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Abstract ; Plants from the genus Lilium are a rich source of chemical diversity. Currently edible Liliaceae concentrated on tra-
ditional varieties such as L. Davidii var. Willmottiae , L. Brownie var. viridulum and L. lancifolium ,which are deteriorating be-
cause of succession.cropping obstacle. Therefore, it’ s considerable to select new dual-purpose type varieties. This paper not
only studied the nutritive components , active substances and amino acid composition of 12 varieties,but also made a compre-
hensive evaluation on nutritional quality of lilies with factor analysis. The results demonstrated that the variation coefficient of
polyphenols and.alkaloids-of 12 Lilium species were large , while the variation coefficient of dietary fiber,amino acid and other
indicators were relatively small. The contributing rate of cumulative sums of 4 common factors was 90.229% ,and the key fac-
tors affecting nutrient quality evaluation were functional substances factors, nutrient quality cofactors and carbohydrate factors.
According-to-the comprehensive evaluation, L. regale, L. leucanthum and The Longiflorum x Asiatic hybrids ‘ Serrada’ had
the highest nutritional quality score,and the traditional edible lilies L. brownie var. viridulum and L. Davidii var. willmotiiae
(pinglu) also had good nutritional quality. Based on nutrient composition, active material and amino acid composition, this
study systematically evaluated 12 Lilium species bulbs to provide a reference for screening new dual-purpose type varieties
and enriching the evaluation system of lilies nutrient quality.

Key words : genus Lilium ;basic nutritive components ; active substances ;amino acids ; comprehensive evaluation

W H 1:2018-05-29 757 1 11.2018-12-18 HAJE (Lilium) ALY 50 A0 T b 2 BRIE 7 H X

He4mi A sCTRHZE S (Z161100000916004 ) ;b 5T o2 (Z5110 ~115 M Fh) R ERZ TS EMEY 6 FE 5y

BT AF3E42 (201619) ; [E 5K H AR 42 (31601781 ) 4k 5T ey = ;
m;ﬂkﬂzlﬁﬁ(z)ommm) N g AKX (24T 55 AR BRI R A A s

* W {E/EH E-mail : jianwur@ 163. com



Vol. 31 BB 12 B R TR FIE R A 8 2 B4 293

R JRE 550 ) RETTE A AT R, AU iR
I BRI AR Iy ) DR £ i, 0 LB RAF R 25
Wi, AERKEDATHEREMES e E
] PR AR , 2GR0 TR P Bt T B ke
AN BERHE I R M . HRE AR
T2 A (25 B 5 R W, B 5 T8 18 4 AE )
A o BA B R o B A H A SRR
X G HEACE IR NS TR ) 5T RN 28 R R A B ) F
S ELED T 2N A G (L. daviditvar. willmotii-
ae) 3P (L. lancifolium) F1 g F B & (L. brownie
var. viridulum )" o 25 = SR 2N AL

P B F H A (L brownie var. viridulum ) FlJI| 5 &
(L. davidii) 30 R AN 25 208 & i, R B E &
YRR, B AR, WY IR E A
g X R JEil R T AEA R CORGr  2 W  E
FUE AT () B i 25 8 T 22N A B, 1 AT P Rk
RS E2MNAGE S TIRILA G, B2, 1545

BHAGMERARRL, SO & T B, [ A KA
PR M KBRS T E G- R L, % F
TR AR A E A W AT
TR T 12 A G/ b Fi s 25 %) 32 208 55 0 T, B
s B AL G E IR M O, BTN
TREHTR B B A A LM A E IR
A RIS AR

1 #HR5F*

1.1 #E5iKFH

HEARE R 12 4 A B S Tl 0 s =s | B
A G 2R AR e, JSURBE BRI R, i
100 Hifi 5 H o EZR b angel s,

