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Supporting Information 

ABSTRACT: Alternative antibiotic replacements that are often used, namely probiotics, prebiotics, 

phytobiotics and acidifiers, have the same function and role as antibiotics. Phytobiotics are active ingredients 

that have antibacterial properties derived from herbal ingredients which newly used in human and animal 

nutrition, and this is new approach of nutritional studies. Fermentation process can improve the quality of 

phytobiotics. The purpose of the study was to examine the effect of fermentation time on pH values, 

organoleptic physical qualities, microorganism content and the content of phytobiotic fermentation with 

compounds namely: garlic (Allium sativum), Giloy (Tinospora cordifolia), leaf earring (Indian Acalypha), 

Indonesian bay-leaf (Syzygium polyanthum), betel leaf (Piper betle), ginger (Zingiber officinale), sand ginger 

(Kaempferia galanga), turmeric (Curcuma longa), galangal (Alpinia galanga), curcuma (Curcuma 

zanthorrhiza), temu ireng (Curcuma aeruginosa) and fruit waste. The study used a Complete RandomIzed 

Design (CRD) with 4 treatments; T0 (without fermentation), T1 (6-day fermentation), T2 (12-day 

fermentation), T3 (18-day fermentation). The results showed that the fermentation time of phytobiotics had a 

significant effect on pH, color, total Lactic Acid Bacteria (LAB), total bacteria, total fungi, gram+, gram-, 

antioxidant activity, total polyphenols and total acid. Phytibiotic fermentation time has no effect on the odor 

of fermented phytobiotics. In conclusion, Phytobiotic fermentation time of the best plant mixture is 12 days 

with a pH of 6.74, a total of Lactic Acid Bacteria (LAB) of 29.00 × 103 cfu/ml, total bacteria 22.2 × 105 

cfu/ml, total fungi 0.6 × 103 cfu/ml of antioxidant activity 45.33%, total polyphenols 42.89 mg/100 ml and 

total acid 0.18%. 

Keywords: Animal nutrition, Antioxidant, Fermentation, Phytobiotic, Polyphenols. 
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INTRODUCTION 
 

The use of antibiotics in livestock has been banned in many countries (Aarestrup, 2012; Bacanlı and Başaran, 2019; 

Barkah et al., 2021). The use of antibiotics has negative effects such as bacterial resistance and the presence of residues 

on meat that are harmful when consumed (Bacanlı and Başaran, 2019; Sinurat et al., 2020). This makes poultry farmer’s 

look for replacement materials that have the same function and role as antibiotics. Antibiotic substitutes that are often 

used are probiotics, prebiotics, phytobiotics and acidifiers (Ferdous et al., 2019). Phytobiotics are active ingredients that 

are antibacterial, derived from herbal ingredients and function to improve the digestive tract of livestock, increase the 

digestibility of food substances and improve livestock performance (Maksudi et al. 2018). Phytobiotics have relatively low 

side effects and work by affecting the nervous system, metabolism and increasing immune function (Drannikov et al., 

2020).  

One way to improve the quality of phytobiotics is the application of fermentation technology (Fresno Rueda et al., 

2021; Ushakova et al., 2021). Fermentation can occur naturally in an ingredient, because the conditions are ideal for 

microorganisms to grow, and multiply (Carvalho et al., 2018). Fermentation is a biochemical process that can change the 

content of complex materials to be simpler, improve the quality of nutrients and improve the digestibility of the material 

(Chilton et al., 2015). Fermentation can also increase the active compounds in ingredients such as antioxidants (Kowalski 

et al., 2020). Polyphenols act as a source of enzymes in the fermentation process in the form of polyphenol oxidase 

enzymes (Burgos-Edwards et al., 2019). 

