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Abstract

Shinseoncho and kale were divided into stem shinseoncho stems (SS) and kale stems (KS) and leaf parts 
shinseoncho leaves (SL) and kale leaves (KL) and made into green vegetable juices for analyses of nutritional 
compositions and antioxidant activities. Higher values of total acidity were observed in SL (0.736%) and KL 
(0.841%) than in SS (0.417%) and KS (0.335%) (p 0.05). Neutral sugar content showed higher values in SS 
(21.740 mg/mL) and SL (18.657 mg/mL) when compared with KS (1.497 mg/mL) and KL (1.452 mg/mL) 
(p 0.05). Protein content showed the highest value in SL (7.610 mg/mL) (p 0.05), while SS (0.403 mg/mL) 
and KS (0.403 mg/mL) showed similar lower values. Total polyphenol contents of SL (423.139 g/mL) was 
significantly higher value (p 0.05) than those of other samples, which occurred in the following order: SL  
KL (218.494 g/mL)  KS (107.269 g/mL)  SS (75.894 g/mL). KL exerted the highest DPPH radical scaveng-
ing activity (84.834%) (p 0.05), which occurred in the following order: KL  SL (63.473%)  KS (52.894%)  
SS (35.443%). ABTS radical scavenging activity showed that SL (66.088%) and KL (38.511%) had higher scav-
enging activities, whereas SS (7.695%) and KS (9.609%) demonstrated to be lower activities (p 0.05). In general, 
leaf parts had much higher antioxidant activities as well as total polyphenol contents than those of the stem parts. 
In conclusion, shinseoncho and kale, particularly their leaf parts, offer antioxidant properties in green vegetable 
juices and the consumption of them may be beneficial as a nutrition source and in health protection. 
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INTRODUCTION

The pathology of numerous chronic diseases, includ-
ing cancer, heart disease, hypertension, involved oxidative 
damage to cellular components. Epidemiological studies 
show that many phytonutrients of fruits and vegetables 
may be beneficial to protecting the human body against 
damage by reactive oxygen and nitrogen species (1,2). 
Therefore, the intake of fruit and vegetable juices are 
recommended for a healthy diet and various health ef-
fects (3). Chronic diseases have reported related to life-
style, which have increased recently. And these diseases 
are also closely related to the change of dietary habits; 
increase of animal protein and fat intakes and a decrease 
of the intake of dietary fibers. The research result in 
human nutrition and health has shown a deep relation-
ship between diet and the increasing frequency of life-
style diseases among the populations in industrialized 
countries (4). As a result, various original raw vegetable 
juices, as a functional food, have gained popularity to 
reduce the incidence of these diseases (5). Consumers 
are also becoming more conscious of the nutritional val-
ue and safety of their food ingredient for prevention of 

chronic diseases. Preference for natural foods and food 
ingredients that are believed to be safer, healthier and 
less subject to hazards is increasing compared to their 
synthetic counterparts (6). Plants possess free sugars, or-
ganic acids, amino acids (free and in proteins), lipids 
and minerals which are natural components of many 
fruits and vegetables and they play an important role 
in maintaining fruit and vegetable quality and determin-
ing nutritive value in human diet (7). The determination 
of the nutritional composition of green vegetable juice 
including shinseoncho and kale has become an interest 
of ours due to its extensive consumption in Korea. 
However, most researchers have reported the nutritional 
composition values only on whole green vegetable juices 
without considering their building block (8-11). From 
this reason, the objective of present investigation was 
to examine the basic nutritional compositions and anti-
oxidant activities of green vegetable juices including 
shinseoncho and kale, based on their building blocks. 
These results will be attributed to offer information of 
essential nutritional qualities and functionalities of the 
building blocks of fresh green vegetable juices. 
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Table 1. pH and total acidity of building blocks in shinseoncho
and kale green vegetable juices  

Sample pH Total acidity
(%, citric acid)

Shinseoncho stems
Shinseoncho leaves
Kale stems
Kale leaves

6.093±0.005c1)

6.096±0.005c

6.063±0.005b

6.050±0.000a

0.417±0.009b

0.736±0.019c

0.335±0.009a

0.841±0.032d

1)Significantly different at p 0.05; different letters indicate 
significant differences among samples. Values are expressed
as mean±standard deviation.