A ihEE (60 ~90.°C ) NaOH  JC/K £ 15 545 . 1E
TEE AR AR A S iR, &
oA k2l , A R A RAE 8 R AE S
E R ER TG

®1 kM 2 N EEMHERMER

Introduction of 12 Lilium' species or cultivars

Table 1
/ =]
7 Sy
Number P -
or cultivars
1 g e A =MEE (M)
Traditional edible Lilium species L. davidii var: willmottiae
2 fRG g Al Y& N
Traditional edible Lilium species L. .brownie var. viridulum
3 G R 2N & (PR
Traditional edible Lilium species L. davidii var. willmottiae
4 PR HEEE
Wild Lilium species L. leucanthum Baker
5 WP AR IR A
Wild Lilium species L. regale Wilson
6 HFAE AP RAEES

Wild Lilium species

L. leichtlinii var. maximowiczii

b il ity Fif
Number Species or cultivars
7 it 5
Cultivars Asiatic hybrids * Tresor’
8 i HENR
Cultivars Longiflorum x Asiatic hybrids ‘ Dazzle’
9 b SERl
Cultivars Longiflorum x Asiatic hybrids ‘ Bright Diamond’
10 /i FERLIK
Cultivars Longiflorum x Asiatic hybrids ‘Serrada’
11 fFh TR
Cultivars Longiflorum x Asiatic hybrids ‘ Fangio’
12 e
Cultivars Longiflorum x Asiatic hybrids ‘ Pink palace’

1.2 WMEFHZE

AL P TR 5 B 2 BE(GB 5009. 72016 £ 5
B4 E AR MERTT I8 ORI 5 ) s KAy B S
HECGB 5009. 32016 £ 42 4 E FAREE K 5
(A5 ) 5 U By P 1 2 R GB 152032014 £ & 4
I 5% b Y UE A B ) 5 BB & 2 ] GB 5000. 5-
2016 B fil &2 A 1R b v 2 i v 2 BT AR ) 5 e
LY 5 1 GB 5009. 88-2014 ( £ b2 4 [H 4
PRfEE ST REE LAY . B2 S ES RE
Bh- B AR A I G R R T A 2 A
B R BT i (mg/g) KR Bl i & & 2 I
NaNO,-AICL, ¥:" I , 45 J LU v 1 4 i 22 vh 3

ARPT B (mg/ g) Fon; B H & RS RER
RE-DK SRR A s T SR LA 5 A B 25 v B 1
EHURA B (mg/g) R 5 A= W B2 IR T 1y
SR 4 5 LA T A 25 A K
KA B (mg/g) FR7m o R LR & B 00l E 2
ROKAE" o SIS PRI B =K
1.3 HiRgIt o
K H SPSS18. 0 K1 5 L HEZETH AR 3 1k
FoHre T A A IUE IR (B bR A AR 22
S, AR SCEET T i ) AR RIS AR B A O
PER/INEF BN 04, (AR 4 PN A 46 B 2 TR AH G 1
B, ANV 2 A AL B 2 AL AR OGP AR, $R Hh S ma
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2., N FAE S EFRGEVFNE, Fi VA&
AN TRIME, Wi N AR AN T 87
ZETTHRA 0 928 P 195
2 HRE5HM
2.1 BAHEEFES REEMRS T

BOKAL G W A A b i R R E SR, AT
PERE JER S 0 S A IR B IE ARG, IR
E L AEALRE A 5 AR 18 A B, 1T EL REA 2B
O PRI S B 2 AT
A ARSI 12.52 ~36.80% , Hirp * JERIIA”
Ve SR B, BB A A S R R ] R IR )
BUEAIER 1.247 ~3.547% , 2 W & CFRED

R, SRR B AR LS AR R 3.
86 ~5.205 mg/g H N [A]H A Fh/ 5 B8] 22 5 45/
12 AN E AR S 220 B A CERE) 8 15 & B
1,55 33.9 mg/g, T R&AK, 4.3 mg/g.
HAPEFRR & BRSNS AR S R
BB, AR E ALY IS YE ) B PR R
B P T A SR Y L AR SR 4 R
B, 12 ASBE S PR VT A T R A B e bR g
Horp 2y | R A P iR A Ak #3677
3.997 0. 826 .13. 184 mg/g;“ ZEfiik’ LWy & i
ik, 77 0.560 mg/g; % M A A (BT ) B B AL
Bl B AR AT, 230 A 1. 563 'mg/g Fil 0. 369 mg/g.,
A AL Dl 0. 573 ~13. 184 mg/g, Hrp
CSCED B AL 2R R A YR R
B A b AT S L 2 A YA bR AR R R AR
Ko