Phytobiotic fermentation must be carried out at the right time and media, resulting in optimal quality of phytobiotic 

products. Fermentation results are strongly influenced by fermentation time because they are related to microbial activity 

(Utama and Christiyanto, 2021). If fermentation time be too long, it can produce very high level of lactic acid as the end 

product of metabolism, and result in changes in pH, acidification of the material and failure of proton cytoplasm LAB, as 

well as impacting the failure of fermentation products (Othman et al., 2017). If fermentation time be too short, it can 

make microorganisms in breaking down materials not work optimally. Also fermentation processing affects antioxidant 

activity, total polyphenols and total acids (Dulf et al., 2016). Antioxidant activity is in correlation with total polyphenols 
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during the fermentation process (Bei et al., 2020). The reshuffle of complex compounds into lactic acid by lactic acid 

bacteria with increasing fermentation time may lead to increased antioxidant activity and total amount of acid (Hur et al., 

2014). 

The purpose of the study was to examine the effect of fermentation time on pH values, organoleptic physical 

qualities, microorganism content and the content of fermented phytobiotic compounds. The benefit of research is to 

provide information about the effect of fermentation time on the pH value of organoleptic physical quality, microorganism 

content and the content of fermented phytobiotic compounds for using in dietary supplements in animal nutrition. 

 

MATERIALS AND METHODS 

 

Materials 

The materials used in the study were garlic (Allium sativum), Giloy (Tinospora cordifolia), leaf earring (Indian 

Acalypha), Indonesian bay-leaf (Syzygium polyanthum), betel leaf (Piper betle), ginger (Zingiber officinale), sand ginger 

(Kaempferia galanga), turmeric (Curcuma longa), galangal (Alpinia galanga), curcuma (Curcuma zanthorrhiza), temu ireng 

(Curcuma aeruginosa),fruit waste, molasses, physiological saline solution 0.85%, media de Man, Rogosa, Sharpe (MRS), 

Media Maximum Recovery Diluent (MRD, Merck, Germany), Media Dextrose Agar (MDA), Malt Extract Agar (MEA),  

aquadest, ethanol, H2SO4, NaOH, and iodine solution. Tools used include copper vegetables, fermenters, platicin, colony 

counters, test tubes, petri dishes, incubators, pipettes, Whatman paper No. 41, analytical scales, bunsen, autoclave, 

Erlenmeyer and pH meter. 

 

Methods 

Research methods consist of phytobiotic manufacturing, research design, data retrieval and data analysis.  

 

Making fermented phytobiotics 

The manufacture of phytobiotics is done by weighing 12 ingredients consisting of garlic (Allium sativum), Giloy 

(Tinospora cordifolia), leaf earring (Indian Acalypha), Indonesian bay-leaf (Syzygium polyanthum), betel leaf (Piper betle), 

ginger (Zingiber officinale), sand ginger (Kaempferia galanga), turmeric (Curcuma longa), galangal (Alpinia galanga), 

curcuma (Curcuma zanthorrhiza), temu ireng (Curcuma aeruginosa), fruit waste of 1.5 kg each. All ingredients are cut in 

copper to a size of 1-2 cm, and mashed with a blender. All ingredients have been finely mixed until homogenous and 

added Lactobacillus casei and molasses. Phytobiotics are then weighed and divided into 20 equal parts and put into a 

fermenter and tightly closed with plasticine. The top of the fermentor tube is installed a hose, which serves as a way out of 

CO2 gas. The lid of the fermentor tube is re-wrapped with plasticine so as to create an anaerobic atmosphere. Phytobiotics 

are further fermented according to treatment (0, 6, 12 and 18 days). 

 

Research design 

The study used a completely randomized design (CRD) with 5 replications and 4 treatments. The treatment given is 

as follows: T0 = Phytobiotics without fermentation 0 days; T1 = Phytobiotics fermented for 6 days; T2 = Phytobiotics 

fermented for 12 days; T3 = Phytobiotics fermented for 18 days. 

 

Data retrieval 

The research parameters consisted of the value of potential of hydrogen (pH), organoleptic physical quality, content of 

microorganisms and content of phytobiotic compounds. 

 

pH value test 

Testing pH (potential hydrogen) was done using a regular pH meter. The weighed sample was then homogenized 

using a mortar and added 20 ml of distilled water. The homogeneous sample was then placed in a test glass and the pH 

was measured using a pH meter. The amount of pH is the reading of the pH needle after the needle is in constant position 

(Opsi et al., 2013). 

