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Abstract
Sprouted buckwheat (germinated buckwheat seeds) has been traditionally used in the Tsugaru region of Japan. 

It has been consumed in the Aomori Prefecture, Tsugaru area, for over 350 years. As these buckwheat sprouts are 
technically the shoots of the plant, they offer several beneficial nutrients. Phytochemicals (metabolic products of 
plants), such as amino acids and polyphenols, are known to increase markedly upon seed germination. In recent 
years, attention to the worldwide slow-food orientation and low-glycemic index foods (low-GI foods) has increased. 
Phytochemicals such as rutin and quercetin, which are abundant in vegetables of the area are attracting attention; 
thus, studies on the effects of these compounds are increasing. The increase in phytochemical and antioxidant power 
during germination has turned buckwheat sprouts into a possible functional food, which can allegedly be proclaimed 
a new vegetable of high commercial value. Here, we discuss traditional vegetables and the phytochemicals present 
in them and elaborate on the results of our recent study.
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Introduction
Buckwheat (Fagopyrum esculentum) is an annual grass belonging to 

the Tadaceaceae family, which is cultivated in inland Asia, various parts 
of Europe, mountains in southern Europe, and the Americas [1]. The 
history of its cultivation in Japan is long. Buckwheat seeds and pollen 
have been found in 17 Jomon ruins, suggesting that it has been cultivated 
and consumed in Japan as far back as 900 BC [2]. The use of buckwheat 
powder for cooking is also known worldwide, for example, as French 
garret (buckwheat flour crepe), Italian pizzokeri (buckwheat pasta), 
Nepalese roty (thin buckwheat flour) and Russian brineu (buckwheat flour 
pancake). Soba (buckwheat noodles prepared from buckwheat flour) was 
commonly consumed around the Edo period in Japan, and they are often 
used as a motif in ukiyo-e (Figure 1A and B). In recent years, attention 
to the worldwide slow-food orientation and low-Glycemic index foods 
(low-GI foods) has increased, whereby phytochemicals, such as rutin and 
quercetin contained in vegetables of the area, are attracting attention, 
and researchers in charge of biological studies on the effects of these 
compounds are actively working in this area [3-5]. Sprout vegetables that 
germinate, such as this nutrient-rich buckwheat species, are abundant in 
worldwide. Among Japanese traditional vegetables, buckwheat sprouts 
are grown using hot spring-heat and have been consumed for over 350 
years in the Tsugaru District, in Aomori Prefecture, in the north of 
Japan (Figure 2). In the old days, they were cultivated to compensate 
for vegetable shortages during the winter and, by and large, they were 
produced/consumed locally. In recent years, however, buckwheat sprouts 
are attracting attention as old and new vegetables due to the growing 
interest in health foods and cities developing activities that promote the 
use of local agricultural products (slow-food movement) [6]. 

Sprout vegetables, such as buckwheat sprouts, have the greatest 
advantage of being shoots. It is said that phytochemicals (metabolic 
products of plants) such as amino acids and polyphenols are 
increase markedly upon germination [7]. It is a well-known fact 
that vegetables and fruits have beneficial effects on human health; 
additionally, vegetables and fruits, which are rich in vitamins and 
minerals, are recognized as healthy foods [8-10]. In recent years, any 
such phytochemical, besides vitamins and minerals, is regarded as an 
essential nutrient, and abundant ingestion is mainly recommended 

for the prevention of cancer [11]. In the next section, we describe the 
phytochemicals and the biological/physiological activities contained in 
buckwheat seeds and buckwheat sprouts.

Phytochemicals in Buckwheat Seeds and Buckwheat 
Sprouts (Physiological Action of Flavonoids)

Buckwheat seeds contain large amounts of two important 
phytochemicals (flavonoids with a flavan skeleton) called rutin and 
quercetin, which exhibit high antioxidant power, as well as anthocyanins 
[12]. The total phenol content contained in buckwheat species ranks as 
follows among other grain foods: buckwheat>quinoa>wheat>amaranth. 
It has been shown that the antioxidant power of buckwheat extracts, 
measured by radical 2,2-diphenyl-1-psylhydrazyl scavenging and ferric 
ion reducing ability using the antioxidant measurement method, is also 
higher than that of quinoa, wheat, or amaranth [13]. Buckwheat sprouts 
also contain chlorogenic acid, catechin, isoridine, orientin, vitexin, 
quercitrin, and rutin, as well as quercetin in the soba palm form, which 
are beneficial to health [14,15]. 