T2 RABEMERMIEFRRSREEW RS
Table 2 The analysis results of 12 Lilium species or cultivars’ | chemical.composition and bioactive substances

/i wh Ko TERY AISPENE  REEEYE B 2 HET A BAF
Species or Water Starch  Soluble sugar Dietary fiber<  Protein Polyphenol Flavone Alkaloid Saponin
cultivars (%) (%) (%) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
2EIEA(CEH) 30.529C 29,62 F 1,857 L 5.205%B | 22, 3dDE () g74 abeABC q ggedeDEF g 4594 2.293:0A8
22N G A CFRE) 42.97™  32.41 ¢ 3 4570 4.960%" 33.9 ¢ 0,948 PeABCD ] 56304 0.369" 6.4961¢
Jzﬂ:g{j\ 21.72 abA 17. 401;[5 1. 807de-D 4,095 aA 19.4 dD 1.184 cdCD 1. 815]»(:(1[)}: 0. 700))(‘8(1 2.675 abAB
¢ SERIIR’ 29.004B¢ 36, goM T 10527%BCT “57105B  27.0 ¢ 0.560**  1.801™Y  0.656"F 1.91148
CSEER 30.91°C__ 30.62 ¥ 1.247% " 5,055 "B 23.3°E  0.608 ®*  1.652 “AB (, 759bedBC 0.573%
SRR 28.64°1C7 30,4 <FF 9 3)3¢EF 5.425¢ 27.5% 0.587 A 1.845P<dCPEF  (y gg3beB 1.2358
HER 27.42<¢ 20.17¢¢  1.673¢ 5 0p5b<E 32.0 ¢ 0.604*4 1.7638¢ 0,684 0.764%
HET R 23170 22.22P4 2.880 ¢ 5.8754¢ 4.3 %4 0.7432A8 1 gp7deEF (g 714bBC 1.401248
%g% 30. 35 deC 34.41 < 1. 460"” 5. 275?nﬂ 14. 6r(; 1.027 bedBCD 1.897 cdeDEF 0.763 + cdBC 2. 298“1"“;
IRITEA 21,42 13.66 ** 2.707"¢ 3.860°  7.200 AP 3.677 < 3.997 ¢ 0.8264¢ 13.184°F
THEHE 27.56¢ 12.52%4 2.413¢" 4,95 10.8 'B 3.404° 2.691 ¢ 0.782¢8¢ 10. 508
KAL#EFF 27.19<% 16.34 B 2.157™ 5.06"8 23.8 °FF 1.285 % 1.964 °F  0.706"8¢ 6.316%¢

Fr#Ez SD 5.61 8.6 0.66 0.54 9.51 1.08 0.67 4.12 0.13

J{H Mean 28.45 24.69 2.13 5.00 20.51 1.29 2.07 4.14 0.68

AR A CV (%) 19.7 34.8 30.9 10.8 46.4 83.5 32.3 99.5 19.6

TE NG FRIRAE P <0.05 K PR BEME 2R, REFHFRTE P <0.01 KPR REMESR .

Note ; Capital letter P < 0.05 ;lowercase letter P < 0.01.

