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FHE: NIPINIEMRZE(Brassica oleracea var. botrytis)[FE S5 i, ME T 6 ASMAIEERT 10 TUE F=i8hr, 1BH E S 5T Al
RO I XA S ST AT 256 VAN o E5 R T, 6 AR 9 10 T0L: B4R bR A7 AEAS R R BE 1 22 57, A8 S A 12.22% ~
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Nutrient Analysis and Evaluation of Six Cauliflower Varieties

CHEN Mindong', WANG Bin!, LI Yongping', YE Xinru!, LIN Jinhui?>, ZENG Meijuan!,
LIU Jiangting!, ZHU Haisheng!", WEN Qingfang'”
(1. Fujian Key Laboratory of Vegetable Genetics and Breeding, Crops Research Institute, Fujian Academy of Agricultural Science, Fuzhou 35001, China; 2.

Zhangzhou Agricultural and Rural Bureau, Zhangzhou 363000, Fujian, China)

Abstract: In order to evaluate the nutritional quality of cauliflower (Brassica oleracea var. botrytis), ten
nutritional indexes in six varieties of cauliflower were determined, and the quality of cauliflower was compre-
hensively evaluated by principal component analysis and cluster analysis. The results showed that there were
differences in ten quality indexes among six varieties, the variation coefficient ranged from 12.22% to 131.21%.
The correlation analysis showed that there were significant correlations among vitamin C (Vc¢), total flavonoids,
total polyphenols, Fe, Ca, P and protein. Six cauliflower varieties were divided into four categories by cluster
analysis, i.e., three yellow cauliflower varieties ‘209°, ‘100’ and ‘217 were each 1 class, and white cauliflower
varieties ‘210, ‘214’ and ‘218’ were into one class. Three principal components for comprehensive evaluation
were extracted by principal component analysis, and six nutritional evaluation indexes were obtained, such as
contents of Vc, total flavonoids, total polyphenols, Fe, Ca and P. Cauliflower ‘209’ had the highest nutritional
quality by evaluation function model: F=0.55917,+0.21892,+0.1669Z3. So, these would provide a scientific
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basis for excavating and breeding excellent cauliflower varieties.

Key words: Brassica oleracea var. botrytis; Nutrient composition; Correlation analysis; Cluster analysis;

Principal component analysis; Quality evaluation

1EMF 32 (Brassica oleracea var. botrytis) N 41t
2. KAk, N THTFAERN Cruciferae) =2 B EY) . i
R, REAERESE A K I ad, 2019 4 EMpE
AL 5.47%10° hm?, J7EIL 1.07x107 t, J& T
FEhitl. MSEEFRFE, HAREIIRE. 2T
R, TR E SR, 2M. R MR gEE
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i, TR, MIESRIE RIS B T R4
S, AHEAESE SRR AV E 7R B0 B B AR AR AR
RAOAERB G O OISR S
FIETEACHES, RACHr— M, 19 el bt
ME S GIE, B TR N s E &SN, B E .
AR, OIS 77 8o 5 A BAERR
S, R SR OI 7L AR B R I BRI S Ve
SEHE MR LSRR S B RS T AEE. Ik
MELF. BIR, TP BE ] AR TERRSE 08 77 )
OARZMIE, AR REEN, FRitE—F
B 5 b o PR AR (R R 9 2R

SR 2R3 M A0 32 B g o3 A o SR i B AN I AT
) E BT B8 sy i v DA 2 AN Fa b i Ak
NOBIUALRETRIR, 04T AR AR )8 TR 4847,
BRI M R W B AN [F) R it 4% HAE ot B ) SR AR
FERAT 42RO B, ERIRE B, PR
TEZ N T KRG SRS R 2R & R
FRIBIEFEH, AR TR 5T 5 0 A 7 TR AR I TR 8
AU 5 i RAE MR T 32 Loy 7 B AR 2R 4 M o
W1 8 MEMBER BT BT R &, ikt Cas
S. B. Mn. Na Al Cr Je&R Al AT FERREAERR
B IR R PR e R . BHBAAESIR A 2 gy

