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Ultrasonic Combined with Blanching Pretreatment Improves
the Efficiency and Quality of Vacuum Pulsation Drying
of Chili Peppers

CAO Yudan', NIAN Xin', XIAO Zibin>, WANG Mengze"", LIU Shiwei?, HU Xin',
LIU Xiaojiao*, XIN Danyang'

(1.School of Food Science and Engineering, Ningxia University, Yinchuan 750021, China;
2.Ningxia Hui Autonomous Region Horticulture Technology Extension Station, Yinchuan 750021, China)

Abstract: To enhance the drying efficiency and quality of vacuum pulsation-dried chili peppers and to obtain the optimal
pretreatment method, this study used ultrasonic, ultrasonic combined with blanching, and ultrasonic combined with freeze-
thawing for the pre-drying pretreatment of chili peppers and analyzed the drying characteristics, physicochemical
properties, and volatile composition of vacuum pulsation-dried chili peppers. The results showed that all the pretreatments
effectively shortened the drying time, reduced the energy consumption of vacuum pulsation drying of chili peppers, and
improved the physicochemical quality and flavor of the samples, and the ultrasonic combined with blanching had the best
effect. Compared with the control samples, ultrasonic combined with blanching samples shortened the drying time by

29.15%, reduced energy consumption ration by 39.19%, retained capsorubin reached 100%, increased the contents of
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capsaicin, dihydrocapsaicin, vitamin C, and total phenols by 28.68%, 31.46%, 10.10%, and 68.90%, respectively, increased

DPPH radical scavenging capacity and total antioxidant capacity by 14.11% and 70.45%, respectively, and had the best

physical properties improvement and volatile substances retention; by microstructure and low-field nuclear magnetic

resonance analysis revealed that the breakage of cellular tissue structure by pretreatment was the main reason for the

shortening of drying time, the reduction of energy consumption and the improvement of quality. Pearson correlation

analysis showed that volatiles such as aldehydes and esters were positively correlated with the ¢ value, vitamin C content,

and capsanthin content, whereas nonanal exhibited a negative correlation with capsaicin and dihydrocapsaicin content. This

study provides theoretical and technical support for reducing the energy consumption and improving the quality of chili

pepper drying.

Key words: non-thermal treatment; vacuum pulsation drying; drying characteristics; physical and chemical properties;

volatile components

M Capsicum annuum L.) R G EHFMUE —4

AR AR BASAE YY), S22 4 T BRI S BPAE
Yy, @ S BALLER | BAER | dEAE R AR hUE A L
Yoy, B3 e FHAOME S 25 FANE, B
FFERIRR ] SZIH 23 i DR . BT e L) )=
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A 1] (20 min) ; Z2{EIEE (100 °C) . BFE] (90 s); Al
VB (1 IR, Y420 °C/24 h, FEiRMM%/12 h) . BAK
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1.2.1.1 XJHRZHARFE BRI 200+£10 g FAEL, #ER
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ETER R 12 h, GRS S T A ks T
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1.2.4 FALHEXT EAS k) TR 4 M 2h #4145 i)
1.2.4.1 HMBE JHEAH B 1 253408 (Scanning
electron microscope, SEM ) MWL HRAE i (19 F50UR 235
TN B BT AR S R TR ARE S S R
FROTIF A IR E R, 4T 5 min B FIRSA R 495
REALFH, SR 5 A TIEE .

1.2.4.2 JKS345 A0 AR A g 3R (Low-field
nuclear magnetic resonance, LF-NMR) 537 Ak 5k
FRUAE TRUAL B 558 B2 T B K SRS, R 2 g Y
FAU A LF-NMR 3 M B RS 45, IR Carr-
Purcell-Meiboom-Gill(CPMG ) ik 1 =2 Kt <2 H Tite-
A BEsh R A E] (T,) . CPMG Rkt 3 B3 80k . EAL
A [E] 6500 ms, SE2MIUREL 16 X, M % 16000, [
BfE] 0.4 ms, R MultiExp Inv Analysis 5387 314
T IHOBUR () st R BsF 18] (T,) #4753 0, IFARYE T, 1154
TR AR XTI AR (A, o
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FES B COAE S8 AE {5 85 /)N 18 BF SRR (0 738
jiey/S o
1.2.5.2 JEHIMGE  SEHUEIR, R/N—Z0 ) B
SR SO 5 R i . RV 21 T
MR VERE A 2 mm (R HDP #4553k, #5
VEZ %0 T 3.0 mm/s, P33 )% 1.0 mm/s,
[ FHE 3.0 mm/s, filt& ) 100 g FHER IIEFRR
FESHBORE JEE, B g N, SR, RS
1.2.53 EoKIbmydlE ¥ 2.0 g THIBEE T
50 mL 2817k, =R N CE: 12 h JE B, FHEatZ:
BRI RS, FREPY . KATIE B S K A LR
NI

=L X 6

AE = \/(L* —LV+@ —a, Y+ —b,")

