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Abstract: To protect plant essential oil aroma and control its release, cocoa essential oil was used as the raw material, and its components
were analyzed using headspace solid-phase microextraction-mass spectrometry (HS-SPME-GC-MS). Next, a Pickering emulsion of cocoa
essential oil was prepared using OSA starch following the ultrasonic shearing method, and its antioxidant and bacteriostatic properties were
examined. Terpenes and esters accounted for 23.81% and 20.41% of all components of the essential oil, respectively. Other components with
high relative content were acetic acid (6.64%), 2,3-butanediol (5.27%), and ethyl acetate (4.64%). Particle size of the Pickering emulsion was
0.47 um at an essential oil concentration of 5%, indicating that the preparation of a Pickering emulsion could effectively slow down the aroma
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release of essential oils. The antioxidant activity of the Pickering emulsion of cocoa essential oil encapsulated in OSA starch was improved. The

DPPH scavenging ability of the Pickering emulsion at 24 h was significantly higher than that at 30 min. The ABTS" scavenging ability of the

Pickering emulsion peaked at 12 h and was significantly higher than that of the essential oil. In addition, Cocoa essential oil and Pickering

emulsion exhibited potent bacteriostatic effects on food-borne pathogens. Therefore, preparation of a Pickering emulsion of cocoa essential oil is

a reliable method to reduce the aroma release of essential oil during processing as well as to improve its storage stability, antioxidant activity, and

antibacterial activity. The present study provides a theoretical basis for further expanding the application scope of cocoa essential oil.

Key words: cocoa essential oil; Pickering emulsion; antioxidant; antibacterial activity

AR S BIEY) (Theobroma cacao L.) HIFF¥,
e BN 2R RS YME B E . T
By o I/ S ThRe s n] vl & & RS-
Ji, 2 dF T ER 50%. WARTE AT ] G EEE
GErewn, BAMEFR BRI, HIA 28 35~37 C.
A AR 032 B, RIS CO2 AN AT AT &3 g 2 X
(AT AR - SRR, AR . TR A
& g 22, wa ] DME R — R R AR PTEF, IF
P NAR 98 i 20 = AR SR, [R5 OF JE e R B 2
$oir R TR S R R, TR AR G 5 COo $R AT RIS
T D REVE A TR

R RS D)2 R &AM, (H
KBS, AR SR KistEZE . R
AFEE . ARIREL . AMET IS ARG, BN
FHIE R AR AR IE A BT R, w] m RS TN RS
MW—FE, G ER. B JCERER R R AR
AR, K BB 7K M [R5 B AE S B AR AR 2
PR . Pickering LR £ 3 AR PR R AR K T 1R
Ut R A ME YIRS I R EE,  TRGAE ARSI B & DI
EM . iR, RERBALITEEASEARNRS
RO FLAG T BN R PR LR R K 1, FE F
T B B AR E BRI XL R A . A g
PRIAFRVERITE (Octenyl Sueciniate Anhydrate Starch, 4]
PR OSA VEH) 1EA— P T IR ESCive H MOk 4 40 2
LR RRRE TR, VER AT MR ot J5 A KM, W]
DA B CEK ST, S msLiiiese i, A, B
PERURIE RN A, N FVEREY . Shah BP1DL 72 JEAH-
= RERRAKIRL LA, 18 DL KIS A 1)
Pickering FLIH I EZE TR, X FLIRIA RPrERHE
HHATHE 7 KB, 22353 Pickering FLIRPTEILRE 1= T3
R HES . Sun ORI IEHRR e R I R AL AL
7, FeE ARG T H & Pickering FLIR, FEHAHTALH 2R
FOFFEE . KA B DL S i 8 ) BRI IR

DRI b, A 5 28 BT m AR i S S5k, 8 5E HS-SPME
-GC-MS B ki sy, e IR EA L R tEAE . F)
F OSA JEby g nl al kil il Pickering FLIUS , @i
N BB MR ILTEAS . 5T LI T & SRR

YEF . UL DPPH-F1 ABTS" IiGEERBE AT bt A
PR RO AT 1 A0 3 (8 AT Bk B R AT &
PRFT AT Al ks S AL Pickering FLIRME G PE, DUV AT
A BEIR I R SR SR AR AR, T al R I Th
e B FH PR 3T LR

1 MRSREE

L1 AR Bkl

AR, rp E RGO RH B AR ORI 7T T (2020
3 HOs SR EIRIRIE Ry , I AR PR A A
DPPH i{5fs ABTS i5f]. ZEi% — L AMGIRES, EHE
Sigma A #]; KMFFE (ATTCC8739). 4 H (o &jak
(ATTCC6538), | ARAYUMAEMRHE R AR H
RS B 4