SMIREA T TR 48 BRAZ L1 5 AR, A
NATY R O-CFEH . RS Z LI FIAT 2 % -
3-O-FI B FERE M) SAFRAR R AR,
HEMAEREE B B ACERA SRR v Re 5 R R4 & UR AR
ZYMHHK . AT, BRI TT . T
WAERE i B — R AT 771k SR B A, BRAfde
B2 Ak, A WIAR SR BRI S A A 4 M4k
E. AHFFTLL 6 MR A, SEETEI AR, Xt
Bk Ve SR, BZE. BB, |OAB. T
. p-iHE MZ. Fe. Ca Al P %5 10 & F-fahndt AT
WisE, FERFART TR T R %5
TR T SR AV, WA [R) T )l o 22
S, NVEHE Bk B AR RAERISE SRR AR

1 MRLRN 71

1.1 FARHRER

BT 2021 4F 3—4 AR A R RFEBEAE
VIR FURTIEAT o BB E T R R SRR A R
nNEBRE, 6 NMERBSE(Brassica oleracea var. botrytis)
m PR EITEER . BB AN B AN (R 1), 9 A
FEEEME ., 10 A FEE T8RO, #M
AIGE . E 2 H HEERE R AHIEER, A
SHER, 3IREER.

MR p-HHE P& TIR. 7 T ShndE i,
A =98%, MTEE Sigma A LN, FEEHN
kA, 2,6- S EEIAR . ARARED . TR Ay
HIRER . EEAEN. OB TREREN. To/KBEFRENSE
VIR, TR G L UL SEIR 28 A F

B RO AR B4, T3 [E WATERS A
T 75 RAE T E IKA A A & 2 md i 7k 50
BT 2 E Thermo A F]; KAMEIEEETHE T E
HWRERFAGAIR AT ERAE T REAR K,
ARERB AR AF] s BURE R KB A T i —
THRH AR A A .

1.2
Ve &2 GB 5009.86—2016 (&M HHiR
LR FI 5 ) A 2,6- S EEmy i e ik g Beli&
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Table 1 Six cauliflower varieties tested

fhfh Variety 1EERZi . Curd color

EAEFI Pedicel color TEERIAE Curd tightness

209 4% Golden &M Light green FAEL Loose

100 A Creamy yellow k&t Light green 5L Tightness

217 4 F 8 Light golden 4kt Light green FA®L Loose

214 Mt White 4kt Light green R Half loose

218 A5 White ¥R EE( Light green £S5 Tightness

210 H White FIf2 White SEFAEL Half loose
B2 GB 5009.6—2016 CEAHAENIMNEY h ATHRMEDH . B L D 7.

B RKMBEENE;, EARSTES T GB
5009.5—2016 (&P EAFFNEY ME; P EH=

Z: [ GB 5009.87—2016 € £ & Bk (K1 %€ ) M %€ ; Ca
HEZM GB 5009.92—2016 (& 5 RS KM 5E ) ; Fe
L85 GB 5009.90—2016 (&M emmE) &

— IR IAR TR O REE e s SRS B S R
WEEUSIR IR E, AP T (RE)MbrE Rl 22, FE
AN e EETHIE 510 nm &b E W6 L, B mg/100 g
Fon: MEBE&ES R R EE 7 EN E,
DA BT RMbRiE R, FEE A3 6B THTE 765 nm
AEEROEE, LA mg/100 g Fom: MR p-i %
MRS ESREBEESY SN e, HHEE A
WEEQ2 © 1) NIREEM, SR UPLC e M 3 3 A
B NEREE.

1.3 HiEibE
BT A 04 H P Y E + b5 4E e 22 (Mean+SD) 3
~Ne KH Excel @ ##E, H SPSS 18.0 it

R 26 MEMSEIMFE TR T

Table 2 Nutrient contents of six cauliflower varieties

2 SR

2.1 EEEFRSTEMT

M2 T, ASFEIAERBE A RIEER (178 F7 Ay
FEAFEESR . Ve FEKIKN209>210">217">
214>218>100"; 3 B & E N 209°>217>
214°>210°>218>°100"; & £ Wy & &4 209>
214°>218>217°>210°>°100"; Jifli & & H209°>
100°>214°>210°>218">217"; F i & 7209 >
214°>218>210°>100">217"; Fe & & N209°>
217°>210°>214’>218°>°100"; Ca & &H209°>
210°>217°>218°>214’>100"; P & & 4209°>
©214°>210°>218>217°>°100°. HHHEM p-HH %
b B ALTE B LRSS (209, <100, 217) ks
H, MRS EN100°>209>217, B-H1H Mk
HE209>100">217" A BIEMPSE i (214°.
218 F1°2107) AR H 6

