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Abstract 

Green asparagus (Asparagus officinalis L.) root was used as raw materials for the new 

fermented beverage because of its nutrition. With the goal of improving the value of green 

asparagus and contributing to the diversification of asparagus products; the fermented 

beverage (light alcoholic beverage) was the target of the research. The fermentation was 

conducted with 2 factors including initial total soluble solids (18-24°Bx) and pH (4.0-5.5). 

The results showed that the suitable conditions for fermenting the beverage from green 

asparagus root were 20°Bx and pH 4.5. The ethanol content, the contents of bioactive 

compounds (phenolic, flavonoid, tannin and saponin) and vitamin C (per 100 g of dry 

matter) of the fermented beverage from green asparagus were 5.0% v/v, 2.242 g tannic 

acid equivalent (TAE), 0.206 g quercetin equivalent (QE), 0.273 g TAE, 1.454 g saponin 

equivalent (SE) and 3.214 g, respectively. 

1. Introduction 

Asparagus (Asparagus officinalis L.) is well-known 

as the king of vegetables due to its health benefits and its 

bioactive compositions (Viera-Alcaide et al., 2021), such 

as polysaccharides, polyphenols, anthocyanins, saponins, 

dietary fibre and oligosaccharides (Fuentes-Alventosa et 

al., 2013), which exhibit anti-cancer, antitumor, 

antioxidant, immunomodulatory, hypoglycemic, anti-

hypertensive and anti-epileptic effects (Guo et al., 2020). 

However, during the harvest time, roots and rhizomes of 

this crop are usually dug out to cut and left on fields as 

the by-products (Viera-Alcaide et al., 2021). This by-

product is up to 30–40 thousand metric per ha of the 

plantation, and around 6.5 million thousand metric of 

asparagus roots are produced annually, which causes a 

great economic loss (Viera-Alcaide et al., 2021). In 

addition, the contents of active components from the 

roots, especially the polysaccharides, account for the 

highest percentage in the bottom spears compared to 

other parts (Guo et al., 2020) and fructans are the 

polysaccharides that are accumulated mostly in the 

asparagus root (Suzuki et al., 2011; Witzel and Matros, 

2020). Therefore, asparagus root is the potential raw 

material for research and development, particularly the 

creation of added-value products in order to utilize this 

by-product. 

Fermented beverages are complex solutions obtained 

from fermentation without distillation of thousands of 

organic compounds originating from the fruit, the yeast, 

and other microbial metabolism (Dias et al., 2017). The 

fermented beverage has a mild alcohol content (less than 

15%) and is considered a beneficial drink for women and 

the elderly due to its health benefits and the attractive 

flavors of fruits (Ngoc et al., 2018). As with other types 

of fruits, the by-product from asparagus root contains a 

high amount of fructans, which is the main substance 

needed for fermentation and this material can be used to 

make fermented beverages like fruit wine, especially 

tropical fruits, such as apples (Xu et al., 2007), 

strawberries (Santo et al., 2012), pineapple (Thanh et al., 

2013; Thepkaew and Chimsri, 2013), sugarcane (Luciana 

et al., 2014) and Docynia indica fruit (Hanh et al., 2016). 

Fermented beverages' qualities, such as colors, flavor 

and present compounds, are characterized by the type of 

fruits and the fermentation processing. According to 

Ngoc et al. (2018) and Phong et al. (2021), the initial 

total soluble solids (TSS) and pH of the must are the 

crucial factors that affect the ethanol content and 

qualities of the fermented beverage. Moreover, the use of 
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by-products from green asparagus root, with 

standardized methods and yeasts in the fermentation 

contributes to enhancing the content of desired bioactive 

substances in the new product. Therefore, the study 

aimed to determine the effect of initial total soluble 

solids (TSS) and pH on the quality of fermented 

beverage from green asparagus root including the total 

soluble solids, pH, ethanol content, the contents of 

bioactive compounds (phenolic, flavonoids, tannins and 

saponins) and vitamin C of the product. 

 

2. Materials and methods 

2.1 Materials 

Green asparagus roots were harvested at My Thoi 

Ward, Long Xuyen City, An Giang province, Vietnam 

without damage and then transported to The 

Experimental-practical Area - An Giang University 

(Vietnam) within 1 hr. Green asparagus roots were 

washed and cut into 1 × 1 cm2.  