MATERIALS AND METHODS

Preparation of green vegetable juice
Shinseoncho (Angelica utilis makino) and kale (Bras-

sica oleraceae L. var. acephala DC.) were purchased 
from organic local market (Suwon, Korea) in July, 2012. 
The vegetables were washed twice with tap water, air 
dried for 3 hr at room temperature and then divided into 
stem [shinsenocho stems (SS) and kale stems (KS)] and 
leaf parts [shinsenocho leaves (SL) and kale leaves (KL)] 
by naked eye identification. The parts were ground with 
an electronic grinder (Hanil Electronics Corp., Wonju, 
Korea) after adding three times of distilled water based 
on the sample weight and then filtrated with four-fold 
guaze. The filtrated samples were centrifuged at 3,000 
rpm for 10 min and used for nutritional composition and 
antioxidant activity analyses. 

Nutritional composition analysis
The sample pH was measured with a pH meter. Total 

acidity, expressed as percent of citric acid, was deter-
mined by titrating with 0.01 N NaOH to pH 8.2. Neutral 
and acidic sugar contents were analyzed by phenol-sulfu-
ric acid (12) and m-hydroxybiphenyl (13) methods, and 
then glucose and galacturonic acid were used as re-
spective standard. Reducing sugar content was measured 
by the 3,5-dinitrosalicylic acid (DNS) method (14) using 
glucose as standard. Protein content was determined by 
Bradford’s methods (15) using bovine serum albumin as 
standard. 

Total polyphenol contents
The total polyphenol contents were determined using 

Folin-Ciocalteu method (16) with some modification. 
The total polyphenol concentration was calculated from 
a calibration curve using gallic acid as a standard. Briefly, 
0.79 mL of distilled water, 0.01 mL of sample and 0.05 
mL of Folin-Ciocalteu reagent were added to a 1.5-mL 
eppendorf tube and then mixed. After exactly 1 min, 
0.15 mL of 20% sodium carbonate was added, and the 
mixture was then mixed. After incubation for 120 min 
at room temperature, the absorbance was then read at 
750 nm. 

DPPH radical scavenging activity
The DPPH radical scavenging activity was measured 

according to the method described by Cheung et al. (17), 
with some modifications. Briefly, 0.8 mL of 0.2 mM 
DPPH solution was mixed with 0.2 mL of sample. The 
mixture was then vigorously shaken and incubated under 
subdued light for 10 min. The absorbance was measured 
at 520 nm.

ABTS radical scavenging activity
The ABTS radical scavenging activity was measured 

according to the method described by Re et al. (18), 
with some modifications. The ABTS radical was gen-
erated by adding 7 mM ABTS to a 2.45 mM potassium 
persulfate solution and then allowing the mixture to 
stand overnight in the dark at room temperature. The 
ABTS radical solution was then diluted with distilled 
water to obtain an absorbance of 1.4～1.5 at 414 nm. 
Next, 1 mL diluted ABTS radical solution was added 
to 50 μL sample. After incubation for 60 min at room 
temperature, the absorbance was measured at 414 nm.

Statistical analysis
All statistical analyses were conducted using the 

Statistical Package for Social Sciences, version 12.0 
(SPSS Inc., Chicago, IL, USA). The differences among 
samples were evaluated statistically by one-way analysis 
of variance and Duncan’s multiple tests. All data were 
evaluated at the 5% significance level using two-sided 
tests and are reported as the means±standard deviations 
of triplicate determinations.

