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Abstract 
The present study aimed to determine the optimal dosage and fermentation time of Mirasolia diversifolia 
(leaves and stems) using Lactobacillus bulgaricus bacteria by observing the reduction in phytic acid, 
the activity of enzymes, pH of fermentation, number of bacterial colonies, and tannin concentration. An 
experiment was conducted using a completely randomized design (CRD) and 2×3 factorial design with 
three replications. The treatment factors were Factor A (L. bulgaricus dosages): A1 = 2% (g/v), A2 = 
3% (g/v); and Factor B (fermentation times): B1 = 1 d, B2 = 3 d, B3 = 5 d. The dosage of L. bulgaricus 
and fermentation time had an interaction on phytic acid and its degradation, enzyme activities, pH 
fermentation, and the number of bacterial colonies. Tannin concentration was not affected. Mirasolia 
diversifolia fermented with 3% of L. bulgaricus for 5 d resulted in the lowest phytic acid content. Future 
research requires evaluating in vitro and in vivo dietary formulations for cattle using M. diversifolia 
fermented with L. bulgaricus. 
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Introduction 

The utilization of Mirasolia diversifolia as forage on a small- or large-scale tropical or subtropical 
farm has been widely used (Odedire & Oloidi, 2014; Ribeiro et al., 2016; García et al., 2017; Mauricio 
et al., 2017; Jamarun et al., 2020). Those previous studies showed that M. diversifolia could increase 
the production of cattle and dairy cattle effectively. The high content of phytic acid in M. diversifolia is 
able to chelate minerals and proteins that form a complex of insoluble compounds, causing a decrease 
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in the availability of these minerals and proteins (Gupta et al., 2015). Fasuyi et al. (2010) reported that 
M. diversifolia contains phytic acid at 79.1 mg/100g. Phytic acid aids the storage of phosphorus in plants 
and feed ingredients (Denstadli et al., 2010) in the form of myo-inositol-hexakisphosphate (Silva et al., 
2021). Phytic acid in M. diversifolia confers a bitter taste, so it has low palatability for ruminants. 
Mirasolia diversifolia contains tannins, saponins, oxalates, alkaloids, and flavonoids that can form 
complexes with nutrients that are not easily degraded and absorbed in the gastrointestinal of ruminants 
(Aye, 2016). These anti-nutritional substances require treatment to decrease their concentration in M. 
diversifolia. Fermentation technology involving microorganisms can increase nutritional value, preserve 
feed ingredients, and decrease anti-nutritional or toxic substances contained in feed ingredients 
(Jamarun et al., 2017; Pazla et al., 2021a). 

The microbe that can be utilized for fermentation of M. diversifolia is Lactobacillus bulgaricus, a 
type of lactic acid bacteria that is capable of producing phytase enzymes (Myo-inositol- 
hexakisphosphate) to hydrolyse phytic acid into inorganic monophosphate so that the bound nutrients 
can be utilized (Balwani et al., 2017; Handa et al., 2020). In addition, Hashemi et al. (2018) explained 
that lactic acid bacterial strains have the ability to synthesize phytase. Phytase is able to hydrolyse 
phosphomonoester bonds of phytate into myo-inositol and phosphoric acid via penta- to 
monophosphate. This leads to the decrease in anti-nutritional factors (phytic acid) and higher mineral 
bioavailability from fermented products. De Pasquale et al. (2020) reported a decrease in phytic acid 
and phytase activity in Leguminosae fermented with Lactobacillus sp. There are various benefits to 
utilising microbes as enzyme producers, including inexpensive production costs, rapid growth rates, 
and simple control (Astuti et al., 2022). Besides that, tannin concentration and trypsin inhibitor activity 
also decrease after fermentation.  

