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ABSTRACT

Adzuki bean (Vigna angularis) is a traditional legume crop that plays a crucial role in the sustainability of both agricultural systems
and in the food protein supply. As adzuki bean has been used for thousands of years in China as traditional Chinese medicine and
foods, it has a great potential to be drug candidate or functional food materials. Adzuki is a good source of essential fatty acids, fiber,
minerals and phytochemicals such as polyphenols and phytates. Legumes are nitrogen-fixing systems that have long been used for
biological nitrogen fixation in agriculture. Biologically fixed nitrogen of adzuki beans can be yielded so that the hazards of the
chemical fertilizers can be reduced. Because of the growing requests for plant production, especially protein and oils and also
decrease the economic and environmental pressure on agro-eco systems, it emerges that grain legumes, adzuki bean included would
play a major role in future cropping systems and sustainable agriculture. Legumes, especially those which have various medicinal
effects can help to restore soil organic matter and reduce pests and diseases problems, and they may lead to more soil fertility.
Adzuki beans have considerable potential globally to be a functional food for health promotion and diseases prevention in not only
Asian countries, but also other parts of the world.
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INTRODUCTION

Adzuki, a unique traditional Chinese food for sustainable agriculture

Among the species of medicinal plants, some are mainly confined to folk medicine and some are used as
occasional or local substitutes for the main species listed in the Materia Medica (Ogbaji et al. 2017, Ogbaji et al.
2018, Shahrajabian et al. 2018, Soleymani et al. 2018, Shahrajabian et al. 2019a,b,c,d). Hu Shiuying (1980)
listed 60 genera of legumes, with nearly 100 species in her extensive book An Enumeration of Chinese Materia
Medica. Grain legumes are known for their nutritional richness especially protein and amino acids, which are
largely lacking in human diets leading to malnutrition (Soleymani et al, 2011a). The economic and
environmental importance of legume crops is largely due to their ability to fix atmospheric dinitrogen in
symbiosis with rhizobia (Soleymani ef al. 2011b, Soleyman and Shahrajabian 2012a, b, Soleymani et al. 2012,
Shahrajabian et al. 2017, Yong and Shahrajabian 2017, Young et al. 2017a, Yong ef al. 2018). Adzuki bean
(Vigna angularis) is a small bean that has an inherently sweet, nutty taste and it is one of the 12 most important
grain legume crops in the world (Kumar ef al. 2012, Reddy ef al. 2017, Tazawa et al. 2018). In China, they call it
Xiaodou, Hondou and Chidou. Adzuki bean sprouts are consumed as food and herb medicine in Chinese folk (Li
et al. 2011). Globally China ranks number one in azuki bean production and exports. The major production
regions are located in north east China, Huabei, and Huanghe River and Haihe River valley including
Heilongjiang, Inner Mongolia, Jilin, Liaonin, Hebei, Shaanxi, Shanxi, and Jiangsu provinces. As an herbal
medicine, adzuki bean has been practiced since the Tang Dynasty of China to maintain health and control weight
(Liu et al. 2017). The chief countries of Adzuki bean production are China, Japan, Taiwan, and South Korean.
Adzuki beans were most likely developed in China and introduced into Japan around A.D. 1000 (Yousif et al.
2007). Adzuki beans cultivars showed different antioxidant activities and cytoprotective effects according to the
concentration and composition of phenolic compounds. Gohara et al. (2016) found that all adzuki bean cultivars
showed polyunsatured fatty acids prevalence and nutritional indices and ratios considered adequate for biological
system maintenance of a healthy organism.

Table 1. Province of origin and frequency of accessions of adzuki bean from each province in China (Redden et al. 2009).

Province (region) Frequency Percentage Province no.
Shanxi 64 27.7 8
Hebei 34 14.7 7
Henan 27 11.7 11

