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Abstract

Endive (Cichorium endivia L.) has high nutritional value. It contains sesquiterpene
lactones incliding lactucin, 8-deoxylactucin, and lactucopicrin. Endive has been widely
cultivated in Western Europe, but is not common in Taiwan. Under long day, endive
switches to reproductive growth with reduced yield. The quality also differs in different
seasons. This research aimed on the suitable environmental conditions for producing
safe endive with good quality all year round using ‘Green Curled Ruffec’ as materials.
Day/night temperatures 25°C/25°C and electrical conductivity 1.2 dS'm™ in Yamazaki
nutrient solution for lettuce were suitable for hydroponically grown endive ‘Green
Curled Ruffec’ seedlings. After transplanting, the yield of endive grown under 23°C/20
‘C and photoperiod 16 hr/8 hr was the highest. Because of the shorter cultivation period
in this experiment, endive maintained vegetative growth without bolting caused by long
day. The content of sesquiterpene lactones was higher at 20°C/17°C, but there was no
difference among photoperiod treatments. Endive showed high fresh weight and low
nitrate content in modified Yamazaki nutrient solution for lettuce with phosphorous 32
mg L, sulfur 32 mg-L™, magnesium 24 mg-L™, nitrogen 135 mg L, nitrogen-form
ratio 25:75, or electrical conductivity 1.2 dS-m™, respectively. The contents of
sesquiterpene lactones in endive were increased in modified Yamazaki nutrient solution
for lettuce with phosphorous 8 mg-L™, sulfur 32 mg-L™ or magnesium 24 mg'L™,
respectively. Among 4 seasons, spring was suitable for endive growth of 28 days in the
Plastic/screen house in Taipei. The contents of free 8-deoxylactucin and total
sesquiterpene lactones were increased if the cultivation extended to 56 days in spring.
Endive grown in summer switched to reproductive growth, and the contents of free
8-deoxylactucin and total sesquiterpene lactones were also increased. The content of
total sesquiterpene lactones was affected by free lactucopicrin in vegetative-growing

endive.
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e A EY P ¥ L sk o 2 45 2§ FAE 9 (glucoside) i £ o 2t
PR 0 B OEd ~ A {eip $48 T % #4(Price et al., 1990; Merfort, 2002; Van
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& v * (Merfort, 2002; Rodriguez etal., 1976) - 5 B¢ 1 & A L P figsf 7 L & B
% (lactucin) ~ %t ¥ . § £ % (8-deoxylactucin) 2 @ § £ = % (lactucopicrin) » §_H =vk

3 & Kk (Price etal., 1990; Van Beek et al., 1990) -

(5) BERN L E SR

BERENAAEL & A hE & 5 5k < 194 E O A(germacrene A) - rd iz LA

A

& mipk (farnesyl pyrophosphate, FPP)s5 + 12 4 3% A £ = f#(germacrene A synthase,
GAS) LI #F4 & + A 38 EH A G5 1~ ok R RO (e A3 F AR i
(guaianolides) (Bouwmeester et al., 2002; Kraker et al., 1998) os)ﬁ}fg] Aphfa e BT EY B
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ErRABL R sE S 338 ug‘g'1 dw. > ¥ B & 618 ug.g-l dw, > R 5
shenE P 7R 4 # (Seo etal, 20090) o F BB 151549
MBELEPmAE, EL KSR 2 7 2% K(Reesand Harborne, 1985) - & 7%

Frthind LiBARE F R ED G OTie o

=) &% 4

2L S B % % 2 A (electrical conductivity, EC) 0.8 dS'm™ ~ zzik & 16
mog Lt mER 16mg Lt 2 4R 12mg Lt A A AE A R TEHRE S FER
RiERZ kR THE% - MEC05-10-20% 3.0dSmM e AA R T EA SR
RE L% EC20dSM™ § S B hi s fidnlic £ ¥ 3 ~#E2
E%38 @ AECO5dSmM T R4 kBl FEE Wi LEESE - LEE
EH 2R FEN A2 £ (Seoetal, 20090) - ®FE4 T EER 8mgLt 4 A B
SR L RN fp 4 2 £ 2065 pgeplant™ > g5k R BT 48 mgrLt F B R AR L R
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Z2_ % X fE N fr#f 7 £ (Foster etal., 2006) -
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m 2006 & 7 BRI EIRTAER L o FIERP T LB iy FE Y

i
ARFRFRIERLE AR TR RmT G L AL R TERDTERA

St

5
A
il
(dm

2005 £ HERG VAL 2 M AR 2006 £ 0 A ERL R
N g %F 7 £ ¢h % 4% (Foster et al., 2011) - y* b » 2005 & £33 30 d wE L T V2 FE -

BLEMNAMZ EB >R E > Vi £.2005 & 4 £ 2 %% £ 335 mm > 2006

£ R g 583 mm ATER cPlIE Y JE A EIBRR MORE BL M7
£ (Fosteretal,201l) - (i B ~ kBifra FE BB FF ¢ 7 L PET E2 8
LN fnsp 7 £ (Foster et al., 2011; Seo et al., 2009a) -
(I) Exzani
FEA RSB ESEEBA Y ¥ £ B (Seoetal,2009a) > #-HFEY = f&

ARPBLFPAIREIELESFIOBALEFEFEAT LT EALES R

TEARM (r=-0.6726%) 224ER T I AR H(r=0.7420%) > @ % L F EE ol
FES 20 ESEoBAR A FApM 4 (Seoetal, 2009a) - EHRE S % 7 o
BV i £ 5l s ekt s A4 2 2 RRBELTFSF P & RRIEEE E-E R
M AR AP VR AR R AR R FRTF]F .



g
N

*E 7 L EE = E (curly endive) 4 % V-100 (Cichorium endivia L. var.

crispum ‘Green Curled Ruffec’) i skt » g R faw o7 >z T g

2t

(Endive)J T4 'r"‘;? s :\‘Z’f’ , ,r*ﬂ’;s_{ 7240 4

CHANG KUANG & 1#773] % M285207 5.4 £ 43 » &+ LED (Light Emiting
Doide)% % % 4 I FHL4N-EX/T T5/5000K %% & #6255 » & kfied 8 1 %% »
Ekss B 5 220 pmol-m™® s k¥ 44k 1 (LED) ~ 44k 2 (T5) #fon o

(=) BPFENMEP 13

Bz 3P 18- 282 3% 40L £33 (110cm x 50 cm

x 7cm) % E 7 HREE 25 cm 2 ¥ 3k 45 - kR 5 PHLIPS Essential TL5 28W/865 6500K

EE o F KT 6L EF M LER L 220 umolm? s

» k3 Bl 3 9 o
LSS E B S TSN R

Mzt FR¥

3
k3

RHRFFELSFREA BZEYAR T KT P AR
Kok é’ BAHE % 2 E2 R 1}5‘5%& w2 B 55(?_,”(7#”%’]: %o M {THREE 25 cm

2V RFREIBL R A

o

(43.2cm x 36.2cm x 154cm) > 7k 4

ENE

EEAFEB30min & Hip B a0 % 2E R 5 WH.(25cm x 2.5cm) >
AR LD IR AR 0 T R AR AA ALK 0.1 cm e R B E T 500 4
BHER2

(45cm x 35cm x 1lcm) > e x p kok T @F2em g A > £330 P
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[% g 25°C/25°C 2 £k 16hr/8hr2 LED F ¢ 2 & 45 ©

S PREERRRN AR P FEER L2 A5 HR 0 R L IR

N

BAVKIRIE o H D 96 IV A RA P o R R H M2 > 4~ A (electrical
conductivity, EC) 1.2 dS'm™ 2 L% X §F B k£ %% > £3230 p /%R 25°C/25°C » %
@9 16hr/Bhrz LEDEH 4+ £ 14 2 (M H 5V EHBERME) - PF L p kok2

200 B4 e AR MPFTER S 12dSm?

o HERE AT ERRR

1z 48P /7§ 20°C/20°C ~ 25°C/20°C & 25°C/25°C » & » LM X B EA R T
$7%02-04-06-08-10% 12dSm™ 435>+ 184 » B+ k¥ 16 hr /8
hrz LED % 3§ 2 £4 - #HB2l T HHO6HRBAL LN, GERFTv2HA
BERTEREL R LFE L 25C/5CiEF AT ER 02-20dSm?

W AT R E TR RETER -

I ~T7 xR RER

#-Z Wy et 24 L 600 ) 4k 2 (53 cm x 425 cm x 13 cm) > {7 $kiE
25cm > B TSR A K0 Aok o kP LI6hrBhrT™ » e fEp/e
B 17°C/14°C ~ 20°C/A7°C ~ 23°CI20°C 2 26°C/23°C 44 o L\ FE 4 e fe ™ >
T AP RFECL2dS Mt 2 pH55-6.00 7 2 £ 28 % > T EE T T k6 D

BA AR AHTE RS B AHE 2B TR B LN g E

AT A REY R

W2 T RAE 241600 A RN L B2 FHIE5 oMo Bt TE R 4 K
ok 24 0t p [Rig 28°C/20°CT o 2k 8hr/16hr ~ 12 hr /12 hr 2 16 hr /8
hr #8354 % % 5 L6 L F E &R 7 48 24 ECL2dS'm™ 2 pH55-6.0 -
TABLBA RN E T IR KA LS LFAE A Y E A A B AT E 28

10



TRz BE NS E o

SN T AR RER

Bz Fw R RS 1 330 p /R 20°C/20°C k4 16 hr /8 hr T -
dNFH AP AT R ELTE AL R NE RS > AFET LB AFEER S A
Ao LBAFEIR A FERE A EFELEFO(R]) 2T EREFREK T
28 X5 6HBRABAFENVELFHAILS > X AN P PR EER P2
[ERE SRR T L
(-) A 901352 180 mgL™
(=) A4t 1 0:100 ~ 25:75 ~ 50:50 £ 100:0
(Z) AR 816 & 32mgL™
(z) Frjk &k :8-~16£ 32mg-L”
(7) kR 16122 24mg'L™?

() 2#A :08-12-~16%20dSm?