Saccharomyces cerevisiae (3×1010 CFU/g) in the 

form of powder was provided by Angel Yeast Co. Ltd 

(China). The density was followed by the information on 

the package of the manufacturer.  

Saccharose was produced by Bien Hoa Company 

(Vietnam). Food-grade citric acid was a commercial 

product of Merck (Germany). 

2.2 Experimental design 

Five hundred grams of green asparagus root was 

blended with water at the ratio of 1:2.5 (w/v) for 5 mins 

and the pH of the mixture at 6.2 and was adjusted to the 

value of 4.0, 4.5, 5.0 and 5.5 with 10% citric acid (Jarun 

et al., 2008). The saccharose was added to get the 

mixture at 18, 20, 22 and 24°Bx from the total soluble 

solid content of the initial mixture at 1.8 (based on the 

results of Thuy et al. (2011), Udeagha et al. (2020) and 

Mi and Tien (2021)). The mixture was heated at 80℃ for 

10 mins to destroy harmful microorganisms and enzymes 

that cause browning reactions that affect the color of 

wine, and then cooled to room temperature (about 30℃) 

and 0.1% (w/w, compared to raw materials). 

Saccharomyces cerevisiae was added to the mixture for 

the fermentation process at room temperature for 10 days 

(Thuy et al., 2011). After fermentation, the solution was 

filtered and analyzed for the required parameters. 

2.3 Analysis methods 

2.3.1 Determination of total soluble solid content 

and pH value 

TSS and pH of samples were measured by using 

Atago hand-held refractometer (Japan) with 0-53°Bx of 

detection level range and pH meter (Hanna, USA), 

respectively. 

2.3.2 Determination of the ethanol content  

Ethanol content (% v/v) was measured by the 

distillation method (FSSAI, 2015). Approximately 200 

mL of sample were put into a distillation flask (500 mL) 

containing 20-30 mL of saturated NaCl for the 

distillation to collect the distillate into a 200 mL 

volumetric flask and cooled the solutions to 20℃. 

Ethanol content (% v/v) was determined by an ethanol 

meter (PET 109, Atago, Japan). 

2.3.3 Determination of reducing sugar content 

Reducing sugar content (g/kg of dry matter) was 

measured by the DNS method (Miller, 1959) with some 

modifications. A volume of 1 mL of sample was put in 

the test tube, and then 2 mL of reagent DNS was added. 

The blank tubes of standard glucose and samples were 

placed in boiling water for 10 mins. After that, 7 mL of 

distilled water was added to the tubes. This method is 

based on the oxidation of the C=O group by 3,5-

Dinitrosalicylic acid from a yellow colour to orange-red 

in an alkaline medium. The solution was analyzed with 

absorption at 575 nm. The reducing sugar concentration 

was based on a standard glucose curve, y = 23885x + 

0.126 (R2 = 0.9999), where y is the absorbance, and x is 

the concentration of the solution in the tube. 

2.3.4 Determination of total acids content 

The total acid content was measured by titration 

(Erinç et al., 2009). An acid-base titration is a 

quantitative analytical method to determine the acid 

concentration by precisely neutralizing it with a standard 

solution of a known base concentration (0.1 N NaOH). 

The concentration of total acids was calculated using 

Equation (1): 

  

Where n is the volume of 0.1 N NaOH to titrate 

(mL); V1 is volumetric flask capacity (mL); V2 is the 

volume of raw sample (mL), and V3 is the volume of 

diluted sample to titrate (mL). 

2.3.5 Determination of total phenolic content 

Total phenolic content (mg TAE/kg of dry matter) 

was determined using the Folin-Ciocalteu reagent 

(Sumaiyah et al., 2015) with some modifications. About 

150 μL of the sample was mixed with 1200 μL of 

distilled water and 450 μL of 5% (w/v) Na2CO3 in a test 

tube. The mixture was added to 0.1 mL of Folin-

Ciocalteu reagent and left at room temperature for 90 

mins to react. Phenolic in the extract reacts with Folin-

Ciocalteu to form a blue complex in the alkaline 
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medium, the phosphomolybdenum complex. The 

concentration of total phenolics was calculated as equal 

to the standard tannic acid graph (TAE), y = 0.0021x + 

0.0064 (R2 = 0.9999), where y is the absorbance and x is 

the concentration of the solution in the tube. 

