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Because of its flavor and texture， lettuce (Lαctucαsαtiuα) is one of the most popular salad vegetables in 

Japan， even though no unique nutritive values have been discovered in lettuce， and its vitamin C and β-carot巴ne

contents are much lowe1' than those of spinach and other leafy vegetables. 

The Committee fo1' lnvestigation of the Palatability of Vegetables (Yasai no Oishisa Kento linkaD has been 

collecting info1'mation on the quality of Japanese vegetables; for example， the committee conducted o1'ganoleptic 

tests on several va1'ieties of c1'isp-head lettuce in 2007 (Ho1'ie， 2008). Although higher suga1' content scores 

favorably fo1' most vegetables， no 1'elationship between the sensory evaluated taste sco1'es and suga1' content was 

observed for crisp-head lettuce in these tests. Bitter lettuce samples were evaluated unfavo1'ably (Horie， 2008). 

Fo1' the physicochemical evaluation of lettuce quality， analysis of the amounts of bitte1' compounds is impo1'tant. 

Lettuce contains sesquiterpene lactones (8Ls)， which are repo1'ted to be 1'elated to bitter taste (Price et al. 

1990). 8essa et al. (2000) 1'eported that the most abundant 8L in lettuce is lactucopicrin 15-oxalate (LO) and that 

small amounts of lactucopicrin are also p1'esent. Recently， Arakawa et al. (2008) compa1'ed the 8L contents of 

various Lαctucαspecies cultivated in Japan and repo1'ted that the majo1' 8L is lactucopic1'in; these 1'esea1'chers 

did not mention the LO content. The1'efore， cla1'ification of whether lettuce leaves cultivated in Japan contain LO 

lS necessa1'y 

A1'al王awaet al. (2007) modified the sample p1'eparation methods fo1' the analysis of 8Ls that had been 1'epo1'ted 

by P1'ice et al. (1990)， sho1'tening the prepa1'ation time f1'om 13 h to 2 h， but the necessa1'y preparation is still 

tedious. A simple m巴thodfor 1'apid analysis is requi1'ed. 

Therefore， the aims of this 1'esearch were (1) to establish a simple method for the analysis of 8Ls in lettuce， 

(2) to confirm the presence of LO in Japanese lettuce， and (3) to investigate the relationship between 8L content 

and bitterness. 

This wo1'k was suppo1'ted by the program fo1' the B1'eeding and Integ1'ated Resea1'ch towa1'd Enhancing 

Consumption of Domestic Fa1'm Products in Food 8e1'vice lndustry f1'om the Minist1'Y of Ag1'iculture， Fo1'estry 

and Fisheries of J apan. The author is grateful fo1' the technical assistance of Daisuke Yamashita and Tetsuo 

lzumi. 

II Materials and Methods 

1 Reagents 

The 8Ls present in lettuce a1'e not commercially available， so they must be pu1'ified before analytical 

conditions can be developed. Because the stems of bolted c1'isp-head lettuce are very bitte1' and are thus expected 
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to contain large amounts of SLs， we purified SLs from bolted crisp叩headlettuce stems. The purification of SLs 

from frozen lettuce stems was contracted to Nagara Science Co. (Gifu). Lactucopicrin (> 95% purity) and LO 

(-85% purity) were pur、ifiedacco1'ding to the method described by Sessa et a1. (2000). The purity of these SLs 

was confi1'med by means of high-performance liquid ch1'omatog1'aphy (HPLC) and 1 H nuclear magnetic 

resonance (NMR) spect1'oscopy. 

Acetonit1'ile used fo1' HPLC was HPLC g1'ade， and the other reagents used were special grade and we1'e used 

without furthe1' purification. 