 

Organoleptic test 

Organoleptic testing was carried out using a scoring method, namely observing and assessing odor and color based 

on a comparison scale. Testing of organoleptic parameters was carried out by non-parametric analysis using the scoring 

method. The method in determining the quality level is based on a scale of 1 as the lowest value and 4 as the highest 

value using an assessment sheet (Utama and Christiyanto, 2021). 

Odor assessment, 1: rotten, 2: odorless, 3: sour smell, 4: smell of spices.  

Color assessment, 1: green, 2: yellowish green, 3: yellow, 4: brownish yellow. 

 

Microorganism content test 

Variable content of fermented phytobiotic microorganisms observed included total Lactic Acid Bacteria (LAB), total 

bacteria, total fungi, gram-positive bacteria, gram-negative bacteria and the percentage of bacteria based on their 

morphology (Stefańska et al., 2020).  
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Testing total lactic acid bacteria (LAB) 

LAB testing was carried out using the Total Plate Count (TPC) method. Phytobiotic samples were taken as much as 1 

ml and put into a test tube. 9 ml of 0.85% physiological saline solution was added to obtain a 10-1 dilution of 

phytobiotics. 1 ml of the sample from the 10-1 dilution was taken and put into a test tube. 0.85% physiological saline 

solution was added again as much as 9 ml, in order to obtain a 10-2 dilution of phytobiotics, the dilution was carried out 

to 10-3. Petri dishes were prepared, and samples of the 10-3 dilution, were transferred to these petri dishes. Media de 

Man, Rogosa, Sharpe (MRS) agar, added to petri dishes. The cup and the sample were put into the incubator in an 

inverted position, and incubated at 37 ºC for 24 hours. The total LAB was then expressed in Colony Forming Units/gram 

(CFU/g), according to the procedure of Pramono et al. (2020). 

 

Total bacteria test 

The total bacteria test was carried out using the TPC method, which went through a dilution process such as the total 

LAB test, but was carried out until a phytobiotic sample was obtained at a dilution of 10-5. Media Maximum Recovery 

Diluent (MRD, Merck, Germany) agar was added to petri dishes and incubated for 72 hours at 30°C. Total bacteria were 

counted with the help of a colony counter and expressed in units of CFU/g, according to Babacan (2021) procedure. 

 

Total fungi test 

The total fungus test was carried out using the TPC method, which went through a dilution process such as the total 

LAB test, until a sample of phytobiotics was obtained at a dilution of 10-3. Dextrose Agar (PDA) and Malt Extract Agar 

(MEA) media were added to petri dishes. Furthermore, sodium hypochlorite and 70% ethanol were added to prevent 

bacterial growth on the isolation media. Petri dishes and samples were then incubated at 37ºC for 24 hours. Total fungi 

were expressed in units of CFU/g, according to the Bassem et al. (2020) procedure. 

 

Testing for gram positive (+) and gram negative bacteria (-) 

The test was carried out by the gram positive/negative staining method (Putri et al., 2012). Observations of gram-

positive and gram-negative bacteria were carried out under a microscope with 1000x magnification, observed for color 

and morphology. If the pink bacteria belong to the gram-negative group, process was continued according to Putri et al. 

(2012). The results of the identification of gram-positive and gram-negative bacteria were then tabulated and scored. The 

scores for the gram-positive bacteria used are; 

Score 0 = 0 (no) gram-positive bacteria in fermented phytobiotics 

Score 1 = there is 1 gram positive bacteria in fermented phytobiotics 

Score 2 = there are 2 gram-positive bacteria in fermented phytobiotics 

Score 3 = there are 3 gram-positive bacteria in fermented phytobiotics 

The scoring for gram negative bacteria used are; 

Score 0 = there are 3 gram negative bacteria in fermented phytobiotics 

Score 1 = there are 2 gram negative bacteria in fermented phytobiotics 

Score 2 = there is 1 gram negative bacteria in fermented phytobiotics 

Score 3 = 0 (no) gram-negative bacteria in fermented phytobiotics  

 

The results of observations of gram positive and negative bacterial morphology under a microscope, combined 

according to bacterial morphology, and carried out calculations using the following formulas.  