2.2 BRHEIERBSIN
AEHEERMISTE LS REm. hk3 %

4 nl FER I 16 AhEERR, BB A A (TAA) &

i, 18 B 18, 578 me/g, FEHLIE A G A K, 15 F

11.882 mg/g, Hi AR Z LR (EAA) i HA

I T7.91% ~8.99 % , M EH A CFRE) &R,
UifgtE 2 R (MAA) 5 2 5L R S i 46. 11% ~
79.34 % , KA i fem , B/ R ) 22 N
2 ANH AR/ SR E IR A —E xR, A
R R TN R | 2 R FORS R A S R AU
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N PR R IR RO ME SR BB R 16 RMEERRT, 2 E AL R R R R )

5.494 ~7.791 mg/g; AR AAM HEARMMKL  JIAT 4 FEIER A B, B8 5 A4 3 F

R AT R, A I AE 0.893 ~2.808 me/g Al TIAA | FREILER O LR
£3 RATAHMBHEEBRARRASHH (my/s)

Table 3  The analysis results of 12 Lilium species or cultivars’ amino acids(mg/g)

i

/= " N e ey s AN e s o o s
MR exmmt mmmt HEM SEW  ZER AR AR WER  AER HERM
fu/ll/ivars Asp Glu Gly His Ser Ala Pro Tyr Val Leu

I 2Z2MEECEM) 0.8214 1.993" 0.499”  0.196“®  0.990" 1.033" 1.793F 0.245°¢ 0:412% 0.175"¢

2 22 E A OB 1.325% 2,551 0.585%  0.197°"  0.388"%C  1.969"  1.642"%  0.239¢  0.348%" 0:199%F
3hAFEA 1. 146¢ 1.577°  0.334%  0.141*%¢  0.407%¢  1.265°"  1.962"  0.164" 0.315°°F | 0. 163°PF
4 JERIIR’ 1.036° 1.002*  0.346%  0.114*  0.332%%  0.922%  0.948%  0:13478C 70.245% 0.107*

‘LR 1.112¢ 1.450¢  0.486" 0.184%Y  0.616" 1.028" 1.302¢ 0.195"  0.294%P (. 13748¢
6 FiR’ 1.300" 1.747%  0.574%  0.145*¢  0.669""  1.073®  1.5532 071170 0.286°"  0.110*"
7R 1.356° 1.943%  0.509"  0.207"%  0.629°  1.223¢  1.950% s 0.170% | 0.341%F  0.148P
8 rE M’ 2.297¢ 1.182° 0.639" 0.286"  0.740" 1.698% .71.824%¢  0.201H°  0.361" 0.221"
9 BrE 1.108°¢ 1.357¢  0.699¢  0.261%F  1.044"  0.893* 1.321¢  _0.242¢  0.278*¢  0.148
10 IRVTH & 1.472F 1.374%  0.340%  0.143%8¢  0.484¢  2.898" 1.780"  0.138%¢  0.32"%  0.164F
IHEAG 1.222"  2.558¢  0.385% 0.167**P  0.468°7 2.642° . 1.753"F  0.148°P 0.2794¢BP 0. 146"
12 RAEE ST 1.315"% 1.213%  0.269*  0.129%%  0.306" 1.314° 1.118%  0.127*%  0.267"%  0.150"
bR SD 0.360 0.512 0.137 0.048 0.242 0.675 0.333 0.057 0.048 0.034
{8 Mean 1.221 1.574 0.446 0.163 0,563 1.433 1.483 0.174 0.293 0.146

AR RELCV(%) 29.514 32.539 30.663 29. 600 43.023 47.085 22.451 32.769 16.402 23.380

F4 RABEEHNRMEERIERAS S (my/g)

Table 4 The analysis results of 12 Lilium species or cultivars’ amino acids( mg/g)

Fift/ i il N T " - raab i A A

Srocin B BER | REmRY EERT  FNERT Bam TAA M Eo
Species or o . o o
cultivars Cys Arg Ile Met Phe Lys