T R R 7K s my 2% 10 BbRUBE S e,
g; m, TN K MU AL, .
1.2.6 FRALEER] Eas Bk s TR A4 T 8 52 i)
1.2.6.1 BHLIESEANE  WEGHERES, T
FRELZ 0.50 g B AR T 15 mL iSO, INA
2 mL ZJE, BCE YRG5 04RG-S S min, 4 °C
FEIY 1 h, BUE S350 10 min(4000 r/min), 4 s
BEY— 15 mLBWHEL.LE T FREES S A
2 mL ZJE, EE DB E. SR FIEW, FHONE
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EARE 4 mL, FRHMERAT, FH 0.22 um BB UE, 8
TSFURAH A3 2 P2

1.2.6.2 BMEEEY & RHMNE BRI S
BRMUEE PR B S I 2 2 08 GB/T 21266-20071,
A5 AR AR ity ) FEY - DU S MR VR 5 1 7 4 e B2 I,
SR FH 2 0] i ORFE (0, 15- 58 & o] DA 3 364 7 (1%
S3AT, SRS MR e B

1.2.6.3 43 C(Vitamin C, Vo) FEAIMGE i
2,6- A BEMWIEXT Vo S AT e Y, SR 2,6-—
SUSE IR A5, T e Ve S EL, Ve o
L ARG

_ Vi=VoxpxV
B m

Ve 100 = (D

KA Ve TR 100 g FHM 1Y Ve & &, mg/
100 g; m FRoRAES Y ETTEL, g5 V| ZRoRAE S
AR AT, mL; V, RR7ESS FREE CRITARE &
e FH i FIMA R, mL; p FR/RTHE FI I, meg/mL;
V R BT, BIVRE SRR SRR S i 2 FH A
ARV TRAATR ) FAE
1.2.6.4 Sl & &gl B8 & 4 >k Folin-
Ciocalteu b AEIIER, ¥ 500 pL £ U ARG
B&J5 19 Folin-Ciocalteu 55, PN 2 mL BREREN
FEATIRA . IV 30 min J5, (P FEIES A CK, H
760 nm P AGIM, 455 DA T RR 2 & (mg GAE/
100 g) s,
CxVxN

W= x 100 = (8

Kb W EKoR8 S S &, mg GAE/100 g; C R
BB R E U E, mg GAE/mL; V FR/R =B A
A, mL; N FORMBEG M 2RI, g.

1.2.7 FACFEXT B2 Pk TR A A IE PR 52
M FREX 1.00 g BRAURI A, A 80% 4 H Bt i 1
20 mL, #5 PHEE 30 min J5EOGHEHE 30 min, B
HWOITHRE 20 AEAE TR, T 4 °C {7, 24 h N
Mol

1.2.7.1 DPPH HHILIEEREESIME DPPH H itk
IR RE IR AR S e o

1.2.7.2 T-AOC EPrEALREIME T-AOC EPLA
Ak 1% AR S a2 o

1.2.8  FAERXS B2 TR B T Biohiis: & M sl 5
ma A AR G- BTHE B M (Gas chromatography-
mass spectrometer, GC-MS ) {SCGAE S TR . 15
He, XTRE S T i R A G SR FA TS [EIAH A B
( Headspace solid-phase microextraction, HS-SPME )
V5T, EAREMEITT OB 1.00 g BIBIHMUN R %R 2
15 mL [EAHGEALBOR A, A 20 pL 4-H E-2- 7% s
(1.027 g/L) B PIFRIE, 57 BT PTFE-fik: Jic b 55 25 &,
BT 60 C EIE/KEA T, PR 2EBCRE R s A
BB AT ZS FR Sy, THAS R 45 min J3kH . 8K

J&, A 250 °C GC-MS XS AR S IERE 11 g Al
5 min, #47 GC-MS 487, 4 GC B4R 19115 15
FEREE N 45 °C, 483 10 min 5, LA 6 °C/min JHE =
200 °C IF4ERF 5 min, SCESRHASNMENERS, ik
THRELE 1.0 mL/min, JRREAIMESAY TAESMH T
HH(EDE, BFREEILE N 70 eV; B IR
A 230 °C, PURRATHREE 7 150 C; (EHLIE)E 280 °C;
AP, FEEWEE m/z 35~500, tbE I
W25 M i A X AR A B S Wiley07 BrRifi
T2 58 AR, VCTC PRl 7 B (E A 80% ., il 134540
SrIISMELR R AR EU(RD), I 5 B ARRHEY MY RIE
BEATX LY, 3E— 2P IR LS 4544, IFE et PRI
(4-H L2 ) TR A AL S & 5P 15
NEANT

x = AXCXV, & (9)

A, Xm

b XM FRE S TP R PEAR G I SR, nelgs
A SRR AEACA YIRS C, i IR TR,
ug/Ls V, A ARSI AR ER, Ly A, R AR %
AL m SRR R (g) .
1.3 IR