Jilin 21 9.0 3
Shandong 17 7.4 9

* Corresponding author: hesamshahrajabian@gmail.com
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Heilongjiang 15 6.5 2
Shaanxi 11 4.8 10
Hubei 9 3.9 15
Liaoning 8 35 4
Beijing 7 3.0 5
Anhui 6 2.6 12
Neimenggu (North) 4 1.7 1
Sichuan 2 0.9 14
Jiangsu 2 0.9 13
Taiwan (Coast) 1 0.4 18
Tianjin 1 0.4 6
Guizhou 1 0.4 17
Yunnan 1 0.4 16
Total 231 100.0
Table 2. A list of elite varieties of Adzuki bean in China (Li ez al. 2017).
Jihongxiaodou 2
Jihongxiaodou 4
Jihnog 9218
Jibaohongxiaodou 2
Bao 876-16
Zhonghong 2
Baochong 947
Baihong 2
Baihong 3
Jihong 6
Jingnong 5
Jingnong 8
Liaoxiaodou 1
Jinlinghongdou
Ehongxiaodou 1
Table 3. Chemical composition of whole adzuki bean (Yousif ez al. 2007).
Moisture Ash* Protein* Lipid* Fiber* Carbohydrate*
8.2-12.0 4.0 24.5 0.5 - 71.0
11.0 3.8 22.1 0.4 43 56.7
11.9 32 21.4 1.6 43 57.6
- 3.7 21.9 1.8 33 69.3
11.1 4.4 22.7 2.1 - 70.8
*dry basis.
Table 4. Essential amino acid content of adzuki bean.
Amino acid Content
(g/16 g N)
Isoleucine 4.5
Leucine 7.8
Lysine 7.0
Methionine 1.8
Cystine 1.1
Phenylalanine 54
Tyrosine 34
Threonine 3.8
Valine 5.4
Table 5. Flavonoids and saponins contents in extracts from Adzuki Bean.
Peak no. Compounds Contents Contents Contents
(mg/g ABTE) (mg/g ABF) (mg/g ABS)
2 Catechin 12.37 49.39 ND
7 Quercetin-3-0- 225.99 404.73 ND
rutinoside
8 Quercetin-3-)- 21.37 90.08 ND
glucoside
9 Vitexin-4"-O- 36.66 74.60 ND
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glucoside
10 Azukisaponin IV 6.63 ND 11.40
11 Azukisaponin VI 20.04 ND 206.35
12 Azukisaponin V 165.99 ND 283.21
13 Azukisaponin II 186.99 ND 389.73
14 Azukisaponin | 8.90 ND 542
15 Azukisaponin 11 79.03 ND 27.58

ABTE adzuki bean total extract, 4BF adzuki bean flavonoids, ABS adzuki bean saponins, ND not detected (Liu ez al., 2017).

Table 6. Health benefits of Adzuki bean.

Cholesterol-free

Good source of folate

Easy to cook with

Incredible delicious

Good for weight loss

Slow down the blood sugar and protect against diabetes

Easy to digest

A good source of Magnesium, Potassium, Phosphorous, Managanese and Iron
Fantastic source of protein

Good source of fiber

Adzuki cropping in different parts of China

Adzuki cropping pattern in South of China

The lowland regions of Southern provinces are not major production areas for adzuki bean, with complex terrain
and various cropping system including intercropping, relay intercropping, and multiple cropping (Li et al.,
2017).

There are rice + adzuki bean multiple cropping systems, and maize + adzuki bean relay intercropping systems.

Adzuki cropping pattern for spring-sown areas
These areas are distributed in Inner Mongolia and the north part of Hebei, Shanxi, and Shaanxi with the main
cropping patterns (one crop per year) as follows:

1) Adzuki bean- maize (sorghum) —millet

2) Adzuki bean- maize- sorghum

3) Adzuki bean- spring wheat- maize (flax)- maize
4) Adzuki bean- wheat- wheat

5) Adzuki bean- millet- maize- wheat

Northern cropping patterns for summer-sown areas
These areas are distributed in Shandong, Henen and South part of Hebei (Li et al. 2017). The main cropping
patterns (with two crops per year) are as follows:

1) Winter wheat (barley)- adzuki bean- winter wheat (barley)- adzuki

2) Winter wheat (barley)- adzuki bean- cotton (maize, sorghum or millet)

3) Winter wheat (barley) —summer maize intercropping with adzuki bean- spring maize intercropped with
soybean.

4) Spring wheat- millet (broomcorn millet)- adzuki bean

5) Winter wheat (barley)- maize intercropped with adzuki bean- winter wheat (barley)- maize intercropped
with adzuki

Adzuki Bean and Nitrogen Fixation

Kimura et al. (2004) reported that adzuki bean has a remarkable peak of N accumulation in the early
reproductive stage. And this is mainly due to N, fixation, though the soil nitrate level is high. They have
concluded that adzuki bean absorbed N mainly for a short period and depended more on symbiotically fixed N,
and, in contrast to common bean, left a high level of NO3-N remaining in the soil after cropping. Delic et al.
(2010) reported that strains of B. japonicum showed high potential of N, fixation, particularly 525 and 542. B.
Japonicum strains resulted 65-71% shoot dry weight and 99-138% total N content uninoculated control with full

81



J. BIOL. ENVIRON. SCI.,
2019, 13(38), 79-84

N content (100%). No significant difference was found between the plants inoculated with Bradyrhizobium spp.
strains and uninoculated control plants without N (40-42 and 42% shoot dry weight, respectively), which
indicated symbiotic N, fixation inactivity of the Bradyrhizobium spp. strains. Knj strain had the middle position
(56% shoot dry weight). These data showed that B. Japonicum 525 and 542 strains could be used in further
investigations in order to apply them as inoculants in microbiological N fertilizers. Da silva et al. (2016)
indicated that inoculation with Rhizobium strains and Molybdenum supply effectively contributed to biological
nitrogen fixation and improving grain production. Abd-Alla (2011) noticed that isoflavonoid analysis from root
extracts of grafted plants showed that NOD1-3 shoots had markedly higher root isoflavonoid concentrations in
root of both NODI1-3 and common bean cv. Adzuki compared with self-grafts of common bean Adzuki.
Exogenous application of daidzein, genistein, coumestrol, glycitein and in combination at concentration of 10
pmol to the nutrient solution significantly increased the nodule numbers of common bean cv. Adzuki. Kimura et
al. (2004) concluded that adzuki bean absorbed N mainly for a short period and depended more on symbiotically
fixed N, and, in contrast to common bean, left a high level of NO3-N remaining in the soil after cropping.

