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Abstract: This study aims to explore the content of several types of non-enzymatic antioxidants in 

red kidney beans sprout based on duration germination. The complete randomized design study was 

carried out by red kidney beans sprout with germination duration variables of 0, 10, 20, and 30 hours. 

Red kidney bean sprouts are blended with water 8 times the amount, then filtered, so that red kidney 

bean sprouts extract is obtained. The phenolic content determinate using the Folin-Ciocalteu method; 

vitamin C testing using Iodometry; and fiber content by the proximate method. Data were analyzed 

using ANOVA, followed by the DMRT test if there was any significance with an error rate of 5%. 

The selection of products with the highest antioxidant content uses the effectiveness index test. The 

duration of germination increased the content of phenolic antioxidant (P <0.05), vitamin C (P <0.05), 

and fiber (P <0.05). Red kidney bean sprouts resulting from germination for 30 hours have the highest 

content antioxidants of phenolic, vitamin C, and fiber, respectively 583.85 mg GAE/L, 23.14 mg/100 

mL, and 6.75%. Red kidney bean sprouts can be used as an ingredient of antioxidant-rich products 

that are useful for the prevention of degenerative diseases. 
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1. Introduction 

The incidence of degenerative diseases increases over time. There are various triggering factors for the 

emergence of degenerative diseases, but the most important is oxidative stress [1], which is an imbalance 

between antioxidant status and the formation of oxidants in the body. There are 2 groups of antioxidants, 

namely enzymatic and non-enzymatic antioxidants [2]. Especially for non-enzymatic antioxidants are found 

in various foodstuffs and various forms of compounds, such as phenolic, vitamin C, fiber, vitamin E, 

carotenoids, lipoic acid, and others. The food rich in antioxidants can inhibit the emergence of degenerative 

diseases [3]. Mechanism of non-enzymatic antioxidant systems, namely by cutting the chain of oxidation 

reactions, so free radicals cannot react with cellular components. Nuts, besides being known as a source of 

vegetable protein, are also rich in antioxidants [4]. 
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Kidney beans are said to be recommended as diets for diabetics because of their high fiber content (4%), 

protein (29.1%), unsaturated fatty acids, and vitamin E [5]. These beans also contain a large number of 

phytochemical compounds, including phenolic, flavonoids [6], as well as vitexin and isovitexin [7]. The 

highest antioxidant activity compared to other types of beans [8]. In general, polyphenol-rich beans are 

proven to protect LDL-c against oxidation, and reduce LDL absorption [9]. Phaseolus vulgaris L. also 

contains resistant starch, vitamins, and fructooligosaccharides [10] (Ambigaipalan et al. 2011) which have 

been proven to protect the body from oxidative stress, heart disease, diabetes, cancer, and metabolic 

syndrome. Wells et al. [11] reported that unsaturated fatty acids (n-3), vitamins, dietary fiber, and L-arginine 

play an important role in the modulation of inflammation. As a source of fiber, legumes are reported to be 

beneficial to human health [12]. However, red kidney beans also contain anti-nutritional compounds, such 

as protease inhibitors, lectins, saponins, vicine, convincing, phytate, and alkaloids, as well as indigestible 

oligosaccharides, such as raffinose, stachyose, verbascose, and ajugose [13]. 

Anti-nutritional compounds are now in great demand by researchers because they are related to their 

antioxidant capacity, as scavengers of free radicals and chelating metals, so that it has implications for health 

benefits [14][15]. The existence of anti-nutritional compounds that are similar to bioactive compounds are 

interlocked with other compounds in nuts, so it needs an effort to explore them. 

Germination is a catabolism/breakdown process, associated with increased secretion and activates of 

hormones and enzymes, which hydrolyzes food reserves, transports dissolved food and hormones to the 

growing point, and assimilation (photosynthetic). Protease immediately converts protein molecules to amino 

acids; starch deposits are broken down by carbohydrases to maltose then to glucose; the fat content is broken 

down by lipases into fatty acids [16]. Therefore, the content of amino acids, fatty acids, and glucose of red 

bean sprouts is higher than red kidney beans that are not germinated, as well as the content of micronutrients 

and bioactive substances. However, many factors affect the success of the germination process, one of which 

is the duration of germination. The problem is, how long is the red kidney bean sprout to obtain the highest 

antioxidant content, especially antioxidants of phenolic, vitamin C, and fiber in it? This study aims to 

determine the effect of long duration of red kidney bean germination on the antioxidant content of phenolic, 

vitamin C, and fiber, and to get the right time to get the highest content of these types of antioxidants. 