Dosage and time of fermentation are also factors that must be considered in the process of 
fermented feed. Inappropriate dosage and restricted fermentation affect limited opportunities for micro-
organisms to grow. Substrate components that can be broken down into cell mass will also be small. It 
is crucial to determine the proper dosage and fermentation time so that fermentative bacteria have a 
substantial opportunity to grow and reproduce. These abilities will affect the quality of feed ingredients 
physically, chemically, and biologically. Furthermore, this study is a subsequent study of Pazla et al. 
(2021b), who reported that the fifth day of M. diversifolia leaves fermented with L. bulgaricus produced 
the lowest level of phytic acid, but without considering the dosage of L. bulgaricus. The current study 
aimed to determine the optimal dosage and fermentation time of M. diversifolia (leaves and stems) by 
evaluating dosages and duration of fermentation using L. bulgaricus while observing the reduction in 
phytic acid content, activity of enzymes, pH value of fermentation, number of bacterial colonies, and 
tannin concentration. 

 

Materials and Methods 
The present study did not use any live animals because it was conducted on a laboratory scale, 

so ethical approval was not required. This study was conducted at the Ruminant Laboratory and Feed 
Industry Laboratory, Faculty of Animal Science, Andalas University from April to July, 2022. 
Lactobacillus bulgaricus culture in the form of agar slant was obtained from the Livestock Technology 
Laboratory, Faculty of Animal Husbandry, IPB University, Indonesia. Mirasolia diversifolia was 
harvested from Tanah Datar Regency, West Sumatera. The geographical position of harvested area 
was 0°17′39′′ S and 100°19′51′′ E at an elevation of 750–1000m above sea level. The average rainfall 
is 1750–2000mm/year. The experimental design used in this study was a completely randomized 
design (CRD) in a 2× 3 factorial pattern with three replications. The treatment factors were: Factor A (L. 
bulgaricus dosage): A1 = 2% (g/v), A2 = 3% (g/v). Factor B (fermentation time): B1 = 1 d, B2 = 3 d, B3 
= 5 d.  

Mirasolia diversifolia was dried at 60 oC for 24 h in a forced-air oven and milled using a 1-mm 
sieve. The nutrient composition of M. diversifolia was determined using proximate analysis (Table 
1).The sample was weighed in plastic as 100 g for 18 experimental units, mixed with 160 ml of distilled 
water, and then homogenized. The mixture was sterilized in an autoclave at 120 oC for 30 min. 
Broodstock of L. bulgaricus was made by dissolving 5.22 g MRS broth with 100 ml distilled water. After 
homogenisation, the broodstock was sterilized in an autoclave at 121 oC for 15 min. The L. bulgaricus 
culture from MRS agar was inoculated in the broodstock. After 48 h, 2 ml, and 3 ml of L. bulgaricus 
were inoculated into experimental diets. All samples were fermented under anaerobic conditions at 
room temperature based on the treatment for one, three, and five days.  

 
 

  



 
431 Pazla et al., 2023. S. Afr. J. Anim. Sci. vol. 53 

 
Table 1. Nutrient composition of Mirasolia diversifolia 

Variable (%DM) Mirasolia diversifolia 

Organic matter 84.43 
Extract ether 5.54 
Crude fibre 28.74 

Crude protein 21.75 
Nitrogen free extract (NFE) 71.61 

Total digestible nutrient (TDN) 66.50 

 
The phytic acid concentration was determined following the method of Davies & Nightingale 

(1975). One gram of sample was homogenised with 50 ml of 0.5 M HNO3 using a shaker for 2 h, then 
strained. The determination of phytic acid was done by analysing the filtrate. An amount of 0.5 ml of 
filtrate was mixed with 0.9 ml of 0.5 N HNO3 and 1 ml of FeCl3 (containing iron ions; 50 µg/ml), covered 
with aluminium foil, and then kept in boiling water for 20 min. After cooling, 5 ml of amyl alcohol and 1 
ml of ammonium thiocyanate (10%) were added to each tube. Then tubes were centrifuged for 10 
minutes at 12298×g and absorbance was measured at 465 nm using an ultraviolet (UV)-visible 
(Shimadzu) spectrophotometer.  
 