RESULTS AND DISCUSSION

Nutritional composition analysis
The pH and total acidity of the samples are shown in 

Table 1. SS and SL showed higher pH value when com-
pared with KS and KL. On the other hand, total acidity 
exhibited a higher value in SL (0.736%) and KL (0.841 
%) when compared with SS (0.417%) and KS (0.335%) 
(p 0.05). This result showed that the leaf parts had much 
more organic acid content than the stem parts. As shown 
in Table 2, neutral sugar content showed higher value 
in SS (21.740 mg/mL) and SL (18.657 mg/mL) when com-
pared with KS (1.497 mg/mL) and KL (1.452 mg/mL) 
(p 0.05). Uronic acid sugar content was observed the 
highest value in SS (180.808 μg/mL) (p 0.05), which 
occurred in the following order: SS SL (130.303 μg/ 
mL) KS (108.989 μg/mL) KL (100.404 μg/mL). Reduc-
ing sugar content showed higher values in SS (6.706 
mg/mL) and SL (7.206 mg/mL) (p 0.05) when com-
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Table 2. Sugar components and protein content of building blocks in shinseoncho and kale green vegetable juices 

Sample Neutral sugar
(mg/mL)

Uronic acid sugar
(g/mL)

Reducing sugar
(mg/mL)

Protein content
(mg/mL)

Shinseoncho stems
Shinseoncho leaves
Kale stems
Kale leaves

21.740±1.282c1)

18.657±0.535b

 1.497±0.136a

 1.452±0.341a

180.808±23.144b

130.303±15.151a

108.989±10.088a

100.404±12.152a

6.706±0.115b

7.206±0.305c

0.690±0.032a

0.840±0.000a

0.403±0.018a

7.610±1.082c

0.403±0.052a

1.867±0.388b

1)Significantly different at p 0.05; different letters indicate significant differences among samples. Values are expressed as 
mean±standard deviation. 
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Fig. 1. Total polyphenol contents of building blocks in shin-
seoncho and kale green vegetable juices. SS: shinseoncho 
stems, SL: shinseoncho leaves, KS: kale stems, KL: kale leaves.
Different letters indicate significant differences at p 0.05 
among samples. Bars are mean±standard deviation.

pared with KS (0.690 mg/mL) and KL (0.840 mg/ mL). 
In general, shinseoncho green vegetable juice showed 
higher sugar content than kale green vegetable 
juice regardless of their building blocks. Protein content 
showed the highest value in SL (7.610 mg/mL) (p
0.05) and SS (0.403 mg/mL) and KS (0.403 mg/mL) 
showed the similar lower values. The protein content of 
SL was observed at about 19 times higher than those 
of SS and KS. When comparing the building blocks, 
the leaf parts showed much higher protein values than 
those of the stem parts. However, KL (1.867 mg/mL) 
was observed at a relatively lower value when compared 
with SL. Total analyses of nutritional compositions, neu-
tral and reducing sugars and protein contents, demon-
strated that shinseoncho juice has a greater nutritional 
value in all aspects than kale juice. 

Total polyphenol contents
At present, an important area of food research is the 

development of physiological functional foods. Phenolic 
compounds constitute a large group of secondary metab-
olites widely distributed in the plant kingdom and have 
received enormous interest from researchers and food 
manufacturers within the past ten years. More than 8,000 
polyphenols have been identified, and evidence for a role 
in the prevention of degenerative diseases, including can-
cer and cardiovascular diseases, is emerging (19). Major 
mechanisms for the antioxidant effect of phenolics in 
functional foods include free radical scavenging and 
metal chelation activities. Reactive oxygen species 
(ROS), such as the superoxide radical (O2․−), hydrogen 
peroxide (H2O2), hypochlorous acid (HOCl) and the hy-
droxyl radical (HO ․) have been recognized to play a de-
termining role in the pathogenesis of several human dis-
eases (20,21). Total polyphenols are commonly quanti-
fied using the Folin-Ciocalteu method (22). The present 
study determined the antioxidant capacities of SS, SL, 
KS, and KL, and the total polyphenol content may con-
tribute to the antioxidant activities of the building blocks 
within the green vegetable juices. Total polyphenol con-
tents of the green vegetable juices were evaluated using 
the Folin-Ciocalteu method in this study (Fig. 1). The 
total polyphenol contents of SL (423.139 μg/mL) were 

significantly higher value (p 0.05) than other samples, 
which occurred in the following order: SL KL (218.494 
μg/mL) KS (107.269 μg/mL) SS (75.894 μg/mL). These 
results showed that the leaf parts offered greater total 
polyphenol contents when compared with the stem parts.