 

Bacterial Morphology (%)  =  
Number of Bacterial Morphology

Number of Gram Positive Bacteria + Gram Negative Bacteria
 × 100% 

 

Determination of antioxidant activity 

DPPH method (2-2-Diphenyl-1-Picrylhydrazyl) was used to determine the antioxidant activity of phytobiotics 

(Abramovič et al., 2018). The sample was weighed 98.4 g and then dissolved in 300 ml of water. Samples were diluted 

with a concentration of 0-25 mg/mL. 0.2 mL of sample solution was put into a test tube with a lid. Added 3.8 mL of 50 m 

DPPH solution and homogenized with a vortex and allowed to stand for 30 minutes in a dark place and room 

temperature. The absorbance was measured on a UV-vis spectrophotometer at 515 nm. Absorbance was calculated as % 

of inhibition and determination of linear regression is then calculated the magnitude of IC 50 (ppm). 

 

Total polyphenol test 

Total polyphenol testing was carried out using the Folin-Ciocalteu Phenol method (Teixeira et al., 2018). The sample 

was weighed 98.4 g and then dissolved in 300 ml of water. Samples were diluted with a concentration of 0-25 mg/mL. 1 

mL of sample solution was put into a test tube with a lid. Added 7.8 mL of distilled water and 0.5 mL of Folin's reagent 

and allowed to stand for 8 minutes. The mixture was then added with 1 mL of 20% sodium carbonate and allowed to 

stand for 2 hours in a dark place and room temperature. The absorbance of the mixture was measured on a uv-vis 

spectrophotometer at 765 nm. Absorbance was calculated the content of total polyphenols using gallic acid absorbance 

(mg/mL) as standard polyphenols to determine the linear regression equation. 
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Total acid test 

The total acid test was carried out by the titration method (Nielsen, 2004). Samples of 98.4 g were dissolved into 300 

ml of distilled water to obtain a concentration of 328 mg/ml. 10 ml extract solution was put into 100 ml Erlenmeyer then 

added 2 drops of Phenolphthalein indicator and homogenized with a vortex. Titrate filtrated with 0.1 M sodium hydroxide 

solution until the color changes from clear to pink. The volume of sodium hydroxide is used to calculate the % total acid. 

 

Data analysis 

All data obtained were analyzed using the Analysis of Variance (ANOVA) test. If there was a significant effect, further 

testing is carried out using Duncan's Multiple Range Test (DMRT) at a 95% confidence level. 

 

RESULTS AND DISCUSSION 

 

pH and physical quality organoleptic 

The results of the study in Table 1 showed that there is a significant effect (P<0.05) of different fermentation time 

treatments on pH and physical quality of fermented phytobiotic organoleptic. The results of the analysis showed that 

different fermentation time treatments affect the pH value of fermented phytobiotics. During phytobiotic fermentation 

there was a decrease in pH value as the fermentation time increases. Phytobiotic fermentation results from T0 - T3 

obtained pH levels ranging from 6.18 - 7.01. The pH value was affected by the growth of lactic acid bacteria fermented 

products. Ripon et al. (2019) stated that the decrease in pH occurs due to the activity of microorganisms producing 

organic acids during the fermentation process. pH becomes one of the markers of successful or not fermentation process. 

Opsi et al. (2013) stated that good fermentation has a pH with acidic conditions. 

The results of the variety analysis showed that the difference in fermentation time was not significant (P>0.05) 

affecting the odor of fermented phytobiotics. The average organoleptic value of fermented phytobiotic odor was 4.00. The 

value of 4.00 indicates that phytobiotics have a spice odor. The smell of spices from fermented phytobiotics comes from 

their constituent ingredients consisting of ingredients that are often used as herbs so as to produce the smell of spices. 

Gheisar and Kim (2017) stated that there is a smell of spices in phytobotics derived from their constituent ingredients. 

The absence of a typical smell of fermentation can be caused due to the strong odor of phytobiotic constituents. Utama 

and Christiyanto (2021) stated that the distinctive smell of fermentation arises due to the metabolic activity of microbes 

during the fermentation process. Phytobiotic odors are able to affect brain function by stimulating salivary glands and 

secretion of digestive enzymes (Stefańska et al., 2020). 

