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Changes in Carotenoid and Anthocyanin Contents, as well as
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ABSTRACT Lettuce (Lactuca sativa) is an important dietary leafy vegetable that is primarily consumed as a fresh
or salad material. It has a number of cultural varieties with green and/or red color. Carotenoids and anthocyanins
are known to be responsible for these two colors, respectively. In this study, carotenoid and anthocyanin contents
were determined to evaluate the stability of these functional pigments during storage at home. Analyses were carried
out at the beginning, 3, 6, 9, and 12 days after harvest. In the course of storage at room temperature, total carotenoid
levels rapidly decreased, and the decrease was found to be greatest during the first 3 days. Meanwhile, carotenoid
level slightly changed within the first 9 days at 4°C after harvest. This result suggests that carotenoids in green lettuce
are more stable when refrigerated than at room temperature. Meanwhile, total anthocyanin content in red lettuce did
not significantly decrease during storage at room temperature and 4°C, which indicates that anthocyanins have higher
stability during storage compared with carotenoids in green lettuce. Anthocyanin extract exhibited higher antioxidant
activity than carotenoid extract based on 2,2'-azino-bis(3-ethylbenzothazoline-6-sulfonic acid) (ABTS) radical scaveng-
ing assay. Antioxidant activity of anthocyanin extract may also be estimated directly by the presence of another potent
hydrophilic antioxidant compound, which is ascorbic acid in this extract. In addition, anthocyanin extract showed
about a 5-fold higher amount of anthocyanins than carotenoids in the carotenoid extract. The high correlation between
carotenoid content with ABTS radical scavenging activity indicates that ABTS assay is more suitable than 1,1-di-
phenyl-2-picrylhydrazyl radical scavenging assay for detecting antioxidant capacity of carotenoid extract from lettuce.
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Alef

IR E o= EFEZ R AME-3E violaxanthin, lutein,
zeaxanthin, B-cryptoxanthin, a-carotene, 97-B-car-
otene, all-trans—B-carotene(B-carotene), 13~-B-car—
otene< Indofine Chemical(Hillsborough, NJ, USA)2] A
Z& FYste] AR5t Chlorophyll a®t b, anthocya-
nin 7522 A3} cyanidin-3,5-diglucoside:= Sigma-—
Aldrich Co.(St. Louis, MO, USA)9] #A|&& AM&313t).
HPLCE &3} E-& Fisher Scientific(Santa Clara,
CA, USA)?9] AE& AFE3tSE o™, methyl-tert-butyl-
ether(MTBE)+ J.T.Baker(Center Valley, PA, USA) #|
F& ARSI At @4 S oA FAAUFRT R AL
43l tert-butylhydroxytoluene(BHT)¥} Trolox+ Sigma-
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(calibration curve)< 233}t
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SN o 2= wEhE : MTBE : £=6:90:45 Ab&-3lo] A&l
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Anthocyanin (ug/mL)=(AXMWx1000/¢)X<dilution factor
¢=30,175, MW of cyanidin-3,5-diglucoside=611
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1,1-Diphenyl-2-picrylhydrazyl(DPPH; Sigma-Aldrich
Co)E HlEFE o] o] 0.2 mM X & vHEo] 96 well plate
of Zt7+ 180 uLE ¥, SkellA Az JtEHwolE 35
ES 20 ulL(# =T, 21.3 mg-FW(fresh weight)/mL)%
ol FATh A2 3087 BESAIZL ¥ microplate
reader(PerkinElmer, Victor X5, Turku, Finland)Z ©]-&
ste] 520 nmol A FFEE SAHTH14). g7 2A
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FRAP(ferric reducing antioxidant power)E 0|2st
Mt &8

Fe’* o] &o] Fe* o] 2oz Fxo] Fe FE2A9| fer-
rous—tripyridyltriazine &A1& dAdsl= S o] 83
o QtEAol & &9 ditslsS SAIUTHISL16). &
300 mM sodium acetate buffer(pH 3.6)(Junsei, Saitama,
Japan) €9, 40 mM HCl(Matsunoen Chem., Osaka, Ja-
pan) &40 2 A% 10 mM TPTZ(2,4,6-tripyridyl-s-
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triazine, Fluka, Buchs, Switzerland)2} 20 mM FeCls-
6H.0(Sigma, Shanghai, China) €< Z+zb 10:1:1(v/
v/v)Z E%38Fe] FRAP Al oFS W&t 96 well plateel
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ABTS 2iC|Z A7 &M =X

2.45 mM potassium persulfate(Sigma-Aldrich Co.,
Tokyo, Japan) o|&t& &M FHFE%7F 7 mM HAHE
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS; Sigma-Aldrich Co., Munich, Germany)&
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Ao Pt FFAAE JERN Y M, Microsoft Excel