DPPH and ABTS radical scavenging activities
The interest of finding natural antioxidants has consid-

erably increased since research has shown the impact 
these compounds have on the management of a variety 
of clinical conditions and maintenance of health. Vegeta-
ble juices are a good source of many biologically active 
antioxidant compounds (23). Recent studies have begun 
to demonstrate that a number of vegetable juices display 
high total antioxidant capacities when quantified using 
biochemical assays (24). Such assays rely on either sin-
gle electron transfer (SET) or hydrogen atom transfer 
(HAT) reaction kinetics and comparisons are made be-
tween similar types of assays (25). SET assays such as 
DPPH radical and ABTS radical scavenging activities 
are simple, cost effective, easily interpreted and display 
either reduction capacity or direct free radical inhibition. 
This present study was employed SET assay which could 
be analyzed by common spectrophotometric procedures 
for determining the antioxidant capacities of compo-
nents, which were quantified in terms of percentage in-
hibition of a pre-formed free radical by antioxidants in 
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Fig. 2. DPPH radical scavenging activities of building blocks
in shinseoncho and kale green vegetable juices. SS: shinseon-
cho stems, SL: shinseoncho leaves, KS: kale stems, KL: kale
leaves. Different letters indicate significant differences at p
0.05 among samples. Bars are mean±standard deviation. 
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Fig. 3. ABTS radical scavenging activities of building blocks
in shinseoncho and kale green vegetable juices. SS: shinseon-
cho stems, SL: shinseoncho leaves, KS: kale stems, KL: kale
leaves. Different letters indicate significant differences at p
0.05 among samples. Bars are mean±standard deviation.

each sample. The results are shown in Fig. 2 and 3, re-
spectively. Among samples, KL exerted the highest DPPH 
radical scavenging activity (84.834%) (p 0.05), which 
occurred in the following order: KL SL (63.473%)
KS (52.894%) SS (35.443%). Namely, DPPH radical 
scavenging activities of the leaf parts were observed at 
higher values compared to the stem parts. The results 
of the ABTS radical scavenging activity showed that SL 
(66.088%) and KL (38.511%) were observed at rela-
tively higher activities, whereas SS (7.695%) and KS 
(9.609%) resulted in lower values (p 0.05). These re-
sults showed that the leaf part had better DPPH and 
ABTS radical scavenging activities than those of the 
stem parts. 

Ayaz et al. (10) have reported that citric and malic 
acids are two major organic acids detected in kale leaves. 
Total acidity, expressed as a citric acid, was higher in 
SL and KL parts than those of SS and KS in this study 
(Table 1), concluding that the leaf parts had more organ-

ic acid content than the stem parts. Citric acid has been 
beneficial in reducing hydrogen peroxide (H2O2) for-
mation, which is not very reactive, but it can sometimes 
be toxic within cells because it may give rise to hydroxyl 
radical in the cell (1). Thus, removal of H2O2 is very 
important for antioxidant defense in cell or food systems. 

Phenolic compounds, which are present in high quan-
tities in human foods and beverages derived from plant 
and fruits, are potent blocking agents of N-nitrosamine
compound formation (26). Vegetables are rich in bio-
active compounds, including tocopherols, ascorbic acid, 
carotenoids, glucosinolates and polyphenols (27), and are 
found to have positive effects on human health when 
consumed regularly (28). Scavenging of H2O2 by kale 
and shinseoncho may be attributed to their phenolics, 
which could donate electrons to H2O2 (29). Lee et al. 
(30) have also reported that kale juice showed a strong 
antimutagenic activity against aflatoxin B1. Phytophenol-
ics play a crucial role in health promotion and disease 
prevention by mechanisms related to cell differentiation, 
deactivation of pro-carcinogens, maintenance of DNA 
repair, inhibition of N-nitrosamine formation and changes 
of estrogen metabolism (31). Phenolic compounds such 
as phenolic acids, flavonoids, stilbenes, tannins and li-
gnans can scavenge free radicals and quench ROS and 
therefore provide effective means for preventing and 
treating free radical-mediated diseases (32). Our results 
indicated that SL had higher total polyphenol contents 
(Fig. 1) and showed predominant DPPH and ABTS radi-
cal scavenging activities (Fig. 2 and 3). However, al-
though KL showed relatively lower total polyphenol 
contents when compared with SL it was observed higher 
DPPH radical scavenging activity. Concurrently, KL had 
a lower ABTS radical scavenging activity than those of 
SL. Obviously, leaf parts had much higher total poly-
phenol contents as well as DPPH and ABTS radical 
scavenging activities than those of stem  parts (p 0.05). 
Epidemiological evidence suggests that diet and nutrition 
may have a significant effect in the prevention of serious 
diseases and potentially, a very significant effect on 
broad range of public health (33). 