N ERFEER
BAREFER-FT R ERANEF R LN FERRRED T S

#3FECL12dS'm™ 2 pH55-6.0> & % &2 § 4 T4 4 (5 5)  #45(%

E)V a6 (R E) 2 e T(F F) e TA 28 I SO AL K Ay

EILfrB LA RmEIE SV REF T8I 612 FEGE -

(=) %% 1+ 2014/03/03 #48 > 2014/03/24 %_4& > 2014/04/21 * 2014/05/19 #: 1<

(Z) T % @ 2014/06/03 446 » 2014/06/24 % {5 » 2014/07/22 4 fc

(2) # % @ 2014/09/08 # 76 » 2014/09/29 % 4& » 2014/10/27 #5 <

(2) # % 1+ 2013/11/04 $48 » 2013/11/25 % 4& » 2013/12/23 #

11



~A AR
(-) 2&a 4

BIBHRE S - R AEE R A ETE Sl B P MEE GE S g
T3 EP10g#E 2 5k 0 2 80C iz 120 hr 18 » feH jeh £ R 748 B

FEE K oH AR E BHE A £ x100% o

() ¥ %2204

$ * i3 :z p Lichtenthaler and Wellburn (1983) % Porra (2002) 2. % B4 477 % o
029 EE PR ABEAP o4~ 15mMLBO%F i R(T A =1:4)
TR AT T o R 8 Y AR = (20 hr 12 ) £ o2 4 Sk Sk A& 3+ (U-5100, Hitachi
High-Technologies Corp. Japan) B #_% B~;% ;& £ 663 nm~646 nm~652 nm % 470 nm
ZwkiE s FUTAONFEERF GRS EER > HP VL 80%p g iR
Z A (ML) > W P2 R #E(Q) -

(1) £%% a(mgg™) =[12.25 (Agss) — 2.55 (A g46)] x /1000 x 1/W
(2) £%% b(mg-g") =[20.31 (Aess) — 4.91 (A 663)] x V/1000 x 1/W
(3) @ ¥ % % (mg'g™) = Ass, x 1000/34.5 x /1000 x 1/W

4) s+ i 2 (mgg?)

=[1000 x Ay7o— 3.27(E % 2% ak &) — 104(E % % bk &)] /227 x /1000 x 1/W
2. 42 C

PO0lg#EE T B3 2mL g g poode > 0.9mL = =0k BT A
£ 12 10,000 rpm e 2 A48 o Be b i iR bk fiE A (MQuant™ Merck) - &
# 15 4 » 11 F S3% sk A& 2+ (RQflex10, Reflectoquant” Merck)ip] = a4 4 C k& o
3. BR

P~01g#EE T B 2mL g g poode > 0.9mL = =ooko T RS
£ 2 10,000 rpm o 2 A 4g oo BeF i%i.’i 2% B 3+ (Pocket Refractometer PAL-1,

12



ATAGO®)ipl T 43 &
4. #ps o

BOlg#EE Y B 2mL g R o4 0.9mL = ok S EERS
£ 12 10000 rpm #re 2 A 4 o Bk s iRA) L Bk S (MQuant™ Merck) o %

60 5 > 11 F B3k & 3+ (RQFlex10, Reflectoquant® Merck)ip| %l fis % ik &

P25 Eimz E 53 -40°C 4 ik 529 48 hr {14 32 5 % (sample homogenizer
SH-100, Kurabo) = # % » £ 1212 ¢ p Ferioli and D’Antuono (2012) % Price et al.

(1990) 2. = 2 FHE B % A5 2 & o

(1) B~05g# % &> 50mL 4§ p
(2) #c»~ 102 pg santonin (Sigma) ¥ 5 p &% =-(internal standard, IS)
(3) 4r » 15 mL [methanol/water 4/1 (v/v) + 2 % (v/v) formic acid]
4 @EETRILL-E FURIART 044
(5) 28,000 rpm . 10 4 45
(6) £A4FHH3 4 -5 LEP- =%
(7) Poh R E B d R L > 3 ABCT R R
(8) iz’ t4 12 2 mL methanol =B jc & 3 B4~
(@ 1 mL % 2% +7mLdichloromethane {p & & & X f P fa¥g}

MyImLEP et B RS B LN i

2. A2 B R LB XN fa ke

(9) # 8(b)ImL %P~ § # kit

(10) 4r » 5mL -k4= 50 mg cellulase from Aspergillus niger (Sigma)
(11) * 40°C ™ #4= 2 hr

(12) 2 5 mL ethyl acetate % B~ = =

13



(13) Brc fec fig F PR3t A5°C T R R T
(14) 2% t5 12 1 mL methanol ;28 j< & ¥ 54
(@) 1 mL ¥ 2% +7mLdichloromethane {p d +3% & & & L &P g}

3. FARHE B B LN Fadf

v )4 5 B~ 42(SI-1 Silica 500 mg / 3 mL, Strata® phenomenex). i i & i
Fadf 5P WAL A L 8T8

(15) 12 6 mL dichloromethane/i-propanol 1/1 (v/v) #* % & 41

(16) 2 6 mLdichloromethane T ff=¢ 41

(17) #- 8(a) ~ 14(a) 5B & W LHE

(18) r 6 mL dichloromethane/ethyl acetate 3/2 (v/v) 4% ¢

(19) Jc B SRR frikihin » 3t A5C T BRI

(20) 5z 14 2 1 mL methanol/water 1/1 (vIV) &2 Jc & ¥ B~ 4

(21) 2 R 351 538 g B (13 mm; 0.45 pm, Millipore) i g 1 & 3 B~

(22) #4550k 7 3+-20°C

~
-

LREP e v

vk 4p K47 B B F ¥ & (liquid chromatograph tandem mass spectrometer,
LC-MS-MS):& 7 & X jE p e #f 22 T & - g 4p K 7 &k 5= Thermo Finnigan
Surveyor- ¢ 5 B 3% ik % Thermo Finnigan LXQ> % 4p & 47 ¢ 4+ 5 Luna C18 (2) (3 pm,
150 x 2.0 mm, Phenomenex) o ;% 4p & +7 i 2 40 > 5 & 48 A% % 0.01% formic acid
in water; # #> 4p B ;4 ;% 0.01% formic acid in methanol-#- & % 0 min, 86% A; 20 min,
65% A; 30 min, 65% A; 45 min, 36% A; 50 min, 36% A; 52 min, 86% A; 60 min, 86%
A> it 0.2 mUmin s 2848 5 pl o % 4 UV-260 nm & 47 Bl:# 2 2 200 - 600 nm
Bojz sk o @ B RS i% i+ 4o > ESI source: source voltage 5.00 kV; sheath gas flow
rate 25.00 arb; aux gas flow rate 15.00 arb; capillary voltage 46.00 V / -35.00 V;
capillary temperature 300°C ; mass range 50-500 m/z » SRM mode: precursor ion 277",

2617, 4117, 455 and 247" -
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7k Xcalibur 2.2 SP1 g 88 4 47 - UV-260 nm A& 7 Bl 2 5 &8 &5 > & M p
o E L E E (santonin) zo % 4 s > 7 5 L F E Z (lactucin) ~ % F L/ B #

(8-deoxylactucin) 2 .l § £ = % (lactucopicrin) Z_& & 4% o

N
L iRBRESR ¥ B R D iE 83K 2 (completely randomized design, CRD) » 12 %2t dic
% CoStat 6.4 (CoHort software) 4 #7 & A J2 ¥ & | &g ¥ £ 2 |+ (least significant

difference, LSD) (P < 0.05) -

15



- B thF\ Ao &g 2. T

B A R 2L s # (santonin) 50 pg'mL™ »r UV-260 nm 2 R 17 Bl > FE T
HE 7R 5 36.9 min > 5L & £ 950,000 pAU (B 1) o d = E 5B L 41
P i #E UV-260 nm & 45 B3 7 £ 14.1 (x) ~ 16.5 (a) ~ 27.4 (b) ~ 28.7 (y) ~ 36.9 (IS) ~
423 (C)% 460 (z) min 7 P B E (B 2A) > @ p o f& B L PN fasg UV-260 nm &
17 B3R 3 16.5 (a) ~ 27.4 (b) ~ 36.9 (I1S)* 42.3 (c) min 2 5 (B 2 B) - #:E P 1%
v &4+ & 1L F 4% (lactucin) 276 ~ % % . § E % (8-deoxylactucin) 260 ~ . § E
+ % (lactucopicrin) 410 = p £ 3% 5.0 3¢ S (santonin) 246 > & <% # 3+ v F vt (/z)
277"~ 261" ~ 411" ~ 455°2 247"2 R 47 - £ ¢ 455 5 f 3 WA T o LEEE

% (lactucopicrin) 410 425 — B ¥ A 5 chd 3 B o {35 7R (mfz) 2777-261°

411" ~ 455 % 247%1 17 B3 4 w3t 16.6 ~ 27.5 425~ 425 % 37.0 min 1 3530 55 (5]
) FIFHWERIFe AUV BRIFZ L gL Aoy UV sl o
2 UV-260 nm & 17 Bl pF & $Fpee= & o

PN FEYP IR IR R EPEPIREESLEEZ DR SHERR
WR-Fachrl o w3 G Ap s Uk B0 FIRC - o JRd v
BATPEREAT I &4 2 UVIVIS s fe k3 Bl 0 /et 1 & e B > 2 2 4
AP & o 1k 1P 16.5 min (8] 4A)~27.4 min (Bl 5A)%2 42.3 min (Bl
6 A) UV/VIS w5 fz £ 3 Bl & Liig & (santonin) UV/VIS = jz £33 BI(R] 8 A) ¥ v f&
C & fre kB AR > 3Y gk & 243-258 nm F B SojglE > & 300 nm o bR
Bofek @k o @ KT 16.5min~ 27.4min 2 423 min 2 FH B L& 4 5 A

] % 277" (Bl 4B) 2617 (] 5B) 411" (F1 6 B) 2 455 (B 7A)™ ¥ £ it A 3

I

PL EE R RS F T (M) K 7 BlE - UVIVIS sojz kRl 2 B A R
3% UV-260 nm & 47 B 3% (%] 2) 16.5 (8)~27.4 (b) 2 42.3 (C) min 3 ELA % 5 L
(lactucin) ~ *¢ % L & % % (8-deoxylactucin) 2 .1, & £ == % (lactucopicrin) » @ = Jﬁ 2=

16



THFHMLEAS A5 213" (R4C)~243" (R 5C)~ 259" (M 6 C)2 408 (] 7
B) -

WRE BRI AR L REMA(R 2 A2 pd BB RN (R 2 B)
UV-260 nm & 47 B3 > 14.1 (x) ~ 28.7 (y) 2 46.0 (z) min 2 3 5L 5 e f= 8 /i {5
et L4 od UVIVISS T X3 B 7 mnz A it &4 &2 1L § £ % (lactucin)-
¥ L § E % (8-deoxylactucin) 2 L & E 55 4 (lactucopicrin)s £ 25 2 fe > 2t &
300 nm 2 ¥ i F ek (R 9A 10 A~ 11A) « = fBA it & 4 1 43 H5S F o
Bli&s3F§ 5 1817 (B 9B)~195" (B 10B)% 401" (B 11B); f &+ s T ol i

