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The comparison of flavor, nutrient composition, and antioxidative activity
between Kyo-kurenai and Hamabeni snow carrots (Yukishita carrots).
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Summary

“Yukishita” carrot, or snow carrot, is a branded vegetable produced in heavy snow areas where the vegetable is
embedded in snow during winter. This snow carrot is known to have a good flavor via its adaptive response of cold
acclimation to obtain freezing resistance. In the present study, we investigated the nutrient composition, carotenoid
content, antioxidative activity, and flavor of a novel snow carrot of Kyo-kurenai in comparison with those of tradi-
tional Hamabeni snow carrot. Regarding the constituents, Kyo-kurenai snow carrot had very similar nutrient compo-
sition and taste components to those of Hamabeni snow carrot. In contrast, the level of lycopene in the Kyo-kurenai
snow carrot was 20 times higher than that of the Hamabeni snow carrot, while its total carotenoid content was
comparable to that of the Hamabeni snow carrot. Further, antioxidative activities evaluated by electronic spin reso-
nance (ESR) method for water-soluble components and by singlet oxygen absorption capacity (SOAC) method for
carotenoids were higher in the Kyo-kurenai snow carrot than those in the Hamabeni snow carrot. The analyses of
volatile compounds by gas chromatography-mass spectrometry (GC-MS) and taste components by taste sensor sug-
gested that these snow carrots have similar odor and taste components, although the sensory evaluation of the
Kyo-kurenai snow carrot resulted in lower score of overall quality as compared to that of the Hamabeni snow carrot.
Taken together, these results indicate that the Kyo-kurenai snow carrot has both properties of high antioxidative

activity due to its high lycopene content and good flavor comparable to that of the traditional Hamabeni snow carrot.
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Table 1 Nutrient compositions of Hamabeni and Kyo-kurenai snow carrots and its products.

Hamabeni Kyo-Kurenai
Carrot Juice Carrot Juice Paste Powder
Energy (kcal) 42 29 39 36 29 376
Water (g) 89.1 925 89.9 90.7 92.6 27
Protein (g) 0.7 0.5 0.8 0.6 0.6 7.2
Lipid (g) 0.2 0.2 0.3 0.2 0.2 25
Carbohydrate (g) 9.3 6.4 8.3 8.0 6.1 81.1
Ash (g) 0.7 04 0.7 0.5 05 6.5
Sodium (mg) 114 78 28 44 45 46.0
Sodium chloride equivalent (g) 0.03 0.02 < 0.01 0.01 0.01 0.12
The nutrient compositions are represented per 100 g of each edible portion.
Table 2 Contents of taste components in Hamabeni and Kyo-kurenai snow carrots and its products.
Hamabeni Kyo-Kurenai
Carrot Juice Carrot Juice Paste Powder
Arginine 6 7 12 14 13 125
Lysine 2 N.D. 2 N.D. N.D. 6
Histidine 4 2 4 2 2 14
Phenylalanine 9 4 8 4 4 30
Tyrosine 6 2 4 1 1 10
Leucine 5 2 4 1 1 14
Isoleucine 10 5 8 4 4 32
Methionine 4 2 2 1 N.D. 8
Free amino acid Valine 14 7 9 7 7 68
(mg) Alanine 101 85 124 81 80 766
Glycine 1 1 1 1 1 10
Proline 8 4 6 41
Glutamic acid 9 21 6 25 24 158
Serine 20 15 22 20 20 148
Threonine 8 5 6 5 5 38
Aspartic acid 28 18 12 22 22 102
Tryptophan 4 2 3 2 2 18
Cystine N.D. N.D. N.D. N.D. N.D. N.D.
Glucose 0.5 0.8 1.1 14 1.3 31
Sugar Fructose 0.6 2.3 1.0 2.7 2.7 77
(2) Sucrose 49 2.0 37 2.1 2.0 35.8
Maltose N.D. N.D. N.D. N.D. N.D. N.D.
Acetic acid N.D. N.D. N.D. N.D. N.D. N.D.
Tartaric acid N.D. N.D. N.D. N.D. N.D. N.D.
Organic acid Succinic acid N.D. N.D. 15 N.D. N.D. 130
(mg) Malic acid 310 200 330 220 210 2700
Citric acid 15 140 N.D. 180 180 93
Formic acid N.D. N.D. N.D. N.D. N.D. N.D.