An amount of 6.9 g of Na2HPO4 (A solvent) was dissolved in 250 ml of distilled water; 13.41 g of 
Na2HPO4 (B solvent) was dissolved in 250 ml of distilled water. Then 39 ml of A solvent was mixed with 
61 ml of B solvent and 100 ml of distilled water. The determination of enzyme activity was performed 
by preparing the enzyme extraction using 2 g of sample dissolved in 20 ml of phosphate buffer (pH 6.5 
and 0.2 M) in an Erlenmeyer flask, which was then tightly covered with a rubber lid. The mixtures were 
homogenized using a shaker at 37 oC for 30 min. Then the mixtures were filtered and stored in the 
refrigerator for enzyme activity analysis. 
 

Phytase enzyme activity was determined using the method of Kim & Lei (2005). An amount of 
0.15 ml of enzyme extract was mixed with 0.6 ml of 0.1 M Tris HCL buffer (pH 7) containing Ca-phytate 
and CaCl2. Then, 0.75 ml of TCA 5% was added to the mixture. The mixture was incubated at 37 oC for 
30 min. Then, 1.5 ml of molybdate colour reagent was added and homogenized using a vortex. The 
absorbance of the characteristic colour was measured at 700 nm against a blank using an ultraviolet 
(UV)-visible Shimadzu spectrophotometer. The results of the spectrophotometer measurements were 
regressed on the KH2PO4 standard curve. Each unit obtained was defined as the amount of enzyme 
that could cause the transformation of 1 µm of substrate at optimal temperature (37 oC). 
 

The Bergmeyer and Grassl method (Bergmeyer et al., 1974) was used to determine protease 
enzyme activity. An amount of 2.5 ml of casein, Hammarsten Grade, was mixed and homogenized with 
1.5 ml of phosphate buffer (pH 6.5 and 0.2 M) in a test tube and incubated with distilled water at 37 oC 
for 10 min. Then, 1 ml of enzyme extract was added and incubated at 50 oC for 10 min. A 2 ml aliquot 
was mixed with 5 ml NaOH 0.5 M and 0.5 ml of Folin reagent. Absorbance was measured at 660 nm 
using an ultraviolet (UV)-visible (Shimadzu) spectrophotometer. The results of the spectrophotometer 
measurement were regressed on the bovine serum albumin standard curve. Each unit obtained was 
defined as the amount of enzyme that could cause the transformation of 1 µm of substrate at optimal 
temperature (37 oC). 
 

Cellulase enzyme activity was determined following the method of Nelson (1944) by mixing 0.5 
grams of carboxymethyl cellulase (CMC) with 10 ml of phosphate buffer (pH 6.5 and 0.2 M) in each 
tube. An amount of 0.5 ml of this solution and 0.5 ml of enzyme extract were homogenized and soaked 
in distilled water at 40 oC for 20 min. Then, 1 ml of Nelson AB was added and boiled for 20 min. After 
cooling, 1 ml of phosphomolybdate was added and homogenized, followed by the addition of 7 ml of 
distilled water to each tube. Absorbance was measured at 575 nm using an ultraviolet (UV)-visible 
(Shimadzu) spectrophotometer. The results of the spectrophotometer measurement were regressed on 
the glucose standard curve. Each unit obtained was defined as the amount of enzyme that could cause 
a transformation of 1 µm of substrate at optimal temperature (37 oC). 

 
Ten grams of the sample was dissolved in 30 ml of distilled water and then homogenized with a 

shaker for 1 h. The pH of fermentation was measured with a pH meter (Eutech Instruments, pH 700 
device). The number of bacterial colonies was determined using the plant count method. A 10-g sample 
was dissolved in 90 ml of distilled water (101). One millilitre of broodstock liquor (101) was transferred 
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to each of 18 test tubes (102) and then homogenized, and the process was continued until 109 dilutions. 
Then 1 ml of solution from 18 test tubes was pipetted (109) and transferred into a petri dish. An amount 
of 10 ml of MRS Agar (De Man, Rogosa, and Sharpe) medium was added and homogenized. The 
dishes were incubated at 37 oC for 24 h. The number of bacterial colonies was then counted.  
 

Tannin concentration was measured using a UV-visible (Shimadzu) spectrophotometer. The 
sample was mixed with 150 ml of distilled water and incubated in the water bath at 70 oC for 30 min. 
The cooled extract was filtered and used for the reaction. The extraction results were measured with 
an ultraviolet (UV)-visible (Shimadzu) spectrophotometer at a wavelength of 278.5 nm using pure tannin 
(RnD Center Inc.) as standard. 
 