2010 software(Microsoft, Redmond, WA, USA)2] one-
way analysis of variance(ANOVA) E A3 g] ¥HS Al&-
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Table 1. Linear range and correlation coefficients of calibration curves

Carotenoids Range (pg/mL) Slope (a)” Intercept (b)z) Regression (rz) LOD (ng)
Violaxanthin 0.02~12.5 100.17 6.50 0.9987 ~10
Lutein 0.02~12.5 165.82 -30.61 0.9980 ~10
Zeaxanthin 0.02~12.5 135.59 -14.19 0.9982 ~10
13Z-B-Carotene 0.02~25 128.53 -14.95 0.9993 ~10
All-trans-p-carotene 0.02~50 130.00 -15.50 0.9997 ~10
9Z-B-Carotene 0.02~25 122.66 -4.09 0.9999 ~10

1)’Z)Slope and intercept represent a and b in Y=ax+b linear model. ¥ means peak area and x, concentration.
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Table 2. Carotenoid contents in green lettuce"

B0 =

Mol Fa=

=2 Bo|n 600 nmBEt} & HHoME &3
HYome JhEE o= AR o 179 Witals)

$-ol& Fig. 19 all-
trans—B-carotene®] *J“E% ol A 4403} 470 nm ELPQ Oﬂ
A Y FESUE 1oy Hksle

ol = chlorophyll b9 Aol A3 440 nm <=l 1

- mlo e

Samples Contents (mg/100 g-FW (fresh weight))
Keeping Days”  Violaxanthin  Lutein  Zeaxanthin 132~ All-trans-B- 9Z-p- Others Total
methods Carotene carotene Carotene
0 1.9540.39"  2.16£0.12° 0.05£0.01° 0.11£0.03* 1.96+0.14" 0.28+0.01° 1.90+0.19* 8.41%0.90°
Room 3 1.13£0.10°  1.53+£0.08" 0.06+£0.03" 0.1240.02* 1.04+0.06" 0.25£0.06" 1.29+0.01° 5.42+0.35"
remperature 6 0.71£0.18°  0.78+0.07° 0.03£0.00° 0.11£0.01* 0.76£0.05° 0.21£0.02" 0.9420.03° 3.54+0.36°
p 9 0.47+0.02°  0.64£0.06° 0.02+0.00° 0.09+0.01* 0.46+0.05° 0.16£0.03° 0.62+0.01° 2.46+0.17
12 0.46:0.02°  0.50£0.06° 0.03+0.01° 0.10£0.01* 0.48+0.02° 0.17£0.01° 0.57+0.04° 2.30+0.17°
3 229+0.41°  1.89+0.17° 0.04+0.01° 0.16£0.02° 1.65+0.13* 0.29£0.04* 2.03£0.07° 8.35+0.85"
Refrigeration  © 2.59+0.45"  2.16+0.10° 0.05+0.01° 0.16£0.02° 1.82+0.06° 0.31£0.04* 2.14£0.05° 9.24+0.73"
& 9 2.50£0.65°  1.87+0.11° 0.05+0.02° 0.16£0.02° 1.21£0.19° 0.31£0.04* 2.25+0.00° 8.94+1.02°
12 1.2740.17°  1.71£0.08° 0.04£0.01° 0.13£0.02* 0.70+0.01° 0.19£0.05° 0.85+0.03° 4.90+0.37

1)Data are expressed as the mean and SD of three independent experiments.

Days after harvest.

Means with different letters in the same column are significantly different (P<0.05).
mAU *DADI, 18.901 (109 mAU, - ) Ref=18.268 & 20.161 AU *DADI1, 38.281 (113 mAU, - ) Ref=37.868 & 38.821
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Fig. 1. HPLC chromatogram of green lettuce extract (450 nm).
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Fig. 2. Changes in carotenoid content of green lettuce during
storage. Means with different letters above the bars are sig-
nificantly different (P<0.05).
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Fig. 3. Changes in anthocyanin content of red lettuce during
storage.
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(Fig. 4A, Table 3). WFHe] ABTS gzt 27 Aol glo]
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Room temperature Refrigeration
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Eiad)

2] . oFx
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7 - gk 4

Table 3. Pearson's correlation coefficients of antioxidant activ-
ities, total carotenoids and total anthocyanin content

Traits" ACD ACA AAF AAA
TC 021 0.90"
ACD 0.17"
TA 0.39™ 0.45™
AAF 0.85"

YTC, total carotenoid content; ACD, antioxidant activity of car-
otenoid extract on DPPH assay; ACA, antioxidant activity of
carotenoid extract on ABTS assay; TA, total anthocyanin con-
tent; AAF, antioxidant activity of anthocyanin extract on FRAP
assay; AAA, antioxidant activity of anthocyanin extract on
ABTS assay.

NS: not significant. **Signiﬁcant at P<0.01.
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