 

2. Materials and Methods 

This study uses a non-factorial Complete Randomized Design with 1 type of treatment (duration of 

germination) and consists of 4 levels, namely 0, 10, 20, and 30 hours, with 5 repetitions, so that there were 

20 units. The independent variable was long germination, while the dependent variable is the content of 

phenolic, vitamin C, and fiber. 

2.1. Making Red Kidney Bean Sprouts[17] 

Red kidney beans are sorted, washed with running water, and then soaked for 12 hours. After soaking, the 

red beans are drained and placed in a basket and covered with a dark cloth. Red kidney beans are incubated 

at room temperature with various variations of long germination, i.e. 0, 10, 20, and 30 hours. Each red 

kidney bean sprouts were weighed, then crushed using a blender with a ratio of water : red kidney bean 

sprouts = 8: 1. After that, filtered with a filter cloth to get the essence of red kidney bean sprouts. 

 

2.2. Determination of phenolic content of red kidney bean sprouts 

Making gallic acid calibration curves with the Folin-Ciocalteu phenol reagent [18]. First, make a gallic 

acid main solution utilizing 1 g of gallic acid added with 95% methanol to 100 ml to produce a concentration 

of 1000 ppm. From the main liquor is taken of 2.5, 3, 3.5, 4 ml, and then added to 10 ml of methanol so that 

the resulting concentration of 200, 250, 300, 350, and 400 mg/L gallic acid. From each of the above 

concentrations, 0.1 ml was added with 5 ml of distilled water and 0.2 ml of the folin-ciocalteu reagent was 

diluted with distilled water with a ratio of 1: 1, then shaken. Let stand for 5 minutes added 1 ml of 5% 
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Na2CO3 solution and vortex. Let stand for 1 hour in a dark condition. One of the concentrations of the 

standard solution is measured by its absorbance with a wavelength of 747 nm to obtain the maximum 

wavelength. Measure the absorbance of all standard solution concentrations with a specified maximum 

wavelength, then a calibration curve is made between the concentration of gallic acid (mg/ml) and the 

absorbance. 

A sample of 0.1 ml was taken into a test tube and 5 ml of distilled water was added, and 0.2 ml of 

the Folin-Ciocalteu reagent was diluted with distilled water in a ratio of 1: 1, shaking. Let stand for 5 minutes 

added 1 ml of 5% Na2CO3 solution and vortex. Let stand for 1 hour in a dark condition. Measure the 

absorbance at the maximum wavelength that has been obtained that is 747 nm and read 2 times, do 5 

repetitions [29]. Calculation of total phenolic content using the following formula as below. 

 

Total Phenolic Content (TPC) = (C.V.Fd) / W 

 

Note: C, phenolic concentration; V, the extract volume used (ml); Fd, dilution factor;  

          W, the weight of the sample used 

 

2.3. Determination of vitamin C content of red bean sprouts (Iodometri method 

Weighed of 20 g of slurry put into a 100 mL flask and added distilled water until the boundary mark then 

shaken until homogeneous. Then the solution is centrifuged and filtered) [19]. The filtrate obtained is ready 

to be analyzed for its vitamin C levels. A total of 10 mL of filtrate was added to the titration flask and 2 mL 

of 1% starch and 20 mL of distilled water were added. Then the solution is titrated with 0.01 N standard I2 

solution until a dark blue color does not disappear for 1 minute. Titration is done 3 times. The vitamin C 

content of red kidney bean sprouts is determined by the following formula. 

 

1 mL I2 = 0.88 mg of Vitamin C. 