Sprout vegetables (broccoli, buckwheat, mustard, chinese water 
spinach, okura, green peas, mung bean) were obtained from neighboring 
supermarkets and their phytochemical content was determined by 
using the OxiSelect Total Antioxidant Capacity (TAC) Assay Kit (CELL 
BIOLABS, INC., USA). Comparing total antioxidant capacity (TAC) of 
buckwheat sprouts and broccoli sprouts containing large amounts of 
sulfurafan that known to exhibit high oxidizing power, showed similar 
TAC (Figure 3). In addition, buckwheat sprout showed 7.4 times 
higher TAC than green mung sprouts (Table 1). We found that TAC of 
buckwheat sprouts ranked very high among sprout vegetables.
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Figure 1: The ukiyoe picture of the person who eats soba. (A) Tokaido Gojyusantugi Mitukinoyado (Hokusai Katsusika), (B) Imayo bijin soro (Kunisada Utagawa).

Figure 2: Japanese buckwheat sprouts grown at Asunariro Riken Co., Ltd.

Figure 3: TAC comparison of sprout vegetables purchased at supermarkets; 30 g of sprout vegetables were ground with a hood mixer and filtered with a sterilized 
gauze to obtain a sprout filtrate. The filtrate was centrifuged at 8,500 × g for 10 minutes to remove contaminants from the plant and the supernatant sprout extract was 
used for measurement (n = 6). The asterisks indicate a significant difference (**p <0.01), when compared with all sprout samples according to the Anova tukey test. 
All statistical analysis were conducted in Origin Ver. 8.1 (OriginLab, USA).
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Flavonoids, similar to antibiotics, anti-tumor drugs, and anti-
inflammatory drugs, have been used to counter various diseases such 
as hypertension, allergy, hyper-cholesterolemia, and other diseases 
[16-18]. The effects of such flavonoids on health depends on the 
antioxidant power, which polyphenols tend to possess. In other words, 
flavonoids exert their effect by trapping free radicals generated from 
oxygen molecules [19,20]. Flavonoids such as rutin and quercetin 
contained in buckwheat seeds and buckwheat sprouts are also effective 
as therapeutic agents against diseases involving free radicals [21]. 

The occurrence of free radicals is closely related to various lifestyle-
related diseases. We examined the health effects of buckwheat sprouts, 
which targeted obesity. C57BL/6 NJcl female mice, aged 38 to 39 weeks 
(middle age group), were obtained from Japan CLEA. The animals 
were provided 10% fat-containing control feed and 60% fat-containing 
meal, and buckwheat sprout extract was continuously administered 
to a middle-aged healthy mice group (MH group) and to a middle-
aged obesity mice group (MO group) via automated water supply 
for two weeks. The experimental groups were performed with n=6 
in four groups tap water administration MH group, 20% buckwheat 
sprout extract administration MH group, tap water administration MO 
group, and 20% buckwheat sprout extract administration MO group. 
All experiments involving animals were conducted in compliance with 
the guidelines for the use of laboratory animals of Hirosaki University 
(experimental animal approval number: G14007). 

Obesity is often characterized by increased oxidative stress 
associated with immune cell infiltration into visceral fat cells and 
worsening of inflammation. Oxidative stress-related mechanisms 
and inflammatory signaling are interrelated; furthermore, it leads to 
the development of insulin resistance and cardiovascular diseases, as 
well as risk of type 2 diabetes [22,23]. Mice serum TAC of the MH 
and the MO experimental groups, which continuously ingested 20 % 
buckwheat sprout extract, was higher than that of the tap water intake 
group, suggesting a decrease in free radicals in vivo. In addition, the 
increase in antioxidant activity not only in the MO group but also 
in the MH group is expected to be effective for in vivo oxidation and 
disease prevention due to aging (Figure 4A and B).

Germination and Phytochemicals
During germination, as there is an increase in flavonoid content, 

antioxidant power also tends to increase [7,12,13]. Increase in 
flavonoid content along with germination has also been shown to 

protect the plants not only from bacteria, fungi, and insects but also 
from environmental stresses such as harmful ultraviolet rays [24-26]. 
Therefore, as a part of production technology development, research 
aiming to increase flavonoids and antioxidant activity intentionally 
in plants is currently an ongoing effort in many places worldwide. 
It has been recognized that rutin content increases when buckwheat 
sprouts are cultivated under UV-B irradiation, and that this increase is 
accompanied by an increase in antioxidant activity [5,27,28]. Moreover, 
under stress conditions, such as freezing and dryness, rutin glucosidase 
activity increases and the production of quercetin, a degradation 
product of rutin, increases as well [29]. Quercetin is known to show 
strong antioxidant activity like rutin, and buckwheat sprouts subjected 
to environmental stress are highly functional foods.