258 (%1 9 C) ~ 386" (% 10 C)% 285 (§ 11 C) -

Y /g‘
2.5

:‘m_fgl%‘ni’ﬂ,% —’5

i

m

3R R & 6 /A% ik T % (electrical conductivity, EC) e & g2 3% P >

B R e (% 2)e 2t p/Rif 25°C/25°C 2 EC1.2dS

b

BREAiRTEFRES

H

o

s
M S E Y R R RF(B 12 B A EE B ET(W 13) 2
(B 14) > M 2 B ehiz & 5 (B 14) - & 25°C/25C ™ » * EC0.2-1.2dS'm™
2B EEV2RB SR AEYERYEFECH S A H o2 ECL2-20dS'm™
2R ELB(E ) i I MFEE LECL2H 14dS MR B > A A5
FECHD A T o h A ¥ P T AMES R EC @42 A # 4> 2 EC1842.0dS
Mt T EEY G R E S T Y EC02-0.8dS'mt 2 B EC 4 @
oo PRAEREC EHE P ESEDE(R 3§ E FHEC02-12dSmt 2 7

EECH L A 20 »EC12-20dSmt 2 @Rl £ B (% 3)-

S CEAHFTELEY
(-) 7@z 4 EEEF LRI

11 26°C/23°C ~23°C/20°C ~20°C/17°C % 17 C/14ACe 7 P IRIEP R FT E >
TAYEHRE R B A EYERZEAAES TR S LABY - R FHA 2
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LB ER T A LRG0 202 23CR0TCHE R R R E ~ RiF s B EE 2 B
X EE(W 15) o R E P B oo P MELR S G AR ARS > 2P 26°C/23CH
B2E BB S 49 1 P tFARY > » 1 ME LR R S Fla KAt 23
CI20°C 44 32 2 15 tR (] 16) » +* #>t 23°C/20°C &2 20°C/IT°C 3 2 E > 20C/17°C
THRE SRS e P INEE R 23C/20C (B 16) o @ A IR AR RS E
ZHREF O EFRREER e R 0 RIFREF 42 285 40 A2 R A
AP(M1) 7P RAELZIH BRI 278 FHla T ERTERLE 2 28
REFPE LA ITC/NAACT » ks 8 A BESZIHV R 27 ER
% (B 17) - 22 3 CFREBAGELE X A R0 3 20C/17°CHr 17
CTIACTT™ » 354615 49 X 1B A f 42 < 12 (R 17) -
(Z) 2EE g %20
WA IR R 2 49 X 2 T E 0 2 260C/23CHr 23 C/120C T o th B ~ Rt
hAERZRAETRS IR PEERG - FHRK 200 g0 A B 5 20C/17C
2 17CI4CH 3016 f0 25 8 2 20C/A7C 3 2 F P e § » 5 T i0if 49 »

oo HREE B EEE 260C/23Cir23C/20C£ 2 E & £ 8 ; » 17°CNATCTHE

pu)

BRAMFRBIGEFTI2% (242 FEREE2ZZE  E8 2 a - BEHE
BP By Afra2 3 CrEYALE > 26C/23CT2ESE

Bieobrh o MR R AR > FERAEN O DHRB T ER (L5

(2) B= kN fasg

W 20CATCHE 2 =Ep 4 &L & E 4 (lactucin) 2 L & £ = 2 (lactucopicrin)

~=
Cp-’}

ZERS PG EFO/BLRENANEZ £ 139.68 nggtd.w. ; 17°C/14°C T £ 12 R
A d i § B2 % (lactucopicrinyfoid i & FE N fig 8 7 B A w5 43.85 pggt
dw.2 54.24 ng'gtdw. (% 6) - p ¢ fE%F L& E % (8-deoxylactucin)>t 17°C/14°C
TEERM B2 TR HAEASRARELR o BEER RN AR A0 17
CAACH 5 F iRl 2L & £ % (lactucopicrin) 7.96 pg-g Tdw o Hepd s LK EE
(lactucin) % .1 § £ & % (lactucopicrin) z £ 1& i< (% 6) -
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o~ kIR HP T R 2 B
() 724 L EE P

16 hr/8hr~12hr/12hr 2 8hr/l6hr = 87 F LFH 432 > T P FFE
R R B SEERZ B AET 24 LAER - R BP0 16hr/8hr #k ehp R
FRAFA £ @ Bhr /16 hr e 4832 49 X 2 gR g g 5 ™ "2 (B 18) o 7 Fe T 4
TANEEESEM AR AEFTRE > » P IRFEL 216 hr /Bhr £zt > 8hr
16hr ™ 2 B i G FEPL R PFR e Mo RFMEF 422 8% 49 % 2
EHRENEZBBI) - TAYPRFELZEI BT 25822 16hr/Bhr R 3
Page 12hr/12hr T o B F BRESE A A A > 8hr/I6hr BB R LT
EARE O RN AR AOIELSZ AT R A ERI(R20)c w2 FCr B
BRI ERAES 3 X Hed T dB g () 20) -

(=) 2

e

Sy

7‘"\
_m]

WA R RFH LR A9 2 FEL6hr Bhr TEEF B~ kB ~ B~
FA B

5 8hr/l6hr £ plietht ] 2 M » 51T B 086450 ° 50 ¢ S (4

1\1.

REEE o F R E B 211939 12hr /12 hr T HkTE B E

ol
W
gy
~E
gk
o

7)ok 12hr/I2hr432 > FHE2 ¥ B2 8RN 2 3 Co RN
# 16 hr/8hr = 8hr/16hr i< » @ $ 24.0mg100g fw. » = AFAc T § £ 4t 4c 3

8736.7mgkg fw. > G5 H s kx4 1.7 B(% 8)-8hr/16hr 2 12 hr/12 hr

T EHMER A B 5 6.2 Brix 2 5.7 “Brix> § £# 16 hr /8 hr £ 32 2. 4.8 *Brix # (%

MARRFHRBEE > BRBRLFAMEIEELE  ZHI BB LEN MR
¢ o ®pd gL F ES % (lactucopicrin) g £ £ o 2T 16 hr/8hr 32 3 B el §
£ 2 % (lactucopicrin) 83.22 pg'g™d.w.> .1t & £ 2 % (lactucopicrin) £ B2 8 hr /16 hr

T 5413 pg g d.w.di i (£ 9) o
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I i\‘i‘\;i‘ni’f’]':"; k-7

m@?

() %RFRRHZEL L2 F L0 28

ZEM3MEF ER L 180mg LT T F S kB 2 F S o 90mgrLt T A
oipi s (4 10)-fEphs 1+ £ F kR 135 mgrLT 2 180 mg LT 1 K g
Awlh 194249 2 2031790 35 F SR 2135 mg Lt TR E (£ 10)- ZEE % E a-
Foib - R¥S3 Ho B A7 E2 AT F A 1352 180mg L™ £ 4
B2 FCRAIMILTf REFEFE D) -afdt R EARE B
Ap®m R 4§ kA 135mgL 2 180mg L f S ERmB IR

6080.0 2 6353.3mg-kg” fw. (% 11) -

() RRARET HELFVHHEFTELZLEZ AL 2 PF
MEE AL F VR FERERS R AR Y B b

(NO3:NH,") 25:75 2 0:100 T 4332 2 6 Jhi B 5 @ A%RL § 1° 6 "% POpF - 4RI ~ B &
FEZ B A ETH (% 12) o walset 7525 2 5050 £32 2 R E P #c b ¥
3R é’ﬁi'é‘“/f T AR F P2 9117 gd Mt s HE bR a LR Bk

T8 9120140 g (2 12) - = EE S 2 a~-FH%E b RESZEI VR 22 8

~

oA

\*V

4fiF 0:100 THF 0 A wl i 1400432262 051 mggtfw. o 2L

FEA (8812820l § B hile @ Lo §E %2 (88:12) % Al 4+ 75:25 £33 %

‘«aek»

. C 7 B8 5 A4t 75:25 2 50:50 T R4 5B R (% 13) o FAEA 3 o
SEAMBB T EEAET RS T U REF AR T EARAL T
(<50 mg-kgtfw.) o e Apfdzt 75:25 T RN R 4 B L U E E £ R (88:12) 4

BEF(E 13-

(2) FRpbERH=EE CFESALEBERENRELRS
A REAER 8162 2myLt A EE A EL A ET C E Sk
REFAFNRRBER T FA G LR RF 2 REEERSZ 16 Mg Ll—gﬁn«' ;
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T opbk R 16 mg Lt 403 2 fE s b 2N E 139.60 g 48 mgrLT £ 5 11475 g

B(214) 2 FAEREREZE2 N2 a - LESZ 2V R 28T R L

BoEHEbRAL6mMgL T s B M(F 15) NS ML R ZE s ad £

@)

% £ 40.2mg-100g" f.w.42 32 mg-Lt 432 2. 345 mg 1009 fw. % » ® F B g
A 5.8 Brix o AR § £ 01832 mg LT £ K (% 15) -

a—

FREERPREZEZ pd &0 K B2 (lactucin) 3 4% £ & L F £ % (lactucin) ~

a2

L i E 2% (lactucopicrin) s B & £ B o pER 8mg Lt T Bl d L EE

ia
B

(lactucopicrin) 54.66 pg-g d.w. e & L fEp fg %8 120.39 pg'gdw. § £ % &2 16
mg-L* ERAR - FBEAFRAS IR s 22288 pd BLRFES

% (lactucopicrin)z. £ £ 4 - (% 16) -

() FRMERHEEAL T RIS ZRLEPPMHFIELEE

EENIMAERY 162 32mg Lt £ 4 i xR E A 5 5 139.60
g% 14930 g> m 32 mg Lt T g5 F & 7.23%#% 16 mg' L #3122 5.10%% o 1Ak
B8my L f w ik Eicte g o 4 K RRiRL o B 3E £ 1069 g
(31N m2mgLl' "4 F%2a-F%2 b - RESE e EF 2
42 C i E 5B Au 5 150050244051 mgg'fw.2 43.8mg100g*
fw. (% 18)-# % #£ & A] 2 8mg'L™" ™ 2 8.8 “Brix % & » 7 # iz @ 940.0 mg'kg™ f.w.
7 BB (% 18) -

ERER 8 mELT AR ZEA R 2 E AR LEEPN AL B o A

J/— _\,,

% (lactucin)~ . & & 35 % (lactucopicrin) 2 4,2

1

=3
-

R2mgLt TR EERd A

B E
LN s B 16mg LTt 48 %ﬁ BoH P M

4%

LN fadE 3 B 188.48 ugrg™t daw

L 16mg Lt 23 2 (% 19) -

(T) $EERHZEIE 4302 B2 P s 22 B0
WAEER 8416 % 32mgLi et 2 E R b E g L B F 405 120-140 g
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e 12mg Lt T F F Rt PG E FRIN(E 20) 45k R 24mg LT T EEE S
22 Y B2 ERL2mgLia X F] 22206 % 24mg
L3