2 Materials and Sample Preparation 

Endive (Cichorium endiuiα)， a bitte1' leafy vegetable that contains lactucopic1'in (Price et a1.， 1990， A1'al王awa

et a1.， 2008)， was used to dete1'mine the sample prepa1'ation and analysis conditions. In addition to endive and 

crisp-head lettuce， butte1'-head lettuce was also used to consider the preparation methods because sample 

p1'eparation was expected to be easie1' because the st1'ucture of the heads is simple. The latex exuded f1'om stems 

of c1'isp-head lettuce was also collect巴dfo1' analysis because the latex from lettuce is ext1'emely bitte1' (Soma， 

2006) and was expected to be 1'ich in SLs. Crispωhead lettuces 'Falcon' (Sakata Seed) and ‘Cisco' (Takii)， 

butte1'叩headlettuce ‘Summe1' Green' (Sakata Seed)， and endive (Takii) cultivated at the expe1'imental field at the 

National Institute of Vegetable and Tea Science (Tsu， Mie) we1'e ha1'vested fo1' the 1'esea1'ch f1'om Ap1'il to June 

of 2008 and 2009. Special ca1'e was taken at the ha1'vest to dig the plants without cutting the main 1'oot， so that 

the compounds in the latex could be analyzed. Th巴SLsof the ha1'vested lettuce we1'e analyzed within four hours. 

Heads of seve1'al othe1' cultivars of c1'isp-head lettuce were also obtained from fa1'ms managed by a private 

company CIbaraki Prefecture). 

Fo1' the analysis of latex， about 10μ1 of latex was collected f1'om the cut surface of the base of the stem of the 

lettuce head. The latex was dissolved in 1 ml of methanol (containing 0.1% phosphoric acid)， and the supernatant 

afte1' cent1'ifugation was analyzed as desc1'ibed by Sessa et a1. (2000). 

Lettuce leaves， which had been p1'eviously peeled from the head and 1'insed in 1'unning wate1' fo1' 30 s， we1'e 

blended in water fo1' th1'ee min using a blender (Hamilton Beach). The ext1'act was filte1'ed through a No. 5 B 

filter (Advantec) and then passed through a 0.45-μm memb1'ane filter (DISMIC-13 CP， Advantec); the filtrate 

was used fo1' high-performance liquid ch1'omatography (HPLC) analysis. The preparation of the leaves tool王less

than 10 min. All the sample p1'epa1'ations were perfo1'med at 1'oom temperature 

3 HPLC conditions 

An LC-10Avp HPLC system (Shimadzu) with high-p1'essure gradient pumps and a diode a1'ray detecto1' was 

used. The volume of sample injected was 20μ1. A reverse-phase column was used (Mightysil RP-18 GP， 5μm，4.6 

mm X 150 mm， Kanto Chemical). Gradient elution was performed with solution A， composed of 100 mM  sodium 

phosphate buffer (pH 2.1)， and solution B， composed of 90% acetonit1'ile， delivered at a flow rate of 1.0 ml/min 

as follows (% solvent B): 24% (0-2 min)， 24-36% Oinearly， 2同22min)， and 36% (22-25 min). The absorbance at 262 

nm was monito1'ed (wavelength range 200-340 nm). The temperatur巴ofthe column was maintained at 35
0

C. 

This set of conditions is 1'efe1'1'ed to as condition 1. 

Fo1' the purpose of comparing ou1' ch1'omatograms with those 1'epo1'ted by Sessa et a1. (2000)， we slightly 

modified condition 1. The same column was used， but the solvent gradient was changed from 99:1 (A:B) to 48・52

(A:B) over 60 min at 1 ml/min， whe1'e A = 100 mM  sodium phosphate buffer (pH 2.1) and B = 90% acetonit1'ile. 

The detection wavelength was set at 200 nm， according to the lite1'ature (Sessa et a1.， 2000). This set of 

conditions is refe1'red to as condition 2. 
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国 Resultsand Discussion 

1 HPLC analysis of lactucopicrins 

With our HPLC system， we had difficulty 1'ep1'oducing the ch1'omatog1'ams 1'epo1'ted by Sessa et al. (2000) fo1' 

the analysis of LO and othe1' SLs. Sessa et al. used 0.1% phospho1'ic acid as mobile phase A， but we suspected that 

our difficulty 1'ep1'oducing the ch1'omatog1'ams was due to the instability of the pH of the mobile phase. 

The1'efo1'e， we used a phosphate buffer (pH 2.1) as mobile phase A instead of 0.1% phospho1'ic acid， and this 

change imp1'oved the 1'eproducibility. 

