and its antibacterial
property[J]. The Food Industry (&4 Tll), 2023, 44(1): 26-31.
DONG L L (#[# ), REN C T ({F4#), ZHANG X H (3K#itE),
et al. Antibacterial effect of six plant essential oil on Botrytis cinerea
and Penicillium of fruits and vegetables[J]. Food Science and
Technology (£ BH), 2019, 44(8): 211-216.

DONG J Q (#E#:#¥). Synthesis and properties of polyvinyl alcohol
microspheres[D]. Xuzhou: China University of Mining and
Technology (*F EH L K2%), 2016.

YANG X Y (#/)hz%), LIU F R (X 2E%5), CHEN C (B4/2), et al.
Preparation of rape pollen starch microspheres via emulsion-chemical
cross-linking method[J]. Cereals & Oils (FEE 5iAE), 2019, 32(11):
7-10.

BAI S 'Y (F1%UHt), YANG Y F (#FE 1), ZOU H (4F¥%), et al. Study
on the preparation process of tea polyphenol chitosan microcapsules
[7]. Cereals & Oils (H & 51HAR), 2023, 36(8): 101-104.

DONG J Q (#1E#/E), CHEN F M (%:X4%), TENG S H (B:ifUte).
Investigations on preparation parameters of polyvinyl alcohol
microspheres by emulsion crosslinking method[J]. Materials Reports
(1 EHFR), 2015, 29(4): 77-81.

HOU Z Q (#&75), ZHAO T Q (X K #)), CAO X Y (EH#KEL), et al.
Study on the preparation of cassava starch microspheres[J]. New
Chemical Materials (ft. T i A1 4}, 2013, 41(12): 60-62.

DING Y R (T#t4%). Study on preparation and properties of stork-
polyvinyl alcohol microcapsule composite fabric[D]. Tianjin: Tianjin
Polytechnic University (K Tl K2#4), 2018.

GAO H F (F54L7%). Preparation and study on controlled release
property of antibacterial packaging film based on the system of
cinnamaldehyde/poly(vinyl alcohol)[D]. Xi'an: Shaanxi University of
Science and Technology (BEVERM K 2%), 2018.

LIAO N N (BI[I[4l), YANG X X (#/IlEZ), WU L J (RFH), et al.
Preparation and characterization of polyvinyl alcohol microspheres
[7]. Journal of Materials Science and Engineering ($1 1R} 5 T /&
2£4R), 2018, 36(5): 764-768, 738.

YUJY (THI#7), SONG R D (A ), LIU X C (XI54%), et al. Process
optimization of MgCl-glutamine aminotransferase synergisticallyinduced
glycosylated soybean isolate protein gels and preparation andperformance
evaluation of their microencapsulations [J]. Journal of Food Safety &
Quality (B 424 TR 224R), 2022, 13(14): 4575-4581.
KEAWCHAOON L, YOKSAN R. Preparation, characterization and
in vitro release study of carvacrol-loaded chitosan nanoparticles[J].
Colloids and Surfaces B: Biointerfaces, 2011, 84(1): 163-171.

LI H Q (BDLiK), LUO W H (¥ 30#), XIAO G S (M W 4), et al.
Preparation of microcapsule of clove essential oil and preserva tion
effect on strawberry[J]. Food and Fermentation Industries (& 5%
Bz Talk), 2021, 47(21): 191-196.

SHI Z D (f%#5), JIANG Y P CEHERD), SUN Y J (FMIEAR), et al.
Preparation and characterization of oregano essential oil microcapsules
and its effect on quality preservation of apricot fruit during storage
[3]. Food Science (& /i), 2021, 42(11): 186-194.