Data obtained from this study was analysed using analysis of variance (ANOVA) according to a 
completely randomized design (CRD) factorial pattern. Differences between treatments (P <0.05) were 
tested using Duncan Multiple Range Test (DMRT). SPSS software was used to analyse the data (IBM 
SPSS Statistics, USA; version 21.0).  

 
Results and Discussion 
Statistical analysis showed that the inoculum dosage and fermentation time had an effect (P <0.05) 
on the phytic acid content and its degradation. From the interaction between inoculum dosage and 
fermentation time, the lowest phytic acid content was 4.30 mg/100g of M. diversifolia fermented with 
3% L. bulgaricus for 5 days; the highest phytic acid degradation was 63.62%, observed in M. 
diversifolia fermented with 3% L. bulgaricus for 5 d (Table 2). 

 
Table 2. Phytic acid concentration and the degradation of Mirasolia diversifolia fermented with 
Lactobacillus bulgaricus at different dosages and fermentation times 

Variable 
A factor 

(Dosage of L. 
bulgaricus) 

B factor (Fermentation time) 
Average of A 

factor B1 
(1 day) 

B2 
(3 days) 

B3 
(5 days) 

Phytic acid 
(mg/100g) 

A1 (2 %) 11.13f±0.27 7.66d ± 0.24 4.94b ± 0.61 7.91 

 A2 (3 %) 10.93e ± 0.13 7.11c ± 0.31 4.30a ± 0.81 7.45 

 Average of 
B Factor 

11.03C 7.39B 4.62A  

Phytic acid 
degradation (%) 

A1 (2 %) 5.81a ± 2.25 7.56ab ± 1.13 35.17c ± 2.07 16.18A 

A2 (3 %) 39.88d ± 2.63 58.21e ± 5.12 63.62f ± 6.85 53.90B 

 Average of 
B Factor 

22.85A 32.89B 49.39C  

Means with different superscripts in interaction are significantly different (P <0.05). Means with different 
superscripts in each factor are significantly different (P <0.05) 

 
The present study showed a decrease in phytic acid concentration in M. diversifolia fermented 

with 2–3% of L. bulgaricus for 1–5 d. The decrease in phytic acid in M. diversifolia occurred due to the 
phytase enzyme produced by L. bulgaricus during the fermentation process. The phytase enzyme 
decreased linearly with the increase in fermentation time (Table 3). It was related to the decrease in the 
number of bacterial colonies. The decrease in bacterial colony number alters the production of the 
phytase enzyme. Phytase enzyme (myo-inositol-hexakisphosphate-3-phosphohydrolase) secreted by 
L. bulgaricus is an enzyme that is able to catalyse phytate (myo-inositol hexakisphosphate) into 
inorganic orthophosphate, releasing the phytate–phosphorus bond, and allowing phosphorus to be 
utilized by the ruminant (Selle & Ravindran, 2007; Pazla et al., 2021a). Phosphorus is associated with 
normal microbial rumen activity in degrading feed. Phosphorus is essential as material for protein 
synthesis in the body cell of the rumen microbes (Zain et al., 2010).  

Anaemene & Fadupin (2022) also reported a decrease in phytic acid in pigeon pea fermentation 
due to the natural lactic acid activity. Natural lactic acid fermentation offers an optimal pH for the 
enzymatic degradation of phytates into organic phosphate and inositol. The optimum pH for L. 
bulgaricus to increase productivity is 5.5–6.2, in line with the studies of Rhee & Pack (1980) and Sneath 
et al. (1986). In contrast, Malaka & Laga (2005) stated that L. bulgaricus was still productive at pH 8.1. 
Phytic acid also decreases in rice bran fermented with L. bulgaricus, Streptococcus thermophilus, and 
L. acidophilus (Marsetyo et al., 2021). The phytic acid reduction may be due to the passive diffusion of 



 
433 Pazla et al., 2023. S. Afr. J. Anim. Sci. vol. 53 

 
water-soluble phytates (Bora, 2014). The phytic acid content in brown rice also decreased through the 
natural fermentation process by mixing brown rice and demineralized water (Liang et al., 2008).  
 