FTAT LIBT3 UK, S5 R LIS (bR v
2R, [l SPSS 22.0 X4 B T ANOVA J52%
53T, P<0.05 375 A [A] T Ak B 77 % 22 [A] 1Y) i 3 22
5. A Origin 2024b 2 J7 /R 7k (Pearson) AH &M
PR AN HAD KR, ilad SIMCA 14.1 843647 sy
S3HT(PCA), F1F] ] TBtools 2024 B 458 )82 K &
2543 (Hierarchical clustering analysis, HCA) .
2 HBRESH
2.1 FRALIERSERENE S B AT IR RSN
2.1.1 TrEaFml S RERELL A AR S TR E] . fBE
FELL XA UA T35 KR INE 1(A)(B)(C) .
K 1(A)FI(B) ATHN, 5 CK AH EE, ASFHARE S 4k
A5 ] 2 BEFE Lb 1) 25 B IR (P<0.05) . US. US-BL.
US-FT A 5 TR0 18] 43 51 2 14.20 12.5 F1 11.5 h,
5 CK AL, THREFH] 53545 T 15.35%. 29.15%
F1 37.89%, BEFE LL 3 BIREAIR T 22.46%. 39.19% Fi
47.62%. TiHE 1(C)AIA, 5 CK AHLk, US. US-BL
FE SRR UE T /K4 G T 26.25% . 31.88%, US-
FT BEWIHA S /K RREAMR T 3.75% . ViHATIERTER S
B K B SR GR T i) Ta] R AR REFE 1 R 2R A,
FEGX — G5 HRNY F R R T BRI IR
Tl FH ol S R A i e . 0 i it ) Az A2 AN AT 36 4
153, ARELH LUK 534 HGE SR IE I, PMiHe & T B
R 300
2.1.2 TRk M AIET US. US-BL Fll US-FT
SR LA JDKk sl J5 s TR 46 50 AN REFE LU R4 R A,
22 T A R A TR A D T R 2R, anE 1
(D)YFI(E) fin. HRAEE 1(D)(B), ¥ Tt #aorh
N TR BE(0~10 h) FIREHE TR BE(10~16 h),
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16 161 2 b 2
14 - ) ChE 7
=12 Z 144 b 2 ¢ d
= 10 = M 31
= & 124 / ¥
-3 s ? 421
T 61 ¥ 101 Z ¢ b
44 BN , (T d il
2 1 8 4
; ST 7T I N I N
CK US US-BL US-FT CK US US-BL US-FT
E 0.016
b4 —=— CK
0.8 Z 00141 " A e US
£ 0.012 ~a- US-BL
32 0.6 1 %‘; 0.010 - - -v= US-FT
S = 0.008 1
®0.4 1 i
#0.006 -
0.2 H= 0004 1,78
0.002 4
0 100 200 300 400 500 600 700 800 9001000 0 1 2 3 4
TRt ] (min) THEETKE (g/g)
BT BB TR] (A) | BEFELL(B) . TEEB/KER(C) . TR (D) | TR A 2 (B ) 520
Fig.1 Effect of pretreatment on drying time (A), energy consumption ration (B), drying basis moisture content (C), drying curve (D),

and drying rate curve (E)
T ARVNG PR 22 B, P<0.05, [ 4~I41 6 [Fl.

5 CK AHLL, hnsl T Bz US, US-BL. US-FT #
S KAy FE A B R B T 31.00%., 46.11% Fil 59.78%,
TR RS HIEN T 50.74%. 53.12% A 70.60% .
T R T4 BB US. US-BL. US-FT £ 57K 45 Fb 43
HIFRET 8.57%. 42.86% Fll 57.14%, T 34351
BEHNT 24.05%. 30.64% F1 62.38%, iXn] s T
HBFE U a3 A 0N (o AN M S A 3, TR AR A AR i
BEFFHENEE FE P, RmhaE—2 e T 4n e as+a
1, SEOKSHEREEIER N, $e TR BomZE &
SRR IR S R R A B T AR L
25 Ik sh Kt () 46 % . BEFE LU Ry 2 2L, HL
US-FT YEFHRCR Bedto

%7 I, US. US-BL H1 US-FT 3328 T B3Ik
BT R T M %, H US-FT RO &y, Hike:

US-BL, H TR BB TSGR AR -

2.2 FACIERTE Rk R T IR ZE AR LA RS20
2.2.1 PWEERS  FTEFES Y SEM 25 RN 2 i
Re CKE 2A) 5 1 R ZH N HR 48 i it HIB
ARAFL . HEPS3 AR sk . AR5 B B, A2 545
PIBREG A AN PRAEIR, 302 T4 R AN AN I A 2
ek, AiifeRE b SR AR 4T 4R 224051 B85 1A e
—i, 4 T 4R EATEAREY . 5 CK AHLE, US #£
i (E 2B) B AR RE AR {E . 20 g Ia] R, 3O0& i+
HR T I A ARSON 77 2 ) v S A R AN BY D) A 4
MUBELT AR R N2, S LT YRR -SRI L S Yas k4
Wil TS [ AN At feis AR i I B T S 22 Am A a]
FLANMYCER IS, [FIEH5R T /K5 A0 aE a] P siae
71; US-BL #£,5: (B 2C) #4340 M L5 A i 4ot . 40 e

0pm

K2 FakHxs

[pelkagaliy]

