2026,39(9) :82-87 FE K 3R X B R 5

DOI:10.16861/j.cnki.zgge.2026.0352

tRMX S Em it RE T mip
MEMNSNKI RS SN
EERLE BLT OKLE B LEHLLE M ke

AR ERNE 2B Jbat 1024425 2 bR ii A E AR 5 bt 1000295 3. dbatii KM X
AR AR v JEE 1026005 4. bR MBI R 7T b5 100097)

T8 O DALRTHEIX 10 AN 7R a0 28 TG b AR B bR, 2R G0 I o i B R A T RE s (p-TH S b
BT ALLR PR MR R I ) 5 AR 5 Rl MW AT WL D 2R A % 22 5, IR 08 32 o o W 465
G R IEREOEMEZ IR RS AT R R, B E T I 4 8 R S T AR R K P TUR B, e IO o & R L b Rl A
SRR 7= SR AT 78 2 5 IR AR SRR S R SR SRR, 10 AN/ TR AR AL T RE P S5 )
TR BACES 2 ML 2. ARG bR PR . RSB AL TR EIRA R,
T B4 75 €0 5 P P 7 T 2 BB B LA € P it 28 3KOBIE 1000 MI5TZE 2K 1) B-#113 D25 B A0 25 HidA
W&, O 3 SRS B, AR 2 SRR S B . ERU TR 4 MEEE R T 1 E AR
55 BT T Z DTHRER 1L 85.73% , FL R LIZRES bR R & BB B AL IR 7 oumk e B, R e T INEE A E
TSR IAZOTERR . AN A R B, 535 3K OB 1000 ARS8 2K L4 RPUEAR , 38 BLAE AL s X e Fii .
BRI : VU BUA A s USRI s 255V F A

FESES:S651 MHEAFRERS: A MBS :1673-2871(2026)09-082-06

Comprehensive evaluation of antioxidant and flavor compounds in

high-commercial-value mini-watermelon varieties from Beijing region
Wang Haoran', Li Ting’, Jiang Jiao’, Wang Lu', Jin Kaiye’, Pan Lin’, Zhang Haiying'

(1. Beijing Vocational College of Agriculture, Beijing 102442, China; 2. Beijing Agricultural Technology Extension Station, Beijing
100029, China; 3. Beijing Daxing Crop Production Technology Extension Station, Beijing 102600, China; 4. Vegetable Research Insti-
tute, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: Ten commercially valuable mini-watermelon varieties from the Beijing region were used as experimental mate-
rials, the composition and content differences of antioxidant functional substances (S-carotene, lycopene, ascorbic acid,
folate, tartronic acid)and flavor substances (soluble sugar, organic acid) were systematically determined and analyzed. A
multi- index comprehensive quality evaluation system was established using principal component analysis (PCA) com-
bined with the membership function method, aiming to screen watermelon varieties with superior comprehensive nutri-
tional quality and provide a scientific basis and data support for quality breeding, variety layout optimization, product
development, and consumer guidance. The results showed extensive genetic diversity in the content of antioxidant
functional substances and flavor substances among the ten mini-watermelon varieties. Red-fleshed varieties exhibited sig-
nificant advantages in core antioxidant components such as carotenoids, ascorbic acid, and folate, whereas certain multico-
lour-fleshed varieties displayed distinctive sugar and acid profiles. Specifically, Jingmei 3K, Guanghui 1000, and Jingmei
2K contained high content of S-carotene, lycopene and ascorbic acid; Jingcai 3 showed the highest sucrose content, and
Xuancai 2 had the highest citric acid content. PCA extracted four principal components with eigenvalue greater than 1, cu-
mulatively accounting for 85.73% of the total variance. Antioxidant factors represented by carotenoids and folate contrib-
uted the most, serving as core indicators determining the comprehensive nutritional quality of watermelon. The compre-

hensive evaluation results indicated that Jingmei 3K, Guanghui 1000, and Jingmei 2K demonstrated the best overall per-
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formance and are recommended for cultivation in the Beijing region.