 

2.4. Determination of Fiber Content of Red Kidney Beans Sprout  

First, the material is weighed 10 g of sample and then put into 600 ml Erlenmeyer. After that, 200 

ml of H2SO4 0.3 N was put into Erlenmeyer. Then for 30 minutes simmer with low heat and sometimes the 

shaking Erlenmeyer so that the solution is mixed evenly Then, filter the suspension through filter paper, and 

the residue left in the Erlenmeyer is washed with boiling distilled water. Then, the residue in filter paper is 

also washed with distilled water until the washing water is no longer acidic (test with litmus paper). After 

the residue has been filtered, the residue is transferred quantitatively from filter paper into an Erlenmeyer 

with a spatula. And the rest is washed by adding as much as 200 ml of 0.3N NaOH solution that has been 

boiling until all the residue goes into the Erlenmeyer. Then boil again while sometimes Erlenmeyer shake 

it. Then filtered through a heated Gooch crucible and known for its weight by using a suction pump washed 

again with boiled aquades and then with ± 15 ml of 95% alcohol. After that crushes with the contents dried 

at 1100C to a constant weight (for approximately 1 to 2 hours), then cooled in a desiccator and weighed, 

then the weight of residue which is the weight of crude fiber is obtained [20]. Fiber content is calculated 

using the following formula. 

 

Crude Fiber Content = (weight of crude fiber (g)) / (sample weight (g)) x 100% 
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2.5.  Data analysis 

Phenolic, vitamin C, and fiber levels were analyzed using the F test at a 95% confidence level with the 

statistical application of SPSS 16.0. If there is a difference continue with Duncan's Multiple Range Test 

(DMRT) with an error of 5%. To find out the best antioxidant content based on phenolic levels, vitamin C, 

and fiber were tested using an effectiveness index [21] (DeGarmo et al. 1984). 

 

3. Results and Discussions 

3.1. Effects of the duration of germination on phenolic levels of red kidney bean sprout 

The duration of germination had a very significant effect on the total phenolic levels of red bean 

sprouts (p = 1.41E-10) (Table 1). The longer the germination time, the higher phenolic content, and the 

highest level is found in germination with 30 hours of germination. In line with the opinion of [22] that 

phenolic compounds can be produced in beans which undergo elicitation during the germination process. 

The elicitation process is the process of the formation of phytoalexin as a defense system in plants to avoid 

interference with microorganisms. Synthesis of phenolic compounds as phytoalexin in the elicitation 

process is also driven by the presence of polysaccharides [19]. Other research also states that germination 

can increase the production of phenolic compounds in lupine seeds [23]. This is a natural reaction to protect 

plants from biotic pressures such as diseases, insects, and environmental stress. 

 
Table 1. The content of antioxidant phenolics, vitamin C, and fiber of red kidney bean 

sprout based on germination time 

Long germination 

(hour) 

Phenolics (mg GAE/L) Vitamin C (mg/100 mL) Fiber (%) 

0 240.46+0.0a 15.38+1.07a 1.83+0.82a 

10 436.67+6.44b 15.56+3.07a 3.87+1.52b 

20 513.08+5.47c 16.4+3.18a 5.99+3.75b 

30 583.85+10.49d 23.14+3.83b 6.75+1.6c 

Notes: N=5; Numbers with similar letters on column show a non-significant difference (p>0.05). 

 

The researchers stated that germination can increase the total levels of phenolic coma beans because 

during the germination process there is the biosynthesis of plant hormones to produce phenolic compounds. 

Xu et al. [24] reported that free phenolics and avenanthramides are the main phenolic components of wheat, 

increasing during germination. Phenolic levels were also reported to increase significantly during 

germination in the legume [25]. Increased levels of phenolics in pulses (beans, white beans, lentils, Vicia 

sativa L) during germination, are associated with increasingly active endogenous enzymes, such as 

hydrolase and polyphenol oxidase [26]. 