The results of the variety analysis showed that the significant fermentation time difference (P<0.05) affected the 

color of the fermentation phytobiotic. T0 was different from T1, T2 and T3; T1 was different from T2 and T3; T2 and T3 

was no different from each other. The color of T0 was green, T1 was yellowish green and T2 and T3 were yellow. 

Fermented phytobiotics were brownish yellow because they are made from natural ingredients that tend to be yellow. Abd 

El-Ghany and Ismail (2014) stated that phytobiotics have constituent ingredients from natural ingredients that contain 

active ingredients. The occurrence of discoloration during the fermentation process from green to yellow, indicates a 

change in the temperature of fermentation. Rostini (2017) stated that temperature changes during the fermentation 

process can produce heat that can change the color of the material. 

 

Table 1 - pH and organoleptic phytobiotic fermentation from blends of plant with different fermentation ripening 

                    Treatment  

Parameter 

T0 (Without 

fermentation) 

T1 (Fermented for 6 

days) 

T2 (Fermented for 

12 days) 

T3 (Fermented for 

18 days) 

P-Values 

(P<0.05) 

pH 7.01 ± 0.04a 6.88 ± 0.06b 6.74 ± 0.07c 6.18 ± 0.11d * 

Odor 4.0 4.00 4.00 4.00 NS 

Color 1.00 ± 0c 2.05 ± 0.05b 3.00 ± 0a 3.00 ± 0a * 

Means on the same row with different super scripts are significantly (P<0.05) different. NS: non-significant; *: P<0.05; **: P<0.01 

 

Content of fermented phytobiotic microorganisms  

The results of Table 2 showed that there is a significant effect (P<0.05) of different fermentation time treatments on 

the content of fermented phytobiotic microorganisms. 

The results showed that the total Lactic Acid Bacteria (LAB) in T0 treatment was significantly different from T1, T2 

and T3, while T1, T2 and T3 treatments were not significantly different from each other. Total LAB of fermented 

phytobiotics from highest to lowest were T2 (29.00 × 103 cfu/g), T3 (20.60 × 103 cfu/g), T1 (19.20 × 103 cfu/g) and T0 

(2.60 × 103 cfu/g). The lowest total LAB was at T0 which could occur because there was no fermentation process in this 

treatment. In the absence of a fermentation process, there is no large LAB activity, thus making the total LAB at T0 lower 

than other treatments. Widyastuti and Febrisiantosa (2014) stated that LAB activity can occur during the fermentation 

process, namely the activity of converting sugar into lactic acid, acetic acid, ethanol and CO2. The total number of LAB 
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which was not significantly different between T1, T2 and T3 treatments, could occur because the phytobiotics in that 

treatment provided a relatively the same substrate for LAB growth and development. The substrate is a source of 

nutrients for LAB and the substrate is a medium for LAB to grow. Vuyst and Leroy (2020) stated that LAB species can live 

as long as the necessary nutrients are available, such as the presence of fructose as an energy source that can be 

fermented into lactic acid, even in the absence of co-substrates such as citric acid. 

 

Table 2 - Content of fermented phytobiotic microorganisms from blends of plant with different fermentation ripening 

                  Treatment  

Parameter 

T0  

(Without 

fermentation) 

T1  

(Fermented for  

6 days) 

T2  

(Fermented for 12 

days) 

T3  

(Fermented for 18 

days) 

P-Values 

(P<0.05) 

Total LAB (CFU/g) 2.60×103 ± 0.12b 19.20×103 ± 0.35a 29.00×103 ± 0.45a 20.60×103 ± 0.58a * 

Total bacteria (CFU/g) 1.6×105 ± 265.07c 125.2×105 ± 1162.52a 22.2×105 ± 359.59b 28.40×105 ± 434.58b * 

Total fungi (CFU/g) 0.6×103 ± 15.15 4.0×103 ± 33.47 0.6×103 ± 15.15 1.20×103 ± 17.20 NS 

Gram (+) 2.20 ± 0.40ab 2.80 ± 0.40a 2.00 ± 0b 1.80 ± 0.75b * 

Gram (-) 2.80 ± 0.40a 3.00 ± 0a 3.00 ± 0a 2.20 ± 0.40b * 

Means on the same row with different super scripts are significantly (P<0.05) different. NS: non-significant; *: P<0.05; **: P<0.01. 