# ?? i Variety —
Nutrient 209° 100 217 214 218 210°

V¢ (mg/100 g) 112.12+6.26a 69.40+5.89¢ 86.63+£6.32b 85.91+6.59b 70.05+5.05¢ 94.34+6.85b 18.53
S (mg/100 g) 160.12+5.49a  100.56+5.20b  150.33+6.29ab 140.04+5.33ab 101.52+4.15b  141.20+5.28ab 19.10
Total flavonoid
HEZWH (mg/100 g) 360.10+8.28a  120.33+7.14c  210.50+7.27b  230.20+7.29b  220.07+6.25b  190.06+6.26b 35.28
Total polyphenol
JIEW; Fatty (g/100 g) 0.41+0.05a 0.40+0.07a 0.21+0.08b 0.32+0.05ab 0.31+0.07ab 0.30+0.08ab 22.59
HH Protein (g/100g) 1.88+0.29a 1.43+0.15ab 1.35+0.33b 1.82+0.20ab 1.72+0.38ab 1.56+0.29ab 13.18
34 % Lutein (ug/g) 0.76+0.11b 1.57+0.29a 0.75+0.19b - - - 123.94
B-iA% NE p-Carotene (ug/g) 79.29+5.37a 39.69+£3.20b  25.91+2.88¢ - - - 131.41
Fe (mg/100 g) 0.89+0.12a 0.53+0.09¢ 0.80+0.12ab 0.70+0.10bc 0.61+0.09¢ 0.71+0.10bc 18.22
Ca (mg/100 g) 22.08+1.86a 13.33+1.04c 18.47+820bc  16.62+1.13bc  17.64+1.27bc  21.44+1.56a 17.68
P (mg/100g) 52.42+1.40a 37.41£1.55¢ 40.64+1.40bc  49.21+1.05ab  44.42+1.50bc  44.53+1.06bc 12.22

CV: A5 R FATHIE 5 A F 7 B R 2 7 W3 (P<0.05).

CV: Variation coefficient; Different letters after peer data indicate significant differences at 0.05 level.
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[FIIE, -HAEE N2 A3 3 & BAEA R SRR
A RFREERCR, 75N 131.41%F0 123.94%, P /),
N 12.22%. F7 A HTERH, 6 MERRSEMFE T V.
MZW . Fe. Ca. P\ MHEM B-AY b EEED
KEEER, 2090 HZER Ve, REmA -3
NS ERE(P<0.05), 2092171683t Fe
B F(P<0.05), 2091210 fEF=EH Ca & &
B E(P<0.05), 209° M 214 32T P& B/
(P<0.05), ‘100 fEHE=E 38 3 & & & =1 (P<0.05),
Vi EHIX 7 TUE FRARARTEAS FIAE AR Sl A7 7 15
fEAR

3 LIRS 10 AN EFRIRARIE AR SE R AL

Table 3 Correlation coefficients among ten nutrient indexes of cauliflower

2.2 FRMEST

XPAERE=E A 10 FE FR4BAREEAT AH M0 (R
3), 4 R, 10 FE FRABPRIAAEAE R 2 ORI, 3
Ve, ETEEE. B 2. Fe. Ca. P AR [EIAH
KIEEBIE . Ve 5T, Fey Ca EEEIEAHT
SIS Fe SARE EAHR, BZMHY5 Fe. P 2R
FIEMR; EARYE P SRR E EAHG: Ui
Sy b n] AR5 A AR FR G oSS, HAHIME
ARy, R IR, AT EAE SRR i R
ERRI 2 NMEFRIBRR ISR H VRN, s
ZANEFTRAR Z AINTERC RIE T A 2 051 04

£zt Ve ST ‘ ISEAL) L EEI}ﬁ ﬂl'éﬁ% BT MR . Ca P
Index Total flavonoid ~ Total polyphenol Fatty Protein Lutein p-Carotene

