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Abstract: Pepper and its products are loved by people all over the world for its unique flavor, and the composition and con-
tent of metabolites have an important influence on the flavor quality of pepper. As a regional characteristic variety of chili
pepper in Yunnan province, Xiaomila is favored by consumers because of its rich nutrition and spicy flavor. In order to find
out the similarities and differences of metabolites and metabolic pathways in different cultivated varieties during ripening, this
study took local traditional Yunnan Xiaomila fruits (Capsicum frutescens L.) and Jingcui (C. baccatum L.) at green ripening
stage and red ripening stage as the research object. The non-targeted metabolome technique was used to reveal the metabolite
changes and metabolic pathway differences of two kinds of Xiaomila fruits at different growth stages. The results showed that
a total of 880 metabolites of 12 classes were identified in Yunnan Xiaomila, among which the proportion of lipids and organic
acids was the highest, indicating that Yunnan Xiaomila was rich in nutrients and could be used as a potential functional food
raw material. The types and amounts of differential metabolites were significantly different at different growth stages and
varieties, but the nutrients of red fruits were richer than those of green fruits. Compared with the two cultivated species, the
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local Xiaomila in Yunnan was richer in flavonoids, while the amount and variety of amino acids in Jingcui were more. Spe-
cific differential metabolites were screened from different comparison groups. Flavonoids, glycerophospholipids, amino acids
and other substances could be used as potential biomarkers for different growth stages of the two cultivars. KEGG enrichment
analysis found that the metabolic pathways of common metabolites (lipids, amino acids, sugars, carbohydrates, secondary
metabolites, terpenes and polyketones, etc.) were included. The key metabolic pathways in the two growth stages were mainly
enriched in glycerophospholipid metabolic pathways, biosynthesis of flavonoids and flavonols, biosynthesis of plant secon-
dary metabolites, and biosynthesis of phenylpropanoid. The unique differential metabolic pathways of different comparison
groups were found. In conclusion, the results show that there are significant differences in the species and quantity of metabo-
lites in two kinds of Xiaomila and each has its own characteristics, which would provide data support for the quality breeding
and the later harvest strategy of Xiaomila fruit.

Keywords: Xiaomila; different development; non-targeted metabolome; differential metabolites; metabolic pathways

DOI: 10.3969/j.i1ssn.1000-2561.2025.02.010

M ( Capsicum annuum L. ) J2 7 [ Fh A i 2
R, T R i, kA ik
ZW, [l B R B2 a2 B4
BRA =70 2 ) [ R DX R oA R R BRARL, 1
Hh [ 7 [ B ™=l s T St e
B R v FE B 7= X 22—, SRR R g bk A A
b= B /R RS R B A e
U= ah, B E R A B X, BN
7oV A g SRR G S 0 R S 5 A SR o e b
AT Ho N R TR AR A B A A e
PEUR, 25 B A /N KR 1 R 4 [ /N A S A
PRI 80% LA L, AR = S SR e EE AT, R
by 4 RN K B BRI P . UTAER, ANKRBR R
FHERES . WEEFR . T M. 2l
BT A2 3] 25 Hb BOURT 0 w5 BE 3L, oA T AR A
EYR, BEEARE LT, T 2R
bk J@ o /NRBR I T = I o 3, %
FHFIF B SRR MR i, AR T 3% 0 U 1Y
LRI, RWERS., N, HEERITH
B S R

AR 20 4 BEAF 55 A 1 1 o AR50 5 A o 25
B AR, BT AR 2 A A
AR5 RO G el e R A 2 T D A
RG5O IR E A R G B A AR
Yy, B—Fnl LR 2E A | B e Ak
TH AR 1 B4 TG A AL 2 A, A i S 2R
ARz U SRR S A T R
2R NE L AHLRR AR | KT A
F VA, HAR N A e E T BRHUR S
Y = 1B 01 e e RN B 5§ I
(GC-MS). MM @IE (HPLC ), #%REI4R
(NMR ) DASB AR 35 - Bk (LC-MS) 4R