 

Total fermented phytobiotic bacteria was influenced by fermentation time, T0 was significantly different from T1, T2 

and T3; T1 was significantly different from T2 and T3; while T2 and T3 were not significantly different from each other. The 

total fermented phytobiotic bacteria from highest to lowest were T1 (125.2 × 105 cfu/g), T3 (28.4 × 105 cfu/g), T2 (22.2 

× 105 cfu/g) and T0 (1.6 × 105 cfu/g). Total bacteria at T0 had the lowest number, because the total LAB (gram-positive 

bacteria) at T0 was also the lowest. Total bacteria live on the material is consist of both gram-positive and gram-negative 

bacteria. Treatment T2 and T3 had a lower total number of bacteria than T1, this could be because the treatment was the 

optimal curing time, thus providing unsuitable conditions for the growth of gram-negative bacteria. Mani et al. (2017) 

stated that the lower bacterial population could occur due to an unsuitable environment for bacteria to survive. The 

highest total bacteria was in the T1 treatment, because the gram-negative bacteria were still high due to suboptimal 

curing. The curing that has not been optimal means that phytobiotic fermentation is also not optimal in reducing the 

number of gram-negative bacteria, so that when the total number of bacteria is calculated, it becomes the highest. Bao et 

al. (2018) stated that the total number of bacteria in the fermented material will be higher than the control treatment, 

and the total bacteria will increase at the beginning of the fermentation, then there will be a decrease until the end of the 

fermentation. 

The total fermentable phytobiotic fungi was not affected by the fermentation time treatment. The total fermented 

phytobiotic fungi ranged from 0.6 – 4 × 103 CFU/g. minor level of total fungi can occur because in fermented phytobiotics 

there are bacteria, resulting in a competition and making the fungi unable to survive on phytobiotics. These bacteria are 

included in the LAB category. Siedler et al. (2018) stated that LAB produces various bioactive compounds that can inhibit 

fungal growth, with the mechanism of producing antifungal peptides produced during the proteolysis process. Organic 

compounds such as acetic acid produced from the breakdown of sugar by LAB, are also suspected to be the cause of the 

total fungus which is low in phytobiotics. Widyastuti and Febrisiantosa (2014) stated that the presence of bacterial activity 

in the material can affect antifungal activity, especially acetic acid, lactic acid and cyclo-(Leu-Pro) produced by bacteria, 

which act as antifungal compounds. 

Different fermentation times affect the number of gram-positive bacteria fermented phytobiotics, with the scoring 

method carried out. The number of gram-positive phytobiotic bacteria at T1 was significantly different from T0, T2 and T3; 

while T0, T2 and T3 were not significantly different from each other. The number of gram-positive phytobiotic bacteria on 

T1 has a score of 2.80, which means that there are 2-3 gram-positive bacteria, while the scores on treatment T0, T2 and 

T3 are between 1.80 - 2.20, i.e. there are 1-2 gram-positive bacteria. Gram positive bacteria have thicker cell walls than 

gram negative bacteria. Domínguez et al. (2020) stated that gram-positive bacteria have thicker cell walls composed of 

negatively charged peptidoglycan, and the amount of peptidoglycan of gram-positive bacteria is more than that of gram-

negative bacteria. The higher number of gram-positive bacteria at T1, occurred because the curing carried out made the 

environmental conditions suitable for bacteria, so that the bacteria could anticipate oxidative stress. Imber et al. (2019) 

stated that most gram-positive bacteria such as Lactobacilli, Streptococci, Clostridia, and Listeria can produce Glutathione 

(GSH) in anticipation of enzyme metabolism regulation and oxidative stress, while gram-positive bacteria that do not 

produce GSH will utilize Low Molecular Weight (LMW) which is a peptide fraction as an alternative to overcome oxidative 

stress. 