Table 7. Various sources of nitrogen fixation (Dashora 2011).

No. Source of N fixation Nitrogen fixed
(10° tons per year)

1 Land 153
2 Legume 39
3 Non-legume 10
4 Others 104
5 Sea 40
6 Total biological 193
7 Lightning 9

8 Industry 85
9 Total non-biological 94

Table 8. Average shoot dry weight, total and fixed N content of nodulated adzuki bean, Vigna angularis indicating to
potential nitrogen fixation activity of Bradyrhizobium strains.

Shoot dry Shoot total
weight n content
Treatment mg plant’! Symbiotic %N mg plant’! Symbiotic Shoot fixed 2Actove
inoculated and effectively effectively N content groups of
luninoculated (%) (%) mg plant’! strains
525 320b 71 1.77 5.73ab 122 4.90ab
532 310bc 69 1.68 5.37bc 114 4.54bc
542 300bc 67 2.16 6.52a 138 5.71a I
526 290bc 65 1.27 4.64bc 99 3.81c
Knj 250cd 56 1.27 3.17d 67 2.34d 11
2001 210de 47 0.67 1.40e 30 0.63e
2801 190e 42 0.56 1.08e 23 0.32¢ 11
5388 180e 40 0.71 1.26¢ 27 0.46¢
NO 450a 100 1.04 4.71bc 100 / Controls
(S) 190e 42 0.45 0.83¢ 18 /
LSD 0.05 479 0.870 0.867
0.01 63.0 1.150 1.147

"uninoculated controls: N©-with N and ©-without N; ? I-B. japonicum, 1I-Knj and III- B. spp. a-e: Means in a column followed by the same
letter are not significantly different by Duncan 's multipme range test at the 5% level (p<0.05).

Table 9. Average nodule number, nodule dry weight, shoot and root length, root dry weight and total root N content
nodulated adzuki bean, Vigna angularis.

Treatments Nodule N° Nodule dry Shoot length Root length Root dry Root total N
inoculated and plant’! weight mg (cm) (cm) weight mg content mg
luninoculated plant’! plant’! plant’!
525 23.0b 55.20c 23.63b 31.06a 179a 2.72ab
532 24.6b 68.88a 23.64b 27.02abc 180a 2.59b
542 21.1c 44.31d 22.74bc 28.72ab 180a 3.42a
526 31.4a 62.17b 22.80bc 30.93a 160abc 1.58¢c
Knj 38.8a 43.20d 22.40bc 22.75bcd 170ab 1.70c
2001 6.5d 21.45¢ 22.12bc 24.85abc 140bcd 0.81d
2801 6.0d 5.40f 22.10bc 26.58abc 120d 0.62d
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5388 7.0d 2.80f 20.97c 18.32d 130cd 0.74d
N©O / / 27.16a 23.79bcd 170ab 1.70c

(S] / / 21.13c 20.96¢d 120d 0.54d
LSD 0.05 35 6.08 1.55 4.57 26 0.67
0.01 6.0 7.98 2.05 6.03 34 0.82

"uninoculated controls: NO-with N and ©-without N; ? I-B. japonicum, II-Knj and IlI- B. spp. a-e: Means in a column followed by the same
letter are not significantly different by Duncan s multipme range test at the 5% level (p<0.05).

Table 10. Nodulation and nitrogenase activity of adzuki inoculated with Rhizobium legumiosarum biovar phaseoli strain
RCR 3622 and TAL 1383 (Abd-All 2011).

Plant species Bacterial strain Nodule number/plant pumol CaHa/plant/h
Adzuki RCR 3622 19 0.92
TAL 1384 15 0.71

Means followed by the same letter in each column were not significantly different at the 5% level using LSD test.

CONCLUSIONS

Legumes help build soil fertility, their nitrogen fixation has other advantages in agro-ecosystem, including
improved soil structure, deep rooting, erosion protection and contributing to greater biological activity and
sustainability. Growing of leguminous plants can also benefits both the plants and soils by yielding nitrogen in
the compound form. Adzuki beans fix atmospheric nitrogen by working symbiotically with special bacteria,
rhizobia, which live in the root nodules. Rhizobia infect root hairs of the leguminous plants and produce the
nodules. Adzuki beans are consumed in so many Asian countries such as China, Japan, Korea, Taiwan,
Singapore, Indonesia, Malaysia, Thailand, Vietnam, India and Philippines. In both China and Japan, they are
consumed daily as a dessert or snack especially in traditional Chinese festivals like Chinese New year. Adzuki
beans are a rich source of carbohydrates, protein, vitamins, minerals, fiber and also contain anti-nutritional
factors. Adzuki bean owns various pharmacological activities due to different extracts or individual compound.
One of the most important role of Adzuki bean is balancing yield, which gives economic return, with the
environmental and agronomic benefits.
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