2.3.6 Determination of total flavonoid content 

This assay was performed using the aluminium 

chloride colorimetric method described by Sumaiyah et 

al. (2015) with some modifications. The principle is 

related to AlCl3 creating a stable acid complex with the 

C-4 keto groups and the hydroxyl C-3 or C-5 group of 

the flavon and flavonol. About 100 μL of the sample was 

added with 1200 μL of distilled water and 30 μL of 5% 

(w/v) NaNO2. After 5 mins, the mixture was mixed with 

10% (w/v) AlCl3.H20 (60 μL). Approximately 200 μL of 

1 M NaOH and 110 μL of water were mixed into the 

solution. The solution was then measured at 510 nm. The 

total flavonoid concentration was calculated equally to 

the standard quercetin graph (QE), y= 8.2634x + 0.0182 

(R2 = 0.9999), where y is the absorbance, and x is the 

concentration of the solution in the tube. 

2.3.7 Determination of tannin content 

Tannin content was determined by the Folin-Denis 

method (Laitonjam et al., 2013). Approximately 0.5 mL 

of sample was added 0.5 mL of distilled water, 0.5 mL of 

Folin-Denis and 2 mL of 20% Na2CO3. The mixture was 

shaken well, warmed in boiling water for 1 min and 

cooled to room temperature. The solution was measured 

at 700 nm. The concentration of tannin was calculated as 

equal to the standard tannic acid graph (TAE), y = 

0.0098x + 0.0478 (R2 = 0.9999), where y is the 

absorbance and x is the concentration of the solution in 

the tube. 

2.3.8 Determination of saponin content 

The saponin content was determined by the vanillin-

sulfuric acid method (Le et al., 2018). The basic 

principle related to the oxidation of triterpene saponins 

by sulfuric acid and vanillin produces a distinctive red-

violet color. Approximately 0.25 mL of sample was 

taken in the test tube and added with 0.25 mL of 8% (w/

v) vanillin in ethanol 96% and 2.5 mL of 72% H2SO4 

acid. The mixture was incubated at 60oC for 30 mins and 

then cooled to room temperature. The solution was 

measured at 560 nm. The concentration of saponin was 

calculated as equal to the standard saponin graph (SE), y 

= 0.1348x + 0.0075 (R2 = 0.9999), where y is the 

absorbance and x is the concentration of the solution in 

the tube. 

 

2.3.9 Determination of vitamin C 

Vitamin C was performed using the 2,4-

dinitrophenyl hydrazine colorimetric method described 

by Sharaa and Mussa (2019). Approximately 1 g of 

sample was taken in a 15 mL centrifuge tube and added 

with 5 mL of solution containing 3% meta-phosphoric 

acid (w/v) and 8% glacial acetic acid (v/v). The 

centrifuge tube was placed on the Reciprocating shaker 

(Stuart, UK) for 1 hr. 1 mL of solution after filtration 

was placed in a test tube and added with 0.5 mL of 3% 

bromine, 0.25 mL of 10% thiourea and 0.25 mL of 2,4-

dinitrophenyl hydrazine. The mixture was incubated at 

37oC for 3 hrs. After that, 10 mL of 85% H2SO4 was 

added to the tube to form a red complex. The solution 

was cooled to room temperature and analyzed with an 

absorption of 521 nm. The concentration of vitamin C 

was calculated as equal to the standard ascorbic acid 

graph, y= 0.2253x + 0.0024 (R2 = 0.9999), where y is the 

absorbance and x is the concentration of the solution in 

the tube. 

2.3.10 Determination of colour  

The colour of fermented beverage was measured 

using a Hunter L, a, b colourimeter (CR 400, Konica 

Minolta, Japan). 