LEORBRARBZER I X LB RREERRE

(% 21) -
%&%&Mmgﬁf%g’%ﬁﬁﬁ$ﬁéd@w % (lactucin) ~ 1§ &
= % (lactucopicrin) ~ % & &8 L F E & (lactucin) 2 ‘B L jEp g 2 £ H ¢ Bt

M AadE ¢ £ 19456 pgrgtdwo A B 5 4E6 5 12mg LTt K2 163 236
PARSERFABLEPA M I E 2L R 2 d &L K B 5 % (lactucopicrin) £

B %(% 22)

() RRTERHFTELEL IR AL 2B K
AABLAFEERTERY > 1 12dS MR 2 EE g b EE 2
B FRRA > FRp P NEF 1396009 2 4 3 C 7 £ 36.7 mg-100g™ f.w. 7
BoFSEa-EHE 0 RFSE Y EFIIEABAYRIGERTE
REEF 2ECO8 dS'm™ 4832 B § F B hir € K 6.80% (% 23~ £ 24) - X E
HER s B EfsXRTERRS A H 4 LECO8ISM #35% - 7 £1575.0mg
kgt fw. g (% 24) o
A EARFEHTELRYP
LZELE2 ZEFRAZEAFEL 107 om F P48 Y E e L REE
C3

195.67 g % ‘4 % C 7 £ 493 mgkg fw. o L F #4355 F 13 iz d & 1061%32

¥ 9.8 Brixe ¥ ELEPHE HIFE R AEL RS > LiEE S F % Eas
30 REHE HYEIZ A2 F3CEEATRM B FE N0 B 1K

HEQLARBESERE 2 2 » pie® 14067 mgkgt fw. 5 £ (% 25 £
26) -« ¥ F4 A AT 47433 mgkglfw. F BB BEEE 82341 5
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FHRFAHEPZ E 33533mg kg fw.> 7 5 % E8 32024 (4 26) 0 b ok o
BEETA28I256I2EF > T A6 R EHRAEEC R ERKGE B
JRNEEE T X 28 % 5 o tkigd 40.6cm k> I 35.7cm; ¥ b g £ d 195,67
g " s 158820 HF R A EE A CET EPEECEFMRLZE(E 27
(=) B2 RN s

PESRLFTERARL A M S £ 128700g0 dwo EF 2 HE K F D
15 FF2MAFERENMNALE(A28) L FFERB IRz &A1

iR
B kP pd EMmE L E E S (8-deoxylactucin) s 4 - H 5§ 56.84 ugg” d.w.i i

AEFFERER - L TRRFTENPIBLFE % (lactucin) 27.86 pg'g* d.w. 5 £
&g o w2 &L E E 2 (lactucin) 2 @ & £ 35 % (lactucopicrin) 2 £ &4 o 7 382
T2 =g pd Ll B =2 (lactucopicrin) 2 % & i L & E 2 (lactucin) ~ L 5 B =
% (lactucopicrin) 3 £ & £ B (% 28) o pt¢h » T A 56 T2 T ERB LA fSE L B
162.91pg'g”" dw. > $27 % 28 % 86.73 ug'gl dw.B (% 29)c T £ 56 T ZE A d fi
L& % (lactucin)~ "t % L & £ % (8-deoxylactucin) 2 .1 & £ = % (lactucopicrin) z £

TR < 28 3 2 pd LK B (lactucopicrin) 7 £ 124.66 pg g’ Ldw.
P LERFLFRE O RIEEH 18 B Bl s LK EF X (lactucopicrin) i i (&

29)
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GE

PR 25°C/25°CT o s B E AR B AH D AL 10 AT A
(electrical conductivity, EC)#: + % €% EC 12 2 1.4dS'm* i“i—giﬁ’ﬁ Bk R E S
TRtg s B EE VR e P INEL ﬁJ%wm%&wﬂgﬁﬁ BE SR
B RARtgE B INEE T 5 3t 25°C/25°C T EC L2 2 1.4dSTmT R EE Wk
FAEPERTER(ZI) - AT EFLARDAFE A AT & > ERHECL2
dSmirs EET T LA RTER o

EEW AT SRR Y 12 26°C/23°C % 23°C/20°C 2 B
L3 26°C/23°CH33 49 % FEESH L EWE BREHRE VRS 0 L # I F
MET T o Tp L) SR L~ F rsldecnd iR § A7 47

PT4 AR AT Y

-

HERECER T L F e N S L &

FAORHE > T ERN BT B ES o TR FAURR Y 0 S ERE FRAT

AEL o FU A R E o FERET o TERERET %7 12 it
RAGERTE FERATER 0 F 34 ¢ BB LB AR Z4r(Jennietal, 2008) o Fpt 4E R
AATR Y O ATEX FIR ERB R 2 £ FRATS F 4L 5 3 2 78 SR (Jenni et

., 2008) o gt b 5 3 20C/ITCERZ T FE P F > L 2§ M3t 26°C/23°C 2
23C/20C¢\i“ﬁ 17°C/14°C MR ™ P4 thk LEER o E PSR PN E Y
P ey FIP T E F A BRRE (R 34 4 URFPERPBIE 0 BEP H

L ER e TR AL 12 A A B ok A ERAER ALY B A o

pld

FripPid LprRigphdEetamd Lo iR - ERAEAZF D
(Uklanska-Pusz and Adamczewska-Sowinska, 2011) > 16 hr e e ™ 432 » kA4 F
5 fcii > (Rappaport and Bonner, 1960) o e A7 3 » sk ik 8 16 hr /8hr 3 = F » &
b E 2 g E FREB1I2hr/12hr ™ & P Ecd o 2 8 K316 hr /8 hr W‘gdﬁ ;
8hr/l6hr T plfEthsk | 2 £ EM (% 7)o 2T EHmMNE LB I F A 3 3
% « e T2 F A ALY H90-100 = » & Ry 3@ £ £ 400-500 g
BERPRE  Tia e PR AR REe 2 a2 Lo TR AF Y
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GEEESF LSS ELREN 2 AT

(g

THREIEBRENRSA S BELE 4
B F M G E RV HERYHED 493 5 Bk P EE Y
150-200 g > Flfi 2 e > ke A F116hr LB m 4w 4 74 £ » 2om 5 3K
ARF DR R R PRET O BEFIEREEL LA RRE MR B
FERARM - EPERET o AEBFIP BRI LA R F(Schonbeck et al., 1991) » 1
Rhrp Lz s FamBgE: 16hrp £E£8517 % eiep L1 8hr
ARBZEZ AN PR FIZED THERZELEHR 12 L RRE TR A
A 12 % 16hrBai\PJ’( IR i R R
AmrI?FERAREGFH > T ETRPFRL ZF CERBARATIREERPER
m R AR E (R 17~ B 20) 0 7 At AEF RS P INEE L e R R TE M o
MEREH 49 Ih T ZEARRFAERERFER S 23°C/20C % 16/8 hr v &7
4 ARG E P B2 1512 20°0C/7CE 12 hr 12 hr 2« FM AR L2 A2 P 4% 3
23°C/20°C % 16hr/8hr T £ 32 5 i > s g A R M > el ™ § B it o
ZEHA S B A AL B hEE F (T4~ (Santamaria, 2006) 0 2 2 &k § R R BEV 3
BAR s E AR B AR 4§ 135mg LT 2 180 mg Lt £ B
A EAYL 0 mEgLt 8162 17 B(4 10~ £ 11) - iR 2F 3 A
RoeviFd RELLEFAERZE P FEHE&ORIHFL G AL gaA T
%+ 4 (Bonasia et al., 2008; Santamaria and Elia, 1997) e 12 7 ki it & % 438 § V* &)
L2 g ke F"'K%ﬁ’-'é‘“ﬁ:t TN ARREF i\-i‘“"bﬁw‘ﬂ b Hapl T om £ B (&
12) o & 3#5R B AZEE T I 3% 4 i fhdk 20 pH5.5-6.00 fe 2 2R F £ F > T A

T R R B S X ERIEHRA K2 2ot bl AN £ § 1 4 (NaOH)

AELBER GRETRERTER ZLREE 12dSMT ERA RFHED
EoPing s e R FRL a RiEREET Lo EFRRELF bl
FEABRBZETE N 2&LF IR F AR T ENTHREET kA

r

w7525 £ B BRLN S EAR(BSI)R R F A (R 13) p RS

Santamaria and Elia (1997) #p iz



SR LS S EA R SRR 32mgLT 2 kR 32mg Lt £ E G

G P EE E R R F R ERARHS KRB E(R 1404 174 20) -

kR 8mE Lt T otk Easte o0 4 Bk L ok b I £ 110699 (£

F1R L AR o ZENAER 32 mgLT 2 45k

BR2AmgL £ ESE 2 B 27 B RF S A8mMyLT £ 32mgLT 2 42
6f-24mg LT > plF B HELE CHE(E 15 4 18 £ 21)-

AR TERMECL2dSM A L EL AL R FRIARTER AR

Wy RENE2 R4 FEMAEC08dS Mt me AT s BE L njitkd B ER

mAEM(R 234 24) o Fhorik > FUNF ALY MAHEBAL PR PR ARG

\

32mg'L?~ £ 32mg Lt~ 42 24 mg'Lt - § 135mg Lt A4zt 25:75 2 EC1.2dS
BT EREERLE
TERRFHEL B2 AERF TSR FF D 41.5% (Uklanska-Pusz and
Adamczewska-Sowinska, 2011) > & *F 7 2 BB Z &Rx% > FE LB 2T EF & 7
S P B A AE(E25) Tt E C rERB(E 260 VSRR
TR RAIR  OMERERD S ML ETERIRBRZERTEEL 25C 0 Azt
ERERFHRZEFALER-FFEZHEELC - ERAEF A ERLI LT 2
B RALA R EF A BARE > LARE ST & o L EEREE

ZEFPVEREAFSARFPHELR 55 L RRAFDEEE P YEY

ﬂnlv

REERBME S TF > BRI AECHS 11) - A F 28 F32F 2TC%
NEEFAEGE AR RK > PFPRIEAAEBIERS c F ERB2LEXR
B 20CEpR2EFTELEEMR wEF - EWF o Ry F-22%C
PR T ENAB T ELR L CHEPFER ot RFFTT Y 28
HEIGB6 A ZEREBRGEX R ERBRIEE B P MBETRT X 28 % K0 (R
2Nt BEFEm AP AP RN F IR TR SRR EADT R0 A
oyt 22 B %4 % (‘Green Curled Ruffec’) 546 @ g £ 4 e £54 4
¥ ;% £ 32 o Uklanska-Pusz and Adamczewska-Sowiniska (2011) 2 it 7 5 £ 432 > ) /&
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BRX10C-18C FIEFARLM!F > FFFERM P 52 L P ERFTEF R