TSI A2 Ty i, X BB [R) AR B P S 9 AS TR A4
B A Z A WA . &Rt T
GO0 B SE  BAN I B o 2 DR BRAURE
B RSk F Y AR SR S AE 22 R T,
(R AT I AR i A 4 2 X 2 B /N R R 1 C
YT L E A BT I RIS

B UL /N KU T HERBUFP ( C. frutescens
L.), fERH & RS R, Pl & st & b A7 e
A ARAL L AR AEE WIS Uk A )
b /N KB B PP R R g — | R D
WCTT %R R B Fh B0 U, A il /N oK BT
HNEMENEE T/ EZ — A5 & PR
PR ( C. baccatumL. ) WiES R0 E R, H
EEMEEE T o/, FL, KIEa
RE R BT DRI SR M A S 1, AR AT AR FH DA 3
GRS R R AR R AL R, Sl escd
AT R RN BR R AR, H AT ARS8 R
BR (45 2022020786 ), i1t 2 M A f 0 &
PSR SCRT A . AR SRR BUiE Dy T R R AT
T = B AR /IR B, AR RS XUk
WKZRREZ, EamGE 2 (HARE
BIRBIKRBRA T, HRLB BB S oA
Mo/ NKRBOR 22 5, DT AL T A& Ge b Ty i
i TGRS AR -

PR, ASHIESE R AR 1) A 2 R, X
ANFA B ) 5 2R 2 B AR HA% G /N R i
PRI R AE AT 4T He g, DAY IR RAR 4
JZ AT 3 B AR U A 22 S TR
ai B B 22 AR, XA DG AR I A A 740
B E AT, PR A AR R AL, AR
TR /KB E SR RETTAN PR AL IRl R
PRA =5 it B B AP 5 R R LR 25



552 4

WIARFLRE . 2 B2 B R (/N ORBOR S e e rp A Qi EL s 345

1 R 5FZE
1.1 ##

ZEAM/NKAE (YB) FIfRAR (JC) /NKHBf
i PR 2 B A A B B B AR WA 9 R
AT AR HE . 2 SRR 2021 4E S HE =™
BRI L THBE b ER, BT 2 S 5F R SE
MAEBIARE, A/ RE ., AR LA
SEPEAEIE 29 60, 40 d SR, HAT BRI 7R 1L
JG#3 80, 55d R, BFAANRESIEE 4 PR H—
. JO RE BB, BAEETIRE 6 IRE
YreEE s, B )R A A BRABUR S5 2 d AR RN,
B TWEEE, T-80 CIREAE, RN (M)
A=A BR S R AT AR S 1) A A A
12 Ak
1.2.1 R# R R 100 mg FUBRABER SC
RS, WA, A 120 uL 50%F #, 784
=, IRA), WIREE 10 min, $2BUKT-20 C
TR, UTTERE S v AR 1 BT . 4000% g B5.0> 20 min,
e B R 96 LMk, BAFER AR UL 10 pL
M BERIR & s (QC) #Eih .
122 EAuhm CREHIREE N 35 C, N
0.4 mL/min, JizhtHh A M. K (0.1%H R ); B
M OB (0% H R ). WAHBEREN: 0~
0.5 min, 5% B; 0.5~7 min, 5%~100% B; 7~8 min,
100% B; 8~8.1 min, 100%~5% B; 8.1~ 10 min,
5% Bo AT RIEE T (5000 V) 2K
FRAEM—RME T (4500 V) BACRE, @G
S MR R AR E— I REETEA T, —
KAETEFIN 60~1200 Da, — R4 E K 150 ms,
B SR B EE T 100 BURT 125 5 5 Tk
T R Bk SR A5 11 kHz,
6 0 5 B0 A AT %2 K 40 GHz; 9 1 Zh 25 HERG B
B R4 s, FERFESRET, BREIFE 20 A
AT — WAL ER R FE 4G IE o [RIAsE, Al B@ 10 4B
AR BEAT—IK QC dh 4
1.3 HEAIE