2.4 Data analysis 

Data were collected and processed by 

STAGRAPHICS Centurion 16.1 software for analysis 

variance (ANOVA), LSD test to conclude the difference 

between the average of experiments at 5% confidence (P 

= 0.05. The response surface methodology (RSM) is 

based on the complete collection of experimental data, at 

the same time, determining the influence of the factors 

and reflected by the multivariate equation. Microsoft 

Excel software was used for calculating and graphing. 

 

3. Results and discussion 

3.1 Effect of initial total soluble solids and pH values of 

green asparagus roots on ethanol content and 

physicochemical parameters of fermented beverage 

quality 

The effect of initial TSS and pH values on ethanol 

content and physicochemical parameters are shown in 

Figure 1 and Table 1. 

The results in Table 1 showed that the initial TSS 

and pH of the solution affected the ethanol content, pH, 

TSS and color (through L, a, b values) of the fermented 

beverage at 1% significantly different levels. The content 

of ethanol increased with the TSS that ranged from 18 to 

20°Bx, however, tended to decrease when continuing to 

increase the initial TSS of the green asparagus roots must 

https://doi.org/10.26656/fr.2017.8(3).570
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(p<0.05). Besides, the ethanol content gained the highest 

at the initial pH of 4.5 and 5.0, then gradually decreased 

with the increase in the pH value of the green asparagus 

roots. In parallel, the results in Figure 1a also showed 

that the reducing sugar content of the fermented 

beverage increased to an optimal value, then gradually 

decreased with increasing TSS and pH values. In 

contrast, sucrose decreased with increasing initial pH 

(Figure 2b). The content of TSS has a great influence on 

the growth of yeast and the rate of fermentation, which is 

mainly sugar. If it is too high, it will reduce the 

fermentation activity of yeast. Yeast needs carbohydrates 

for growth and metabolism. Sugar is an essential 

substrate for fermentation and greatly affects 

fermentation performance. Saccharomyces cerevisiae 

can convert sugars into ethanol (Fleet, 2003) and the 

ethanol content is high or low depending on the sugar 

content in the fermentation (Attri, 2009; Ton et al., 

2010). Therefore, the initial TSS must be suitable for 

yeast to grow and develop. When the initial sugar 

content of the must is low, yeast will lack a carbon 

source to increase biomass and compete for nutrients, 

resulting in low ethanol content. However, if the sugar 

content in the must is too high, it will increase the 

osmotic pressure and cause an imbalance in yeast's 

physiological and metabolic state (Attri, 2009). Besides, 

pH is one of the important factors that profoundly affect 

the fermentation process. Too low or too high pH will 

change the protein structure of many enzymes present in 

Figure 1. The response surface plots of the initial TSS and pH 

to the chemical compositions of fermented beverage from 

green asparagus roots (a) reducing sugar, (b) saccharose and 

(c) total acid. 

(a) 

(b) 

(c) 

Treatment 
Before fermentation After fermentation 

Initial TSS (°Bx) Initial pH  Ethanol (% v/v) pH TSS (°Bx) L a b 

1 18 4 3.75*e 3.21fg 13.325h 41.25cde -3.44bcd 4.50abc 

2 18 4.5 5.0a 3.1225j 12.425i 42.1425ab -3.50cd 4.39bcd 

3 18 5 5.0a 3.275b 11.725j 41.26cde -3.07ab 4.15de 

4 18 5.5 4.375c 3.2225de 11.225k 41.63bcd -3.21abcd 4.28cde 

5 20 4 4.625b 3.0125m 14.525g 41.87abc -3.43bcd 4.58ab 

6 20 4.5 5.0a 3.33a 14.75g 41.345cde -3.40bcd 4.39bcd 

7 20 5 5.0a 3.2325d 19.725ab 41.08de -3.17abc 4.44bc 

8 20 5.5 4.875a 3.2125ef 18.8d 41.37cde -3.1ab 4.085e 

9 22 4 4.0d 3.115j 16.95f 42.3925a -3.5cd 4.73a 

10 22 4.5 5.0a 3.195h 16.9f 40.63ef -3.14abc 4.21cde 

11 22 5 5.0a 3.0825l 17.775e 41.20cde -3.16abc 4.04e 

12 22 5.5 4.625b 3.1k 17.525e 40.95def -3.09ab 4.40bcd 

13 24 4 3.0f 3.2625c 18.6d 41.58bcd -3.335bcd 4.66ab 

14 24 4.5 4.875a 3.2gh 19.25c 40.98def -3.365bcd 4.48abc 

15 24 5 4.875a 3.1525i 19.825a 41.01de -3.58d 4.15de 

16 24 5.5 4.0d 3.2225de 19.525bc 40.245f -2.845a 1.00e 

Level of significance   ** ** ** ** ** ** 

Table 1. The effect of the initial TSS and pH of green asparagus roots on the physicochemical compositions of fermented 

beverages. 