L2

Fig.2 Effect of pretreatment on the microstructure
TE: TR 1. 2 7351 FR HORAEECH 2001 300 1 AR s Aj~A,: CK; B|~B,: US; C~C,: US-BL; D,~D,: US-FT.
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HRBA, EH S AFLIR G 0 . 20 M ) B O, 302
T A AN S R BT A A A i I RIE
Ja) Y 24 R v SR TN EF AE 2R A5 R ST i 2R, 3
TSN B 1 DA R AN 254 2 A= AN AT ST, MR
g A E— 23R T T /K S F I3 i 200, n
US-FT #£54 (E 2D) US54 58 S iedht, TRl T 8446
M2 LAk 4, X2 TS s 5 sl #2 b
VK SRR A G IR AR a2 4 it g v SR AN 4 4 22
frEHE, AN EE A AN M S8 S IR | Anfstity
KA AN AT YA, A RE LS A SE R RO e I T 4
FEN IR S B EE B A4 5 [RS8 P I s A=A
SRR R R TR R ) ST vK i, SR Sk
AR X A RE (R BAT T ]380, ST AR
BN ZFLESHY, g5 RS 2.1.2 S WrA—3K,
PESEAS [R] T A B B A B S5 44 2 25 T AN TR R BE T
1. 4 R i PR N, S BOK S RS m B, B
EK ST YBEE AR, R TR = 1 R A,
US-FT £ AU as A i 5 B o, T Res i,
%5 Feng %04 FFoe 45 A —24 .
222 IKGGEAT B NFRAS R K RS ) 50 AT 1
T DARE o A% G PR (NMIR ) A 5] 5t 4 s 1] T, Sle g
fF . 520 v SRR | 2T 4 2545 R 4573 ki A
B A IS G /KR E] T, £2HHFE 1~10 ms, 57
A0 T 21 {0 5T A 48 TR B2 A0 S 5 SR B K sl B TR] T,
EHFE 10~100 ms, FEAE T A B K Stk BsHaE]
T,; KT 100 ms, Fishtdsm, S5 A HE R,
THRRTTA RE S Y T, B OGS . st g A a]
(Toq~ T Tog) FNXT R AHXTIE T (A, Agys Ayy) TN
Bl 3.3 1 iR, HIE 3.3 1 7150, 5 CK #HEk, 4b
FLZH A i th P 0 R A S B ) A2 RE B g ks A, B
T, sth R A ] AR J, H US £E5L A0 4s G oK gL A,
FH HH KR Ay, /N . AN S s KR A,,
&, i US-BL Fl US-FT £&5h I 4h Ak IR A,
FIAS Z5 TRBN K WA AL, 3900, H B K IE R A,
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TR RN, RIS Dass 1 2 M ORI it [A] Bt K 531
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Fig.3 Effect of pretreatment on water distribution
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AT RN AR IS E A BN, 5 TR RTEABUK 537341
A TCSE; Forp US-FT AR Al AR S5 MR R Fe R,
PRI T A e v
2.3 FRALEEXT B BREhTRERHAIER M BRAO S0
2.3.1 AEFERHT OEEE RIS T i i
Bt E B S br . — . Horp, LAURSEE, o UK
LA, bR, TAE F T i AR a5 19 728
1&, AE KT 3 TR AN 28 5 LMETHS AR (G
AR SE | BRARAE S (PR AR IS, o (B T AR i 0 R AR
EA NN (S A=Y TN GRS oy T S & ST Y SO REARE S (1
X278, R 2AH, 5 CKAHLL, US B 5B
LEASEA 3, il US-BL Ml US-FT £ L' {H 1)

10000

1 ANIRITIAL BB sty R s B RRF S T AR

Table 1 Relaxation time and relative area of chili peppers in different pretreatments
T, 5t A 1] (ms) AR TEAR (%)
R
T21 T22 T23 A21 A22 A23
CK 1.72+0.04° 32.10+0.45¢ 973.734+0.02* 0.05+0.00° 1.65+0.02¢ 98.32+0.03°
UsS 1.29+0.01°¢ 34.38+0.02° 735.53+1.11° 0.04+0.00¢ 1.91+0.04¢ 98.05+0.01°
US-BL 1.71£0.13° 74.16+0.03° 528.62+2.05° 0.06+0.00° 2.38+0.05° 97.58+0.02¢
US-FT 4.41+0.01* 67.43+0.02° 281.11+0.48¢ 0.17+0.00° 8.24+0.03* 91.59+0.03¢
i RSV NG FRA R 22 53 3, P<0.05, F2[H],
F 2 AT EBA G PR
Table 2 Colour of chili peppers in different pretreatments
A r a b AE
CK 42.0242.15° 34.22+0.70° 27.96+0.73 -
UsS 41.26+1.39° 31.57+0.93° 28.04+1.14° 3.67+1.03°
US-BL 48.33+0.55* 34.37+0.38* 31.98+0.58* 5.44+2.06°
US-FT 46.46+0.03" 30.77+0.52° 29.27+0.73" 4.76£2.76°
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3 TF 5 (P<0.05); US Fl US-FT BE S Y o (H 35
A (P<0.05), 1 US-BL £t o {HASEAS 355 US
FESL B MEASAEA 5.3, T US-BL A1 US-FT FE&
B B EI BT (P<0.05) . W US RS 4L a7
¥, T US-BL 1 US-FT 5 3 As4r s 22, H S
CK BESh 22 S IR a5 03X g2 A AR T A
AR AR MR T 4ifat+a (L& 2), feidE T4 m