Biosynthesis of phenolic compounds is on the same path as the biosynthesis of growth hormones, such 

as auxin, gibberellins, and cytokines. Before being germinated with red beans, it must be soaked for 12 

hours. When immersion occurs the imbibition process is the process of absorption of water. Water 

absorption causes kidney beans to contain enough water to activate the growth hormone. This results in 

phenolic biosynthesis in red kidney beans that have not germinated (0 hours) used for sprout growth, so that 

phenolic levels are still low. Furthermore, in the germination period of 10 hours to 20 hours, the total phenol 

content increased, even reaching its peak at 30 hours. Chances are, growth hormone biosynthesis is used for 

the production of phenolic compounds.  
The results of this study are by the findings of [27], which stated that there was a 10% increase in flavonol 

and flavonon levels in red beans after the germination process compared with red bean seeds without 
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germination process. Likewise, Zhang et al. [28] added that the longer the germination process affects the 

phenolic increase in Buckwheat after going through the germination process for 36, 48, and 72 hours. 

Increased levels of phenolic can also occur due to the stimulation of the biosynthesis of phenolic 

compounds through the shikimate acid pathway. Phenolic acid, flavonoids, and tannins are secondary 

metabolites that are very important during plant growth. These compounds are synthesized through the 

shikimate pathway and the phenylpropanoid biosynthetic pathway. In the process of growth, L-

phenylalanine is converted to cinnamic acid which is catalyzed by phenylalanine ammonia-lyase (PAL) 

[28]. In this metabolic pathway, PAL is an important enzyme for the biosynthesis of flavonoids and phenolic 

acids. Tang and Zhao [30] and Kong et al. [31] stated that PAL activity increases during germination. Thus 

it can be assumed that the increase in phenolic levels of red bean sprouts is due to increased PAL activity 

during the germination process. 

 

3.2.  Effects of the duration of germination on vitamin C levels of red kidney bean sprouts 

Germination increases vitamin C levels, but a significant increase occurs at 30 hours of germination (P = 

0.005) (Table 1). The biosynthetic pathway of vitamin C in plants has been reviewed by several researchers. 

Vitamin C is a compound that is generally needed in most living organisms because it plays an important 

role in scavenging free radicals in living cells. The L-galactose pathway is the main pathway for the 

biosynthesis of vitamin C (L-ascorbic acid) in dicotyledonous plants [32]. This process begins with D-

glucose phosphorylation by hexokinase and ends with epimerization of L-Galactono-1,4-lactone to L-

ascorbic acid by L-galactono-1,4-lactone dehydrogenase. Lay and Fields [33] add that germinated seeds 

have a much higher ascorbic acid content, compared to seeds that are not germinated. Likewise, the opinion 

of Huang et al. [34], that no vitamin C was found in soybeans and green beans that did not germinate, but 

their levels increased during germination. Similarly, the findings of [35] that vitamin C is not found in bean 

seeds, but the vitamin began to be found on the first day of germination to reach 30 mg per 100 grams after 

48 hours. 

Germination can also significantly increase vitamin C content in a variety of seeds, such as wheat, beans, 

cowpea, lupine, green beans, and soybeans [14]. It was also mentioned that green beans and black beans, 

their vitamin C levels increased from 13.5 to 24.0 and 10.3 to 21.3 times compared with the original seeds, 

after experiencing germination for 1 - 5 days. The accumulation of vitamin C in germinated seeds is caused 

by de novo synthesis, because most seeds have very low vitamin C content, before germination. This is 

because the activity of the main enzyme in the biosynthesis of ascorbic acid, L-galactono-lactone 

dehydrogenase, increases markedly during germination [24]. The enzyme L-galactono-act-lactone 

dehydrogenase catalyzes the oxidation of L-galactono-1,4-lactone to ascorbic acid, so the longer the 

germination time can increase the levels of ascorbic acid in red bean sprouts. 

Gorelova et al.[36] states that folate metabolism and total NADPH synthesis that occurs in animals, may 

also occur in plants. NADPH is involved in the ascorbate-glutathione cycle, which plays an important role 

in removing ROS by reducing monodehydroascorbate and subsequently becoming ascorbic acid. Therefore, 

the accumulation of folate in sprouts can lead to accumulation of NADPH, and subsequently contribute to 

the increased content of ascorbic acid or vitamin C. 