2EDHFE AERRUNTIRAEIRG - AL FTESBDP LA e 2 4

MEFRZFREDCARRAL RELFELRLE > wdEh3 o
&I & % (lactucin)~ % ¥ L § £ % (8-deoxylactucin) 2 . & £ 3= % (lactucopicrin)

FXZEY 1R 2L N Aadg 0 £.8 ek gk R (Price et al.,, 1990; Van Beek et al.,
1990) e P s M F EB L P M ENTFIF s R EAE BRIV B2 RBEALZ
LR BB 4R B~ R A F (Foster et al., 2006; Foster et al., 2011; Price et al., 1990; Seo

etal., 2009a; Seo et al., 2009b) » 2% A & & L EE L HH o FA P EE 2L R Ay

B E2BBEFAFT om AT ¢ %0 UV-260 nm & 45 B 75 B X P A
MR ey oo B2 £ UV-260 nm 5V i MELE penT o A E RN
F YT G F e (Miz) 2777~ 2617~ 4117~ 455°% 247*@;%@;&;_@5 TE o L5k
REIAEREHPM R EERMEZ TR ¥ b F £ (lactucin) ~ s F L EE

% (8-deoxylactucin) 2 L & £ 3 % (lactucopicrin) 5 i A2 & > F 3R B3 3 5L >
Flt B K v UV-260 nm K 47 BIGE TS B X RN Ao s T8 kg o
[

Priceetal. (1990)4 7 IF & & ~ ¥ E % § E(chicory) &~ 475 % » < A &

BELEBL PN fsE s 280 p 4 i o Ferioli and D’Antuono (2012)# 3 ¢ » &
E(chicory) s £ i B L P i r B X304 o e AT LB L PN My 2t
E %4 & ’(‘Green Curled Ruffec’) ® Aﬂjﬁzu* cpd BRL NN F A AR

2.

fi B 2R By

n\\-
R

RS o B A FR AR REAET k2 BRI
AT A o Price et al. (1990) % ¢ » 264 2 £ 546 lone’ “Wallone’ & 2
fodf 2 B E 0 pd BE A optdh 4 EREFOERE LIRS Bl
Bomh B2 ERRR% S FEEERLEAM PHLE  BALAER
RZFEREERERMA P EM(R 62 ) B mEERRFRNS S L
L & F % % (lactucopicrin) 7 £ 4% & 40-60 ug'g (% 16~ % 19~ % 22) - 2 £ j52
BF1SER BRI TPHELE A EH- 227 BRARRET(HE8): £
Pig- 22 BRI AR 2 HEF ISR REL > LHERE
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BHZELRE RPN gz E2 BB FiF -

FE %4 & (‘Green Curled Ruffec’)*t 20°C/17°C432 5 B cnig L PN fasf
GREOIRRFHLRBMELB(R 64 9 a aERAER 8 mgLt s mkR
R2mg Ltz akR 2dmg Lt o R LA AsE s B RE (£ 1684 194 22)

pt % 5% & Seoetal (2009b) § Bk 2 0 Vi A4 AL B - Seo etal. (2009b) %

g
izdw

éuhn

TEAERARHFERE BN TR F:0F-2-3 R
PSR & B AEREE A 1A EF A £ S £ 454 B F(Kim et al., 2005) -
AR AR 12mg LA 2 24mg L s 2 RN fadT f R 238
kA 16 mg LTS 3 32 mgrLT o B P s £ S 23 (% 19
3.22) 0 FIP o PR R LR S E S % (‘Green Curled Ruffec’) & 2L i

RAAE B HEEFRS BHERP PSR o

9
|
3
|
bl
ot
-1
—
3
4
X
R
i
T
=
™
‘_'V] w
S
2
R0
[l
A
AR
=1
ki

7 E#% - - Seoetal. (2009a)
AR ESOREEY  ARTHREY L BL PR ERS PN ESR
LEETRTMER A AL L BE RS ERD A RRE LD ALE
LHEP B R RFE 0 REFERARLFAMFIE RS
L kppd iEns L E & (8-deoxylactucin) e s (£ 28) 0 3t H g R ~ RiEHp
3 AR o kA d LW F L E % (8-deoxylactucin) 7 £ i& K 0 b iR iRk
HHhE RIS LR o PR REFT S 562 22 F B RBRTS w2t LR

f 0 pd BB EF L F E 2 (8-deoxylactucin) 7 p7 g3 4r (£ 29) > Flm ¥ 04wl p oo

[e=3
=
ey
—

' % F % (8-deoxylactucin)  fe thdf e 4 A4 L S Z EH T ha & B L

-mr
fsl

Faff o Btk S4B 2 L3 £ § o R L § E  (8-deoxylactucin) e 4e o
2

LE% P pd gL ® B 5 & (lactucopicrin) 2_8° B4 = £ % & (‘Green Curled
Ruffec’)® 2 L L p fasf 2 £ e0d & F]5 o
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LREEER ARG L N (R 2 A)Z A9 R E P A4 (R 2 B)
UV-260 nm & 17 Bl > 14.1 () ~28.7 (Y)* 46.0(z) min 2. ;5L i ke prR A i A
I enit & F > Ferioli and D’ Antuono (2012) 2 Price et al. (1990) < }*va‘ TR E
THRAEATRIHAP A F R AT F 5 RAN G0 3 FR- BT
Jok i 2 FRF B $haet e £ BB LN fasp UV-260 nm & 47 Bl (%] 2 A) 28.7
min 22 WELHR = FA P &RB8 L P fasfse 2] 0 T3 E %4 & °(‘Green Curled Ruffec’)
PR RSz R0 T Hasi e g L F E £ (8-deoxylactucin) 27.4 min U 5iE 5
T ¥IH EmF L F EE(8-deoxylactucin)z_ 2 5L > BrE B g L F E R
(8-deoxylactucin) _& -

S fE#?”lfi‘i“i%i%’?ﬂf TRELBLEREMET 2R F e
MEEF HAL A EPER I EZENERGERATHYEFR 20009 H5 1 F LR
%1409 4 £ 488 B 5 23°C/20°C » fef 1 H- 5 20°C/20°C » ¥ ic H_p B = ehi
BorHFIFBRERIRS CERFIITLIADBE T Eo M EFGE A RER
TGS TRk e R AR  FRAEERM o V- FE VA LA LR F R TR
FoAEBERBBRGIM HFIFR G Toms B E L2 FTER R

BT F N SR B Aok A A AR Fla AR R

<
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EF 1S kEEE SR Ty R 25CE THA 1.2dS T 4 Lk K F
Ek#ARRE -FIAFIERDPRFTH S FRAPRDE T IDFHERT A
XPEPE AFFRLERLE P RER23CR0C2 kFH 16hr/8hr T &
BEB S BLFEPA M EN20C/ATCERFRE > B2 LGP PE - TEN
P RAERARERARELE LW A R LR FER 8 mgLt TR

T E A4
P —_—

5‘,"%5

#\w

GEGRES c FEFARARR LEEEF AR A B
TR F IR FHERAERIE o AR ELE S F K
AR Lm32mgLt m32mgLt 4 24mg Lt § 135 mg L7t~ A4zt 25:75

2FER12dS M ZEAERBIABA TR A B8mg L 5232 mg:

2.

e ol
|=E /&

Ltz 4224mg'L 458 TNl SRR Bt oF WLl e g
AT BB EIRE I FRFEN 5 RPLELIEZCAEFIAKD

5 E]'ﬂa[ﬂ Lﬂ}’g 8_}_\?"’5\2;%’;)7{4;\,[“? i‘a%nmi\%ﬁ‘gﬁi\‘i‘% ."’?

EPAf g P e A2 Lo pd % F L F E & (8-deoxylactucin) i e
Hz - om APy A2 L2 itk pd &L E B S # (lactucopicrin) £ 8 R H Mg X

N AaRE 7 £e0d & F]F o
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Table 1. Composition of modified Yamazaki nutrient solution for lettuce.

(mg-LYh KNO;  Ca(NOs;);'4H,O NH4H,PO, MgSO,4 7H,0 CaCl, K.SO, MgCl,'6H,0 KH,PO,  NH4CI KCI
P level
32 400 240 60 125 - - - 70.2 - -
16 400 240 60 125 - - - - - -
8 400 240 30 125 - - - - 14.0 -
S level
32 400 240 60 125 - 87.0 - - - -
16 400 240 60 125 - - - - - -
8 400 240 60 62.5 - - 50.0 - - -
Mg level
24 400 240 60 125 - - 100.0 - - -
12 400 240 60 125 - - - - - -
6 400 240 60 62.5 - 43.5 - - -
N level
180 1000 240 60 125 - - - - 27.4 -
135 700 240 60 125 - - - - 13.7 -
90 400 240 60 125 - - - - - -
NO3:NH,"
75:25 288.1 240 60 125 - - - - 59.2 82.4
50:50 123.5 240 60 125 - - - - 146.2 204
25:75 - 192 60 125 29.9 - - - 233.2 295.2
0:100 - - 60 125 149.5 - - - 320.2 295.2
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Table 2. Analysis of variance of influence of temperature and electrical conductivity, effect on the plant height, plant width, maximum leaf length,
maximum leaf width, leaf numbers, fresh weight and dry matter in hydroponically grown endive seedlings.

Maximum leaf Maximum leaf

Source of variance Plant height Plant width _ Leaf numbers  Fresh weight Dry matter
length width
Main Effect
Day/night temperature falea Fkek foladl Fokk Kok Fokk ns
Electrical conductivity ook ek kK Sk ke ek -
Interaction

Day/night temperature x

*k*k *kk *k*k *k*k **k*k **kk **k*k

Electrical conductivity

NS, *, ** and ***; not significant, or significant at P < 0.05, P <0.01 or P <0.001, respectively.
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Table 3. The effect of electrical conductivity of nutrient solution on plant height, plant width, maximum leaf length, maximum leaf width, leaf
numbers, fresh weight and dry matter in hydroponically grown endive seedlings.