All values are represented per 100 g of each edible portion. N.D., not detected.
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Table 3 Carotenoid contents of Hamabeni and Kyo-kurenai snow carrots and its products.

Hamabeni Kyo-Kurenai
Carrot Juice Carrot Juice Paste Powder
a-carotene 2351 2383 1214 947 3485 2155
B-carotene 6970 5749 4936 4710 19134 9645
Lycopene 129 125 2700 2627 12661 4815
Total 9450 8256 8851 8284 35280 16615
All values are represented as ug per 100 g of each edible portion.
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Fig.1 Antioxidant activity of water-soluble components in
Hamabeni and Kyo-kurenai snow carrots.
Antioxidant activity of water-soluble components was
measured by ESR method. A, superoxide scavenging ac-
tivity represented as unit of superoxide dismutase
equivalent per g of sample. B, hydroxyl radical scaveng-
ing activity represented as umol dimethyl sulfoxide
equivalent per g of sample. C, singlet oxygen scavenging
activity represented as pumol histidine equivalent per g
of sample. Each bar represents mean value of three sam-
ples.
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Fig. 2 Antioxidant activity of carotenoids in Hamabeni and
Kyo-kurenai snow carrots.
A, antioxidant activity of carotenoids evaluated by
SORC method. Singlet oxygen scavenging activity was
represented as mg o-tocopherol equivalent per 100 g of
sample. B, antioxidant activity of carotenoids evaluated
by liposome-TBA method. Suppression of TBA reactive
substance formation was represented as nmol trolox
equivalent per nmol carotenoid. Each bar represents
mean value of three samples.
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Fig. 3 Taste sensor analysis of Hamabeni and Kyo-kurenai
snow carrots and its products.
Carrot homogenates, juices, paste, and water suspension
of powder were analyzed by a taste sensor system. A,
comparison between snow carrots. Values obtained from
Hamabeni snow carrot are represented as 0. Dashed
line, Hamabeni snow carrot; solid line, Kyo-kurenai snow
carrot. B, comparison between juice products. Values ob-
tained from Hamabeni carrot are represented as 0.
Dashed line, Hamabeni snow carrot juice; solid line,
Kyo-kurenai snow carrot juice. C, comparison among
juice, paste, and powder made from Kyo-kurenai snow
carrot. Values obtained from Kyo-kurenai snow carrot
are represented as 0. Solid line, juice; dashed line, paste;
dotted line, powder.
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Fig. 4 GC-MS chromatograms of volatiles from Hamabeni and
Kyo-kurenai snow carrots and its products.
Volatile compounds were analyzed by headspace GC-MS
and identified via library search. A, Hamabeni snow car-
rot. B, Kyo-kurenai snow carrot. C, Juice product pre-
pared from Kyo-kurenai snow carrot. D, paste product
prepared from Kyo-kurenai snow carrot. E, powder
product prepared from Kyo-kurenai snow carrot. Peak 1,
ethanol; 2, B-pinene; 3, terpinolene; 4, B-caryophyllene, 5,
8, a-humulene; 6, B-bisabolene; 7, a-bergamotene/a-pa-
tchoulene; 9, D-limonene, 10, y-terpinene; 11, o-terpineol;
12, hexanal; 13, methylheptenone; 14, trans-geranylace-
tone; 15, myristicin.
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Fig. 5 Sensory evaluation of Hamabeni and Kyo-kurenai snow
carrots and its products.
A, comparison between snow carrots. Open circles and
dashed line, Hamabeni snow carrot; closed squares and
solid line, Kyo-kurenai snow carrot. Asterisks indicate
significant differences (P < 0.05, t test). B, comparison be-
tween juice products. Open circles and dashed line,
Hamabeni snow carrot juice; closed squares and solid
line, Kyo-kurenai snow carrot juice. Asterisks indicate
significant differences (P < 0.05, t test). C, comparison
among juice, paste, and powder made from Kyo-kurenai
snow carrot. Open circles and solid line, juice; closed dia-
monds and dashed line, paste; open squares and dotted
line, powder. * ™ Different letters indicate significant dif-
ferences (P <0.05, Tukey-Kramer method). Each attri-
bute was expressed on a five-point scale from —2 (bad)
to +2 (good).
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