 

3.3. Effects of the duration of germination on the fiber content of red kidney bean sprouts 
As the length of germination increases the higher the fiber content in red kidney bean sprouts (P<0.05) 

(Table 1). Crude fiber consists of cellulose, hemicellulose, and lignin. Nearly 50% of carbohydrates derived 

from plants are cellulose, which is the most important part of plant cell walls. According to [37], an increase 

in the amount of cellulose in metabolic reactions as well as germination. Nkhata et al. [38] stated that 

hydrolysis by microbes from cellular materials such as proteins, fats, and carbohydrates can increase fiber, 

therefore increasing the cellular structure of plants during germination also allows increased fiber content. 



 
Proceeding ICMA-SURE – 2020 

The 3rd International Conference On Multidisciplinary Approaches For Sustainable Rural Development 

 

27 

 

The highest fiber content was found in red bean sprouts with 30 hours germination time which was 

6.75%, while the lowest was in 10 hours germination which was 3.87%. The results of this study are in line 

with the opinion of the following researchers that germination can increase the levels of crude fiber, so that 

food fiber also increases. Uppal and Bains [39], showed that fiber levels in beans, mung beans, and cowpea 

experienced a significant increase during the germination process. Megat et al. [40] also proved that red 

beans, green beans, soybeans and cooking beans increased their fiber content significantly during 

germination, so that the bean sprouts can be used as functional ingredients in milk products. 

High levels of fiber in red kidney bean sprouts are very good for health. Li and Komarek [41] confirm 

that high fiber consumption is a safe and practical effort to reduce blood cholesterol levels. Dietary fiber 

cannot be absorbed and digested by enzymes in the human intestine, but it can affect the absorption of water 

in the digestive system, thereby increasing the volume of food in it, and causing a feeling of fullness longer. 

Recent studies have shown that fiber can help reduce blood glucose and triglyceride levels, as well as blood 

cholesterol [42]. Fiber can be fermented in the intestine to produce short-chain fatty acids (SCFA), including 

propionate which can prevent an increase in cholesterol, and butyrate which can prevent colon cancer. Fiber 

can bind to organic molecules that cause the binding of bile so that cholesterol decreases. 

 

3.4. The red kidney bean sprouts rich in antioxidant phenolics, vitamin C, and fiber 
Henceforth, to find out how long the germination produces red kidney bean sprouts with the highest 

antioxidant content, an effectiveness index test according to [21]. Based on the effectiveness index test at 

Table 2 with the weighting parameters of phenolic antioxidants was 1, vitamin C was 0.9, and fiber was 0.8, 

obtained red kidney bean sprouts with the highest antioxidant content of phenolic, vitamin C, and fiber was 

30 hours germination (Table 2), i.e. red kidney bean sprouts with 583.85 mg GAE/L phenolic, 23.14 mg/100 

mL vitamin C, and 6.75% fiber. Some researchers report that antioxidant-rich products are beneficial for 

health.  

Phenolic is an antioxidant that has the potential to protect LDL-c against oxidation (LDL-OX) and reduce 

LDL absorption [9]. LDL-ox which accumulates, forms plaque, clogging arteries, causing atherosclerosis. 

Therefore phenolic antioxidants can prevent atherosclerosis, which starts coronary heart disease. 

Phenolic, one of the phytochemicals is antioxidant and has the potential to be anti-inflammatory. 

Phenolic in red bean sprouts has been shown to suppress inflammation by 23.02 ± 2.3% in carrageenan-

induced white rats [43], as stated by [44] that phenolics are also proven as anti-inflammatory. As a potential 

antioxidant, phenolic can improve the antioxidant and immune status of women with oxidative stress. Thus 

phenolic rich red bean sprouts are beneficial for sufferers of degenerative diseases due to oxidative stress. 

Vitamin C antioxidants have been shown to protect the body from oxidative stress, heart disease, 

diabetes, cancer, and metabolic syndrome [45]. The Mayo Clinic attempts to repeat the results of Pauling 

and Cameron in a randomized placebo-controlled study of patients with advanced cancer, with oral 

administration of 10 g of vitamin C per day to exclude clinical symptoms. Vitamin C can provide clinical 

benefits with high intravenous doses, and is given as a program for months. The phase I trial showed that 

high doses of vitamin C were a useful addition to chemotherapy [46]. 