L2 U8 5

7890B-5977B A4 S i Bk A AY, 3% 2 AL
DK-98-ILA HY iR IR /K B8, R T R TR A
PRAF]; FI200-SH BYEE Sl 83 b, Bilghras
FERLT ™ TY92-2D BUHE 75 S AU AR REAL, 7B 2 AW
BB R AT ; MasterSizer 3000 B2 H14%,
2 [E Malvern A7) ; UV-2700 FE4h-1] W66 it
TR AT, HRS0-IIA2 R 22404, TE T i
/K; DNP-9162BS-III Y iR #E IR PRI AT, Hilghriie
ST a s A R A F

1.3 Sk
1.3.1 T ¥ 444ty HS-SPME-GC-MS 547
1.3.1.1 FESLE

A8 FH AL BCL A =P R R A ARG T P
IYH0, SR FEREL A . BEAT N: 250 TAL 5 min.
1.3.1.2 T [l AH ol A= Y 2% A

ZHEERNITIE, TEEM. BS mL A5, 7%
A 15 mL 7578 R LIGHER BRI BOR +, 55 S
#JE, TN 70 CKIRE G INME 20 min 2IREFH. 24
JE¥s SPME £13 gF ibAE S, M ergEsk, TasAE

17



MK EmBHR

Modern Food Science and Technology

2022, Vol.38, No.12

B MAMEEESOR IR RS, ¥ SPME 7t it
FECIFRES 40 mm, A HZF4ESLAEHT 5 min.
13.13 GC-MS %1
GC 21 il DB-WAX BAHE F: (30 mx0.25 mm
x0.25 um) FRPEATEBMER; HIAIRE 40 C, fREF
2min, PA3 C/min (#ETFE 75°C, FLL 1.5 C/min
P ZE T2 140 'C, /5 LA 10 'C/min [ T3]
230 °C, fRFF 15min; BN FEN 1 mL/min.
MS 4 7T B TURED; - TFREE N 70 eV;
EURIERE A 230 °Cs DYZATIR AN 150 °Cs A
K 30~450u. %M GC-MS i (NIST 14, Mainlib,
Replib) HHTAIER, S56 SCHRIRGEIT T
1.3.2 7T T AF a2 A4t
AR ORI . BUE . i E A A A 2
Z8 GB/T 5009.229-2016[8, GB/T 5532-2008), GB/T
5009227-2016191 GB/T 5534-2008!11,
1.3.3 ¥ 7T 45k Pickering $Li& % &
TERIFREL— 52 L 1) OSA JEky, 48— tupilin
ANEBETK, 1£85 CTIANHFE 0505, AHEER
F 50 C, HIEFEDEON 2.5%IETE . BUAFIEL
5% AR HE IR FLR R, R AR

10 mL. 7EAHFREE T, A & R8T Y14 #E AL HE
3 min, 344 10 000 r/min 251 N HI VIR (EHERH
N 300 W 461F il A 7 min, 3% Pickering FLi -
P FEFR A FLIBRAT Dag) (pm)o
1.3.4 ¥ T #5h Pickering Lig 4220 2

B 5 1) Pickering FL, FHZETR/KHRE 100 £5)5
Fi 25+ CF, i SR SCHOERLE G 2 7L
FEIRIAE Daay (um)o HTHF3 1.46 F1 1.33, Wki4E
IR SR E 9 IR, FRIRIAIRE 10 sU12,
135 RAFIHBEAR

H10 pL Lo B8, & By, IS
PRI OK 100 AT HEE,  DLVEAS 0 /N B
1.3.6 Pickering fuik 4% B4

FERIGE TR E T, Wi EN e it f
i S P SR e SEESZ IR SO iR
T2 AR G& A4 B9 S i 150 mL/min;
B 50 uls Z52AFR 10mL;  IIHGEE 50 °C; Ik
i) 18] 300 s BEFRIRE 60 'Cs BEAEART 1500 uL; %
SEIRIT A 180's; HidhiRAER E] 90 s, FFAMEMIYHELT 5
YOI, FF SR SRR E IR | PR,