The statistical analysis showed that the inoculum dosage and fermentation time had an effect (P <0.05) 
on the enzyme activity (Table 3). From the interaction between the inoculum dosage and fermentation 
time, the highest phytase enzyme activity was 21.14 U/mL in M. diversifolia fermented with 3% L. 
bulgaricus for 1 d. The lowest activity of the phytase enzyme was 5.26 U/mL in M. diversifolia fermented 
with 3% inoculum for 5 d. The highest protease enzyme activity was observed in M. diversifolia 
fermented with 2% of L. bulgaricus for 3 d (7.17 U/ml). The lowest protease enzyme activity was 
observed in M. diversifolia fermented with 2% of L. bulgaricus for 1 d (3.92 U/ml). The highest cellulase 
enzyme activity was also observed in M. diversifolia fermented with 3% of L. bulgaricus for 5 d (1.08 
U/ml); the lowest was observed in M. diversifolia fermented with 2% of L. bulgaricus for 1 d (0.59 U/ml). 

 
Table 3. Enzyme activity (U/ml) of Mirasolia diversifolia fermented with Lactobacillus bulgaricus at 
different dosages and fermentation times 

Variable 
A factor 

(Dosage of L. 
bulgaricus) 

B factor (Fermentation time) 
Average of A 

factor B1 
(1 day) 

B2 
(3 days) 

B3 
(5 days) 

Phytase A1 (2 %) 17.81e±1.36 15.86d±0.52 6.33ab±2.09 13.33 

 A2 (3 %) 21.14f±1.61 13.33c±1.22 5.26a±0.35 13.24 

 Average of 
B Factor 

19.48B 14.60B 5.80A 
 

Protease  A1 (2 %) 3.92a±0.69 5.30c±1.01 7.17f±0.25 5.46 

 A2 (3 %) 4.24ab±0.48 6.45d±0.36 6.79e±0.12 5.83 

 Average of 
B Factor 

4.08A 5.88B 6.98C  

Cellulase A1 (2 %) 0.59a±0.06 0.93d±0.13 1.01e±0.09 0.84 

 A2 (3 %) 0.61b±0.05 0.91c±0.06 1.08f±0.04 0.87 

 
Average of 
B Factor 

0.60A 0.92B 1.05C  

Means with different superscripts in interaction are significantly different (P <0.05). Means with different 
superscripts in each column are significantly different (P <0.05) 

 
Enzyme activity in fermentation is influenced by bacterial activity in producing enzymes. The 

substrates will be much more degraded by bacteria with a longer fermentation time. This concurs with 
Maftukhah & Abdullah (2018), who reported that enzyme activity in rice straw fermented with Aspergillus 
niger tended to increase at 4 d and decrease at 5–6 d of fermentation. Enzyme activity increases linearly 
with the increase of fermentation time and decreases when nutrients are depleted. In the present study, 
enzyme activity was optimal after 5 d of fermentation because nutrients were still available for micro-
organisms. In contrast, the phytase enzyme decreased with the increase in inoculum dosage and 
fermentation time. This indicated that more phytic acid had been degraded in 1–3 d of fermentation; the 
lowest phytic acid concentration was observed after 5 d of fermentation. In addition, the depression of 
the phytase enzyme was influenced by the number of bacterial colonies. A high number of bacterial 
colonies will produce more phytase enzyme, and conversely, a decrease in phytase enzyme would 
portend a depression in bacterial colony number (Thorsen et al., 2021). 

In vitro protein digestibility increased by 92% and 47% in sorghum flours fermented with L. 
plantarum and natural fermentation, respectively (Pranoto et al., 2013). Protease enzyme produced by 
L. plantarum degrades the tannin–protein bond and complex proteins, thereby liberating more peptides 
and amino acids. Peptides and amino acids are materials needed by rumen microbes to synthesize the 
protein body (Zain et al., 2020; Putri et al., 2021). 
 