Values are presented as means of triplicate testing. Values with different superscripts in each column are statistically 

significantly different. ** Statistically significant at 99%. 
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the raw materials directly involved in the juice 

fermentation and reduce the enzyme's ability to activate 

(Pamulha and Louriero-Dias, 1989; Ton et al., 2008). 

The TSS of the product after fermentation decreased 

in all treatments and it was lowest when the must was 

adjusted with the initial TSS and pH at 18°Bx and 

pH5.5. The reducing sugar content was also the lowest in 

this treatment. This reduction may be due to the more 

efficient fermentation of S. cerevisiae compared with the 

other treatments (Owusu et al., 2012). According to 

Abrol et al. (2015), the trend of increasing ethanol or 

decreasing TSS during fermentation is inevitable. 

With the initial pH adjustment of the asparagus 

root’s must from 4.0 to 5.5, after the fermentation, the 

pH of the fermented beverage decreased ranging 3.30-

3.01. According to Fleet (2003), the pH of the fermented 

solution can be reduced due to the activity of yeast in 

anaerobic fermentation, producing CO2 and some 

organic acids, reducing the pH of the fermented solution. 

In addition, in the same initial TSS or initial pH, the pH 

of the fermented solution decreased to a value and then 

increased slowly with the increasing of the influencing 

factors (Figure 1c). At the same time, the total acid 

content of the fermented beverage was inversely 

proportional to the pH values, increased to a value and 

then decreased gradually with the increase of initial TSS 

or the initial pH of the must. The pH and total acidity are 

closely related to and quality parameters of fermented 

beverages (Jackson, 2008). The pH of fermented 

beverages can increase due to acid precipitation or yeast 

metabolism. The initial pH of the juice must be greater 

than 3.4 to affect fermentation positively. Prior studies 

have noted the importance of β-glucosidase activity 

produced in the hydrolysis of monoterpene glucosides 

presented in the fruit juice during the fermentation by the 

yeast, especially the Saccharomyces strain. The activity 

of this enzyme contributes to affecting the aromatic 

characteristics of fermented beverages due to the release 

of volatile acids and reducing the pH of the solution 

(Ugliano, 2009; Owusu et al., 2012; Lin et al., 2022). β-

glucosidase activity is very susceptible to low pH but 

induced in the presence of high ethanol content (Brizuela 

et al., 2021). Moreover, a lower fermented pH (<3.8) 

will improve the stability of the wine, inhibit the growth 

of yeast and also create good conditions for sugar 

fermentation (Ribéreau-Gayon et al., 2006). 

The initial TSS and pH of the green asparagus roots 

must also influence the color of the fermented beverage 

(through L, a, b values). The more positive the L value, 

the more negative the a and b values, the brighter the 

color of the beverage. The results showed that the initial 

TSS was 18 and 20°Bx; at pH 4.0 and pH 4.5 (p>0.05), 

the fermented beverage had a brighter green color than 

the rest of the samples.  

3.2 Effect of the initial TSS and pH of green asparagus 

roots on the bioactive compounds of fermented beverage 

The response surface models demonstrated the 

influence of the initial TSS and pH of the must from 

green asparagus root on the content of bioactive 

compounds (phenolic, flavonoids, tannins and saponins) 

and vitamin C of the fermented beverage formulated 

(Figure 2). 

The results showed that the initial TSS and pH 

significantly affected the bioactive compounds of the 

fermented beverage from green asparagus roots 

(p<0.01). The contents of phenolic, flavonoid, and tannin 

increased to an optimal value, then gradually decreased 

and gained the highest when the initial TSS was 20°Bx. 

The saponin content was inversely proportional to the 

increase in the initial TSS. In contrast, the vitamin C 

content increased with the increase of the initial TSS. 