122NEA (2D 0.411° 6.501 . 0.1824 0.10048¢ 0.132" 0.417°¢ 15.900" 73.4474 8.918 V¥

2 =N EA PR 0.362"%¢ 6.4228 0.257" 0.218¢ 0.184’ 0.336" 17.222%  80.403" 8.954F
3RIFEE 0.33718¢ 6.408" 0.163* 0. 114%¢ 0.157' 0.269" 14.922¢  76.618" 7.914 ABC
4 FERIIK’ 0.326"% 5.654" 0.127* 0.069" 0.135° 0.384F 11.881%  81.433FF 8.981 A
50 5Ehk 0.33548¢  6.5445¢ 0.137*4 0.092% 0.085* 0.353" 14.345%¢  78.648" 7.619 AP
6" FIR] 0.325% 5.484% 0.144* 0.116"%¢ 0.130" 0.304¢ 14.077%  77.232%¢ 7.743 A
7 RIR 0.3685P  6.4588¢ 0.175% 0. 1128¢ 0.0978 0.415° 16.101° 76.318"° 8.000 P
8 I 0.3294F 5.537% 0.182*4 0.172% 0. 143" 0.314°¢ 16.216%  76.80%¢ 8.590 "
9 BrE 0.330% 7.601" 0.198*% 0.129¢ 0.099¢ 0.371F 15.540" 77.60° 6.081 B¢
10 IRVEH A 0.3545¢ 7.239P 0.139* 0. 151" 0.135° 0.344"F 17.475% 80. 641" 7.170 ¢
1HEEHEE 0.351%¢ 7.791F 0.139%4 0.195% 0.103" 0.231%4 18.578" 82.20F 5.883 B
12 RAEETY 0.373¢° 6.703¢ 0.139* 0.096*5¢ 0.109" 0.2718 13.749%  83.225" 6.415 *
¥R SD 0.026 0.748 0.037 0.045 0.029 0.059 1.840 3.033 1.107
HI{H Mean 0.325 6.084 0.155 0.124 0.118 0.313 14.450 72.941 7.183
AR ZHCV(% ) 7.853 12.290 23.725 36.275 24.691 18.756 12.732 4.158 15.414

T a TR B AR (E) ;b FoRAMEFEMR (M) s BEER B & B (T) s RE FRERRTE P <0.05 ACF P B MEE R

Note: a;essential amino-acid( E) ;b; Pharmacoamino acid( M) ; Total amino acid content(T) ;capital letter P < 0.05.
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2.3 BAEFRMBUEHREXES T Ky WEETR-Z W/ 3% 1E M OG; BEbr-2 /3
FARPE T4 R, 12 AN aF/ s o T i/ A A4 R -2 W/ sl B EE -2 5/
Fobn 2 6] 22 W3- R/ 8 L B M-S R R IR AR R AR TG
£S5 RABEMEGMEXESH

Table 5 Correlation analysis of 12 Lilium species or cultivars

mi SR AR TERY CIRES i E F HH Z B A=Wk B HHER
Indexs Starch Soluble sugar  Cellulose Protein Polyphenol Flavone Alkaloid Saponin Amino acid
CIRFER T
Soluble sugar 0266 !
LR
Cellulose 0-475 0.019 !
ﬁElEi‘ -0.163 0.163 -0.163 1
Protein
\
il 0.696" 0.34 0.595" 0.59 1
Polyphenol
G
R 0.6 0.286 0.5950  0.623D 0.904 ) 1
Flavone
ﬁi%ﬁ/ﬁ -0.468 -0.349 0.224 0.596V 0.425 0.491 1
Alkaloid
'["::I‘ﬁ‘ (1) (1) 2) (2)
. -0.607 0.532 -0.59 -0.403 0.932 0.831 0. 186 1
Saponin
L i
AR -0.507 0.563 0.215 0.411 0.648" 0.487 -0.030 0.601" 1
Amino acid

H: (1) RIRFE P <0.05 /KT MK, (2) FRLE P <0. 01 JKF REy i E MK, AHXEREOE M, 0 =0.05 Bf,r =0.576;a =0.01
i, r=0.708,
Note:(1): P < 0.05;(2):P < 0.01 Critical concentration of correlation coefficient,x =0.05,r =0.576 ;& =0.01,r =0.708.