FIH] Proteowizard A MSConvert {45 i i
AL R B B A B RT R R A 2 -mz XML, A
H XCMS A7 e S BOF A7 g, AL
CAMERA #A#ATINAE ¥R . FIH metaX
A XA AT i o 535 4 W o o S R
HMDB. KEGG 40l FE#E AT AR i i TRl
YR 4T PCA F1 OPLS-DA 4341, 4HE] 2% 57

AR5 1) 075 3 4% F M ratio=2 B ratio<1/2 .
P<0.05. VIP=1,

2 HER55H
21 FH45 (PCA) EEXRERR/DMZFE-H
F4y#r ( OPLS-DA )

L 1 AT, ASTRINKRBR R4l 2 e A i s
KIBAGBAR 2 AT AP 28 B4 & 7E PCA Hhk i 2
O3TF, 2B 2 A SRR SR A LT A AR A
TEIH i 25 5 i OPLS-DA BRI ] DLk — A 56031F
PCA W45, )5 228 i R Bt
Al5EME . OPLS-DA Btk 45 R 2 TLIE T, 4
I Q{4 9-0.6498 . —0.6062 . —0.6702 .
—0.6464, Q*<0 YiIMERURLEAE S A BT, 2
SR o Bt R E WG . R Rk A B R
OPLS-DA BRI FEAT 5 22 1 25 S 40T o
22 Rigt¥sitoi

AR A S (B 3) gt o
F/NK B R s L 880 MR, Hh gk

(34.24%) b, FEQUIEIRIIZE. Himwk
FR25 . SIUmBESE . WiR2E . WIEERAE, HR N
AHLIRZE (19.23% ). RNLEFERENZE (11.60% ).
KHRRAEY (11.26% ). AHIEHLEGY
(8.76% ), MikZiFIs. LW, Ay,
AHLEA LS A DRI 5 g

HIE 4 ATE1, 4 dAREAS Y 2 oy il fe gt
PN PIREA R IR FE REARR, ANER
B ANIW] b 20 5 AR G 1) 32 22 22 A
WEAEHEES (R 1), HRiJEEmZs . K%,
EHLERZE, Wit 5 Gital LIE N, MEEF D
ANFEAA L, i Ae R a8, LR
BIE T T URE, R 2 R AR H N R B R 25 AR
W FaR; F—MMARAEE ML, 2 4
AR ) 22 AR Y B e 2T B s T el . 7
YB %k vs JC g2 A 25 AR 421 4>, Hodh |
P 223 A4, W EREZ; TR 198 4, Himwkhg
KIHZ, 16 YB 4L vs IC £L40 44 22 S AR 429
A, Horp B 252 4, EEREAHmBERE SR £
T 1774, BRI AE LRI E £ . YB
2% vs YB ZL40 A 22 S AR 450 4>, Horb i
206 1>, RRWiZEACEIRZ; TR 244 4, AL
PRSI H MBS IE 2R £ . JC &k vs JC L4 I 22
SR 416 4>, 204 A BIE, HmBEIER R ;