The ch1'omatog1'am of the latex of the c1'isp-head lettuce (obtained under condition 2) is shown in Fig. 1. The 

majo1' peak (peak 1) was identified as LO by compa1'ison with the spect1'um of an LO standard. A small peal王fo1'

lactucopic1'in (peak 2) was also detected. We believe that some of the othe1' peaks in the ch1'omatog1'am 

cor1'espond to SLs， on the basis of comparison of this chromatogram with that obtained by Sessa et al. (2000). 

We did not identify these mino1' peaks， because purifying the mino1' SLs was difficult. Only the amounts of LO 

(the majo1' SL) and lactucopic1'in Cits deg1'adation compound) we1'e analyzed in this 1'epo1't 

The HPLC g1'adient conditions we1'e furthe1' modified to im戸、ovethe sepa1'ation and shorten the analysis time 

fo1' LO and lactucopic1'in (condition 1)， and the 1'esulting ch1'omatog1'am is shown in Fig. 2. The change in the 

HPLC conditions reduced the sample th1'oughput time f1'om> 60 min to 30 min. This method was used fo1' 

analysis of the ext1'acts of the lettuce leaves 

If an analytical method fo1' the SLs in lettuce is to be widely useful， the difficulty in obtaining the HPLC 

standa1'ds will have to be ove1'come. Unde1' our modified HPLC conditions， the peaks fo1' LO and lactucopic1'in 

we1'e well sepa1'ated f1'om the peaks o1'iginating f1'om the sample mat1'ix， so estimating the 1'etention times of LO 

and lactucopicrin f1'om the ch1'omatograms of latexes of lettuce can be expected to be easy fo1' HPLC systems 

different from the one we used in this study 

Fo1' the quantification of LO and lactucopicrin， we 1'efer1'ed to the repo1't of P1'ice et al. (1990)， who used 

santonin as an internal standa1'd fo1' the HPLC analysis of sesquite1'penes. They dete1'mined that the 1'atio of the 

peak a1'eas of santonin and lactucopic1'in was 1.00 when the abso1'bance was monito1'ed at 262 nm. The1'efo1'e， 

afte1' we confi1'med that (peak a1'ea)/(concent1'ation， mg/l) fo1' santonin was equal to the value fo1' 

lactucopic1'in， we used santon 
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Fig. 1 Ch1'omatogram of the lat巴xcollected f1'om 

c1'isp-head lettuce，‘Falcon' . 

1: lactucopicrin 15-oxalate (LO)， 2: lactucopicrin. The 
chromatogram was obtained under condition 2 
(described in加'laterialsand Methods)， which is a 
slight modification of the conditions reported by 
Sessa et al. (2000). 

250000 

200000 

E C 

CeミC寸、J

ぷ〈切コ

。
一50000
O 10 20 30 

Time (min) 

Fig. 2 Chromatogram of the latex collected f1'om 

c1'isp-head 1巴ttuce，'Falcon¥ 

1: LO， 2止 lactuc∞op卯lCαr、'in.The chr奄'orωma抗tog♂r羽 nwas 
ob以tain巴dund巴rcondition 1 (described in Materials 
and Methods) 
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2. Stability of lactucopicrin 15欄oxalateand sample preparation from lettuce leaves 

The LO standa1'd solution dissolved in methanol was periodically analyzed by HPLC. Even though the sample 

was kept at 10
o
C， the peak a1'ea fo1' LO dec1'eased by about 2% eve1'y hom， and the peak area fo1' lactucopicl司m

inc1'eased (data not shown). Because of the instability of LO， a 1'apid p1'epa1'ation method is 1'equired to prevent 

LO degradation. 

Endi ve (Cichorium endiuiα) was used fo1' the development of the sample preparation method， because it is 

bitter and repo1'ted to contain higher amounts of lactucopicrin than does lettuc巴(Priceet al.， 1990， Aral王awaet 

al.， 2008). l¥!Ioreove1' the amount of latex exuded at the cut su1'face of the endive leaves was much lower than the 

amount from lettuce， and this fact is expected to inc1'ease the 1'ep1'oducibility of the 1'esults of the expe1'iment. 

