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Abstract: To address the issues of low added value in traditional pepper processing, poor fluidity of pepper oleoresin, and the
incomplete extraction and emulsification techniques for freeze-dried green pepper oleoresin, this study used freeze-dried green
pepper as raw material to prepare pepper oleoresin through ultrasonic-microwave assisted extraction. The volatile components
were analyzed by gas chromatography-mass spectrometry (with cyclohexanone as the internal standard), and a mixed emulsi-
system of Tween 80 and Span 80 was selected to investigate the effects of pH, ionic strength, and water content on the
of the emulsion. The results showed that a total of 37 volatile compounds were detected in the pepper oleoresin, mainly
monoterpenes and sesquiterpenes, among which fS-caryophyllene (210.83 mg/mL) had a relatively high content. The ideal
value of the mixed emulsifier was approximately 11. Under the conditions of pH 8.0-9.0, without adding NaCl, and a water
content of 95%, the emulsion had a lower particle size and stable physicochemical properties. This study optimized the extrac-
tion and emulsification process of freeze-dried green pepper oleoresin, providing technical support for its development and
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utilization as well as the upgrading of the pepper industry’s deep processing.
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DOI: 10.3969/j.i1ssn.1000-2561.2026.03.021

BAML ( Piper nigrum L. ) J&#i & FKHEY),
12 AR 3% s A a] A gk L ARG Tk
Z2 T BUSABORE . SRR, B LA A S R A
U A TR o T BE & AR . Ak Rl
PR R AG BRI, WU BRI A, BRIE
KA AN, AR RE . R
WA . XEWINFIH & B hEYm, e
PRALFAS . KUK . Bt SR, fER AT &
R o FHBSUIIR B A A RSURY 8 35 75 B By R
P, REMERG O, HAE sk, A
ST ; HEER S RIS, &
T 4 95 7 B o ORI T, DR e XUk
M ATRIE I B B NS
L

AR B BCEL A AR s i IR A £
Ry, HorP S pLE R EGEY . Bk B
PRBOED O U B IR BGE T - B
[l SR VR I B CO, $RBE D45 | JH - atig 20
SR T80 i B v R BRSO AR B, ZE T Th 3
2400 W RHEEL 10 7 kb & 52 L/h AT,
MG BGH A IS %R 12.69%. OLALERE Z5[°0%
FHAICE [0 308 32 4 BCSR SH AU A B, 7 4 AT (1)
120 min, fLPETHE 350 W, #IHCKI4E 0.105 mm
MIZET, 1SENRR AR R RN 5.64%., 1
JUEE ISR R 75 0k 4 By i B S S BT AR i, LU
LA PR, /S5 125 W, B iE
50 min., LEEHRE 75%  BHAELL 1 35 {1 70 °C
AT, ISR . ROz,
BRI, OB T A IR IGHRER . M 75 P FR I
TR B B R P I — D I ] B BB vk X AR
BG5S AR & = R se ), 25 SRR, fE b
T T ik v R 7S — SO P [ B 1 5 AR AR R
BRI, N 17.23 %, RIS ETARGE A
42.20% o /8 75 — T P [R) B A% A BT A G 15 3 K
T B A I8 Bl B T R 7 B R T

AU IR A s e s . A TK . 3
fif J5 Z At AR SRR L T2 T IR A R R R
o FUATMR B AR L AT B S TR B i AR
P GERPERHMETERE . ARSI 4 T B

THB A LI, 1) K AH I 25%0 88 g R4 52 1.5%o0
BRI, AN ASTAE I B 5% H R, il &
KALMEKIY (W/O/W ) FLH, Frasli iRas
et —, NEEERS, R RS HE T
SRR i 1) FL AL SRR e 1, AR RUBR R 1 oA
5%

Rtk , AR LR T B B R, R
7 B DI ) AR B R BBA S B EABM AR B L 40 Ar 32
B RNERY , R A 0SB s 11T 2L Ak
TAW5E, 192X R W SIAGm BE FLik, §-
R TG R, AR SESIAR™ & T A& S w0m
T o e B EDRS TR TG A, AR Tk i
R o B ORI R AR