Conclusion and Discussion
With phytochemical research gaining momentum around the 

1980s, the functionality of sprout vegetables for the enhancement 
of human health has been solidly established [30]. If one stops by a 
local supermarket, one can easily find more than 10 varieties of sprout 
vegetables. The use of sprout vegetables is widespread in modern food 
culture, and it seems that the functionality of food is a growing popular 
demand among consumers. 

Originally, when researchers began to examine the functionality 
of sprout vegetables, they focused mainly on anti-cancer action. 
However, in recent years, research interests have shifted toward 
lifestyle diseases and allergic diseases, which are on the rise in modern 
society. Buckwheat has long been noted as a valuable gluten-free source 
of nutrition. However, buckwheat sprouts have not gained the required 
recognition at a global scale. Nonetheless, looking at the increase in 
research on buckwheat sprouts in various countries around the world, 
it seems that buckwheat sprouts are being proved highly functional for 

Types of sprouts TAC (mM Uric Acid Equivalents)
Broccoli 0.645 ± 0.187

Buck wheat 0.646 ± 0.198
Mustard 0.611 ± 0.218

Chinese water spinach 0.490 ± 0.123
Okra 0.378 ± 0.032

Green pea 0.357 ± 0.118
Mung bean 0.087 ± 0.008

Table 1: The value of TAC in each sample.

Figure 4: Serum TAC of middle-aged healthy mice and middle-aged obese mice after administration of buckwheat sprout extract. (A) Comparison of middle-
aged healthy mice group (Tap water administration group vs. 20% Buckweat sprout extract administration group). (B) Comparison of middle-aged obesity mice 
group(Tap water administration group vs. 20% Buckweat sprout extract administration group). The asterisks indicate a significant difference (*p<0.05) when 
compared with the tap-water group according to the t test. All statistical analysis were conducted in Origin Ver. 8.1 (OriginLab, USA).
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health as well as having high commercial value. Moreover, our findings 
have shown that not only buckwheat sprouts but also bacteria adhering 
to buckwheat sprouts have beneficial effects against obesity, owing to 
their blood-glucose suppression effect [6]. 

If various functionalities of sprout vegetables are elucidated in the 
near future, buckwheat sprouts will be regarded familiar vegetables 
with high functionality around the world. 

Acknowledgment

We gratefully acknowledge Prof. Yoshimitsu Otomo and Prof. Takashi Inaba of 
the Graduate School of Health Sciences at Hirosaki University for their guidance on 
local vegetables and food microbiology. We would also like to express our gratitude 
to Shimazu Manabu, Tashimitsu Kimura, and Akira Kato of Asunaro Riken Co., Ltd. 
for guidance on the history and production method of buckwheat sprouts.

References

1.	 Li SQ, Zhang QH (2001) Advances in the development of functional foods from 
buckwheat. Crit Rev Food Sci Nutr 41: 451-464. 

2.	 http://iss.ndl.go.jp/books/R100000002-I000000088108-00

3.	 Kim SJ, Maeda T, Sarker MZ, Takigawa S, Matsuura-Endo C, et al. (2007) 
Identification of anthocyanins in the sprouts of buckwheat. J Agric Food Chem 
55: 6314-6318. 

4.	 Lim KS, Young K, Son J, Jin H, Sung KK, et al. (2001) Development and 
utilization of buckwheat sprouts as functional vegetables. Fagopyrum 18: 
49-54.

5.	 Tsurunaga Y, Takahashi T, Katsube T, Kudo A, Kuramitsu O, et al. (2013) 
Effects of UV-B irradiation on the levels of anthocyanin, rutin and radical 
scavenging activity of buckwheat sprouts. Food Chem 141: 552-556. 

6.	 Yamanouchi K, Sakamoto Y, Fujioka M, Kasai K, Tsujiguchi T, et al. (2018) The 
effects of pantoea and kosakonia isolated from buckwheat sprouts on obese 
mice. Appli Microbiol 4: 146. 

7.	 Tang D, Dong Y, Ren H, Li L, He C (2014) A review of phytochemistry, 
metabolite changes, and medicinal uses of the common food mung bean and 
its sprouts (Vigna radiata). Chem Cent J 8: 4.

8.	 Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, et al. (1993) Nutrition intervention 
trials in Linxian, China: supplementation with specific vitamin/mineral 
combinations, cancer incidence, and disease-specific mortality in the general 
population. J Natl Cancer Inst 85: 1483-1492.

9.	 Tucker KL, Hannan MT, Chen H, Cupples LA, Wilson PW (1999) Potassium, 
magnesium, and fruit and vegetable intakes are associated with greater bone 
mineral density in elderly men and women. Am J Clin Nutr 69: 727-736.