A whole endive plant p1'eviously cut from the 1'oots was divided longitudinally into two equal parts with a 

cooking knife. One piece was extracted with wate1'， and the other with ethanol. The peak areas of LO and 

lactucopic1'in in the HPLC chromatog1'ams were compared for the two solvents (Table 1). For both solvents， the 

LO content was much highe1' than the lactucopicrin content. The total amounts of LO and lactucopic1'in were the 

same for the two solvents， which means that no fu1'ther冷 studiesto choose the most suitable organic solvents 

were 1'equi1'ed. Because water extraction was faster and less expensive， leaves we1'e extracted with water in the 

following expe1'iments. LO and lactucopic1'in are refe1'red to as lactucopicrins (Ls) in the following discussion. 

Arakawa et al. (2008) have al1'eady 1'eported the amounts of SLs in Lαctucαand Cichorium Cincluding endive) 

species. They detected lactucopicrin in these species but did not mention the p1'esence of LO. 1n ou1' study， we 

found that LO was the major lactucopic1'in species in日ndive(Table 1) and in the latex of lettuce (Figs. 1 and 2). 

We also detected LO as a major constituent of the Ls in the leaves of all the analyzed cultivars Ccrisp-head 

lettuces 'Falcon¥'Cisco¥‘Trigger¥‘Asahina¥'P1'ano¥'Kamogawa 12¥‘Joy Green 54'， 'Top Galant'; butter-head 

lettuce‘Summer G1'een'; and endive) under ou1' conditions (data not shown). As mentioned above， LO is 

unstable in methanol. Arakawa et al. (2007) extracted Ls from plants using hot methanol; therefo1'e， alt 

3 Localization of lactucopicrins in lettuce 

The amounts of Ls in the various pa1'ts of the crisp“head lettuce cultiva1' ‘Falcon' a1'e shown in Table 2. Latex 

collected from the cut stem contained >1% Ls (40 mmol/kg f1'esh weight [FW]). The stem contained 

~20μmol/kg FW. The leaves that a1'e usually served in salad contained less than 2μmol/kg FW of Ls on 

14 l¥!Iay， and the amount of Ls gr刈adual投lyincr穐easedto 4.3μmol/k王gF¥羽入Tas the date of har令'v

is， as the head aged). We also compared the amounts of Ls in the basal Cthick) and tip (thin) parts of the same 

leaf (Table 3) and found that the basal part was richer in Ls than tip. 

Lettuce stems are more bitter than leaves in the head， the basal (thick) pa1't of the leaf is more bitte1' than the 

tip (thin) of the same leaf， and late-harvested lettuce is bitter CSoma， 2006); and endive is much mo1'e bitter than 

lettuce (Shiratori & Itaki， 2009). These observations a1'e consistent with the amounts of Ls measured in this 

study， if we assume that organoleptic bitterness is related to the amount of Ls. 

4 Sample prepar叫 ionfor analysis of lactucopicrins and organoleptic tests 

The amount of Ls was extremely high in latex from crisp-head lettuce CTable 2). We expected that the amount 

of latex remaining in the leaves would be influenced by the sample preparation method， and that the amount 

of latex remaining in the leaves would affect the amount of Ls in the leaves and the organoleptic bitterness of 
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the leaves. 

A head of butter-head lettuce ‘Summe1' G1'een' was divided in two longitudinally. Half the head was 

immediately p1'epa1'ed fo1' the analysis of Ls. The 1'emaining half was kept at 1'oom temperatu1'e fo1' 30 min， at 

which time the cut su1'face of the head was cove1'ed with latex. After the latex was wiped off， the half head was 

p1'epa1'ed fo1' analysis. Compa1'ison of the amounts of Ls in the two half heads indicated that wlpmg 

significantly 1'educed the amount of Ls CTable 4) 

Usually lettuce leaves a1'e well washed fo1' o1'ganoleptic tests， wh巴1'easthe leaves a1'e not washed well fo1' 

chemical analysis， to avoid the loss of the components. To dete1'mine the effects of washing， we divided 

butte1'寸leadlettuce ‘Summe1' G1'een' equally into two pa1'ts with a cooking-knife and then to1'巴 offall the leaves 

of one ha!f head and washed them well in 1'unning tap wate1' fo1' 30 s. The leaves of the 1'emaining half we1'e also 

torn off， but not washed in wate1'. The amounts of Ls in the leaves we1'e compa1'ed fo1' the washed and unwashed 

leaves CTable 5). The amounts of Ls in the washed samples we1'e always lowe1' than the amounts in unwashed 

samples from the same head. These 1'esults indicate that washing 1'educed the amount of latex in the leaves. 