Ve 1.000

JHEEH Total flavonoid 0.904" 1.000

K%MW) Total polyphenol 0.806 0.677 1.000

I Fatty 0.159 -0.204 0.217 1.000

BAR Protein 0.445 0.234 0.735 0.481 1.000

H# % Lutein -0.137 -0.188 -0.253 0411  -0.475 1.000

p-i1% NE& p-Carotene 0.539 0.353 0.534 0.578 0.150 0.670 1.000

Fe 0.907" 0.943* 0.838" —0.148 0.325 -0.166 0.487 1.000

Ca 0.845° 0.738 0.722 -0.111 0.373 —0.457 0.219 0.804  1.000

P 0.737 0.600 0.886" 0.280 0.915*  —0.508 0.239 0.659  0.643  1.000

*: P<0.05; **: P<0.01

2.3 ERA AT

IS R AR B R R . T7 2
TUHRE . BRI Z Tk R R B AR . 451
K, 13 A FERS FIRHEE 5 38 5.59. 2.19 Al
1.67, HIRF 1, HA s 1 Wl EZ5Tmk RN
55.91%, % 2 WA HIN 21.89%, B 3 ERFHIN
16.69%, RITTZTTRRE N 94.48%, WX 3 M FE
B I T IR B A E B BRI, $REL
AT 3 AN E R A IR 10 NMRFRIFNAERR S i i, 1
BT BRI E T

S 28 A B OB T 5 AR AR 3 A 1Y
MR AVEF 7R . R 4 AL 51 ER
B HAE A IE R E TR 48R A Ve (0.94), 23K
fii(0.84). A Z(0.94). Fe (0.91). Ca (0.85)F1 P
(0.89), 1X 5 MNMEFRNTEE 1 T e AR K IE 15
M, [RIBEEE 1 F R Ve BER. B2 M. Fe.
Ca flP &&. 52 R h 8T A5 AR
IR T (0.87)F1 B-HHEY | 2£(0.85), X 2

ANFEFRAT SR 2 E R AR IE I, R
2 BRI R B-IAE PREE. 53 W
a3 W B A B BB O IF 18 3R R AR & B AR
(0.74), iX 1 NMEFRATEE 3 F 7 AR K I IE A5
ma, [REE 3 FMREEARSE. HTH 1 E
B B Bt TR R N 55.91%, HE B STk R —
A, HBEIAH, Ve. BN, S 2. Fe. Cafll P
ATVE VAT TR AL ER it o 1Y) B B R A

2.4 LAY

TR 10 FE FRFE bR A [F] 2 A0 A= N 53
Pres R sem, (F8EE BA e, 72X R G4k
PEHATPRUEALAL R . SR Z PRiEAL AL B, KRR
FRERPR BB E AL RIS E R 0, FRUEZEN 1 RN
B o FH AR AR AR B 1) 3 B A3 AT (3R 4) Bk DA oy
AN SLRHEAE PO A, 1931 4 A3 s h B
PRI LI R B BIARRAE [ 5, DARRFAIE ) S AN A 7
3ANFE R R HR A A Z1=0.169X,+0.150X,+
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Table 4 Principal component loading matrix

HFR4EFF Nutrient index

FE R4 1 Principal component 1

4> 2 Principal component 2

FE 4> 3 Principal component 3

Ve

S35 Total flavonoids
S Z W Total polyphenols
JIgW; Fatty

H R Protein

H3E#E Lutein

B-#% N Z p-Carotene
Fe

Ca

P

0.94
0.84
0.94
0.14
0.66
—0.32
0.46
0.91
0.85
0.89

0.11
—-0.11
0.10
0.77
—0.01
0.87
0.85
—0.03
—0.25
—-0.09

-0.21
—0.45
0.13
0.56
0.74
-0.36
—0.20
-0.39
—0.19
0.42

0.169X3+0.026X4+0.118X5-0.057X6s+0.083.X7+
0.163X5+0.151X9+0.159X10; Z2=0.050X,—0.049.X>+
0.045X3+0.351X4—0.004X5+0.400X6+0.389.X7—
0.013X3—-0.116X9—-0.043X10; Z;=-0.127X1-0.270X>

& 510 MEFRRIRE S AR HELL

Table 5 Standardized data for 10 quality evaluation indexes

0.078X3+0.338X4+0.445X5-0.214X5—0.121.X7—
0.234X3-0.112X9+0.253X10; T, Xi~Xi0 705109
Ve, MIHEH. M2, BN . A, HEE. -
AR N B B BESEMPRHELEGE 5).