10.	Joshipura KJ, Hu FB, Manson JE, Stampfer MJ, Rimm EB, et al. (2001) The 
effect of fruit and vegetable intake on risk for coronary heart disease. Ann Intern 
Med 134: 1106-1114.

11.	Surh YJ (2003) Cancer chemoprevention with dietary phytochemicals. Nat Rev 
Cancer 3: 768-780.

12.	Kim SL, Kim SK, Park CH (2004) Introduction and nutritional evaluation of 
buckwheat sprouts as a new vegetable. Food Res Inter 37: 319-327.

13.	Alvarez-Jubete L, Wijngaard H, Arendt EK, Gallagher E (2010) Polyphenol 
composition and in vitro antioxidant activity of amaranth, quinoa buckwheat 
and wheat as affected by sprouting and baking. Food Chem 119: 770-778.

14.	Koyama M, Nakamura C, Nakamura K (2013) Changes in phenols contents 
from buckwheat sprouts during growth stage. J Food Sci Technol 50: 86-93.

15.	Nam TG, Lee SM, Park JH, Kim DO, Baek NI, et al. (2015) Flavonoid analysis 
of buckwheat sprouts. Food Chem 170: 97-101.

16.	Torel J, Cillard J, Cillard P (1986) Antioxidant activity of flavonoids and reactivity 
with peroxy radical. Phytochem 25: 383-385.

17.	Kachadourian R, Day BJ (2006) Flavonoid-induced glutathione depletion: 
potential implications for cancer treatment. Free Radic Biol Med 41: 65-76.

18.	Galley P, Thiollet MA (1993) A double-blind, placebo-controlled trial of a new 
veno-active flavonoid fraction (S 5682) in the treatment of symptomatic capillary 
fragility. Int Angiol 12: 69-72.

19.	Seyoum A, Asres K, El-Fiky FK (2006) Structure-radical scavenging activity 
relationships of flavonoids. Phytochem 67: 2058-2070.

20.	Kandaswami C, Middleton E (1994) Free radical scavenging and antioxidant 
activity of plant flavonoids. J Adv Exp Med Biol 366: 351-376.

21.	Kessler M, Ubeaud G, Jung L (2003) Anti- and pro-oxidant activity of rutin and 
quercetin derivatives. J Pharm Pharmacol 55: 131-142.

22.	Bondia-Pons I, Ryan L, Martinez JA (2012) Oxidative stress and inflammation 
interactions in human obesity. J Physiol Biochem 68: 701-711.

23.	Cani PD, Bibiloni R, Knauf C, Waget A, Neyrinck AM (2008) Changes in gut 
microbiota control metabolic endotoxemia-induced inflammation in high-fat 
diet-induced obesity and diabetes in mice. Diabetes 57: 1470-1481.

24.	Harborne JB, Williams CA (2000) Advances in flavonoid research since 1992. 
Phytochem 55: 481-504.

25.	Kootstra A (1994) Protection from UV-B-induced DNA damage by flavonoids. 
Plant Mol Biol 26: 771-774.

26.	Marcel A, Jansena K, Gabab V, Greenbergc MB (1998) Higher plants and 
UV-B radiation: balancing damage, repair and acclimation. Trends Plant Sci 
3: 131-135.

27.	Winkel-Shirley B (2002) Biosynthesis of flavonoids and effects of stress. Curr 
Opinion Plant Biol 5: 218-223.

28.	Kreft S, Strukelj B, Gaberscik A, Kreft IJ (2002) Rutin in buckwheat herbs grown 
at different UV-B radiation levels: comparison of two UV spectrophotometric 
and an HPLC method. Exp Bot 53: 1801-1804.

29.	Suzuki T, Honda Y, Mukasa Y (2005) Effects of UV-B radiation, cold and 
desiccation stress on rutin concentration and rutin glucosidase activity in tartary 
buckwheat (Fagopyrum tataricum) leaves. Plant Sci 168: 1303-1307.