Different fermentation times affect the number of gram-negative bacteria fermented phytobiotics, with the scoring 

method carried out. The number of phytobiotic gram-negative bacteria at T3 was significantly different from T1, T2 and 

T3; while T0, T1 and T2 were not significantly different from each other. The number of phytobiotic gram-negative bacteria 

at T3 has a score of 2.20, which means there is 1 gram-positive bacteria, while the scores in T0, T1 and T2 treatments are 

2.80 - 3.00, which means that there are no gram-negative bacteria. The lower number of gram-negative bacteria in T0, T1 
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and T2 treatments was due to the presence of gram-positive bacteria that lived on phytobiotics, thus interfering with the 

presence of gram-negative bacteria. Zhang et al. (2018) stated that the decrease in the number of gram-negative bacteria 

can be caused by a tendency to increase the number of gram-positive bacteria, and the addition of nitrogen can increase 

the population of microorganisms in a material. As the length of time for phytobiotic curing at T3, the number of gram-

negative bacteria increased. This is because the time for curing has been too long, and gram-positive bacteria enter the 

death phase. The reduced number of gram-positive bacteria causes the pH of the phytobiotic to increase and away from 

the acidic state, so that it becomes a potential place for the growth of gram-negative bacteria which results in an increase 

in the number of gram-negative bacteria. The T3 treatment which has a longer curing duration is inherent in the length of 

fermentation, the longer the fermentation, the increase in toxic gas that kills gram-positive bacteria and increases gram-

negative bacteria. Huang et al. (2019) stated that high material humidity during fermentation can increase methane 

(CH4), and it can be higher with extended fermentation time. 

The results of the study in Table 3 showed that the bacteria grow on phytobiotics consist of 4 morphology of gram 

positive bacteria and 1 morphology of gram negative bacteria. 

 

Table 3 - Bacterial morphology growing on fermented phytobiotics from blends of plant with different fermentation 

ripening 

Types of Bacteria Bacterial Morphology n (%) 

Gram-positive Solitary rod 19 38.78 

Gram-positive Spore stems lined up 13 26.53 

Gram-positive Coccus 6 12.24 

Gram-positive Yeast 6 12.24 

Gram-negative Solitary rod 5 10.20 

Total 49 100 

 

The results of the observation of the morphology of gram-positive bacteria and gram-negative bacteria came from 5 

bacterial morphologies. Four morphologies of gram-positive bacteria were found, among others, having a solitary rod 

morphology of 19 bacteria (38.78%), spore rods lined up with 13 bacteria (26.53%), coccus 6 bacteria (12.24%), yeast 6 

bacteria (12.24%), and one gram-negative bacterium that had a solitary rod morphology was 5 bacteria (10.20%). Solitary 

rod morphology is the most common morphology found in phytobiotics, both in gram-positive and gram-negative bacteria. 

Novitasari et al. (2019) states that bacteria can live in solitary (living alone/not in groups) and in colonies (clusters). The 

morphology of gram-positive bacteria with spore-lined rods is the morphology with the second highest number after 

solitary rods, which are found in phytobiotics. Bacterial morphology in phytobiotics can be precisely controlled by bacterial 

cells, which also play a role in maintaining cell shape, and can be determined by the geometry of the petidoglycan cell 

wall. Teeffelen and Renner (2018) stated that the common bacterial shape is rod and spherical shape, where shape plays 

an important role in growth, physiology, motility, invasion of the host and multicellularity of bacteria. 

The number of gram bacteria that have a morphology of coccus and yeast has the same number, and is only found in 

gram positive bacteria. Bacteria with various morphologies can grow on phytobiotics due to the presence of a suitable 

environment for bacteria to live, such as organic matter and nutrients from the mixture of materials used. The bacterial 

morphology in the form of coccus observed was thought to come from the genus Bacillus sp. Prasetyawati et al. (2021) 

stated that Bacillus sp. It is round in shape, colonized and generally whitish cream in color. The form of bacteria in the 

form of yeast in fermented phytobiotics is a single-celled eukaryotic bacterium. Azhar et al. (2017) stated that yeasts are 

generally 1-10 m wide, have a high degree of nutrient selectivity and can utilize carbon sources for their survival. Based on 

the parameters of the content of microorganisms, the recommended treatment is T2, namely the fermentation time of 

phytobiotic fermentation for 12 days, because it has the highest total LAB descriptively, with a low total number of 

bacteria. 