BRALLER . V. Z M5 o 5 AU f & A= | Ak

R, TR Ta] 4 a8 (ULIEL 1A), SHI T &AL
FAIERR, SRR (O 22 5720,

2.3.2 JRAARYSHT  ITA R &S B RS R R RE VPR AN

B 4(A. B)ii~n. 5 CK AH LY, ACBHZHAHEEE | nH MM
4 5 2 FEAIR(P<0.05), US. US-BL #l1 US-FT fiffi B£ 45
RFFEAR T 29.70%. 37.45% Tl 44.21%, BELIEHIE 5351
FEAR T 33.56%. 49.26% Fll 54.26%. FHH US. US-
BL Fl1 US-FT FiAh 34y I 28 U028 1 AE S 00 BT R,
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LR (] 2) FEAT43HT, 3% J2: T8 7 I 25 AU 5
ES 1AL E o S NS Sy b ot DD e a1 =< S R ON
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Fig.4 Effect of pretreatment on hardness (A), chewiness (B),
and rewater ratio (C)

RGN B, JL-P R B A s+, 53 US-
FT i 5 FINH PR AP, X 5 Li 4809 (o ah
—3
2.3.3 HKILHSHHT  FTERES K LLAnE 4(C)
Fran. & 4(C)TTH, 5 CK M EL, ZbFRZEAES,
Tk Eb ¥4y d 2 4 (P<0.05), US ., US-BL #il US-FT i
R AR T 2.87%. 8.58%. 5.26%, US-BL %4
BIOKBUTR o 302 R A 7 R s AR BON A B
TEAHOURAR IS , 2R —2E175 S A Rt B RN A I S 285 44
AAEBE T ZFLESHITE L, B B TR S5 5E, T
FErs T HOKABRE J7, 1 US-FT X%F BRA PN #R45 F B R
FREERS, ANRELERR AT RF/KBE T1, S8 /K AR
XA, 3, 5 T R S IO ZE A A LS SR — 2K
(DL 2.2.1) . B, FLBRSREE IFIOUAER 8 19T B2
BRI K LU T 2R

Z7 I, US-BL ACFHEATBAR (s . Bata A K Lt
SRR CRIEEE, 5 CK ML, LME. o' E. BE/K ks
BRI T 15.02%. 0.44% F 8.58%, 1 fifi JBF F1NEL IE%
PEIFBIRAR T 37.45%. 49.26%.
2.4 FRALIERTE TS BB IRERA S M BRI R
2.4.1 FHLARESEMGTHT  BRALE EHHR S
HREOYR, AR TLIHWR SN b, JE PR
FHARS T FE AR AR . T A AR BT 3R & a, AN
Kl S(A) 7R, 5 CK ALK, US F1 US-FT £ 53
41 F R R EREAK(P<0.05), 4 B AL 6.25%.
18.75%, 1M US-BL # i B LT 2 % & 76 W 5 A8 1k,
X5 a B EE—(3E 2), WULEARER o (BN
AL SEARLT R S B A5, US-BL 85 HBIRLT &
AR AN B 5, SRS P T 2 iR A B A g P Tl
W, P T BT 2 IR S LR AR . [RIRS, i
IR T S A RE AL I RO 544, et T LI R 5
A GRS, e T HRTHRIBCRPT . AH L
ZF, US-FT k&5 v AT 2 2 o, X2 KN
VRN SRR T B B 4548, SEdH UKk F3%)
ANRE I SR RE T, SETTAIEE T BT 2R A R%E
it o Tumer 51 5T & B0, YrmhAbEE 2 S8R4T
R 5 SRR, 3355 A I R B RS R SR S N P 3
5 25 YIAH G . US-FT £ & b V(E SD) 1 £
(E 5E) & E I FEARILIESE T3X— 5o
2.4.2 FIEEYITE RN HREE Y T
PRABUE A 10 53, FLrP B I SR 24 S R
RIS T R 1) 90%, S fUb %) SR TR YY) I
JUTAT R b PRBCER N AR & i, Wl S(BL ©)
iR e 5 CK AHLE, JIrAG 16 i i 8 3R il — S R
ZEHR B IN(P<0.05), US. US-BL Fl US-FT F& /i
IR S B AN T 28.68%. 28.68% F1 55.04%,
TAEBRMERE EE SN T 25.84%. 31.46%
64.04%. XS T US i i3 25 1b 5 07 il IR 40 i B
e HEBRER N SR EE B, it — 2 b AT it
BER RS LT HEZR, JINsE T AN LS A R AR B
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Fig.5 Effect of pretreatment on the content of capsorubin (A), capsaicin (B), dihydrocapsaicin (C), vitamin C (D) and total phenols (E)