The 1'esults shown in Tables 4 and 5 indicate that the analytical data fo1' Ls was affected by how the samples 

we1'e p1'epared. Because latex， which contains ext1'emely large amounts of Ls， is easily lost during p1'eparation 

of the leaves， sample preparation must be done carefully. Mo1'eover， the standard deviations fo1' the data in 

Tables 2-5 we1'e 1'elatively la1'ge in spite of the ca1'eful sample p1'eparation， which means the amounts of Ls va1'ied 

widely among individual heads of the same cultivars. 

The palatabilities of va1'ious cultivars we1'e compa1'ed o1'ganoleptically by the Committee fo1' lnvestigation of 

the Palatability of Vegetables CHo1'ie， 2008). Each sample was composed of a mixture of leaves f1'om th1'ee heads 

of the same cultivar. Twenty pan巴listsevaluated the palatability of each cultiva1'， and they 1'anked bitterness of 

the leaves f1'om 0 Cnot bitter) to 3 Cextremely bitter). Unexpectedly， the bitterness sco1'es for the same cultiva1' 

1'anged f1'om 0 to 3 among the panelists in several cultivars tested CHorie， 2008). This fact suggests that the 

bitter compounds were heterogeneously distributed in the sampl巴sfor the o1'ganoleptic tests. Hete1'ogeneity 

Table 1 Amounts of lactucopicrins in endive 

leaves extracted with wate1' 01' ethanol 

+し一
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n
一
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h
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一
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μmoles/kg FW 

LO lactucopicrin 

111 土 10
117 土 16

9土 1

3土 1

日口6，FW: fresh weight， LO: lactucopicrin 1ふoxalate

Table 2 Amounts of lactucopicrins in parts of c1'isp-

head lettuce and variation with date of harvest 

harvest 

leaves 14-May 0.5 

19-May 0.8 

26-May 4.3 ごと 0.9 

latex 14-May 40726.8 土 7795.1 

stem 19一五!Iay 20.3 土 6.5 

n = 5， Ls: lactucopicrins (LO and lactucopicrin) 
Culivar: Falcon 

Table 3 Amounts of lactucopic1'ins in different 

pa1'ts of the leaves of crisp-head lettuce 

basal 

Ls (μmoles/kg FW) 

3.6 土 0.6
1.2 向上一 0.3 

n=3， pく0.01(paired t-test) 
Cul ti var: Falcon 

Table 4 Effect of wiping off the letex exudad 

at the cut surface of butte1'-head lettuce 

Ls (μmoles/kg FW) 

82.7 ごと 13.9 

36.6 土 10.2

control 
* wiped 

n=3， p < 0.05 Cpaired t伊test)
Freshly dug heads of ‘Summer Green' was used 
泊三Latexexuded on the cut surface was wiped off 

Table 5 Effects of water“washing on the amounts of 

lactucopicrins in the leav巴sof butter但headlettuce 

Ls (μmoles/kg FW) 

15.1 土 6.9control (no-wash) 

water washing * 9.2 土 3.3

n = 5， pく0.05(paired t-test)， Cultivar: Summer Green 
* Torn leaves were rinsed in running tap water for 30 s. 
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within a sample can be explained by the la1'ge standa1'd deveations of the amounts of Ls in the heads CTable 3) 

and among the heads subjected to the same t1'eatments (Tables 2-5). Although o1'ganoleptic tests a1'e popula1' 

and effective fo1' evaluating the palatability of food， supplying homog羽lOUSsamples to the panelists fo1' the 

evaluation of bitterness of lettuce is difficult because of the hete1'ogeneous dist1'ibution of bitte1' compounds. 