The range of pH fermentation in this study varied (Table 4). Statistical analysis showed that the 
inoculum dosage and fermentation time had an effect (P <0.05) on the pH value of fermentation. The 
interaction between inoculum dosage and fermentation time showed that the highest pH was 7.35 in M. 
diversifolia fermented with 2% and 3% L. bulgaricus for 3 d. The lowest pH value was 7.17 in M. 
diversifolia fermented with 2% of L. bulgaricus for 5 d. 
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Table 4. Fermentation pH of Mirasolia diversifolia fermented with Lactobacillus bulgaricus at different 
dosages and fermentation times 

A factor 
(Dosage of L. bulgaricus) 

B factor (Fermentation time) Average of  
A factor B1  

(1 day) 
B2 

(3 days) 
B3 

(5 days) 

A1 (2 %) 7.32bc±0.03 7.35be±0.03 7.17a±0.09 7.28A 

A2 (3 %) 7.33bd±0.04 7.35bf±0.03 7.29b±0.01 7.32B 

Average of 
B Factor 

7.33B 7.35C 7.23A  

Means with different superscripts in interaction are significantly different (P <0.05). Means with different 
superscripts in each factor are significantly different (P <0.05) 

 
The fermentation pH is associated with the growth of microorganisms. An acidic or alkaline pH 

can trigger microbial cell death. The high mortality rate of microorganisms will affect the speed of 
fermentation. The pH values obtained in this study were 7.17–7.35, and the increase in inoculum 
dosage and fermentation time depressed the pH value. The pH value still meets the requirements for 
the growth of L. bulgaricus bacteria. Mittal et al. (2011) reported that L. bulgaricus can grow at pHs of 
5.5–7.5. Khota et al. (2016) confirmed that L. plantarum and L. casei had negative growth in a pH <3.5 
in guinea grass and Napier grass silage. Enzymes produced by the bacteria can increase cell wall 
degradation and the availability of water-soluble carbohydrates for lactic acid bacteria, leading to a more 
rapid drop in pH. 

 
The increase in inoculum dosage and fermentation time resulted in a reduced fermentation pH 

(Table 4). Generally, the fermentation process will decrease fermentation pH due to the action of lactic 
acid bacteria degrading organic matter into a simpler forms. The degradation of organic matter will 
produce valuable organic acids, such as formic, acetic, maleic, and succinic acid (Jeong & Lee, 2021). 
These organic acids will depress the pH of fermentation. This concurs with Puntillo et al. (2020), who 
observed that L. plantarum strains decreased in maize silage. The fermentation pH of hybrid maize 
harvested at 126 days of maturity and fermented with L. buchneri resulted in a decrease compared to 
the control silage (Pinto et al., 2020). Reale et al. (2007) also reported a decrease in fermentation pH 
in wheat, rye, and oats fermented with L. plantarum, L. amylovorus, and L. acidophilus. This is also 
related to the decrease in phytic acid content. The reduction in phytase enzyme activity will reduce 
phytate content resulting in a fall in pH during fermentation. In addition, the decrease of pH causes the 
decline in the number of bacterial colonies. The decrease in fermentation pH affected the decline in 
bacterial colony numbers with an increase in inoculum dosage and fermentation time (Table 4). 
 

The number of bacterial colonies in this study differed among treatments (P <0.05; Table 5). With 
an interaction between inoculum dosage and fermentation time, the highest number of bacterial 
colonies was 184.67 CFU/mL in M. diversifolia fermented with 3% L. bulgaricus for 3 d. The lowest 
number of bacterial colonies was 56 CFU/mL in M. diversifolia fermented with 3% L. bulgaricus for 5 d.  