30.	Hartmann T (2007) From waste products to ecochemicals: fifty years research 
of plant secondary metabolism. Phytochem 68: 2831-2846.

https://doi.org/10.1080/20014091091887
https://doi.org/10.1080/20014091091887
http://iss.ndl.go.jp/books/R100000002-I000000088108-00
https://doi.org/10.1021/jf0704716
https://doi.org/10.1021/jf0704716
https://doi.org/10.1021/jf0704716
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.600.4542&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.600.4542&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.600.4542&rep=rep1&type=pdf
http://dx.doi.org/10.1016/j.foodchem.2013.03.032
http://dx.doi.org/10.1016/j.foodchem.2013.03.032
http://dx.doi.org/10.1016/j.foodchem.2013.03.032
http://dx.doi.org/10.4172/2471-9315.1000146
http://dx.doi.org/10.4172/2471-9315.1000146
http://dx.doi.org/10.4172/2471-9315.1000146
https://dx.doi.org/10.1186%2F1752-153X-8-4
https://dx.doi.org/10.1186%2F1752-153X-8-4
https://dx.doi.org/10.1186%2F1752-153X-8-4
http://dx.doi.org/10.1093/jnci/85.18.1492
http://dx.doi.org/10.1093/jnci/85.18.1492
http://dx.doi.org/10.1093/jnci/85.18.1492
http://dx.doi.org/10.1093/jnci/85.18.1492
https://doi.org/10.1093/ajcn/69.4.727
https://doi.org/10.1093/ajcn/69.4.727
https://doi.org/10.1093/ajcn/69.4.727
https://www.annals.org/article.aspx?volume=134&issue=12&page=1106
https://www.annals.org/article.aspx?volume=134&issue=12&page=1106
https://www.annals.org/article.aspx?volume=134&issue=12&page=1106
https://doi.org/10.1038/nrc1189
https://doi.org/10.1038/nrc1189
https://doi.org/10.1016/j.foodres.2003.12.008
https://doi.org/10.1016/j.foodres.2003.12.008
https://doi.org/10.1016/j.foodchem.2009.07.032
https://doi.org/10.1016/j.foodchem.2009.07.032
https://doi.org/10.1016/j.foodchem.2009.07.032
https://doi.org/10.1007/s13197-011-0316-1
https://doi.org/10.1007/s13197-011-0316-1
https://doi.org/10.1016/j.foodchem.2014.08.067
https://doi.org/10.1016/j.foodchem.2014.08.067
https://doi.org/10.1016/S0031-9422(00)85485-0
https://doi.org/10.1016/S0031-9422(00)85485-0
https://doi.org/10.1016/j.freeradbiomed.2006.03.002
https://doi.org/10.1016/j.freeradbiomed.2006.03.002
https://www.semanticscholar.org/paper/A-double-blind%2C-placebo-controlled-trial-of-a-new-Galley-Thiollet/34d6bfafe8cc26b8e29f16f35a181605aa42e7d0
https://www.semanticscholar.org/paper/A-double-blind%2C-placebo-controlled-trial-of-a-new-Galley-Thiollet/34d6bfafe8cc26b8e29f16f35a181605aa42e7d0
https://www.semanticscholar.org/paper/A-double-blind%2C-placebo-controlled-trial-of-a-new-Galley-Thiollet/34d6bfafe8cc26b8e29f16f35a181605aa42e7d0
https://doi.org/10.1016/j.phytochem.2006.07.002
https://doi.org/10.1016/j.phytochem.2006.07.002
https://doi.org/10.1007/978-1-4615-1833-4_25
https://doi.org/10.1007/978-1-4615-1833-4_25
https://doi.org/10.1211/002235702559
https://doi.org/10.1211/002235702559
http://dx.doi.org/10.1007/s13105-012-0154-2
http://dx.doi.org/10.1007/s13105-012-0154-2
http://dx.doi.org/10.2337/db07-1403
http://dx.doi.org/10.2337/db07-1403
http://dx.doi.org/10.2337/db07-1403
https://doi.org/10.1016/S0031-9422(00)00235-1
https://doi.org/10.1016/S0031-9422(00)00235-1
https://doi.org/10.1007/BF00013762
https://doi.org/10.1007/BF00013762
https://doi.org/10.1016/S1360-1385(98)01215-1
https://doi.org/10.1016/S1360-1385(98)01215-1
https://doi.org/10.1016/S1360-1385(98)01215-1
https://linkinghub.elsevier.com/retrieve/pii/S136952660200256X
https://linkinghub.elsevier.com/retrieve/pii/S136952660200256X
https://doi.org/10.1093/jxb/erf032
https://doi.org/10.1093/jxb/erf032
https://doi.org/10.1093/jxb/erf032
http://dx.doi.org/10.1016/j.plantsci.2005.01.007
http://dx.doi.org/10.1016/j.plantsci.2005.01.007
http://dx.doi.org/10.1016/j.plantsci.2005.01.007
https://doi.org/10.1016/j.phytochem.2007.09.017
https://doi.org/10.1016/j.phytochem.2007.09.017

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Phytochemicals in Buckwheat Seeds and Buckwheat Sprouts (Physiological Action of Flavonoids) 
	Germination and Phytochemicals
	Conclusion and Discussion
	Acknowledgment
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

