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Table 1. Total antioxidant capacity and rank of 17 fresh leafy vegetables
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Leaf vegetables TOSC DPPH
TEAC (umol/g) Rank DPPH (%) Rank
Amaranth 2.239+0.095' 1 63.54+13.35 9
Japanese hornwort 2.173+£0.127 2 86.84+0.52 3
Chinese parsley 2.044+0.120 3 41.25+15.93 13
White mugwort 2.008+0.107 4 88.24+1.03 1
Sweet potato tips 1.639+0.024 5 87.23+0.06 2
Chinese kale 1.591+0.182 6 69.29+20.82 7
Pak-choi 1.544+0.047 7 64.97+14.21 8
Leaf lettuce 1.540+0.199 8 84.06+2.94 4
Spinach 1.500+0.125 9 57.944+8.98 10
Malaber spinach 1.232+0.115 10 29.35+0.87 15
Edible rape 1.210+0.131 11 42.51+12.16 12
Smallage 1.185+0.061 12 49.16+8.97 11
Chingan cai 1.050+0.116 13 40.03+£5.47 14
Curled leaf lettuce 1.004+0.202 14 75.50+11.33 6
Water spinach 0.949+0.121 15 24.80+2.68 16
Loose head lettuce 0.905+0.105 16 80.65+0.94 5
Garland Chrysanthemum 0.546+0.049 17 15.39+5.97 17
! Values presented are means + SE (n=3).
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Fig. 1. Trolox equivalent antioxidant capacity (TEAC) and DPPH radical scavenging activity (%) of 17
leafy vegetables.
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of yellowing score of seven vegetables stored in fresh air and in 1 ppm C,H,.

(A) Leaf lettuce (B) Water spinach (C) Chinese kale (D) Chin-gan cai (E) Amaranth (F) Sweet
potato tips (G) Spinach. Error bars represent the standard error of the mean (n=3).
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Fig. 3. Trolox equivalent antioxidant capacity (TEAC) of 8 leaf vegetables on the day of purchase (o) and
the day aged (m).(A) Leaf lettuce (B) Water spinach (C) Chinese kale (D) Chin-gan cai (E)
Amaranth (F) Sweet potato vine (G) Spinach (H) Gynura. Error bars represent the standard error
of the mean (n=3).
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Table 2. Changes of antioxidant capacity in water spinach during leaf senescence

Air C,H,
Day vs! TEAC? DPPH’ vs! TEAC? DPPH’
(nmol / g) (%) (umol / g) (%)
0 1.0 1.260+0.315* 33.742.43 1.0 1.260+0.315 33.742.43
3 3.1 1.739+0.082 71.5+10.41 4.1 2.217+0.202 89.1+1.33
5 3.9 1.709+0.055 78.3+11.33 5.0 1.881+0.127 78.2+2.78
7 5.0 2.490+0.101 85.6+0.06 - - -

1YS :FE'J (=558 Yellowing score.
2 Trolox 3 (B Vs [ H“ ]34« Trolox equivalent antioxidant activity.
*DPPH | LS [fﬁ? 74 - DPPH free radical scavenging activity.
*Values presented are means + SE (n=3).

RS R R P R e

Table 3. Changes of antioxidant capacity in chingan-cai during leaf senescence

Air C,Hy
Day vs! TEAC? DPPH’ s TEAC? DPPH’
(umol / g) (%) (umol / g) (%)
0 1.0 1.710+0.098" 82.4+0.52 1.0 1.710+0.098 82.9+0.52
5 3.0 1.441+0.053 48.2+8.47 3.75 1.311£0.185 38.2+5.68
9 5.0 1.224+0.111 10.5+2.04 5.0 1.494+0.131 36.4+1.87

'ys :FE'J (=55 8¢ Yellowing score.

2 Trolox % (B Vs [ H“ 7J4 - Trolox equivalent antioxidant activity.

*DPPH | IHELE [fﬁ? 74 - DPPH free radical scavenging activity.
*Values presented are means + SE (n=3).
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Fig. 6. The relatlonshlp between senescence rate and Trolox equivalent antioxidant capacity(TEAC) of 17
leafy vegetables. (A) Leaf lettuce (B) Water spinach (C) Chinese kale (D) Chingan cai (E)
Amaranth (F) Malaber spinach (G) Spinach (H) Sweet potato tip (I) Garland Chrysanthemum (J)
Smallage (K) Japanese hornwort (L) Loose head lettuce (M) Curled leaf lettuce (N) Chinese
parsley (O) White mugwort (P) Pak-choi (Q) Edible rape.
Senescence rate = (changes of yellowing index % / day).
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Determination of the Total Antioxidant Capacity
in Fresh and Senescent Leafy Vegetables®

Nien-Tzu Wang®, Tsu-Tsuen Wang® and Shing-Jy Tsao’

ABSTRACT

The antioxidant capacity of 18 common leafy vegetables were assayed by modified
TOSC (Total oxyradical scavenging capacity) method and expressed as the Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylicacid) equivalent antioxidant capacity
(TEAC). Based on the TEAC values, tested 17 leafy vegetables could be grouped into
three. The first group, with TEAC values higher than 2.0 pmole - g™' , includes amaranth,
Japanese hornwort, Chinese parsley and white mugwort. The second and the largest group,
with TEAC values between 1.1-2.0 pmole - g, includes sweet potato tips, Chinese kale,
pak-choi, leaf lettuce, spinach, malaber spinach, edible rape and smallage. The third
group, with TEAC values less than 1.1 pmole - g™, includes chingan-cai, curled lettuce,
water spinach, loose head lettuce and garland chrysanthemum.

The antioxidant capacity of the same 17 leafy vegetables were also measured by the
DPPH (2,2’-diphenyl-1-picrylhydrazyl) method, which measures the radical scavenging
activity in methanol extracts of tissue samples. There were some differences between the
results of the TOSC method and the DPPH method. Japanese hornwort and white
mugwort were ranked high in antioxidant capacity by both methods. However, amaranth
and Chinese parsley were ranked high in antioxidant capacity by the TOSC method but
not by the DPPH method. Garland chrysanthemum, water spinach and chingan-cai were
ranked low by both methods. Loose head lettuce and curled lettuce were ranked low by
the TOSC method and high by the DPPH method. These are arttributed to the differences
in the nature of free radical scavenging reaction as well as the ways of sample preparation,
and the vegetables may thus fall into different categories of antioxidant power in two

tests.

'Contribution No. 0720 from Taichung DARES, COA.
? Assistant Researcher of Taichung DARES, COA.
3 Associate Professors, Department of Horticulture, National Taiwan University.
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The antioxidant capacities of both fresh and senescent leaves of eight leafy
vegetables were determined by the TOSC method. In leaf lettuce, water spinach, Chinese
kale and gynura, their antioxidant capacities increased as they turned yellow or
deteriorated. In leaves of chingan-cai, amaranth, spinach and sweet potato tips, their
antioxidant capacities decreased upon senescent and yellowing. Accordingly, the patterns
of change in antioxidant capacity of leafy vegetables during leaf senescence could be
divided into two groups: the ascending antioxidant capacity type showed an increase in
antioxidant capacity during leaf senescence, and the descending type showed an decrease

in leaf antioxidant capacity.

Key words: radical scavenging activity, total antioxidant capacity, vegetables,
senescent, ethylene treatment.