The results also showed that when the phenolic, 

(a) (b) (c) 

(d) (e) 

Figure 2. The response surface and contour plots showing the effect of the initial TSS and pH on (a) phenolic, (b) flavonoid, (c) 

saponin, (d) tannin and (e) vitamin C of fermented beverage from green asparagus roots. 

https://doi.org/10.26656/fr.2017.8(3).570
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saponin and tannin contents increased to an optimal 

value and then gradually decreased with increasing the 

initial pH of the must. At pH 5.0, the contents of 

phenolic and saponin were highest. However, vitamin C 

content had the highest value at pH 5.0. In contrast, the 

flavonoid content tended to be the opposite and declined 

with the higher initial pH of must.  

Phenolic, flavonoids and tannins are the main factors 

determining fermented beverage quality. These 

compounds play an important role in fermented 

beverages' organoleptic characteristics, such as color, 

taste, preference, etc. (Morata et al., 2016; Perez-

Jiménez et al., 2019). Phenolic includes 

hydroxycinnamic acid and hydroxybenzoic acid and 

contributes to the bitterness of fermented beverages 

(Zhang et al., 2021). Flavonoids are formed in plants 

from the aromatic amino acids phenylalanine and 

tyrosine (Iwuozor, 2019). Tannins are important 

astringents for fermented beverage's organoleptic 

properties (Zhang et al., 2021). Saponins are glycosides 

that bind to carbohydrates and contribute to bitterness 

and foaming (Iwuozor, 2019). These compounds in 

fermented beverages are mainly from raw materials or 

are generated during fermentation with microbial 

activities (Lingxi and Bashan, 2019; Morata et al., 2020). 

The fermentation method affects the content of bioactive 

compounds (Merwin et al., 2008). Besides, fermentation 

can change the structure of compounds through 

enzymatic action, hydrolysis, condensation, 

polymerization, etc. (Tatdao et al., 2014). Tannins can 

interact with mannoproteins of yeast cell walls to form 

complex structures through polymerization (Karas et al., 

2019). In addition, bioactive compounds can diffuse 

across the cytoplasmic membrane of dead or inactivated 

yeast to interact with cytoplasmic components, mainly 

yeast proteins (Mekoue Nguela et al., 2015). In addition, 

hydrolytic enzymes derived from raw materials or 

microorganisms can promote the hydrolysis of 

biologically active substances in wine (Vilena et al., 

2007). Furthermore, the reduction in phenolic 

compounds during fermentation is due to esterification 

with methanol and ethanol, resulting from yeast 

metabolism (Monagas et al., 2005). 

In addition, there was a clear trend, the higher the L 

value and the smaller the a value so the product had a 

brighter and greener color. The results in Table 1 also 

showed that the fermented beverage from green 

asparagus root was bright green in the sample with initial 

TSS of 18 and 20°Bx and initial pH of 4 and 4.5 

(p>0.05). At the same time, the results of preliminary 

sensory evaluation of the beverage from green asparagus 

root (data not given here) showed that the fermented 

beverage product has a harmonious aroma, sweet and 

sour taste, no bitter taste and high preference in samples 

with initial TSS and pH 20°Bx and 4.5, respectively.  

Thus, initial TSS and pH is 20°Bx and 4.5 were also 

used to ferment wine products from some fruits such as 

jamun fruit (Chaudhary et al., 2017), jackfruit wine 

(Ngoc et al., 2018), three-leaf cayratia (Tien et al., 2019; 

Linh, 2021). 

The analysis results indicated in Figure 2 showed 

that the R2 of the predictive models is quite high 

(R2>0.97), they can be used to predict the effect of initial 

TSS and pH on the bioactive compounds of fermented 

beverage from green asparagus root (Guan and Yao, 

2008). 

 

4. Conclusion 

Green asparagus root was considered a potential raw 

material for the production of fermented beverages with 

yeast S. cerevisiae. In order to ensure and create a good 

quality product, the fermentation process was 

recommended to be conducted at the initial TSS of 

20oBx and pH 4.5. The fermented beverage had a high 

content of biologically active substances and ethanol 

content reached 5.0% v/v. 
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