PE— P PR BUSCR, i US-FT {4 i 25 Al IR i
TR, A R TR A i B, SO o I R
FCAE G N4 IO S AR ZRAE 43 HT e BB IE 353X —
243 Vo SR Ve BT A T
ALY . FTARES Ve & a, K s(D) . 5
CK #H Lk, US-BL #£ i Vo & & i 2 1 hn (P<0.05),
BT 10.10%, ifii US Al US-FT #Ef5h Vi & i i 3
FAIR (P<0.05), 53 BIFFAIR T 18.82%. 68.87%. X &
T US SEOHUD A R R, I T Ve i
Ak, T2 Ve & NI, R AR BT i iR
FEALEE IS, WD T Ve RS, IT7E T b S 4y
HARBE Ve, US-FT Heahf Vo Sriisdil, FZE TR
Bt A P K B A R A R | e 2 RN A T
PR BT AN AT T, AR Ve SRR, L
RS ABRAR g g B 143

2.4.4 BHEIEISHT M2 UL R A R
PR PR o AT RS B i, ANl S(E) r
No 5 CK AHH, US #l US-BL £ 5 Bl & 8 B3
I (P<0.05), 435 FE T 32.52% F1 68.90%, 1
US-FT ¥ i BRI T 3.58%(P>0.05) . iXJ& KA US
DA AN BT 2L RN AR B 24, DTG 1 5 pEA Al
IR S G I Y BRI . PSR A, US
5 S 248 B B HG IIANA 5 2 IR 2544 1) 43 A O,
B 5 R i A AL &l (Catalase, CAT) | i &b
fiff (Peroxidase, POD) Al AL ) B AL E (Superoxide
dismutase, SOD) 28T & A0 B 15 14 19 AS AL 235 U AR 56,
X i 3 R ) AR 2B R AR T B 2R R S
A AL B US-BL FE i B S B 75 e e, 1A F
11.88 mg GAE/100 g, iX EZLT R F iR & T2
AL o-TRBELS A B AN ] I & A A AT AR £k, A
W55 1 HAE A B S 0z 5 IR, 2 A B IR T

RIS A, ol 240 R L i P 245 AR A AT, E— 24T
TSR R BCECR . A2, US-FT XT3
HRZE R 1 BT T BRI, AR R D 2 e ot
5k SR Ak, B S BE TR 2R i B G ua s
Chen 2519 X WS 55 108 b A& PR, 0 SR A0 He, 5 w4k
PRS2 TR B IR

£ I+, US-BL W fd OB A B LT 2 . B EE .
TUAUBAER L Ve LR B i A5 B i KRR B A B
BB, 5 CK AH EE, LT 2 4 58 R IA F 100%,
BRI ER | SR . Vo FILEES & B s hn T
28.68%. 31.46%. 10.10%. 68.90%.
2.5 FACEERTEZT ks TSR E R RIS

b A e e e T SR Tl SR E R A R S AEsE
FAC N BIRETT . TR FEE P UEALTS P DPPH
I L35 ERAE A T-AOC BB aAbiE J1 3R, 45
mE 6 Fran. HIE 6 A, FAREEXTFE S, T-AOC &
YrEALBE 15 DPPH H L7 BRAE igmm—aK, 5
CK #HLt, US #1 US-BL #£4t1) DPPH [ B 9 BRiE
JIFLRPUEALRE ) RGN, US-FT A5 19 I 2 1%
K (P<0.05), US ¥:5h DPPH A i EERREE ST, Bt
SEALBE ST 4 BN T 6.26%. 16.12%, US-BL #f
IIHIEEANT 14.11%. 70.45%, US-FT ¥& 5k 43 5 A
20.70%. 33.04%, X FEJEH T US ik Ty,
T S A SR R, AT v T PR b RE
2 A AR ) 22 15 A A T 1A 1 [] B 1 i 1 Xk 4
BRI R, vl T P AR AL S A R, (R
PrEALY BAS LIRS, T US-FT {di B il 35 ™
1, P i S A ik fe, BRSSP s e s kE
TR, NI T30 T B ALRE T IR0,

Z7 I, US 1 US-BL A &4 & T B8 ik sh Tk
B EIPTAE AT P, H US-BL AE S E A e .
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Fig.6 Effect of pretreatment on DPPH radical scavenging
capacity (A) and total antioxidant capacity (B)

2.6 TRALIEXTEZBREN T IRERHUE & M AL 5T HISNT

2.6.1 3% % Pk XUk 9 i (Volatile flavor substances,
VOCs) [ %52 il it GC-MS X JIT 47 #f i i 14
VOCs HAT T 4530, 45 2R A58 3 Fos. A AEsh
R IE TR 46 FAL -S4, BLIEERS 14 Fh L BEK

13 b, S 12 Bl L EGIE 4 B HABIE 2 A (kg

M gE ) FIEEZE 1 A, i 3 AIAN, CK. US. US-BL.
US-FT #5458 2 Ml B & &5 90 249.73 . 8.80.
193.64. 2.06 ng/g, 5 CK AHLL, ZbBRLHAE 4 4 AL
434 298/ (P<0.05), JUHJE US| US-FT #E#E A
PERG S KR R/ . ] US-BL A F) T RIE L
PEM AR B, i US. US-FT AH T E23 Tk shaiUs
¥R . X ATERIAEF US. US-FT {41
MLH LR SEA IR, T Jgeasd B v 35 & o 25 B 3t
R, REAL AR PERE IS UG, AW T g R AR AT
R YA FAE AN, T T AL
JZ A= A 2 PR SR PR AR A 747