Key words: Watermelon; Antioxidant; Flavor compound; Comprehensive evaluation

P8 I — P 22 5% 20k o 5 v RV A0 » Bt A 9 ok
T2 5 i35 7 R 2 FEA, P8 IS Bl 1) 8 7% 5 0 H 28
BN g5 I EE R R . A E
I B b R R O B 22 5, SRR AR PR AL A 4
M 78 AR R T S R L3 B 3 SR TH I T ke B
HEER X

PO R A H Al 2 91, ACE A R 0 A L
TR S5 52 R IR S SR, BB R bRt
IR 12 55 22 Bl P A A 5T 5 3K B850 N A4 fe e
A i AP 0T, B s BGE L Thig
TEBR AR BRI B 5 R T, B
Y T R T DR IR T ) SRR e )
5%, /NI ICE IR 5 VP I A H i £ .
Bt RS2z FRCE VRN A S B B
VPN TR S S BNE BTSN (SP600 Fl 75 A
6 55 4 N/ NIRRT FEET T 2R VPN, 45 R R
., SP600 F1 T4 2 B /N 454 it o SEAR , 34 B 7 0k
BUE M HE . BRSSO 5 N [X LA it Ak B
(1) 11 AN R R LRSS, s S L T4 E
L FESRR B b BT S FR b, 1% H AR 2 FE VKRR R
Fa /NRUL 2 A A AT . X T = SN E VAN
T 21 By P TR 5 B R B AR 2R, FEE R R AL R
FRIAT R I, EE 3 s A 7 0 = i
ARTEMR TR, HRLERAS LIRS
HEREFEIEMAC. SHEREYLL 4 BRI
JRONHH FERT G, 8RB 7 A [RIBIEa 78 SR Sk & it 2
RS N R AR SRR, RIRE B T B R
R PERAS T EEFEMCME. ATAXTER
A MU IR BT ) PPN K 2 R TR A RTIE IERE A LR
IR L 55 ke s P I XU A) J5 g T 1) 22 5 » BB L
NGRS AR Sl S AW L7 oy
TS T (AN 5 SR A B ANt S A ) Joi 1) 22 S
FLAL S 25 VR 1) 2 4R FER Ui

YTk, B3 DAL R HO X 10 A il P
ST I S RO RIS A L, R G0 E I A H A
EIRERL ST (B-THRE 2R TEALL R PUIR MR MR
) 5 KR B CRLEYERE AL AR & &
75, s FH B o i 4 6 SR s R s i 2 4
WRERE VPN A &R, B AE TR 25678 78 it i A R 1
G I b R, A b R IX ) 28 5iE 3 0 X 7 I )
a PP JRARAL, 5T 1R B A K T 3 2 5] S Rt

Bl AR
1 MRS T
1.1 #&

BERF RN 10 A 5T X i v N B A
JR T, 2R BRI R RIR LR 1.

AT R R T b 5T R DR R Y AR 7
YRR KM, 2025 £ 1 H 5 Hi&M,3 H 20 HE
M. R E 3 KES, EILXAHES, FANNX
50 m’, iy = AR ET , AT EAE , KATHE 90 cm, /MTEE
25 cm, PR EE 40 em, & A AN X OEFE 100 BR . 5
BN, & 12~16 TN, BAREE 1R, N TR
Mo AR W AR BEK Ip R S B I A L % TR
WREAT .

1.2 A%

121 #®:E%E  BhE 30d, 80X AR,
FREL 5 AR KN —EH AU R G 1 s, R
SEREY) B O R A CREFFRD L TR 21 Ja W EGER
TRA7 T80 °CUKAH FH T J5 856

122 #5ARME 3% [ B UKEOR) J7 100 2
LM B-TE DRGSR SHEFEE RN
PR MR AN ATy VERE CRENE A R AT 58 2
2R [RI BRI R E SRR TR s S
JEIE 55 SO 7 v i R B S AR LRI R
JEENE AR RS . RS B S B
WEREARS R DR E=VY AR E+ITE
BB BEIR =2l S B MR S &

1.3 BURLES S

K Excel 2003 %P {4044 , R FH Jamovi 2.3
AT 22 5 B AT R AT R SR R AT

2 R5

2.1 AEARGMEIRE IR S 74

VG ISR SE R A A T R o B HE R A B
N (UL B-#HE MR VB RN PR MER
R, BHER 2 WA, 10 AP R ) S Rl Bt 8 e
R R

p-HHE N RS E w5 )G EE 49.22~
290.84 ng-g'o o, 503 3K f i, ML B AR
R 6 5 mE i 528 f5 . B 2K A3 3K
#1000 ML 1 50 - RS EWE T

+ 83 -



X ISR 5T

hOE R

539 %:

F 1 /N REF ImRAP R KRR
Table 1 Characteristics and source of the tested mini-watermelon varieties
LY REgits KA E S R
Variety Peel color Flesh color Maturity Source
3 2K S AN LR FU R A QB O Rl B PR A 7
Jingmei 2K Green Cherry red Early maturing Jingyan Yinong (Beijing) Seed Sci-Technology Co., Ltd.
5% 3K st KRt Lk U i A AEHO AL AT PR 7]
Jingmei 3K Green Bright red Early maturing Jingyan Yinong (Beijing) Seed Sci-Technology Co., Ltd.
FeHE 1000 el Rt L JEHCTT R X AR MY AR
Guanghui 1000 Green Bright red Early maturing Beijing Daxing District Planting Industry Technology Extension
Station
RS NN i) L FU R A IO Aol AT BR A 7]
Jingcai | Green Orange Early maturing Jingyan Yinong (Beijing) Seed Sci-Technology Co., Ltd.
WE 3T EN ! FALE i 2 FUF R A B O Rl B PR A 7
Jingcai 3 Green Multicolour Extremely early maturing Jingyan Yinong (Beijing) Seed Sci-Technology Co., Ltd.
X2 5 st iR L3k FEE T A ARME 3
Xuancai 2 Green Orange Early maturing Beijing Agricultural Technology Extension Station
LR 6= ey i L JEH A FE AT 3k
Xuancai 6 Black Yellow Early maturing Beijing Agricultural Technology Extension Station
H SR ot FALE L H AR A bl
Zhongmei Caihong ~ Green Multicolour Early maturing Japan Ogisono Agricultural Park
R 8 5 NN R Hh L 24 H B EFEAH R AR AR
Caihong 8 Green Multicolour Mid-early maturing Henan Yuyi Seed Technology Development Co., Ltd.
BN EN A R L AL IR R A R AR A IR A 7]
Niuxiaocai Green Multicolour Early maturing Beijing Lotte Baite Agricultural Technology Co., Ltd.
*2 FAEANKRMOMELYREE
Table 2 Antioxidant content of different watermelon varieties
o w(B-tHE 3O wESIELLZD LEEARNIIN2Y) wCHR) w(HEE 1R
o . f-Carotene Lycopene Ascorbic acid Folic acid Propanoldiacid
Variety B . . . B
content/(pg-g™") content/(pg-g") content/(pg-g") content/(ng- g") content/(ng-g™")
53 2K Jingmei 2K 289.02+10.96 a 31.51+2.19b 61.65+4.87 a 136.55+9.01 b 327.97+18.85 a
53 3K Jingmei 3K 290.84+22.06 a 95.25+1.87 a 50.36+4.26 b 188.68+4.24 a 148.90+8.56 ¢
J6#E 1000 Guanghui 1000 286.97+13.50 a 98.31+6.38 a 40.04+4.16 bed 107.75+11.90 ¢ 203.33+19.60 abc
W 15 Jingeai 1 272.31+11.48 ab 2.83+0.20 de 44.83+4.61 be 124.01+9.97 be 191.83+3.65 abc
¥ 3 5 Jingcai 3 118.49+1.39 ¢ 2.93+0.45d 40.38+1.45 bed 16.44+0.85 ¢ 199.83+6.41 abc
JZF 2 5 Xuancai 2 54.98+9.98 d 2.38+0.46 ef 28.58+8.56 ¢ 13.13+2.54 ef 219.63+20.01 ab
JZF 6 *5 Xuancai 6 49.22+4.29 d 2.35+0.16 ef 30.93+2.15 de 23.7242.11d 215.4717.06 abe
3£ F M Zhongmei Caihong 59.99+7.11d 2.64+0.35 de 40.27+4.03 bed 9.61+0.46 g 194.00+22.31 abe
M 8 5 Caihong 8 58.88+3.97d 2.87+0.30 d 33.22+2.23 cde 10.57£0.91 fg 169.47+3.02 be
/N Niuxiaocai 124.13+8.66 ¢ 7.14+1.02 ¢ 22.11+2.14 ¢ 5.91+0.39 h 166.33+10.71 be
1 FAIAE/NG FRERRTE 0.05 K P ZEREE. TR,

Note: Different small letters in the same column indicate significant difference at 0.05 level. The same below.

