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Table 1. The reproducibility of retention time and peak area of lutein, a-carotene and f3- carotene.
Within-day (n = 6) Between-day (n = 6)
Retention time Peak area Retention time Peak area
Item X + SD* % CV* X +SD % CV X +SD % CV X +SD % CV
Lutein 2.28 £ 0.005 0.02 83445+12.6  0.50 2.29+0.01 0.31 7887.5+£69.1  0.88
a-carotene 15.87 £ 0.004 0.05 8527.3+32.6  0.40 15.86 £0.18 1.11 8550.4+31.3  0.37
B-carotene 16.85 +0.007 0.03 3147.8+232  0.74 16.84 £0.18 1.08 3103.8+59.9 1.90

“ SD: standard deviation.
¥ CV: coefficient of variation.
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Fig. 1. The UPLC (Ultra Performance Liquid Chro-
matography) profile of authentic lutein (A), a-carotene
(B), and B-carotene (C).
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Fig. 2.

Linearity of response of authentic lutein (A),

a-carotene (B), and B-carotene (C).
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(Aruna & Baskaran 2010; Liu ef al. 2011; Fu
etal. 2012)
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2. B HACIVERRPRARL
Table 2. Lutein content (mg g dry weight) of vegetables commonly consumed in Taiwan.

Vegetable name Scientific name mgg' D. W. Remarks
Coriander Coriandrum sativum L. 1.42+0.21

Coriander leaf C. sativum L. 1.77+0.20

Coriander stem C. sativum L. 0.61 +0.03

Chinese knot weed Polygonum chinensis L. 1.28 +£0.11

Basil Ocimum basilicum L. 1.20+0.03

Common dill Anethum graveolens L. 1.17+£0.11

Black mustard Brassica nigra (L.) W. D. J. Koch 1.10+0.07

Black mustard leaf B. nigra (L.) W. D. J. Koch 1.25+0.10

Black mustard stem B. nigra (L.) W. D. J. Koch 0.60 +£0.11

Lettuce Lactuca sativa L. 1.05+0.09

Garland chrysanthemum Chrysanthemum coronarium L. 0.80 +0.02

Prickly-seeded spinach Spinacia oleracea L. 0.78 £ 0.06

Prickly-seeded spinach leaf S. oleracea L. 0.87+0.01

Prickly-seeded spinach stem S. oleracea L. 0.57+0.02

Edible rape Brassica campestris L. 0.60 +0.05

Edible rape leaf B. campestris L. 0.84+0.10

Edible rape stem B. campestris L. 0.48 +0.08

Asparagus lettuce Lactuca sativa var. asparagina Bailey 0.78 +£0.01

Chinese leek Allium tuberosum Rottl. ex K. Spreng. 0.71+0.12

Pumpkin Cucurbita maxima Duchesne ex Lam. 0.52+0.16

Bell pepper Capsicum annuum var. annuum Grossum group 0.44+0.08

Mustard Brassica juncea (L.) Czerniak. et Coss. 0.65 +0.05

Mustard leaf B. juncea (L.) Czerniak. et Coss. 0.77 £0.04

Mustard stem B. juncea (L.) Czerniak. et Coss. 0.37 £ 0.01

Water convolvulus Ipomoea aquatica Forssk. 0.69 +0.05

Water convolvulus leaf I aquatica Forssk. 0.83 +0.04

Water convolvulus stem I aquatica Forssk. 0.57 +0.01

Bayam selaseh Amaranthus caudatus L. 0.60 +0.03

Bayam selaseh leaf A. caudatus L. 0.94 +0.03

Bayam selaseh stem A. caudatus L. 0.43 £0.05

Welsh onion Allium fistulosum L. 0.53 £0.02

Welsh onion leaf A. fistulosum L. 0.69 +0.02

Pak-choi Brassica campestris L. ssp. Chinensis (L.) Mak. 0.47 +£0.12

Pak-choi leaf B. campestris L. ssp. Chinensis (L.) Mak. 0.55+0.10

Pak-choi stem B. campestris L. ssp. Chinensis (L.) Mak. 0.39+0.03

Turnip pulp Brassica campestris L. ssp. rapifera Metzg. 0.47 +0.06

Turnip peel B.campestris L. ssp. rapifera Metzg. 0.59+0.01 Inedible
Turnip leaf B.campestris L. ssp. rapifera Metzg. 0.75 +0.05 Inedible
Cauliflower Brassica oleracea L. Botrytis Group 0.56 +0.01

Cauliflower outer leaf B. oleracea L. Botrytis Group 0.88 +0.11 Inedible
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Table 2. Lutein content (mg g dry weight) of vegetables commonly consumed in Taiwan. (continued)
Vegetable name Scientific name mgg' D.W. Remarks
Cabbage Brassica oleracea L. 0.49 +0.05
Cabbage outer leaf B. oleracea L. 0.54+£0.03 Inedible
Cucumber Cucumis sativus L. 0.32+£0.07
Cucumber peel C. sativus L. 0.85+0.09 Inedible
Pai-tsai Brassica campestris L. ssp. pekinensis (Lour.) Olsson 0.42 +0.05
Pai-tsai leaf B. campestris L. ssp. pekinensis (Lour.) Olsson 0.52+0.03
Pai-tsai outer leaf B. campestris L. ssp. pekinensis (Lour.) Olsson 0.63 +£0.08 Inedible
Amaranth Amaranthus mangostanus L. 0.24 +0.01
Amaranth leaf A. mangostanus L. 0.27+0.07
Amaranth stem A. mangostanus L. 0.16 +0.08
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An Improved Ultra Performance Liquid
Chromatography Method for Analyzing Lutein Content
of Vegetables in Taiwan

Shu-Chin Lo"" and Pei-En Chung’

Abstract

Lo, S. C. and P. E. Chung. 2014. An improved ultra performance liquid chromatography
method for analyzing lutein content of vegetables in Taiwan. J. Taiwan Agric. Res.
63(2):159-166.

Lutein can mitigate eyes’ aging and macular degeneration, but cannot be synthesized in the hu-
man body. It must be supplemented from diet. An efficient method for separation and quantification
of lutein was developed to establish the database of lutein contents of various commercial vegetables
in Taiwan. By ultra performance liquid chromatography, lutein can be analyzed within 5 min using
ethylene bridged hybrid (BEH) C18 as a column and an isocratic elution solution of acetonitrile/
methanol (70 : 30, v/v) at a flow rate 0.25 mL min". The a-carotene and B-carotene could also be de-
termined simultaneously. The results showed that lutein contents ranged between 0.16 to 1.77 mg g’
dry weights among 50 vegetable samples. The lutein contents of eight samples were higher than 1 mg
g dry weight, and most of them were dark green leafy vegetables, including coriander, water spinach,
rapeseed and Chinese kale. The highest was coriander’s leaves, up to 1.77 mg g dry weight. The con-
tents of lutein in the dark green leafy parts were higher than the stems of the yellow and white veg-
etables. However, the contents of lutein in leaves of the inedible parts of white vegetables were higher
than the edible parts. The lutein content of cucumber peel was higher than the pulp up to 2.6 times.
According to the differences between vegetable colors and lutein contents, consumers can choose dark
green leafy vegetables to increase daily intake of lutein. The content of lutein in the inedible parts of
vegetables, usually regarded as agricultural wastes, is higher than in the edible parts. Therefore, these
wastes are valuable for value-adding applications in the future.
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