RIS B ANE IR IS S AR A R R
RS, B HAA R S0, S HAT A . favk
T 5 A MR-G5, TS a2 BT = F Rl
Kk, W13 3 A4, 5 CK AHEL, US. US-FT ££ 4545
KW R BT AR T 94.33%. 99.03%, BE4)
SR BB BRI T 96.31%. 94.95%, sk 254 5t
BERST AR T 54.55%. 98.64%, i US-BL ££4h
FE2S | EES SIS o B By N T 76.05% .
29.70% 1 181.27%( P<0.05) . US-BL #f i Blig 25 54
RTINS T R CUER . /KAZ IR F HESE, 2R
RTINS IE U . RN RS, WS I

MR -5 2 22 WA () -Frigddfs, X 2209 R F i
PRI FE PR N A B 2 RS | SR
Y5, i US AN US-FT S A S 4 i i 5 380X L84
JRAgFRIE8] ) s —2h L5 201 S3HTAH—3L, IESE
2 LA e XK B4 B (A R S5 5 A, T
A S A A

B HLA 2 A5 L B B SR S50
A . AL o (g Rtk i ) ELA ML 7 e R
T, XY R E TR AR . R 3 A,
5 CK AHH,, US. US-BL F US-FT &£ 5h B | Bi2E
FHEA S BT 00 A 2 5 IR (P<0.05), B i
BEEIT BB T 99.26%. 54.65%. 99.90%, His
W) BT B e B AE US FE S TR BEAIR T 50.00%, 1 7E
US-BL Fl1 US-FT #¥ it H U 58 4R, HoAh s ot 8
BT BT 96.48%. 22.46%. 99.18%(P<0.05),
RS IR G R 6-FH 35BS -2l
21 7R3 W IR T 2- B AR 3 -3 -5 T 3 ntk R o B4 U
/b R US B SR A gt A s T 3 4% M o B34
K, REAE IR T KR AT S5 A, TR
el i P VK TR BGa2E — 2541 1 R S RN A ) 5 1)
WIEESI 33X 5 Wang S5 WIS 87 I 5 B g
X BB A P S R I 45 T AR — 3
2.6.2 VOCs W& M ERBST55HT X ETA M
VOCs W& &7, niE 7(A) . HiE 7(A)
HIEN, T RS I R R T R AR ], B A
5, FAR RS AN S Y 0T S R, BRSPS IR
=z, BZS RS I & e de /b . CKO RS IS | i
5. BeZS S IA IS 0T 5 Eb gy 3R 73.80% ., 11.82% .
9.05% F1 4.40%, L5+ B, oA 4-FF 3503t 4-F
FLGHRTIE I p-48 20 22 il Ay 325 BRI AN =AY I
4388 0.01%. 0.92%, DL 6-H 3E-5- 53 das -2 F1
2-TE IR A 2 . US BRSSP g S CK
FEARL, o B AT AR, BE2S | WS . BRISFNME M2
O FEIIHE 10% DA b, IOESEE., . i=t-3-2 04
Jist 2-FH L T TRAR AN B- 58 22l >k 3 RS . HASSY
J o EEAYA 0.11% . 0.68%, L 6- 1 3-5- B da-2 -
A 2-1EGEERI S 35 . 1 US-BL A1 US-FT A& 19
AW IR AR, I LATEE | 2 | PRSI M
SR, HAZEY R 5 AR T A, BN SR
{H US-FT # & 8 & | US-BL B Ik, R=HH
WSS | WS | TRIS RIS SIS o PR AR o A E T R
i TR IR B B S, 1O T A B R R A Y AR
1. BEE AR . BRACSE N, i — S8 A ey R in
B, SFEAE LMY S A 2R, H US-FT
LS IR T Sk ., $E R ) b e B 2260