Electrical Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter
conductivity (cm) (cm) length (cm) width (cm) (g-plant™) (%)
0.2 2.3+0.1 c* 6.310.3 f 3.5£0.1d 1.7+0.1e 4.0+0.0c 0.26+£0.01 h 15.97+0.44 a
0.4 2.8£0.1 bc 6.7£0.1f 3.7£0.1d 1.8+0.1e 5.0£0.0c 0.41+0.01¢ 13.3620.44 b
0.6 3.0£0.2b 9.7£0.3 e 5.2+0.1c 2.5£0.1d 5.310.2b 0.61+0.02 f 10.06+0.54 c
0.8 3.3x0.1b 12.2+0.5 cd 6.7£0.2b 2.6x0.1 cd 6.0+0.0 a 0.91+0.02 e 8.72+0.36 d
1.0 3.0£0.2b 11.9+0.4d 6.80.1b 2.8+0.1c 6.3+0.2a 1.02+0.02 d 8.54+0.36 d
1.2 5.0t04a 14.2+0.6 a 8.2+0.3 a 3.1+0.1b 6.3+0.2a 1.37+£0.04 a 7.52+0.27 e
14 5.0+0.2 a 13.7+0.4 ab 7.910.3a 3.3+0.1b 6.2+0.2 a 1.33£0.02 ab 6.90£0.25 e
1.6 4.7+0.2 a 12.6+0.4 cd 7.8t0.3 a 3.2+0.1b 6.3t0.2 a 1.26+£0.03 ¢ 7.191£0.21e
1.8 4.7+0.1a 13.0£0.4 bc 7.8+0.2a 3.9+0.1a 6.2+0.2 a 1.27+0.04 bc 7.34+0.20 e
2.0 4.8+0.2a 12.4+0.4 cd 7.8+0.2a 3.8t0.1a 6.0+0.0 a 1.2610.04 bc 7.11+0.15¢€

*Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 4. The effect of day/night temperature on plant height, plant width, maximum leaf length, maximum leaf width, leaf numbers, fresh weight
and dry matter in hydroponically grown endive.

Day/Night
Y9 Plant height Plant width Maximum leaf Maximum leaf Fresh weight Dry matter
temperature _ Leaf numbers 3
() (cm) (cm) length (cm) width (cm) (g-plant™) (%)
17/14 9.8+0.3 ¢* 38.5£0.5b 20.3x0.3 b 10.2+0.2 b 32.3t1.1d 85.84+5.93 ¢ 7.12+0.17 a
20/17 12.620.4 b 42.4+1.3a 25.9+t0.8 a 8.4+0.6 c 49.5+1.2a 132.54+7.81 b 5.96+0.14 b
23/20 15.5+0.4 a 44.6x0.5a 25.5+0.3 a 14.0£0.1 a 43.7£0.8 b 211.93+12.29 a 6.15+0.35b
26/23 14.4+0.5 a 42.8+0.8 a 26.9+t0.4 a 12.9+0.4 a 37.7£2.5¢ 195.36+6.38 a 6.59+0.51 ab

*Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 5. The effect of day/night temperature on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in hydroponically grown endive.

Day/Night gt
yINig Chiorophyll (mg-g™f.w.) Carotene Vitamin C Sugar Nitrate
temperature 1 1 ory.- 1
(C) a b a+b (mg-g~fw.) (mg-100g~f.w.) (°Brix) (mg kg~ fw.)
17/14 1.17+0.04 a* 0.38+0.01 a 1.90+0.06 a 0.37£0.03 a 30.5t1.3a 8.0+0.0a 3560.0+£100.7 d
20/17 1.11+0.06 a 0.36+0.02 ab 1.81+0.09 a 0.35+0.02 a 31.8t1.7 a 6.5£0.2 b 4500.0£117.2 ¢
23/20 1.13+0.05 a 0.36+£0.02 ab 1.83+0.07 a 0.36+£0.02 a 33.2£0.7 a 4.8+0.2d 5113.3+239.0 b
26/23 1.21+0.02 a 0.29+0.05b 1.82+0.06 a 0.39+0.01 a 30.8t14 a 55+0.3¢c 7960.0+140.1a

*Mean =+ standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 6. The effect of day/night temperature on the content of free, bound and total sesquiterpene lactones in hydroponically grown endive.

Day/Night Free Bound Total
temperature
(C) lactucin 8-deoxylactucin  lactucopicrin lactucin 8-deoxylactucin lactucopicrin (ngrg™ d.w.)
17/14 1.65+0.85 b* - 43.8514.25 ¢ - * 7.96£3.73 54.24+10.42 c
20/17 28.11+5.21 a 5.84+391a 105.73+7.25a - * - 139.68+12.39 a
23/20 3.23+1.01b 1.58+1.11a 83.22+12.48 ab - * - 88.03£12.63 b
26/23 5.44+1.99 b 4.83+3.09 a 63.68+7.32 bc - * - 73.95+9.35 be

*Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
- Trace.
* The peak can not be identified in UV-260 nm chromatogram.
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Table 7. The effect of photoperiods on plant height, plant width, maximum leaf length, maximum leaf width, leaf numbers, fresh weight and dry

matter in hydroponically grown endive.

Photoperiod ) ) . . .
) Plant height Plant width Maximum leaf Maximum leaf Fresh weight Dry matter
(Day/Night i Leaf numbers 3
(cm) (cm) length (cm) width (cm) (g-plant™) (%)
hours)
8/16 10.2+0.2 ¢* 41.4+0.6 C 22.5+0.3 ¢ 10.1+0.2¢c 42.2+0.8 c 86.45+4.40 ¢ 5.25+0.21 b
12/12 11.3t0.4 b 46.6+0.4 a 26.8+0.4 a 11.5+0.2 b 46.0t1.0a 177.11+8.80 b 5.47+0.07 ab
16/8 15.5+0.4 a 44.6x0.5b 25.5£0.3 b 14.0£0.1 a 43.7£0.8 b 211.93+12.29 a 6.15+0.35a

*Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 8. The effect of photoperiods on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in hydroponically grown endive.

lzg(;;o/r:ji:(;? Chlorophyll (mg-g™ f.w.) Caro_}ene Vitami_rl C Sugfalr Nitrite
hours) a b a+b (mg-g~fw.) (mg-100g~f.w.) (°Brix) (mg kg~ fw.)
8/16 1.02+0.04 a* 0.32+£0.01 ab 1.62+0.06 a 0.37£0.01 a 34.3+t1.1a 6.2+0.2a 5433.3£133.6 b
12/12 0.86+0.05 b 0.28+0.02 b 1.38£0.08 b 0.27+£0.02 b 24.0+1.8b 5.7¢0.2a 8736.7+166.1 a
16/8 1.13+0.05 a 0.36£0.02 a 1.83+0.07 a 0.36+0.02 a 33.2+0.7 a 4.8+0.2 b 5113.3+239.0 b

X Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 9. The effect of photoperiods on the content of free, bound and total sesquiterpene lactones in hydroponically grown endive.
Photoperiod Free Bound Total
(Day/Night
hours) lactucin 8-deoxylactucin lactucopicrin lactucin 8-deoxylactucin lactucopicrin (ng-gtd.w)
8/16 0.87+0.87 a* - 54.13+3.07 b 2.37£0.30 a * 6.49+1.53 a 63.86+3.14 a
12/12 2.67+1.28 a 3.19+2.18 a 61.71+8.52 ab 3.18+£0.33 a * 10.98+2.96 a 81.72+14.07 a
16/8 3.23t1.01a 158+1.11a 83.22+12.48 a - * - 88.03+12.63 a

*Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test

- Trace.
* The peak can not be identified in UV-260 nm chromatogram.
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Table 10. The effect of nitrogen level (NO3-N) of nutrient solutions on plant height, plant width, maximum leaf length, maximum leaf width, leaf
numbers, fresh weight and dry matter in hydroponically grown endive.

N level Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter
(mg'L™ (cm) (cm) length (cm) width (cm) (g-plant™) (%)
90 13.2+£0.3 b* 454+10a 25.3x0.8 b 11.8+0.2 a 37.3x1.0 bc 139.60+8.70 ¢ 5.10+0.09 b
135 15.1+0.3 a 39.1+05b 26.5+£0.4 ab 11.8+0.2 a 36.2+0.8 ¢ 194.24+7.88 ab 5.98+0.21a
180 14.0+0.6 ab 40.5£0.3 b 26.7£0.2 a 10.8+0.2 b 39.0£0.7 ab 203.17£6.01 a 5.70£0.25 ab

XMean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 11. The effect of nitrogen level (NO3-N) of nutrient solutions on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in

hydroponically grown endive.

N level Chlorophyll (mg-g™ f.w.)

Carotene Vitamin C Sugar Nitrate
(mg-L?h . b ath (mg-g'fw)  (mg100g*f.w.) (°Brix) (mg-kg™f.w.)
90 1.01+0.04 b* 0.33+0.01 b 1.63+0.05 ¢ 0.35£0.01 b 36.7+1.3a 4.8+0.2 b 3740.0£78.3 b
135 1.16+0.02 a 0.39+0.01 ab 1.83+0.05 b 0.39+0.01 a 31.3+1.0b 7.2+0.4 a 6080.0+122.2 a
180 1.19+0.07 a 0.43+0.04 a 2.03+0.10 a 0.42+0.02 a 32.2¢09b 8.2+0.3a 6353.3+106.5 a

*Mean =* standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 12. The effect of nitrogen-form ratio (NO3:NH,") of nutrient solutions on plant height, plant width, maximum leaf length, maximum leaf
width, leaf numbers, fresh weight and dry matter in hydroponically grown endive.

N-form ratio Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter

(NO3:NH4") (cm) (cm) length (cm) width (cm) (g-plant™) (%)
88:12" 13.2+0.3 b’ 454+10a 25.3+x0.8 ab 11.8+0.2 a 37.3x1.0c 139.60+8.70 a 5.10+0.09 a
75:25 11.9+0.1c 44.9+0.5 ab 24.6x£0.2 ab 12.1+0.1a 42.0+0.7 a 132.01£5.54 a 5.26+0.05a
50:50 13.6+£0.3 Db 42.9+0.7b 24.0£0.4 b 10.8+0.2 b 40.7£0.8 ab 125.50+£8.29 a 5.38+0.14 a
25:75 14.3+0.2 a 40.1+0.7 c 25.4+0.4 a 10.9+0.4 b 38.7£0.8 bc 127.73+14.42 a 5.23+0.16 a
0:100 13.7£0.2 ab 38.1+0.7 ¢ 21.8+0.2¢c 9.1+0.2 c 37.8x09¢c 91.17+6.61 b 5.27+0.63 a

*Yamazaki nutrient solution for lettuce.

Y Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 13. The effect of nitrogen-form ratio (NO3:NH,4") of nutrient solutions on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in
hydroponically grown endive.

Chlorophyll (mg g™ f.w.)

N-form ratio Carotene Vitamin C Sugar Nitrate

(NO3:NHz") a b ath (mg'g'fw)  (mg100g™*fw.) (°Brix) (mg-kg™f.w.)
88:12" 1.01+0.04 ¢’ 0.33x0.01 c 1.63+0.05¢ 0.35£0.01c 36.7t1.3 a 4.8+0.2 b 3740.0+78.3 b
75:25 1.14+0.02 b 0.34+0.01 bc 1.88+£0.07 b 0.40+0.01 b 35.5¢1.1ab 6.2+0.2a 5086.7+112.6 a
50:50 1.20£0.03 b 0.37£0.01 b 1.93£0.05 b 0.43+0.01 b 33.3t09b 5.8+0.2a 2930.0+69.6 c
25:75 1.16£0.05 b 0.35+0.02 bc 1.85£0.09 b 0.42+0.02 b 33.0£0.6 b 4.7£0.2 b 1466.7£57.9 c
0:100 1.40+0.04 a 0.43+0.01 a 2.26+0.05 a 0.51+0.01a 32.8£t09b 4.8+0.3Db -

XYamazaki nutrient solution for lettuce.
Y Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.