1 MR5AFE
1.1 ##

7 H [ R Al B2 B A RHORMIE 5 BT 1 2%
B HE R A 7~8 JR R kA AR SR, YRR R
MR AR TRE ARG B2 FIA VR T4 T
T E A

BRI (faial ), I (@igal) WA R
B A RRA R (FEE); LB (4brat ). IEC ke
(el ), JoKBRme (srtrat ). kiReh (4
Mraf ), $hie (e, B (). &bl
(orbral ), SALER (orbral ). A (ot
ali ), WHLER SN () 14 H PE BB B A
BRAF] ;s HRARERRT] (S3HT2l ), 8- e - 1- 25l
MR (ke ), PBS il (43#ral) 1 H i
AR A BR A E] RO (Eiga) A
g B TR A PRA R kiR 80 (B ).
F#E 80 (MY ). hil 60 (&M% ). Wl 60
(Mg ), S HiE (BB ). BERIRITRE (&
Mk ). BEARIREN (B ima ), R AR EM (B
A ) A E T SRR R IR A F

EL303/204 /43 #1 K ¥4 [ 25 E METTLER
TOLEDO # R w5 T18 sk 2 Ll [ 1 [
IKA AR5 PHS-3C K% pH W [ [ IfEAE 2%
BRI ESA R T s XM60 Heid /K 43 5 Y g [
¥+ Precisa A4 FR/AF]; DS-1 & 4G #0101



%5 3 4]

s OMSRE . VR E TGS A9 SR O HEFLAL T Z 5 779

H EHEARAKIRL T GL-3250A R S HEa% W [ Bk
FAL A A BRAE s CS150GXIT 3 5.0 LI
H HZ HITACHI A RS F]; HH-4 BUR E R K &
B RN BARU IR A PR A R, XB-40 2 H3hE
T VKB 2 A= B A R A F] 5 Agilent
7890B-5975C ik AU A 26 [E Agilent 247
DZ-88 Hi HIE L L 2S TRAR W [ L BRI BT 4%
M M3761-33CN Jig i iR A #8  H  Thermo
Scientifi; SynergyH1 I K 49402 D) RE S80I
H 3% E BioTek A R/ ; SB-5200D 75 i 1k
MU B2 AR A BRA R NANO ITC 45k
T E PN [ 26 [F Waters A PR Hl; CW-2000
7 — B DI TR AR B T T 4 0 BT AR R
HABRAFE; R-215 fght 75 & {08 A %1 BUCHI
HIRAT; DSC250 Z/aRH iAW A 25 TA
HBR/NH]; Mastersizer 300 Fi2 44 B 2 [E
Malvern A BR/A A .

12 A&

1.2.1  #ABCHR R 69 &) & K OR T SO R
80 Hfi, #REL 20 g R THAH 5 200 mL Jo/K 4
BOR A . 2% CHEN 2507w % FH P -
PMFEIZERUX, ORI EE 60 °C, T II% 300 W,
XTIR B ) AT 75 S R A AL B, A 3RS ]
18 min. KFH2 B i Uk FI0E A e 78 T,
i e 75 & ANAE 55 °CHE A A kT e 45
BB TR o SR IE BB AE 50 C Y E 2 T4
e T B EEE TR A AU AR S
1.2.2  AMOH R ILF R o S5 B
U0 Dy, HFREMEh . R GC-MS X
MR AR T HE U o0 B o SAREIS SR 6
A BR-5MS (30 m, 0.25 mm ID, 0.25 pm df);
HACRHE AR BAWMHEA 1.0 mL/min, #
R A 230 °C, #EFER N 1 pl, iR 1 30;
THEFEF . 60 C#4F 0 min, L3 “C/min JHE
300 C, fRFF 3 min, ¥HIEER S min, B A4
BETUR EL, HEREER 70 eV, BTIHEEEN
280 'C, fEHGZRIRIE N 250 C., . FArl
H 40~400, FARUMBRAG &AL G E 5 2% 4
Sk, BRI AR, S SIHG
WA H A5 AL A B