e il Variety
Index 209’ 100’ 217 214’ 218 210°
Ve 1.61 -1.06 0.01 -0.03 -1.02 0.50
S35 Total flavonoids 1.10 -1.26 0.71 0.31 -1.22 0.35
S Z 8 Total polyphenols 1.77 -1.30 —-0.15 0.11 —-0.02 -0.41
JgWi Fatty 1.16 1.02 -1.57 -0.07 -0.20 -0.34
HE AR Protein 1.18 -0.92 -1.29 0.90 0.44 -0.31
M35% Lutein 0.39 1.66 0.37 -0.81 -0.81 -0.81
p-tH% NE B-Carotene 1.74 0.49 0.06 -0.76 -0.76 -0.76
Fe 1.42 -1.37 0.72 —0.05 -0.75 0.03
Ca 1.18 -1.53 0.06 -0.51 —0.19 0.98
P 1.40 -1.35 -0.76 0.81 -0.06 -0.04

WBANX F=Yri<Z "WHELEE/R5, MUEDS 2.5 BRI

FE R R SR T ZE SRR OALE, RS A A
X N A B LR IMBCR FI1F B 25 5 15 00 47 B 15490
BN F=0.559171+0.21892>+0.1669Z;, MR ¥E 15,
6 MTEMBE B B 255 15 70 IR R 209°> 214>
210°>218°>217">100" (% 6).

& 6 TR A TR B T4 G A8 0 AR

BT 10 TUE FRIeFRAT 6 FIAEMP=E SRt 4T 58
KBl 1). fEERIRFEES L8 21 B, 10 Fig 7718
FRATRE 6 NERRSE SR 4 25, 3 AN TR
209’ 100°M1217° % N—3K, 3 MHEHER
210’ 2QNLF2EEN—HK. GiE T HrLs

Table 6 Comprehensive score and rank of cauliflower varieties based on principal component factors

fhf Variety Z Z, VA F HEFF Rank
209’ 1.658 1.123 0.150 1.198 1
‘100° -1.392 1.420 0.047 —0.460 6
217 -0.117 —-0.400 -1.763 —0.447 5
214’ 0.191 —0.634 0.847 0.109 2
218 —0.491 —0.649 1.027 —0.245 4
2107 0.151 -0.860 -0.307 —0.155 3
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B AEL, 3 A E ARSI E R EOR, 2097
F i, HOEFRA Ve, B2 Wy, B, &
FI5 . fEi . Fe. Cas P Al -3 M & &5 <1000
MR ARz, HM RS RS, H Ve, BZH. A
. Fe. Ca. P &&EAK; 217HIM K2, HIE
B AR (A B & A% 2107, 2147 F1218° FIHES &
W, EFREOTAEIE . L, RS R b
SER—8, AEEEE.

RREGHH 2 Euclidean distance
0 5 10 15 20 25
1 1

4 L L
214 J

218

2107

217

209°

“100°
B 1R ARG

Fig. 1 Dendrogram by cluster analysis

3 et

ARFFEME T AL 6 AT Fh i £ 25 728 0
TR, GRRY, WHEEES Ve, BIER, 225
LEYEED R . REHW Ve HE— KA 20~
50 mg/100 go #H IREENIE T 226 FlER=EH Ve
T, WA 22 MEEN Ve &5 T 50 mg/100 g,
1M =T 100 mg/100 g (1R A 3 Fie HH1 6 LR
SR Ve S E#EE T 50 mg/100 g, HA209°
TEMPZEI Ve S B EE 112 mg/100 go 7] W, fEHF3E
& Ve MIRRIF R  BREE SR E T 25 Fhd Wk
KRS Z AR SR, SRR RN
MEZMAL IS &K T 100 mg/100 g, ALK
6 MERBE P S Z S &N 120~264 mg/100 g,
I T Hr 21 B, S o 102~ 160 mg/100 g,
M T H 23 M. SERER A, A
S FRAR B, AR RIS T o e S B R R 22 1y
SEEEH 2~3 %, BIMHEHEERRALIE,
Ah, FEFEOAERRSE SR 2007 . 10071217 3046 H
SRR p-tHE MRy, H S P REE S

BRI 2 5 IEAR O, X5 R NP2 7 45 1 —
H, HEW p-TARY bR RES 5IERIR R AR R E
e, RINEZ, EVEEY R IEsEE
Fr B ) B EARbR, ERESE TR Ve SR, &
ZI RIS N R AW T T R AR

6 MERBSE A B E TR B BARE —E 2
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