Z Not detected (< 50 mg-kg™ f.w.)
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Table 14. The effect of phosphorus level (PO,>-P) of nutrient solutions on plant height, plant width, maximum leaf length, maximum leaf width,
leaf numbers, fresh weight and dry matter in hydroponically grown endive.

P level Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter
(mg-L™) (cm) (cm) length (cm) width (cm) (g-plant™) (%)

8 13.3+0.3 @ 449+1.1a 23.9+10.3a 11.4+0.4 a 36.0+0.9 a 114.75+6.85 b 5.43+0.16 a

16 13.2+0.3 a 454+10a 25.3t0.8 a 11.8+0.2 a 37.3x1.0a 139.60+8.70 a 5.10+0.09 a

32 11.9+0.1 b 41.6£0.4 b 24.5+0.5a 11.3+0.2 a 35.8+0.7 a 122.92+7.23 ab 5.16+0.09 a

XMean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 15. The effect of phosphorus level (PO,>-P) of nutrient solutions on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in

hydroponically grown endive.

P level Chlorophyll (mg-g™ f.w.) Carotene Vitamin C Sugar Nitrate

(mg-L?h . b ath (mg-g'fw)  (mg100g*f.w.) (°Brix) (mg-kg™f.w.)
8 1.09+0.06 a* 0.36x0.01 a 1.78+0.08 a 0.38+0.01a 40.2+x1.0 a 5.8+0.2a 3583.3£118.4 ab
16 1.01+0.04 a 0.33x0.01 b 1.63+0.05 a 0.35+0.01 a 36.7t1.3 ab 4.8+0.2b 3740.0+78.3 a
32 1.06+0.06 a 0.36£0.01 a 1.73£0.08 a 0.38+0.01 a 345+1.3b 47+0.2b 3283.31182.0 b

*Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.

51



2016 FRBERSREZEA D G BAEZ AR L P BB
Table 16. The effect of phosphorus level (PO,>-P) of nutrient solutions on the content of free, bound and total sesquiterpene lactones in

hydroponically grown endive.

P level Free Bound Total
(mg-LY lactucin 8-deoxylactucin lactucopicrin lactucin 8-deoxylactucin lactucopicrin (ug'g'1 d.w.)
8 3.15+1.11a" - 54.66+4.02 a 1.11+0.46 a * 61.47+3.73 a 120.39+6.35 a
16 0.79+0.49 a - 34.31+3.31b 0.83+0.36 a * 47.40£5.77 a 83.33+£8.66 b
32 4.16+1.87 a - 41.75+6.22 ab 4.29+2.15a * 58.93+7.14 a 98.59+6.31 ab

XMean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.

- Trace.
* The peak can not be identified in UV-260 nm chromatogram.
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Table 17. The effect of sulfur level (SO,%-S) of nutrient solutions on plant height, plant width, maximum leaf length, maximum leaf width, leaf
numbers, fresh weight and dry matter in hydroponically grown endive.

S level Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter
(mg-L™) (cm) (cm) length (cm) width (cm) (g-plant™) (%)
8 9.1+0.7 b* 14.3+0.6 C 10.6£0.5b 4.3+0.3 ¢ 10.6£2.3 b 10.69+1.01 b 7.37+t0.31a
16 13.2+0.3 a 454+10a 25.3t0.8 a 11.8+0.2 a 37.3x1.0a 139.60+8.70 a 5.10+0.09 b
32 14.9+0.7 a 379104 b 23.7+0.6 a 9.4+0.5D 34.7+0.5a 149.30+£5.96 a 7.23£0.25a

XMean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 18. The effect of sulfur level (SO,%-S) of nutrient solutions on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in

hydroponically grown endive.

S level Chlorophyll (mg-g™ f.w.) Carotene Vitamin C Sugar Nitrate

(mg-L?h . b ath (mg-g'fw)  (mg100g*f.w.) (°Brix) (mg-kg™f.w.)
8 0.66+0.01 c* 0.21+0.00 c 1.06+£0.02 ¢ 0.23+0.01c 29.0£1.3¢c 8.8+0.2a 940.0£97.4 ¢
16 1.01+0.04 b 0.33x0.01 b 1.63£0.05 b 0.35+0.01 b 36.7+1.3 b 4.8+0.2¢c 3740.0+78.3 a
32 1.50+0.07 a 0.50+0.03 a 2.44+0.12 a 0.51+0.02 a 43.8t1.1a 6.8+0.3 b 2576.7£76.1 b

*Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 19. The effect of sulfur level (SO,*-S) of nutrient solutions on the content of free, bound and total sesquiterpene lactones in hydroponically

grown endive.

S level Free Bound Total
(mg-LY lactucin 8-deoxylactucin lactucopicrin lactucin 8-deoxylactucin lactucopicrin (ug-g'1 d.w.)
8X
16 0.79+0.49 b’ - 34.31+3.31b 0.83+0.36 * 47.40£5.77 a 83.33+£8.66 b
32 26.62+4.29 a 6.17+2.26 120.19+3.24 a - * 35.50+£3.48 a 188.48+10.72 a

XMissing data.
Y Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.

- Trace.
* The peak can not be identified in UV-260 nm chromatogram.
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Table 20. The effect of magnesium level (Mg?*) of nutrient solutions on plant height, plant width, maximum leaf length, maximum leaf width, leaf
numbers, fresh weight and dry matter in hydroponically grown endive.

Mg level Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter
(mg-L™) (cm) (cm) length (cm) width (cm) (g-plant™) (%)
6 12.8+0.2 ab” 44.3+0.7 a 25.0£0.5b 11.7+0.1 a 41.7+0.6 a 121.95+7.86 a 5.74+0.12 a
12 13.2+0.3 a 454+10a 25.3x0.8 ab 11.8+0.2 a 37.3t1.0b 139.60+8.70 a 5.10+0.09 b
24 12.4+0.3 b 453+05a 26.910.5a 10.5£0.3 b 42.7+05a 139.56+8.85 a 5.34+0.23 ab

XMean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 21. The effect of magnesium level (Mg?*) of nutrient solutions on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in
hydroponically grown endive.

Chlorophyll (mg g™ f.w.)

Mg level Carotene Vitamin C Sugar Nitrate

(mg-L?h . b ath (mg-g'fw)  (mg100g*f.w.) (°Brix) (mg-kg™f.w.)
6 1.11+0.04 ab* 0.35+£0.01 ab 1.78+0.05 ab 0.37£0.01 ab 46.2+1.0 a 7.8+0.3 a 3870.0+132.2 a
12 1.01+0.04 b 0.33x0.01 b 1.63£0.05 b 0.35+0.01 b 36.7+1.3 b 4.8+0.2b 3740.0+78.3 a
24 1.21+0.07 a 0.39£0.02 a 1.94+0.11 a 0.41+0.02 a 44.8+1.2 a 7.5+0.2a 3660.0+81.8 a

*Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 22. The effect of magnesium level (Mg?*) of nutrient solutions on the content of free, bound and total sesquiterpene lactones in
hydroponically grown endive.

Mg level Free Bound Total

(mg-LY lactucin 8-deoxylactucin lactucopicrin lactucin 8-deoxylactucin lactucopicrin (ug-g'1 d.w.)
6 5.48+1.30 b* - 85.01+6.95 b 0.15+0.06 b * 31.75+£3.77 a 122.37+£10.82 b
12 0.79+0.49 c - 34.31+3.31¢c 0.83+0.36 b * 47.40£5.77 a 83.33+8.66 ¢
24 9.17+0.65a - 139.51+10.13 a 7.13+0.53 a * 38.75t7.71 a 194.56+9.51 a

XMean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.

- Trace.
* The peak can not be identified in UV-260 nm chromatogram.
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Table 23. The effect of electrical conductivity (EC) of nutrient solutions on plant height, plant width, maximum leaf length, maximum leaf width,

leaf numbers, fresh weight and dry matter in hydroponically grown endive.

EC Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter
(dS'm™) (cm) (cm) length (cm) width (cm) (g-plant™) (%)

0.8 13.4+0.3 a* 36.3+0.5d 21.0+0.3 ¢ 9.8+0.2c 35.0+1.2b 65.96+2.32 C 6.80£0.19 a

1.2 13.2+0.3 a 454+10a 25.3t0.8 a 11.8+0.2 a 37.3x1.0ab 139.60+8.70 a 5.10+0.09 c

1.6 11.5+0.4 b 39.3x1.0¢c 21.8+0.3 ¢ 9.1+0.2c 38.2+0.6 a 103.74+£3.15 b 6.13+0.20 b

2.0 12.8+0.3 a 41.8+0.6 b 23.4+0.3 b 10.5£0.4 b 37.2+0.7 ab 103.37+5.24 b 5.53+0.10c

*Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 24. The effect of electrical conductivity (EC) of nutrient solutions on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in
hydroponically grown endive.

EC Chlorophyll (mg-g™ f.w.) Carotene Vitamin C Sugar Nitrate
(ds'm™) . b ath (mg-g'fw)  (mg100g*f.w.) (°Brix) (mg-kg*f.w.)
0.8 1.12+0.04 ab* 0.35+£0.01 ab 1.79+0.06 ab 0.41+0.01a 33.8£0.7b 7.2+05a 1575.0+128.8 ¢
1.2 1.01+0.04 b 0.33x0.01 b 1.63£0.05 b 0.35+0.01 b 36.7x1.3 a 4.8+0.2¢c 3740.0£78.3 b
1.6 1.22+0.04 a 0.37£0.01 a 1.93+0.06 a 0.44+0.01 a 29.310.8 ¢ 6.2+0.2 b 3523.3£281.9 Db
2.0 1.20+0.04 a 0.37+0.01 a 1.90+0.06 a 0.43+0.01 a 34.3+0.7 ab 6.0£0.0 b 5120.0+611.4 a

*Mean = standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 25. The effect of seasons on plant height, plant width, maximum leaf length, maximum leaf width, leaf numbers, fresh weight and dry matter

in hydroponically grown endive.