270.00 pg-g', J& i p-tHE DR EEIE N MF.
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LR & 58 50.36 pg - g T R 2 A il
M B & B AE 5.91~188.68 ng - g, R E A
182.77 ng- g, 5136 3K & B, 2 & m A K/
KM 31.92 % . A BE R & & VU [ £ 148.90~
327.97 ng-g', W #EIE 179.07 ng- g, Fh 5135 2K &
B e o R SR 3K 1 2.2 fif.
22 AEAEKGEMEXEIREES T

7 TS SRR 32 E AT 1 S A LR 1)
JRAL R B R eI R P . 3R 3 AT AN, RTE
P T R SR AR AR AL . R B R

ALV PERE S R TR K, R SR
W G EPEZE &R . AFRSFTEFRESA
F, 5% 3 SRS ERE, FDERNRESE
B R 6 5 IR A RE B B e, I TE U
SR RE R BB AR A AR . AR
B S IR R AT AR B AL . 10 N PE I e, 3
KRR O EBAKPES, ¥ 3 5 R 8 St
ERM BT 2% T 18.00 mg - g, 513 3K f ik
(1455 mg g IER S EBAEKPEM (HZE 2
FE R (112 mg- g, 29 A HoAd SR 2~5

®3 TRAMRMEIXKIREE

Table 3 Flavor compound content of different watermelon varieties

e wORERD wCRD wCH & B w(ﬂ'%%ﬁ?) w@ﬁ%@?) WL
Variety Sucrosi content/ Fructo#t content/ Glucos? content/ Malic 'imd content/ Citric afld content/ Sugar-acid ratio
(mg-g" (mg-g" (mg-g" (mg-g" (mg-g"
3% 2K Jingmei 2K 67.97+1.18 abc 58.76+1.50 d 37.41+0.72 g 15.36+0.24 cde 0.40+0.04 de 10.4140.20 abed
53 3K Jingmei 3K 58.93+2.50 cde 66.94+4.01 abc ~ 48.57£3.66 de  14.55+0.67 ¢ 0.24+0.05 ¢ 11.80+0.85 a
JE#E 1000 Guanghui 1000 69.93+5.68 ab 61.74+7.59 cd 48.60+4.95 de  15.22+0.48 cde 0.53+0.08 bed 11.45+1.20 abc
15 Jingeai 1 63.39+1.70 bed 62.47+1.12 cd 41.86+2.04 f 16.92+0.58 ab 0.65+0.02 be 9.55+0.38 de
5UF 3 %5 Jingeai 3 74.44£13.13 a 63.53£1.91 bed  45.26£232ef  18.37+0.42a 0.49+0.16 bede 9.72+0.81 cde
J%% 2 % Xuancai 2 50.28+3.77 ¢ 68.04+0.62 abc ~ 56.55+1.88 bc  16.54+0.78 bc 1.1240.17 a 9.90+0.42 bede
J%% 6 % Xuancai 6 54.70+6.16 de 67.12£5.70 abc ~ 64.77£3.97 a 16.1340.66 bed 0.64+0.10 be 11.13£1.02 abc
SR Zhongmei Caihong  61.03+4.18 bede  67.92+5.56 abc  58.30+6.49 b 18.00+0.86 a 0.73+0.15 b 10.00+0.87 bede
FMT 8 45 Caihong 8 61.25+1.41 bede  69.00+5.03 ab 52.59+2.86cd  18.15+0.64 a 0.5140.15 bede 9.80+0.54 cd
2E/NF Niuxiaocai 55.81£2.71 de 69.58+1.32 a 52.90+2.89 cd  15.86+0.65 bed 0.69+0.08 be 10.7740.53 abed

5 A B ) FRWR R AIE — L.

A PH IR it JS PP H B LR 25 S i S
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FT 4 EROFHEE.UBKER BRI EE
Table 4 Eigenvalue, variance contribution rate, and
cumulative contribution rate of principal components

Principal %‘ﬁlﬁ{ﬁ Varia.nce . Cuml.llati've
Eigenvalue contribution contribution

component rate/% rate/%

PC1 3.941 39.41 39.41

PC2 2.143 21.43 60.84

PC3 1.382 13.82 74.66

PC4 1.107 11.07 85.73

PC5 0.672 6.72 92.45

PCo6 0.408 4.08 96.53

PC7 0.193 1.93 98.46

PC8 0.103 1.03 99.49

PC9 0.038 0.38 99.87

PC10 0.013 0.13 100.00

AT BRI FE bR N SRR 2 & (0.868) FIFT IR IR &
5 (0.756) , & LN E WK 75 4 £l
(11.07% ) PrIh ML 2 2 (M DT ECR , & CAYEE R
S

CREEATTE E TR AR bR ALE SR, B- T
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Table 5 Principal component loading matrix and weight allocation