 

Antioxidant activity, total polyphenols and total acid 

Based on the results presented in Table 4 there was a significant effect (P<0.05) on different fermentation time 

treatments on antioxidant activity, total polyphenols and total acids fermented phytobiotic. 

The results of the analysis of variance showed that the significant difference in curing time (P<0.05) affected the 

antioxidant activity of fermented phytobiotics. T0 was significantly different from T1, T2 and T3; T1 was significantly 

different from T2 and T3; while T2 and T3 were not significantly different from each other. The value of antioxidant activity 

is influenced by pH, temperature and the presence of secondary metabolic compounds. Gheisar and Kim (2017) stated 

that pH and temperature conditions can affect the antioxidant activity of phytobiotics. The value of oxidant activity 

increases with the length of curing. The highest antioxidant activity was obtained at T3 with 46.97%. High and low 

antioxidant activity will affect the content of free radicals. Sembiring et al. (2018) stated that, antioxidant activity 

describes the ability of an antioxidant compound to inhibit the reaction rate of free radical formation. The presence of 

high free radicals in a feed ingredient will cause disturbances in livestock productivity (Panda and Cherina, 2013). 
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Table 1 - Antioxidant activities, total polyphenols and total acids fermented phytobiotic from blends of plant with 

different fermentation ripening 

                             Treatment  

Parameter 

T0 (Without 

fermentation) 

T1 (Fermented 

for 6 days) 

T2 (Fermented 

for 12 days) 

T3 (Fermented for 

18 days) 

P Values 

(P<0.05) 

Antioxidant Activities (%) 38.90 ± 0.2b 24.23 ± 0.4c 45.33 ± 0.1a 46.97 ± 0.2a * 

Total Polyphenols (mg/100 ml) 65.53 ± 0.5a 39.29 ± 0.3c 42.89 ± 0.1b 46.39 ± 0.1b * 

Total Acids (%) 0.60 ± 0.04b 0.9 ± 0.02a 0.18 ± 0.03d 0.32 ± 0c * 

Means on the same row with different super scripts are significantly (P<0.05) different. NS: non-significant; *: P<0.05; **: P<0.01.  

 

The results of the analysis showed that the significant difference in curing time (P<0.05) affected the total 

The difference in fermentation time affects the total fermented phytobiotic acid. Total fermented phytobiotic acid at 

T0 was significantly different from T1, T2 and T3; T1 was significantly different from T2 and T3; while T2 and T3 were not 

significantly different from each other. The highest total acid value in T1 treatment (6 days fermentation time) was 0.9%. 

The decrease in total acid value in T2 treatment was thought to be due to the cessation of lactic acid bacteria activity. The 

level of total acid is influenced by the activity of lactic acid bacteria during the fermentation process. Niamah et al. (2017) 

an increase in the population of lactic acid bacteria will also have an impact on increasing total acid. The increase in the 

total acid value during the fermentation process will affect the pH. Total acid comes from the breakdown of glucose 

through the process of glycolysis into lactic acid. Tanguler and Erten (2012) stated that the final product of glucose 

fermentation through the Embden-Meyerhof-Parnas pathway is lactic acid. 

 

CONCLUSION   

 

In conclusion, the best time of phytobiotic fermentation of the blends plant (garlic, Giloy, leaf earring, Indonesian bay-leaf, 

betel leaf, ginger, sand ginger, turmeric, galangal, curcuma, temu ireng, and fruit waste) is 12 days with a pH value of 

6.74, total lactic acid bacteria 29.00 × 103 cfu/ml, total bacteria 22.2 × 105 cfu/ml, total fungus 0.6 × 103 cfu/ml 

antioxidant activity 45.33%, total polyphenols 42.89 mg/100 ml and total acid 0.18%. This formulation with this 

processing can be use as phytobiotics for livestock. 
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