In conclusion， we established a simple and 1'apid p1'epa1'ation method fo1' the analysis of Ls in lettuce leaves， 

and we imp1'oved sample th1'oughput and compound sepa1'ation by modifying the HPLC conditions. Th巴presence

of LO in lettuce cultiva1's was confi1'med by means of this method. Fo1' this 1'esea1'ch， we assumed that Ls a1'e 

1'elated to the o1'ganoleptic bitterness of lettuce， and this assumption was not inconsistent with ou1' expe1'imental 

1'esults. Howeve1'， getting consistent results f1'om o1'ganoleptic tests fo1' bitterness was difficult because of the 

hete1'ogeneous distribution of Ls within a head and between heads. The possibility 1'emains that mino1' 8Ls 01' 

othe1' components may cont1'ibute to the bitterness of lettuce. Mo1'eover the intensity of bitterness is expected 

to be diffe1'ent fo1' LO and lactucopicr、in.Furthe1' 1'esea1'ch is 1'equi1'ed to cla1'ify the details of the bitterness of 

lettuce. 

Summary 

Objectiv巴methodsfo1' evaluating the bitterness of lettuce a1'e necessa1'y because bitte1'ness is an impo1'tant 

facto1' fo1' the palatability of lettuce. 80me sesquite1'pene lactones (8Ls) a1'e known to be bitte1'， and the majo1' 

8L in lettuce is 1'epo1'ted to be lactucopic1'in 15-oxalate (LO). Lactucopic1'in is also known to be p1'esent in lettuce 

8imple sample p1'epa1'ation methods and conditions fo1' the 1'apid analysis of LO and lactucopic1'in in lettuce 

heads were developed. B巴causeLO was unstable in solution， 1'apid sample preparation was 1'equi1'ed. Lettuce 

leaves were ext1'acted with wate1' in a blende1'， and the filtrate was analyzed. 8ample p1'eparation took less than 

10 min. LO and lactucopic1'ins (1'efe1'red to as Ls) could be sepa1'ated by means of g1'adient 1'eve1'se-phase 

high-pe1'fo1'mance liquid ch1'omatog1'aphy with pH 2.1 phosphate buffe1' and 90% acetonit1'ile as mobile phases 

The sample th1'oughput time was 30 min. In c1'isp-head lettuce， the amounts of Ls in latex， stems， and leaves 

we1'e ~40 ，000 ， ~20 ， andく5μmoljkgFW， 1'espectively. Because the analytical 1'esults obtained we1'e consistent 

with the st1'ength of bitterness， we suggest that the amounts of Ls can be used as an indicato1' of bitterness. 

Becaus巴theamounts of Ls va1'ied among heads， with head age， among the va1'ious parts of the plant， and with 

washing treatment， special ca1'e is needed fo1' evaluation of bitterness by means of o1'ganoleptic tests 01' 

inst1'umental analysis. 
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初江・尚迷液体クロマトグラフィーによるレタス中のラクチュコピク J} ン奴(=f~TI_沫物質)の分析(英文)

高速液体クロマトグラフィーによるレタス中の

ラクチュコピクリン類(苦味物質)の分析

堀江秀樹

摘要
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レタスのおいしさに関係して苦味が重要な要素であるため， レタスの苦味を客観評価する方法の開発が必要であ

る.セスキテルぺンラクトン類 (8L8)は苦いことが知られているが， レタスにおける主要なセスキテルぺンラクト

ン類はシュウ酸ラクチュコピクリン (LO)と報告されている.さらに，ラクチュコピクリンもレタスに含まれるこ

とが知られている.そこで， レタスの結球部に含まれる LOとラクチュコピクリンについて，街単な試料調製法と迅

速な分析法を開発した. LOは溶液中で非常に不安定なことが明らかになったので，迅速な試料調製が求められる.

レタスの葉をブレンダーを月~L 、て水抽出し，主主液を分析に供した.本操作は 10 分以内で完了した. pH2.1のリン酸

緩衝液と 90%アセトニトリルを移動相とするグラジエント逆相高速液体クロマトグラフ法により 2種類のラクチュ

コピクリン類 (L8)の分離が可能であった.なお，分析時間は 30分であった. レタスにおいて L8の含量は，混重

量 1kgあたり，乳液芯，葉でそれぞれ40000，20マイクロモルおよび5マイクロモル以下であった.得られた分

析結果が感覚的な苦味に一致したので， L8含量を苦i沫の指標として用いる可能性が示唆された.ただし， L8の含量

は個体，熟度，音11位，洗浄処理により異なるため，官能評価や機器分析により苦味を評価するi擦には注意が必要で

ある.
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