2.4 BAEFRBRRMNERSHTSEETMR A 1 AR A O . Pl R AT 4 A 2 2
K12 AN AR AR TERS TR AT BUT TR 90. 229% KA AR T 9 MK
Ue T 2B R I SRR T ARAORHME B T 4 A ERUME NSRS
FERSI 5T, 2 6 ik T EMS IR RAT SRR AR A
6 HEEMERE

Table 6 Eigenvalue and contribution

E A (i o RIS
Componerif Eigenvalues ontribution Cumulative contribution
(%) (%)
1 4.866 54.071 54.071
2 1.706 18.954 73.025
3 1.046 11.623 84.648
4 0.502 5.581 90.229
5 0.382 4.245 94.474
6 0.246 2.735 97.209
7 0.145 1.607 98.816
8 0.095 1.055 99.872
9 0.012 0.128 100. 000

MR T L5 1 B S 20 HEAEH R WIBEADS, AR N AR E IR T 5 3 4 o
FBEIEMISG, SRER LT R TS, mIFRZ NS 3l T R e v B IEAH G, nTARER 3 (n]
DR 1556 2 B SEARSERENMR, 54 BIERREIERSE, B IEMS) 4 Elo (FEh
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IEASG) A A SR GWINT . WETT2E85% L LRGor (F) RHi44, a3k 8 Pos , WRVLH 5 5 57 i
éj\

ERyTTERR F AT 4 DR, O 2 B B IR B =TI | 1 AN A e s VR R RV
R E B A TR AR X 6A?‘ET$TE@I£E Taa HBAE, B Aaq. ZMa6
LR E IR TN E AR (R FERAEE ST

FEER G R BO TR A AR R i B E £ 89
F7 EEEHRENETFERE

Table 7 Factor matrix after rotation transform

RS AR 43 Principal component

Indexes 1 2 3 4
VEH Starch -0.377 0.314 -0.209 0.809
TR Soluble sugar 0.104 0.045 0.912 0.003
2P 4 E Cellulose -0.905 0.082 0.108 0.257
H H i Protein -0.092 -0.909 0.218 0.127
Z 1 Poly phenol 0.717 0.482 0373 0.258
FH R Flavone 0.735 0.567 0.256 0.094
J&H Saponin 0.764 0.265 0.513 0.133
H 48 Alkaloid 0. 195 0.766 0.436 0.316
R FEAR Amino acid 0.199 0.198 0.753 -0.390

®8 LRABEEMEMRMERERTFEI RIS

Table 8 The comprehensive factor scorés ‘and rankings of 12 Lilium species or cultivars

Tift/ i ol

Species or cultivars FACI FAG2 FAC3 FAC4 F Al
2ZINEA (M) 0.29084 0.6152 0.37648 0.5084 0.22 8
= MG CFRE) 0.17567 -1.93995 1.96203 0.75397 0.00 5

TF T E 0.5612 0. 60766 0.9433 -1.31777 0.01 4
CFERILL’ 0.30371 0.20163 -1.20383 1.75849 0.09 3
CERgl 0:31426 0.07622 -1.23252 0.10682 0.33 9
SR 20.53353 0.13632 0. 16528 0.58498 0.34 10
R 05004 0.93331 0.52578 -1.55847 0.66 11
R -1. 89296 1.47074 1.08012 0.14527 20.70 12
hER 0.45917 0.9507 0.54365 0.90544 0.09 7
IR A& 2.4227 1.19485 0.56179 0.18957 1.79 1
HEHH 0. 40648 0.99657 0.97579 -1.1049 0.51 2
KAEET} 0.12141 0.25502 0.34184 0.68127 0.07 6
3 it HWEHEA G, & Bl BORP2S ful st HH

&

A E & REBKAEY BN 2GBTS WYL &R & R AR
AR 12 AR/ AR R R BE Y | ER A S HERE RS A R AR SRR
UZ W5 WP R B A S AR S AR FHmTHA A G HATEA ST SR YT A v S
KOECE Y FIEREIEbR B2 R RN, AP BB AMP B WERES VA IR
R N2 A AR GRS IRV A R, B E MR, A BRI
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