Vitamin C is a free radical scavenger that dissolves in water. Besides, the vitamin regenerates 

vitamin E in cell membranes by combining with GSH or compounds that can contribute to reducing 

equivalents. Changes in vitamin C, become ascorbate radicals after donating electrons to lipid radicals to 

end the lipid peroxidation chain reaction. The radical pair of ascorbate reacts quickly to produce one 

molecule of ascorbate again and one molecule of dehydroascorbate. Dehydroascorbate does not have 

antioxidant capacity. Therefore, dehydroascorbate is converted back to ascorbic acid by the addition of two 

electrons. The last step (the addition of two electrons to dehydroascorbate) is carried out by oxidoreductase 

[47]. Vitamin C reported by [48] also showed its potential in reducing inflammation by reducing levels of 
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hs-CRP, IL-6, and fasting sugar levels. Similarly, antioxidant-rich products of vitamin C are beneficial for 

people with cancer, diabetes, and others. 
 

Table 2. The effectiveness of red kidney bean sprouts 

Parameters VW NW 

The duration of germination (hour) 

0 10 20 30 

VE VP VE VP VE VP VE VP 

Phenolics 1 0.37 0 0 0.21 0.08 0.29 0.11 0.37 0.14 

Vitamin C 0.9 0.33 0 0 0.01 0.00 0.04 0.04 0.33 0.11 

Fiber 0.8 0.30 0 0 0.12 0.04 0.25 0.07 0.30 0.09 

VW 2.7                  

Total VP     0   0.12   0.22   0.34 

Notes: VW, variable weights, NW, Normal Weight, VE, Value of Effectiveness, VP, Value of Product.  

Calculation:  

1. Add up all the values of the variable weights (VW):  (1+0.9+0.8)= 2.7 

2.  NW = VW/ Total amount of VW 

3. Value of Effectiveness (VE) =  (Average treatment value) / (Lowest average value) 

4. VP = VE x NW 

5. Add all of NPs where the biggest yield is the best treatment 

 

Associated with fiber antioxidants, Singh et al. [49] confirms that fiber is a non-nutritional compound 

that can fight cancer and keep cholesterol and blood sugar normal. The effect of fiber in controlling blood 

sugar levels, possibly by reducing energy intake and the glycemic index is expected to be achieved through 

food expansion. Energy reduction can reduce energy density from food intake, while food expansion 

prevents further food intake. Qi et al. [50] discovered the hypoglycemic effect of fiber through other 

mechanisms. It has been observed that rat feed intake did not differ between the fiber group and the animal 

feed control group with the same energy density. Thus, the confounding factors of energy reduction and 

food expansion can be eliminated. Fiber significantly reduced blood glucose levels and visceral fat levels in 

rats, compared to rats in the control group [51]. 

Fiber has a variety of mechanisms of action, depending on the source and the amount of fiber consumed. 

Fiorucci and Distrutti [52] argue that fiber provides physiological effects in humans through several 

mechanisms such as increasing the excretion of bile acids and neutral steroids through feces. Fiber is also 

able to change the ratio of primary and secondary bile acids, and increase the excretion of cholesterol and 

fatty acids through feces. Indirectly, by consuming foods high in fiber, as well as removing body fat and 

cholesterol, so cholesterol levels decline, and improve lipid profile. Kidney fiber sprouts are beneficial for 

the health of people with dyslipidemia. Thus the sprouts are rich in phenolic antioxidants, vitamin C, and 

fiber are very useful for the prevention of degenerative diseases. 

 

4. Conclusion 

The conclusion, that long germination increases the content of various antioxidants, such as phenolic, 

vitamin C, and fiber in red bean sprouts. The highest levels of antioxidants are found in red beans that are 

germinated for 30 hours. The high antioxidant in red bean sprouts makes it possible as a component of an 

antioxidant-rich product, which is very beneficial for sufferers of degenerative diseases associated with 

oxidative stress. 
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