Overall, the results showed that shinseoncho green 
vegetable juice has a greater nutritional value than kale 
green vegetable juice in all aspects, particularly in the 
neutral sugar, reducing sugar and protein contents. When 
considering the building blocks, neutral sugar and uronic 
acid contents demonstrated the highest values in the SS 
part, whereas SL part showed the highest value of re-
ducing sugar and protein contents than any other build-
ing blocks. The SL part had higher amount of total poly-
phenol content when compared with SS, KS, and KL 
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parts, which generally exerted good antioxidant activities 
against DPPH and ABTS radicals. 

In conclusion, fresh shinseoncho and kale green vege-
table juices are high in antioxidant properties and may 
beneficially enhance the body’s antioxidant protection 
system against oxidative damage. The results from this 
study suggest that the consumption of SL part could be 
useful as a nutrition source as well as maintaining and 
promoting health. 

ACKNOWLEDGMENTS

This work was supported by Kyonggi University Re-
search Grant 2012. 

REFERENCES

1. Halliwell B. 1997. Antioxidants and human disease: A 
general introduction. Nutr Rev 55: 44-52.

2. Pietta P, Simonetti P, Mauri P. 1998. Antioxidant activity 
of selected medicinal plants. J Agric Food Chem 46: 4487- 
4490.

3. Williams C. 1995. Healthy eating: clarifying advice about 
fruit and vegetables. Brit Med J 310: 1453-1455. 

4. Skjervold H. 1993. Lifestyle diseases and human diet. In 
Abstracts to minisymposium－Lifestyle diseases and the hu-
man diet. A challenge to future food production. National 
Institute of Animal Science Denmark, Aarhus, Denmark. 
p 16-19.

5. Diplock AT. 1994. Antioxidants and disease prevention. 
Mol Aspects Med 15: 293-376. 

6. Farag RS, Badei AZ, Heweij FM, El-Baroty GSA. 1986. 
Antioxidant activity of some spices essential oils on lino-
leic acid oxidation in aqueous media. J Am Oil Chem Soc 
66: 792-799.

7. Belitz HD, Grosch W. 1999. Fruits and fruit products. In 
Food Chemistry. Springer-Verlag, Berlin, Germany. p 8, 
748-757.

8. Kratt P, Reynolds K, Shewchuk R. 2000. The role of avail-
ability as a moderator of family fruit and vegetable 
consumption. Health Educ Behav 27: 471-482.

9. Kiefer I, Prock P, Lawrence C, Wise J, Bieger W, Bayer 
P, Rathmanner T, Kunze M, Rieder A. 2004. Supplemen-
tation with mixed fruit and vegetable juice concentrates 
increased serum antioxidants and folate in healthy adults. 
J Am Coll Nutr 23: 205-211.

10. Ayaz FA, Glew RH, Millson M, Huang HS, Chuang LT, 
Sanz C, Hayirhoglu-Ayaz S. 2006. Nutrient contents of 
kale (Brassica oleraceae L. var. acephala DC). Food Chem 
96: 572-579.

11. Zofia L, Waldemar K, Anna K. 2008. The amino acid com-
position of kale (Brassica oleracea L. var. acephala), fresh 
and after culinary and technological processing. Food 
Chem 108: 642-648.

12. Dubois M, Gilles KA, Hamilton JK, Roberts PA, Smith 
F. 1956. Colorimetric method for determination of sugars 
and related substances. Anal Chem 28: 350-356.