346 o AE B F AR i 46 5
200 200
100 | 100 -
S a u
SO cg £ o R\
g yB& 8 YB AT
Ay Ay
~100 | —100 -
-100 =50 0 50 100 200 -100 =50 0 50 100 20
PC1 (58.51%) PC1 (54.39%)
200 - 200
= 100 - 100 |
S _
" X
w o 0r ica & o
I\ N(0F 3 v 0F YB
2 5 B
-100 - A
-100 -
—200 ¢ L L L | 1 I 1 1 I 1 1
—100 0 100 200 -150-100-50 0 50 100 150
PC1 (60.01%) PC1 (58.59%)
1 FEEEH/IKERRBET=YH PCA B
Fig. 1 PCA score plots of Xiaomila metabolites at different development
° Q2 L) R2 ° Q2 . R2
1.0 . . - 1.0 o .
0.5F 05}
QL [ ] | 2 L] i
S 0f° : 2 0f,
> >
-0.5r —-051+
. T R 09863 Y Rosss
101, 0% —0.6498 108 l IQZ: —0.6olsz |
0 0.25 0.50 0.75 1.00 0 0.25 0.50 0.75 1.00
Cor Cor
] QZ L] R2 ] QZ L] R2
1.0re . ° 1.0 o ® °
0.5 05}
o } . |
5 0f 2 of ’
> >
-0.5r —051+
: R 0.9838 : R 0.9879
-1.0r? 0% —0.6702 -1.0}° . 0% —0.6464
0 0.25 0.50 0.75 1.00 0 0.25 0.50 0.75 1.00
Cor Cor

B2 REEEH/IRRKEYE OPLS-DA E
Fig.2 OPLS-DA score plots of Xiaomila metabolites at different development



%2 BHAE A . 2 T R RR € /N KBRS s 2 v A ) L3 43 i 347
HR LR 194, T 20 45 IC 4 vs JC I AIEAHE
oialD R F 2SR 38 40, i 164, FiE 22 4. b
B e | e 04k TG R, AR AR A 2 5 R
BT S RAH N R, LARNE TSR, X
ﬁm%&%ﬁmﬁk%
728% 0 34% SR 25 SR T LAFE W X 43 2 A R 7 AR )
U E A F A N 4 4
o n A L e N e T
19.23% 8.76% AZEFRWPTENER 2, %3,
CUwmaken 24 RREWREEEERRBAS S
' 2.4.1 RAEARELEZFKBH oM AU
HEI g i, RTRD R H e A P e AR 2 S A
1.71% 24%

B3 ZmE/IMKRKRAS

Fig. 3 Composition of Yunnan Xiaomila

2124 F I, AHLERZE & i (B 5B ). 25 I,
2 NNKBR R eI RE RN B E i, 40
WA PR B X 5
23 AREEBABEERKEMS T

WAL PNKRBRAF LR AFRE (E6) KB,
S HA 3 4H I, YB 4 vs JC G4 A 22 ST
36 4, Hf B 174, TR 194; YB 4 vsIC
LR A 2R 414, B 194, T 22
A5 YB %% vs YB 2L AR A 22 AR 39 1,

== — I3
—— 2 glca
— 1 B e
0
-3
la
— -1
— 3
— 12 Lics
s B

YEBEARAER, FEE ., B, FEEKL
KIRNEGSE, X 4 A LR %28 ik A 40t
It (7)) REE: 78 IC &rp 5 MR (X7
TR, A-FAESEEERR . 3-RRIE RS ). 11 b
HEE2E Y (R R -3-O- A pETT L R R
Wit R ) U 1 MEERYRIEFER;

JC 2rrpr iy Hofh 8 PB4 o ( i AR
AR RS ) LUK 3 P AR AN A B R AR
WY R . YB 20 AR | B2 22 AR
WYBESET YB &, LI ESEREN, MeRst
PR SR AN KL R A R ) TR
XS AT YB 4 vs JIC SR, YB &
HR., FE%E. HIRYRENFEE, KLFEE

—] 1 3
_— — 2 YB4L
1 EYB%:
0
-3
— — I -2
= -1
_—
- I 3
— 2 glca
N 1 YB4T
0
-3
-2
= — 11

B4 INRIRAFEBEE RN RERE

Fig. 4 Differential metabolism clustering heat map of Xiaomila at different development



348 o AE A F AR 46 %

®1 ZEAMNKRMRZREAN, IRRETEERKEMSEIT

Tab. 1 Comparison of metabolites species of YB and JC in green and red ripens
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Tab. 2 Specific differential metabolites of YB and JC during the same growth period
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