Xt T A AR VOCs 34T 280540 Hr, aniE 7
(B) i7n. HHE 7(B) Bl 1, PC1 BidkE R 51.0%,
PC2 TTHR RN 31.6%, BiTTiMkE N 82.6%. US-
BL A% i 5 HAAE S FE B e, 22 5 FEAE PC2, 3
B US-BL #£ &% VOCs 5 H: 4y 3 MiAE 2= AR
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Table 3  Effects of pretreatment on the volatile components of the pepper
N P
g WO feam s CcAsE = — - it g/gés o e
1 724 S 123-51-3 KRBT 169.37+20.44° - - 0.05:£0.00
2 8.89 E S 71-41-0 R 0.02+0.00° - - -
3 13.39 B 111-27-3 2 7+0.98° 1.19£0.22° - 0.07£0.00°
4 12.78 i 928-96-1 HHEA 0.07+0.01° - - -
5 8.50 2-C % 626-93-7 AT 1.64+0.40 0.02£0.00°  74.18+3.00° -
6 28.41 - 2216-51-5 Hifr Fr 0.02+0.00°  0.01+0.00° - -
7 44.94 2R A A 40716-66-3 i 7.18+0.12° - 9.40+0.19* -
8 12.54 3-C - 1-BE 544-12-7 HHA 1.5+0.03" 0.04:0.00° - 0.04+0.00°
9 18.80 1-#J-3-% 4938-52-7 HHEA - - - 0.01::0.00°
10 18.91 2-T-Hs-1-1% 22104-79-6 T 0.01£0.00° - - -
11 21.39 2-Z O 104-76-7 MHE 1.81£0.03*  0.06+0.00° - 0.02+0.00°
12 42.82 J-2- = A 74962-98-4 Lizgis 0.06£0.00°  0.04+0.00° - -
/Nt 184.30£22.03*  1.36+0.34°  83.58+3.19°  0.19+0.00°
[(E=S
13 3.48 5T 78-84-2 [l - - - 0.16+0.00°
14 4.92 S 590-86-3 [l 0.87£0.02°  0.06£0.00° - 0.28+0.00°
15 5.11 2-HIE T 96-17-3 Gk - - - 0.12+0.00°
16 5.67 BN RE 110-62-3 KT 0.37+0.02°  0.02+0.00° - -
17 10.03 IEC 66-25-1 HHRAE 7.56£0.10°  0.33+0.06°  15.14+1.00°  0.120.00°
18 12.53 2-CmiE 6728-26-3 HHRAE 1.86+0.09°  0.06+0.00° - -
19 14.84 PR 111-71-7 HEE 2.16+0.13°  0.15£0.00°  3.710.54*  0.03£0.00°
20 1521 3-HRR L 3268-49-3 Bz 0.01:0.00° - - 0.07+0.00°
21 17.89 AR 100-52-7 R - - - 0.030.00°
22 20.00 T 124-13-0 [l 2.07£0.12°  0.07£0.00° - 0.02+0.00°
23 22.11 WKL 122-78-1 HHRAE 438£1.12°  0.11£0.00°  828+0.77°  0.56+0.00°
24 25.05 TR 124-19-6 i 9.40£1.04°  0.29+0.01°  11.17+1.10°  0.12+0.00°
25 38.76 3 112-54-9 ey 0.85+0.09° - - -
M 29.53+2.74°  1.09£0.07°  38.3+3.41°  1.49+0.00°
24
26 10.92 LR T TR 123-86-4 Fik 7y - 0.04+0.00° - -
27 1421 CR-2- R LT 6290-37-5 1A - 0.04+0.00° - -
28 25.47 S TMRCER 2349-07-7 HHEA 2.1240.33° - 4.90+0.87 -
29 26.72 PR B TE 5451-80-9 A - 0.02+0.00° - -
30 29.43 KA T i 119-36-8 Hifr Fr 412£0.11°  027£0.08°  11.45£2.05°  0.13+0.00°
31 31.29 M2 -3- O B 2-F 5 T TR i 53398-85-9 HHE 1.74£0.50°  0.81+0.03° - -
32 30.75 TR R 1731-84-6 RE 1.87+0.14* - - -
33 3111 SRR M B 35154-45-1 HHA 1.83£0.10°  0.03+0.00° - -
34 32.04 1EGR C e 1117-59-5 RE 2.56+0.03"  0.05£0.00°  6.89+1.78" -
35 34.74 4-F L I 4 TP L I R T 35852-42-7 R 6.24+1.20 - 13.79£0.90°  0.08+0.00°
36 36.30 CRC FR 6378-65-0 HHE 1.44+0.03" - 2.74+0.50°  0.01£0.00°
37 46.54 4R 5 IR 2306-91-4 Lizgis 0.66+0.01° 0.01+0.00° - -
38 57.45 R % P i 112-39-0 L 0.01£0.00°  0.0120.00° - -
39 64.78 TR 2 e 111-62-6 R - 0.02+0.00° - -
N 22.59+2.45°  1.28+0.11°  39.77+6.10°  0.22+0.00°
Fi2E
40 19.29 6-FH 3-5- P -2 110-93-0 M 0.02£0.00°  0.0120.00° - -
/it 0.02+0.00°  0.01:£0.00° 0:£0.00° 0:£0.00°
(RS
41 39.64 a- 42D 127-41-3 BT 1.34£0.32°  0.02+0.00° - 0.01+0.00°
42 42.00 ST AT 14901-07-6 BT 9324230  4.77+0.67°  26.52+5.80° -
43 40.08 iR ] 17283-81-7 N 0.16£0.03*  0.010.00° - -
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Hk3
5 Frim(pg/e)
jpig  PREITEL et CcASE wl
(min) CK US US-BL US-FT
44 2121 (=) -t 5989-54-8 [l 0.18+0.07°  0.20£0.03°  4.42+0.99°  0.14+0.04°
N 11.00£2.72°  5.00+0.70°  30.94+6.79°  0.15+0.04°
HAb2E
45 19.38 2-1E SR FEIK I 3777-69-3 RE 1.69+0.51°  0.0420.00° - -
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