Plant height Plant width Maximum leaf Maximum leaf Fresh weight Dry matter
Season _ Leaf numbers 3
(cm) (cm) length (cm) width (cm) (g'plant™) (%)
Spring* 18.8+0.3 c* 40.6x0.4 b 22.8+0.1b 10.7£0.4 a 48.5+0.6 a 195.67+8.88 a 7.21x0.25b
Summer? 10.3+0.3 d 33.5+0.7 c 18.9+0.2 ¢ 8.4£0.3¢c 37.3t0.8 b 101.09+8.60 b 10.61+0.43 a
Autumn® 20.8x0.4 b 41.5+0.6 b 23.4x04 Db 9.8£0.4 ab 28.8x1.1d 90.73+4.96 b 6.14+0.15c
Winter* 24.3x0.3 a 48.8+0.5a 29.6x0.4 a 9.2+0.2 bc 33.8+0.6 C 98.34+2.38 b 4.49+0.07d

! Seeding on 2014/03/03 in growth chamber. Planting on 2014/03/24 - 2014/04/21 in greenhouse of horticultural farm, National Taiwan University.
2 Seeding on 2014/06/03 in growth chamber. Planting on 2014/06/24 - 2014/07/22 in greenhouse of horticultural farm, National Taiwan University.
¥ Seeding on 2014/09/08 in growth chamber. Planting on 2014/09/29 - 2014/10/27 in greenhouse of horticultural farm, National Taiwan University.
* Seeding on 2013/11/04 in growth chamber. Planting on 2013/11/25 - 2013/12/23 in greenhouse of horticultural farm, National Taiwan University.
*Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 26. The effect of seasons on the content of chlorophyll, carotene, vitamin C, sugar and nitrate in hydroponically grown endive.

~-1
Season Chiorophyll (mg-g™f.w.) Carotene Vitamin C Sugar Nitrate
. b ath (mg-g'fw)  (mg100g*f.w.) (°Brix) (mg-kg™ f.w.)
Spring* 1.20£0.04 a* 0.36+0.01 a 1.88+0.07 a 0.41+0.01 a 49.3+0.7 a 8.7+0.2 b 1406.7+270.8 ¢
Summer? 1.10+0.06 ab 0.35+0.03 a 1.76+0.10 ab 0.42+0.03 a 34.3x1.0b 9.8+0.2 a 1813.3+115.3 ¢
Autumn® 1.02+0.02 b 0.31+0.01 ab 1.61+0.03 b 0.39+0.01 a 33.7£0.7b 7.3+0.2 ¢ 3353.3+244.8 b
Winter* 0.83+0.03 ¢ 0.27+0.01 b 1.33+0.04 ¢ 0.28+0.01b 30.3+0.8 ¢ 5.8+0.3 d 4743.3+255.0 a

! Seeding on 2014/03/03 in growth chamber. Planting on 2014/03/24 - 2014/04/21 in greenhouse of horticultural farm, National Taiwan University.
2 Seeding on 2014/06/03 in growth chamber. Planting on 2014/06/24 - 2014/07/22 in greenhouse of horticultural farm, National Taiwan University.
¥ Seeding on 2014/09/08 in growth chamber. Planting on 2014/09/29 - 2014/10/27 in greenhouse of horticultural farm, National Taiwan University.
*Seeding on 2013/11/04 in growth chamber. Planting on 2013/11/25 - 2013/12/23 in greenhouse of horticultural farm, National Taiwan University.
XMean = standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 27. The plant height, plant width, maximum leaf length, maximum leaf width, leaf numbers, fresh weight and dry matter of hydroponically

grown endive in spring.

Days after Plant height Plant width Maximum leaf Maximum leaf Leaf numbers Fresh weight Dry matter
planting (cm) (cm) length (cm) width (cm) (g-plant™) (%)

28! 18.8+0.3 a* 40.6x0.4 a 22.8+0.1a 10.7£0.4 a 48.5+0.6 a 195.67+8.88 a 7.21+0.25a

56° 18.6£0.2 a 35.7£0.2 b 22.6x0.3 a 10.7£0.2 a 46.2+1.5a 158.82+6.82 b 7.17£0.30 a

! Seeding on 2014/03/03 in growth chamber. Planting on 2014/03/24 - 2014/04/21 in greenhouse of horticultural farm, National Taiwan University.
2 Seeding on 2014/03/03 in growth chamber. Planting on 2014/03/24 - 2014/05/19 in greenhouse of horticultural farm, National Taiwan University.
*Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.
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Table 28. The effect of seasons on the content of free, bound and total sesquiterpene lactones in hydroponically grown endive.

Season Free Bound Total
lactucin 8-deoxylactucin lactucopicrin lactucin 8-deoxylactucin lactucopicrin (ug'g'1 d.w.)
Spring1 4.49+0.67 b* - 68.05+4.49 a 0.39+0.26 a * 13.80+1.64 a 86.73£5.92 b
Summer? 5.72+0.75b 56.84+13.33 a 60.57+£5.99 a 0.39+0.18 a * 5.18+1.37 a 128.70+£19.62 a
Autumn® 3.53+0.39b 2.67£1.10b 66.76+5.37 a 0.21+0.20 a * 13.29+5.53 a 86.47+7.28 b
* - 101.13+9.84 ab

Winter* 27.86£4.57 a 5.17+3.37 b 68.09+5.37 a -
! Seeding on 2014/03/03 in growth chamber. Planting on 2014/03/24 - 2014/04/21 in greenhouse of horticultural farm, National Taiwan University.
2 Seeding on 2014/06/03 in growth chamber. Planting on 2014/06/24 - 2014/07/22 in greenhouse of horticultural farm, National Taiwan University.
¥ Seeding on 2014/09/08 in growth chamber. Planting on 2014/09/29 - 2014/10/27 in greenhouse of horticultural farm, National Taiwan University.
* Seeding on 2013/11/04 in growth chamber. Planting on 2013/11/25 - 2013/12/23 in greenhouse of horticultural farm, National Taiwan University.
*Mean + standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.

- Trace.
* The peak can not be identified in UV-260 nm chromatogram.
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Table 29. The content of free, bound and total sesquiterpene lactones in hydroponically grown endive in spring.

Days after Free Bound Total
planting lactucin 8-deoxylactucin lactucopicrin lactucin 8-deoxylactucin lactucopicrin (ng-gtdw)
28! 4.49+0.67 b* - 68.05+4.49 b 0.391£0.26 a * 13.80£1.64 a 86.73+5.92 b
56° 11.17+1.85a 26.38+7.58 124.66+21.87 a 0.08+0.05 a * 0.62+0.4 b 162.91+30.52 a

! Seeding on 2014/03/03 in growth chamber. Planting on 2014/03/24 - 2014/04/21 in greenhouse of horticultural farm, National Taiwan University.
2 Seeding on 2014/03/03 in growth chamber. Planting on 2014/03/24 - 2014/05/19 in greenhouse of horticultural farm, National Taiwan University.
*Mean * standard error (n = 6). Means with different letters within columns are significantly different at 5% level (P < 0.05) by LSD test.

- Trace.
* The peak can not be identified in UV-260 nm chromatogram.
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Fig. 1. UV-260 nm chromatogram of santonin (internal standard).
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Fig. 2. UV-260 nm chromatogram of total (bound + free) sesquiterpene lactones (A) and
free sesquiterpene lactones (B) extracted and purified from endive.

a: lactucin

b: 8-deoxylactucin

c: lactucopicrin

IS: internal standard (santonin)

X, Y, Z: unknown compounds
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Fig. 4. UV/VIS absorption spectrum (A), positive mode MS spectrum (B) and positive
mode MSMS spectrum (C) of lactucin (retention time 16.5 min).
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70



2014-10-17_Mg6-B6 #50785 RT: 42.32 AV: 1 NL: 6.96E5 microAU
F: ITMS + c ESI Full ms2 247.00@cid35.00 ~ -

100+ 2591?0

1 \

3 \
903 225.00/ \
= N

EI,

703 \

2/ \

o
=]
I 1
—
-

a
o

N
o

w

o
el b e b b

—

20 \
103 A I\
\__317.00 347.00 364.00
o T T LA MMM I B M M LA LA AL LAAM aiAS Mia | T T T ™
200 250 300 350 400 450 500 550 600

wavelength (nm)

2014-10-17_Mg6-B6 #4581 RT: 42.45 AV: 1 NL: 4.75E5
F: ITMS + ¢ ESI Full ms [50.00-500.00]

B

411.12

3 412.20

434.29

259.32
86.99 117.09 148.95 171.33 217.30 N 30139 32957 ‘ N \L | 463.60 495.26
s B s B B s B Bt s B B B B S B B N B N B B B B N R B B B B R

|
100 150 200 250 300 350 400 450 500
m/z

=
o

el
w

E N
w
N
N

0 T

o
o

2014-10-17_Mg6-B6 #4586 RT: 42.48 AV: 1 NL: 3.03E5
F: ITMS + ¢ ESI Full ms2 411.00@cid35.0C
100+

1 C

90

259.18

80

70

60

50

404

] 213.29
107 185.28
ol 14225 17T | 105-22 277.52 293.60 378.34 393.93
|RAMAY ARSI RARAS ALY RAAAS MRS RARAD AAMY MAAR RARAS RAAAS SRS LAARI BARSS | |IARAT AAASH SASSS RAGN sAAMS SAARD AARSS)
150 200 250 300 350 400 450

m/z

6. LEEEH(EATFER 423 2 45)2 UVIVIS s jo L3 F(A) ~ & 45 #5558 7
FI(B)Z & 4+ 5 = = ¥ WI(C)
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Fig. 7. Negative mode MS spectrum (A) and negative mode MSMS spectrum (B) of

lactucopicrin (retention time 42.3 min).
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Fig. 9. UV/VIS absorption spectrum (A), positive mode MS spectrum (B) and negative
mode MS spectrum (C) of unknown compound at retention time 14.1 min.
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Fig. 12. The plant height (A) and plant width (B) of hydroponically grown endive
seedlings in different day/night temperatures and electrical conductivity nutrient
solutions.

Error bar is the standard error of mean.
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nutrient solutions.

Error bar is the standard error of mean.
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grown endive seedlings in different day/night temperatures and electrical conductivity
nutrient solutions.

Error bar is the standard error of mean.
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Fig. 16. The leaf numbers (A), fresh weight (B) and dry matter (C) of hydroponically
grown endive in different day/night temperature conditions.

Error bar is the standard error of mean.
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Fig. 17. The content of chlorophyll (A), carotene (B), vitamin C (C) and sugar (D) in
hydroponically grown endive in different day/night temperature conditions.

Error bar is the standard error of mean.
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Fig. 18. The plant height (A), plant width (B), maximum leaf length (C) and maximum

leaf width (D) of hydroponically grown endive in different photoperiods.

Error bar is the standard error of mean.
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Fig. 19. The leaf numbers (A), fresh weight (B) and dry matter (C) of hydroponically
grown endive in different photoperiods.

Error bar is the standard error of mean.
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Error bar is the standard error of mean.
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Appen. 8. Temperature and relative humidity in the growth chamber.
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Appen. 10. Hydroponically grown endive in sulfur level 8 mg-L™ (A), 16 mg-L™ and 32
mg- L (C).
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Appen. 11. Hydroponically grown endive in spring (A) and simmer (B).
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