CLZ SEATIRAT &=
f:j:x pcl pe2 Pes pea Eii)r?l}fjrc;sensive loading fie;ﬁght
B3 N3 & & p-Carotene content 0.941 -0.171 0.102 -0.073 2314 0.122
T4l % F & Lycopene content 0.932 -0.190 0.172 -0.078 2.286 0.121
M2 & & Folic acid content 0.872 0.038 0.002 -0.345 2.105 0.111
PO I 4 & Ascorbic acid content 0.673 -0.208 -0.267 0.513 1.875 0.099
7 % 9 & & Glucose content 0.108 0.859 0.137 0.050 1.876 0.099
JEHE & L Sucrose content 0.170 0.728 -0.401 -0.260 1.792 0.095
JBE S i Fructose content -0.038 0.812 0.098 0.175 1.745 0.092
VI R & & Propanoldiacid content -0.736 0.144 0.131 0.441 1.643 0.087
3 LR A & Malic acid content -0.203 0.104 0.868 0.165 1.654 0.087
¥ & & Citric acid content 0.156 0.340 0.756 -0.251 1.648 0.087

NERE®EWI122)5FMA RS = .12 B E
B, KRR RS EOD, B RHE MR
5 & & VEN T R 28 &8 IF O AZ O

i3 e B BGE K  dh Ph R A B AT T A

AbEE, 85 A IR E A E TR LA Vo (SR AP
WED , CRE PR E R = , 3R BH S P R 25678 37 i R
o HHFE 6 nI %0, 535 3K OEHE 1000 AT 3E 2K 47
EVELFNAT 3, ARG 25 678 IR S BN R 5
ORGP

#6 AEAMN@MRRERBEN T

Table 6 Analysis of membership function value of different watermelon varieties

e N IH- % o 5 ey | ' e 5 24Ty
powh wama MM UE O TECR e omm opm R TRE
A ES T I ¢ G GEOaE gE or o TE SR g
. Ascorbic  Folic Propanol- Malic  Citric BRIIKIER
Variety f-Carotene  Lycopene . . L Glucose Fructose Sucrose . . Rank
acid acid diacid acid acid D-value
content content content content  content
content content content content  content
w3 2K 0.992 2 0.303 9 1.0000 0.7147 1.000 0 0.0000 0.0000 0.7322 0.2120 0.1818  0.5281 3
Jingmei 2K
n3E 3K 1.000 0 0.968 1 0.7145 1.0000  0.0000 0.4079 0.7560  0.3580 0.0000 0.0000  0.5652 1
Jingmei 3K
JHE 1000 0.984 3 1.000 0 04533 05573  0.3041 0.4093 0.2765 0.8150 0.1757 0.3295  0.5365 2
Guanghui
1000
WE1S 09233 0.0050 05748 0.6462 02399 0.1628 03436 0.5432 0.6204 0.4659 0.4306 5
Jingcai 1
WE3S 0.286 6 0.006 0 04620 0.0575 02846 02867 0.4411 1.0000 1.0000 0.2841  0.4294 6
Jingcai 3
R 25 0.023 8 0.000 3 0.1636 0.0395 03950 0.6994 0.8577 0.0000 0.5209 1.0000 0.3805 10
Xuancai 2
JZHR 65 0.000 0 0.000 0 02230 0.0974 03717 1.0000 0.7723 0.1830 0.4131 0.4545  0.3906 9
Xuancai 6
HHERAL 0.044 5 0.003 0 04593 0.0202 02521 07626 0.8465 0.4451 09021 0.5568  0.4498 4
Zhongmei
Caihong
FL 8 0.0399 0.005 4 02809 0.0255 0.1148 0.5550 09455 04535 09429 0.3068  0.4175 7
Caihong 8
LAY 0.309 9 0.303 9 0.0000 0.0000  0.0975 0.5664 1.0000 0.2286 0.3428 0.5114  0.4086 8
Niuxiaocai

3 W54

Bt 2 78 T b e e o s 22 REAG T TR R S TH
e X R R ANE R TR A e . AW RS
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