123 #ABGhHAE LR R & SHHE RSN
M, FEVEEE A0 5 A P s i ] — ik B
ARFACFIE W, B 1 mL, NP 43 i,
25— BRI B AL, R R TR, IR

50% (V/V) SARUMB IS QBRI , WS InFLALRE
W, RSy, BHHELE 50 CryKin i
24 h, WMZEEE, R )E S R RS L, X
T8 B LA AT R 2P i

e LR, SRR E 65 C, Wt
KOEERES, MiREBTRER, mRE 20w
HHRSCHR i 1 8 IR A R, B R 4
FRlER, ER—RETZEHEmELK, FEXER
Ja 45 1 min, FHA0MEAE L vKK A7 1 min,
XoF A5 AR i 2L A T 43 B 2
1.2.4 SLiA iRk 2Dl B, EHEEE 80,
I 80 1 5 2y S BE AL AR o I8 T FLAKR Y 2%
AKGEMF-E{E (HLB) , 8GR IR 2 LIS,
B E N — RG] O/W BIFLI, HAE/KEH 95%, i
TR ST AL 7 >R FH 55 40 2 U B 4 4l 0 T vk
TESC AT I, o3 A 4 Tl 2L A e B 942 ity
. IMEIRAERMmMIGMEN M HLB H, A
HLB=HLB,xA4%+HLB*xB%, H:#1 HLB,. HLBg
O3 R IR A LB BSE K GEIMSEATE , A% .
B% B F i PER] A B fEIRA R T 5 1
JE H 4
1.2.5 #AMCHARE SR 2N T SR SR SOk
A2 0 A S 5 L VRRE it R SADRE AR 0T
1.2.6 AHEMAEILR (-v4mmE RAH zeta
PSR LIRORE i i e oz O
1.2.7 #AMUGEHIEILRW £ TR SHID
IRARU T 7 i Xt G AR A B LI AT DSC
B i AN [ 5 K s ARG AR B L, SR 25 n Iivie
HIGBOF LIS A R T o AER IS
JK & A 40 pL BEARUGM B REFLI , SRR,
R, HERmEASL 558 oy -80~
100 C, FFIRHER A 40 ‘C/min, JAF|-80 CH{HE
IR 5 min, FHEHEENK 5 C/min, FIFH.
1.2.8 pH. & F 3% & B A /K2 *F 3 b At g $Lik
AR e BT ARG BE LR B T A
HI/NEEPY, pH 20 5lH%E R 3. 4. 5. 6. 7, 8.9,
10, F 25 CREGAMT, #E 24 h, WEILE S
JZ, M FLBAAR D s)), 23 HT pH XSG I 5L
TR R 2

o C 1 AR A RS AR Bl L T BN
HIA NaCl, fiFLiHh NaCl (k51 0, 1,
2. 3. 4. 5mmol/L, 4 CEOELEE 24h, WEH
W52 AL, e FLRAR (D], BT+
e 5O W ABUTH B FL RS 1k A S



780 o AE A F AR

5475

HHEAESKE (10%. 20%. 30%. 40%.
50%. 60%. 70%. 80%F1 90% ) AL JEFL
W, CETEE /MR, BT 25 CHRRE IR
H10.7.14 d, WAL 4 2, W8 FLIBCR AR [Da 3]
A3 7K R X ARG i LR R M R R

2 HER55H
2.1 TAMHBEEREL R S o

I S R A 6 £ AR R B
S, X ER RO B ¥ & AL A o R
T3 A sE, A A T8 HRURERE,, S Hon
T RS T SRS B GC-MS 4%
KYEAEY BB FREWE 1 PR, (hEYr%
FEGERIE 1R,

120 +
. 100
:
o« 80 |
S
X
3 60 |
=
|
-2 40
il
Rin 20
0kt et :I' — T I b [1' 1 1 |
0 10 20 30 40 50 60 70 80 90

{5 B3 5] RT/min
E1 #AMGRMEFELZEUEYERETFRE

Fig. 1 Total ion current diagram of volatile compounds in
green pepper oleoresin

H 1 A, SRR A rh Ay 37 i
RYEAEY), 2R AR RIS
BRI S ISR AT (210.83 mg/mL ),
S-Mi F M (64.93 mg/mL ). (-)-a-ZE ¥ Hi w4