®1 BETRMAREE

Table 1 Electronic nose sensor characteristics

F5 14 R B L AR NCISE Vi

1 T30/1 A AR, do: LS, FALAE
2 T70/2 IEFNA R, o TR, Z_FEE

3 P30/2 it FA A B, mAA. REF

4 LY2/AA SR ISR, TR, TEE. £

5 LY2/gCT staR AR, WAk, TRS

1.3.7 =T 7y ih Aot Pickering JLidt AL F 1
1.3.7.1 ] a ki K AL DPPH /5 R e

DPPH-{& & A /1278 S0, WAFL). 4% 2 mL
AN TR s it % 2% o & Pickering FLIRARINE) 2 mL
0.2 mmol/L DPPH - ZBEA R FEAL bt B GE
HIE TEHE, §E 30 ming KRR FBORE P E
24 h BHTREUS, FRANIN DPPH:- Z B & 30 min,
AN 6 T 517 nm (4;) AHIWROGEE: %)
MR (4 H 4mL K OEARE 0.2 mmol/L DPPH:,
THEA (40 H2mL Bk O SRR EEER
Fl (Pickering 7L EFEM, WEWOGE, RFAHFE
AT SE 3 RECF34{A - Trolox FHYERHMEXTHR . M4
AR (D WEIERE (B, %):

B:(I—A‘;Aj]xloo% (D

k

1.3.7.2  AIADKE Il A HLFLIB ABTS T BRBE I E

18

SR E ABTS ERR, ABM. Bk
ABTS (7.4 mmol/L) HidMERE (2.6 mmol/L) JBA,
HAE R N B R #E 12~16 h 72248 ABTS™, #h154#
A TR ABTS i % SRR 2 7E 734 nm
WK TFOEEE A 0.70£0.02. #5100 pL AN [F]H (KRS i
S A5 & Pickering FLIRAE /AN ABTS" 41
TRAHTECE 6 mins K RV BEFLIBGAE i E 12 hidk
TRUR, BRI ABTS 2R A EF B 6 min J5 T
734 nm AL HOGRE A1, 1F SRR RS e 288K
R Pickering FLIMAF Ao, To/K LEEAE ABTS™ T
VRIS A2y FFAFESTATIIE 3 KECT3E . Trolox
FIVERAMERTE . RIE AR () HEIERE (C %):

C= %x 100% 2

1.3.8 T "4 & 3 Pickering SLig A0 H & MM =
PP AT AR PSR T A S, BRI



MR B R

Modern Food Science and Technology

2022, Vol.38, No.12

CF 22 [RPAPERD A s BBk (=2 [RPAPERRD
1.3.8.1 P8R LI s v 1

JEACHITFLASHIR B A% 6 mm FI/NEILEH, mE K
W 5% . TEE S PR UK B S B 10~15 mL
R sk, A EVEER S &M . TR AR 100 pL
10 CFU/mL W23l S5 FR AR, WRAE. ALH
B I BURIE A I S 555 & Pickering FL 10 min [
WU, BAEAEPR AN =, Hh— kR
ERTK S I R AR 2 B PR R — e B B, iR 37 °C
TR RF TR TR 97 24 h, JiEbs R RO E A0 P B4R,
S SIS Sl
1.3.8.2 HIERNE

SR AR, RORSIA AR T IR 80 /KR
Wk, BCHIVREE 10 mg/mL ki HEAT 5 ELRA RS,
S50 & Pickering FLRFH/KFRRE, —FAFE Sciad,
FHIEIR B IR 80 7K CEACKEMD BZE/K CEAREL
B WIABRAE AT AE, ATINEERAE AN A .
Y SEEGE A =Ko N4 KT B AN 4 U 2 BR B TE AL
7R3 By, FAEBE SRR B FREC AL 10° CFU/mML
B, RHE . RS oW B i
LR B 100 uL, 37 ‘CHEEESFE 2 ho MITERAMIE
FETH 600 nim YA T I 72 VA I B S W R P A 2 . AR
A Q) IHEMHIZE (B, %):

£=9P=9D 1009, (3
0D,

KF:

OD—%: 5248

OD——= 4,

OD—3FRé. 41,

L4 Hyms

PR SERIHT 3 IRE R, Bl &5 LTS EAR
WEZER IR, K SPSS 21.0.1 H HI R &AMy 5 920} S
B R BE AT BT, p<<0.05 NEEMIE, KA
Origin 2019 ¥4 1A.

2 HREDR

2.1 YRR R AT

A ATRE I CG-MS AL S B T L 1, 2
Prafi R I# 2.