13. Blumenkrantz N, Asboe-Hansen G. 1973. New method for 
quantitative determination of uronic acid. Anal Biochem 
54: 484-489.

14. Chaplin MF. 1987. Monosaccharides. In Carbohydrate 

Analysis－a practical approach. Chaplin MF, Kennedy 
JF, eds. IRL Press, Washington DC, USA. p 1-13.

15. Bradford MM. 1976. A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing 
the principle of protein-dye binding. Anal Biochem 72: 
248-254.

16. Waterman PG, Mole S. 1994. Analysis of polyphenolic 
plant metabolites. Blackwell Scientific Publications, Oxford, 
UK. p 83.

17. Cheung LM, Cheung PCK, Ooi VEC. 2003. Antioxidant 
activity and total polyphenolics of edible mushroom 
extracts. Food Chem 81: 249-255.

18. Re R, Pellerini N, Proteggente A, Pannala A, Yang M, 
Rice-Evans C. 1999. Antioxidant activity applying an im-
proved ABTS radical cation decolorization assay. Free 
Radic Biol Med 26: 1231-1237.

19. Kroon P, Williamson G. 2005. Polyphenols: dietary com-
ponents with established benefits to health? J Sci Food 
Agric 85: 1239-1240.

20. Aruoma OI. 1994. Nutrition and health aspects of free rad-
icals and antioxidants. Food Chem Toxicol 32: 671-683.

21. Aruoma OI. 2003. Methodological considerations for char-
acterizing potential antioxidant actions of bioactive com-
ponents in plant foods. Mutat Res 523-524: 9-20.

22. Singleton VL, Orthofer R, Lamuela-Raventós RM. 1999. 
Analysis of total phenols and other oxidation substrates 
and antioxidants by means of folin-ciocalteu reagent. 
Methods Enzymol 299: 152-178.

23. Kiefer I, Prock P, Lawrence C, Wise J, Bieger W, Bayer 
P, Rathmanner T, Kunze M, Rieder A. 2004. Supplemen-
tation with mixed fruit and vegetable juice concentrates 
increased serum antioxidants and folate in healthy adults. 
J Am Coll Nutr 23: 205-211.

24. Lichtenthaler R, Marx F. 2005. Total oxidant scavenging 
capacities of common European fruit and vegetable juices. 
J Agric Food Chem 53: 103-110.

25. Huang D, Ou B, Prior RL. 2005. The chemistry behind 
antioxidant capacity assays. J Agric Food Chem 53: 1841- 
1856.

26. Helser MA, Hotchkiss JH, Roe DA. 1992. Influence of fruit 
and vegetable juices on the endogenous formation of N-ni-
trosoproline and N-nitrosothiazolidine-4-carboxylic acid in 
humans on controlled diets. Carcinog 13: 2277-2280.

27. Podsędek A. 2007. Natural antioxidants and antioxidant 
capacity of Brassica vegetables: a review. LWT-Food Sci 
Technol 40: 1-11.

28. Higdon JV, Delage B, Williams DE, Dashwood RH. 2007. 
Cruciferous vegetables and human cancer risk: epidemio-
logic evidence and mechanistic basis. Pharmacol Res 55: 
224-236.

29. Hallivel B, Guttreridge BJ. 1989. Free Radicals in Biology 
and Medicine. 2nd ed. Oxford University Press, Oxford, UK.

30. Lee SM, Park KY, Rhee SH. 1997. Antimutagenic effect 
and active compound analysis of kale juice in salmonella 
assay system. J Korean Soc Food Sci Nutr 26: 967-971.

31. Shahidi F. 2004. Functional foods: their role in health pro-
motion and disease prevention. J Food Sci 69: 146-149.

32. Dai J, Mumper RJ. 2010. Plant phenolics: Extraction, anal-
ysis and their antioxidant and anticancer properties. Mole-
cules 15: 7313-7352.

33. Johnson IT. 2004. New approaches to the role of diet in 
the prevention of cancers of the alimentary tract. Mutat 
Res 551: 9-28.

(Received October 15, 2012; Accepted November 23, 2012)