(20.28 mg/mL ), a-f7T#s (17.34 mg/mL ) F1 5-
AN (13.47 mg/mL ) 55, b —S0 85 BRI
IR AB A 2 A 32 2 5 A (1S)-(-)- @ - IR Js

(1.77 mg/mL ), 3-#4%i (1.63 mg/mL) LK B-
JER (1.87 mg/mL ) 4,

22 FLUFMEEFESRL

FLACTIE —Fh R Iy 45 SR 5 7%, X KR A
T AH 2R FRE ) 1Y 25 S E 2R K R T i (E

(HLB) KFnU™ BES b SHm e g BLA R
MFLAROR , NEMFEREEEM . EZEmln

F1 HAHHMAEIELZER S REE
Tab. 1 Volatile composition and content of
pepper oleoresin

o) o CAS ?ﬁﬂ%‘ 53T Tt
No. Compound CAS registry Molecular Contenf/l
number formula (mg-mL™)
1 (18)-(-)- a-JEH 7785-26-4  CyoHys 1.77
2 3-EM 13466-78-9  CjoHjq 1.63
3 WS 586-62-9 CioH6 2.43
4 (3aS)-3a B-H3E-33a, 54725-16-5  CjoHi,0 0.59
4,5,6,7-75 4 -2H-Ei-
2-fif
5 JyFEps 78-70-6 CioH 150 5.35
6 a-FAIMEE 98-55-5 CioH,50 3.22
7 1,77-=H32-2K  130930-56-2  CHg 1.34
FERIR[2.2. 11 BE-2-4
SR HERHEE  131-11-3 CioH,00;4 0.49
9 JRaUE 73209-42-4  CysHy, 0.58
10 Bl BURFE/R — 0 34143-96-9  C,sHy, 0.75
11 (- a-BEWAMGE  17699-14-8  CisHy 20.28
12 SHiFEK 20307-84-0  CjsHy, 64.93
13 B-Tgks 18252-44-3  CysHyy 1.87
14 B-atrks 87-44-5 CisHys 210.83
15 a-ftks 6753-98-6  CysHy, 17.34
16 a-BEMH 473-13-2 CisHas 3.10
17 A BERAR 4 23986-74-5  C;sHyy 2.03
18 B-BhRS 17066-67-0  C;sHyy 3.03
19 y-HERK 22567-17-5  CisHy, 0.66
20 EekE 502-61-4 CisHys 0.62
21 &AM 483-76-1 CisHy 13.47
22 (H)-FHEE 489-39-4 CisHys 5.62
23y RN 30021-74-0  CysHypy 1.88
24 (- a-F AR 729602-94-2  C,5Ha, 1.82
25 A a i 1139-30-6  C;sH,0 2.07
26 5T MR 88395-46-4  C;sH,0 8.65
27 Atk T 19431-80-2  C;5sH,,0 0.76
28 KARF I Js-4-E 198991-79-6  C,5Hy0 0.81
29 mIWUASEE 577-27-5 C5sHy0 0.31
30 EEEINNE 23445-02-5  CsHyO 1.23
31 6 -4 B 118173-08-3  Cy5Hy0 1.12
32 LA 24034-73-9  CyH3,0 1.85
33 iR e 112-62-9 C1oH360, 0.48
34 HiYIBE 150-86-7 CyHyO 5.35
35  WHRRR LBE 1191-41-9 CyH340, 1.11
36 AR LR 544-35-4 CaoH360, 3.54
37 9-F/\IHIR LTk 6512-99-8 CyH3:0, 1.58
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Tab. 2 Emulsification ability of different emulsifiers on
pepper oleoresin

LA ok VRN
Emulsifiers HLB Varlatl_on in oil layer
thickness/%
H £ 40 6.70 13.75
H £ 60 4.70 17.92
H £ 80 4.30 24.36
ik 20 16.70 17.81
- ik 40 15.60 15.36
i 80 15.00 31.05
iR 15.00 10.89
nt ik 2075 £ 80 10.50 29.60
nt 95 80/ 4% 80 9.65 35.36
REMER/ 7 4% 80 9.65 32.69

T ERFAHIBE LN 11

Note : The mass ratio of compound emulsifieris 1 : 1.