 
Table 5. Number of bacterial colonies (CFU/ml) of Mirasolia diversifolia fermented with Lactobacillus 
bulgaricus at different dosages and fermentation times 

A factor 
(Dosage of L. bulgaricus) 

B factor (Fermentation time) Average of 
A factor 

B1 (1 day) B2 (3 days) B3 (5 days) 

A1 (2 %) 76.67b±12.50 80.00b±8.19 70.33b±5.03 75.67A 

A2 (3 %) 183.67c±10.50 184.67d±9.02 56.00a±6.08 141.44B 

Average of 
B Factor 130.17B 132.33B 63.17A 

 

Means with different superscripts in interaction are significantly different (P <0.05); means with different 
superscripts in each factor are significantly different (P <0.05) 

 
The number of bacterial colonies decreased in line with the increase in both inoculum dosage 

and fermentation time. The lowest number of bacterial colonies was in M. diversifolia fermented with 
2% L. bulgaricus for 5 days (Table 5). This decrease was due to low nutrient levels in M. diversifolia 
fermented for 5 d. Lactobacillus bulgaricus utilized all nutrients from days 1-4 such that the nutrients on 
the fifth day were available for degradation by the inoculum. The inoculum obtained optimal growth in 
3 d. The number of bacterial colonies increased from days 1–3 and then decreased after 5 d of 
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fermentation (Table 5). This was also caused by the decrease in substrate after 5 d. Inadequate nutrient 
availability led to significant bacterial death after 5 d and supressed the bacterial population.  

The number of bacterial colonies in this study was higher than the study of Pazla et al. (2021a) 
on M. diversifolia leaves fermented with L. bulgaricus, which was 8.5–31 CFU/mL. This difference was 
caused by the inoculum dosages and the fermentation substrate. Lactobacillus bulgaricus utilized the 
fermentable carbohydrate such as NFE (nitrogen free extract) that was available in fermented M. 
diversifolia. Pazla et al. (2023) reported that the fermentation of T. diversifolia would reduce the content 
of NFE because NFE is a fermentable energy source for microbial growth. Serial dilution and method 
or culture technique can also affect the results of the calculation of the number of bacterial colonies. 
Using serial dilution can reduce the density of bacterial colony growth in the sample.  
 

The present study showed that the inoculum dosage and fermentation time had no effect on the 
tannin concentration (P >0.05; Table 6). The dosage of L. bulgaricus and the duration of fermentation 
in the current study were not able to reduce tannin concentration in M. diversifolia. In contrast, 
Anaemene & Fadupin (2022) reported that fermentation reduced the tannin content of pigeon pea seeds 
by more than 80% and could be a result of the degradation of microbial enzymes released during 
fermentation.  

 
Table 6. Tannin concentration (%) of Mirasolia diversifolia fermented with Lactobacillus bulgaricus at 
different dosages and fermentation times 

A factor 
(Dosage of L. bulgaricus) 

B factor (Fermentation time) Average of 
A factor 

B1 (1 days) B2 (3 day) B3 (5 days) 

A1 (2 %) 6.81±0.85 7.00±0.58 5.79±1.35 6.53 

A2 (3 %) 7.12±1.41 6.65±0.28 7.88±0.24 7.22 

Average of  
B Factor 6.97 6.83 6.83 

 

Means with different superscripts in interactions are significantly different (P <0.05); means with different 
superscripts in each factor are significantly different (P <0.05) 

 
A previous study also revealed that lactic acid bacterial fermentation could reduce the tannin 

content in Xuan Mugua, which is well known as a traditional Chinese medicine. Xuan Mugua consists 
of phenolics, tannins, triterpenes, glycosides, and organic acids; tannins and organic acids are 
particularly interesting. By incubation with lactic acid bacteria, the tannin concentration was reduced 
from 28% to 78% in Xuan Mugua (Shang et al., 2019). The present study reported that 2–3% of L. 
bulgarius and 1–5 d fermentation was not effective in decreasing the tannin content of M. diversifolia. 
Factors that could affect the reduction in tannin concentration are the strain and dosage of inoculum, 
duration of fermentation, and the fermentable substrate.  

 
Conclusion 

The present study found that a dosage of 3% L. bulgaricus in M. diversifolia for 5 d of fermentation 
resulted in the lowest phytic acid content of 4.30 mg/100g with the highest degradation of 63.62%. 
Future research requires evaluating dietary formulations in vitro and in vivo for cattle using M. 
diversifolia fermented with L. bulgaricus. 
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