1.4x10° -
1.2x10°
1.0x10°
2 8.0x10°
6.0x10°
4.0x10°
2.0x10°
0.0

PR B IR ] / min

HoAh 11.8%
26.6%

23.8%
wx g
2.6%% I
HHLER
8.9% fif2k FES
5.99 20.4%

1 AIAAE MBS FREFR S ST E
Fig.1 Total ion current diagram and composition ratio diagram

of cocoa essential oil

*®2 WAEHERS R

Table 2 Analysis of cocoa essential oil components

5 AR /min FILALAR P G AR AR E/%
1 3.266 Ethyl Acetate CER U 4.64+0.04
2 3.821 4-hydroxy-2-butanone 4-%K-2-THR 3.35+0.03
3 5.937 1,3,5-Cycloheptatriene b2y, &Rt 4.04+£0.04
4 8.448 1-Butanol, 3-methyl-, acetate CBR 1% Bg 3.37+0.03
5 9.19 3-Carene 3-E 3.2240.03
6 9.811 o-Pinene oK K 3.14+0.03
7 10.996 D-Limonene ARG 2.8240.03
8 13.751 Benzene, 1-methyl-3-(1-methylethyl)- ARSI AR R 2.07+0.02
9 14.353 Acetoin 3-#4-2-TH 2.40+0.02
10 16.422 2-Heptanol 2-R % 1.73£0.02
11 17.193 Propanoic acid, 2-hydroxy-, ethyl ester 2-#Z AR CE 1.97+0.02
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FR 2
F5 AR B 1A)/min FELALAR PG AR A8 E/%
12 18.453 Cyclohexasiloxane, dodecamethyl- + =9 AR AR 1.13+0.10
13 19.092 3-acetoxy-2-butanone 3-TELA-2-TER 1.58+0.01
14 19.506 2-Nonanone 2-FER 2.12+0.02
15 20.22 Pyrazine, trimethyl- 2,3,5-= % Ktk 2.06+0.02
16 22.195 Octanoic acid, ethyl ester FER CBg 1.55+0.01
17 22.562 Isobutyl isothiocyanate SRR AR ST B 1.42+0.01
18 22.684 1,3-Dioxolane, 2-ethyl-2,4,5-trimethyl- 245-ZF £ DT H-13-Z8KF 1.59£0.01
19 23841 CydoheXe"_‘;’_?l'_eift‘;lyyll‘;iln;gt_lj%‘é:g;gg_thylethcnyl) 2-HFH-1-C I A 1.5120.01
20 24.301 Pyrazine, tetramethyl- 2,3,5,6-19 F otk 1.87+0.02
21 24.95 Acetic acid CER; 6.64+0.06
22 26.539 Benzaldehyde RFPEE 2.62+0.02
23 27.621 2,3-Butanediol, diacetate 23-T ZCTBREE 1.26+0.01
24 28.9 2,3-Butanediol 2347 =B 5.27+0.05
25 29614 3'Methﬁ;f&gi‘:;‘:ﬂ;ﬁﬁglgggbenz"ic LIS-2AF~PEAEAL  1.75£0.02
26 30.282 Ethanol, 2-(1-methylethoxy)- LB F A Ak OB 1.82+0.02
27 31.185 Acetic acid,methyl ester 7K TR AR 2.81£0.02
28 32.821 Butyrolactone 4-7E T 2.21+0.02
29 34.607 Acetophenone RTER 2.16+0.02
30 35.783 Humulene a- Bk W 2.65+0.02
31 38.999 Aromandendrene (H)-FAEH 2.194+0.02
32 39.412 Napht?f‘(lfﬂfl’e‘tlﬁ;f:%g{%f;fgay;}&ﬁgﬂene' S-S 1.97+0.02
33 41.857 Cyclooctasiloxane, hexadecamethyl- Fo A RF A AIR 1.05+0.01
34 42,685 Methyl salicylate AR R AR T BR F BY 1.50+0.01
35 44.151 Benzeneacetic acid, ethyl ester KRR TE 1.89+0.02
36 45.995 Acetamide, N-(2-phenylethyl)- N-Q-% T 4) CBLR: 1.6240.01
37 50.959 3,7,11,15-Tetramethylhexadec-2-ene 3,7,11,15-09 % R+ ke-2-H 2.27+0.02
38 52.464 Phenylethyl Alcohol FI: 2.470.02
39 53.348 Cyclononasiloxane, octadecamethyl- AT AR AR 1.36+0.03
40 56.084 Ethanone, 1-(1H-pyrrol-2-yl)- 2-T Bt Aok 2.68+0.02
41 57.824 3,7,11,15-Tetramethyl-2-hexadecen-1-ol AHAZ 2.34+0.02
42 58.407 Phenol KBy 2.04+0.02
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Table 3 Characteristic values of cocoa essential oil

BR #/(mg KOH/g)

iF AMAE/(mmol/kg)  #2{E/(g/100 g oil)

2 4h/(mg KOH/g)

EEE R 0.21+0.03

0.19+0.08
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