1 FH 4% 80/t IR 80 il ] 4% 80/EMEER 2 Fh &
Bk R, JFRIEEAL, HEE % 3 Fimn,
4 HLB {H7E 5~15 {ulf N, wl# 80/FEMiME . vl &
80/it iR 80 HnT S EAMUMM IS Pk . Rt it
T 80 TR HEATE Lb (] i 8 i B, FLGE K g
¥, FLB A —E s . BT EREERTE
TR T REETEM TR, HAEE ., Btk &
HAAVE R ROB I B R BB T, Rt
DA 5% 80/mki 80 M FLFLALT, XL AT
etk
23 AR HLBEIAZGNRETL

L 2 F JC BN B W AL R 22 0 B R
g, MBI BN RER, SERTHEZ N
AT R . B FE A, XS R R A
BN TRVRR B BV i R BN I, XS T AT
OB e S D 1B S R R B e oL & P e S [ 8
JRCEE, LIRS AR AR Y
A5 9 i 80 5 F] 4% 80 &L , il £ AN [F] HLB
H ARG G ZLIR , FiRE I 4 ik B 55 ik

*3 AREEEFENFERFHIABARE LN
Tab. 3 Sensory evaluation of emulsions with different
proportions of emulsifiers

amn Aotk
Emulsifiers Proportion Emulsion state
HLB
A% 80 430 FLEAES, BopEimEm, oK

HERIUE, 22

w4 80/ 3:1 698  FWAYE), MO AEY,
i3 80 REURVLTE, FEARAR)Z
F 4% 80/ 1:1 9.65  FLINA, B&pEpuE, >
i 80 HERUIRE, HARTZ
4% 80/ 1:3 1233 Fwys), Baaius, &
75 80 ARICVVE, N2
it 80 15.00  Fwys), Baaiusy, o
HRIE, ANYE, K
H— B g 2Rt e A
4% 80/ 3:1 698  FLWAKYL), HBLpiEm, FH
TERETE UUUE, 4Y)2, Ak
4% 80/ 1:1 9.65  FLIys), MELpERNEN,
TEREEE WRIE, HALNNE, D
FEe(UREN
4% 80/ 1:3 1233 sy, Baaiusy,
R PLUE, ARor)z, DEifik
R 15.00  FLFEAN S, B RiE

A RERITURE, HARAE,
ik

Ve SR A TR L

Note: The proportion of compound emulsifier is the mass ratio.
Hii, WE 2A hAT ISR KIE K 670 nm, 7£
KT N AR [ HLB 5B B B 2L 1
KOG, KRR MR OB AR, R IE
&l 2B A1, #E — Bt s, HLB>11 Y ZLAE 7]
il & P FLIR A PR S T0VE , Rk, ARWFFEH
MR AT R EEAR HLB 24058 11,
2.4 HLB &t #AHH B A5 2L %A 12 8 =2 i

FLR AR AR E DI R Z
—, RN . ARSI R R
¢ - FEL A2 ) T R AR A HIOIAR R e M I DG B R A
HAxHE R /N eEfesett, fxHEs, Bk
BUR R MR E . L, A T B2 R0m A AE 2L
FaoEk,  FREAT B hy i FH P R K AL TR AL
X E KL 95% KA LR AR K R AR il — 2
ME , IFXTFLIAE AR HLB {8 1% & 544 F 898
HATIFGE . INE 3A W LLE Y, 7E Al 80/nk i 80
FAKRZR T, FLIKTE HLB 2 11 B, ¢ -HL i 4axt
B =, BB B R AR X e . 2 HLB
M6 FHEEl 11, SFERIARN 4.477 pm FEAGE]
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Fig. 2 Full-band UV spectral scan of pepper oleoresin emulsion (A) and curves of absorbance values
with emulsion of different HLB (B)
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Fig. 3 Effect of HLB on {-potential of emulsions (A) and Effect of HLB on D4 3, of emulsions (B)
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Fig. 5 DSC thermograms of emulsions with different moisture content
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