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Abstract
Probiotics are living microorganisms that are advantageous to health, particularly in the digestive tract.
Probiotics for broilers could promote their growth and protect them from diseases by boosting their
immune systems, strengthen their bones, and combat parasites. Antibiotics are commonly used in poultry
feed as growth promoters to improve poultry performance. However, antibiotic residues will remain in
chicken meat, bones, and organs, which may adversely impact human health. Therefore, this study
examined potential chicken probiotics derived from locally fermented foods, such as shrimp paste and
soy cake, as substitute to antibiotics. The microbes were cultivated on suitable media after isolating from
the previous culture plates. bacteria and yeast were identi�ed as potential probiotics for chickens. The
microorganisms underwent in vitro analysis under the conditions mimicking chicken gastrointestinal tract
(GIT) conditions at different pH values of 2.5, 3.5, 5, 6.5, 7, 7.5 and 8, temperature of 37°C and in
anaerobic condition. Nine yeast and ten bacteria were selected as samples for this study. Their kinetic
growth, survivability and biomass were also calculated. Comparisons were conducted on the remaining
microorganisms, namely four yeast strains and three bacterial strains, and demonstrated probiotic
potential with high speci�c growth rate, maximum cell concentration, shorter doubling time and higher
survivability percentage at pH range from 2.5 to 8.0. The results of toxicity test revealed that some of the
pre-selected probiotic prospective strains had produced several toxic compounds that could be harmful to
chickens. Finally, based on the results of the investigation, one bacterium, Staphylococcus hominis, and
one yeast, Cutaneotrichosporon arboriforme, were chosen to make probiotics for chickens, which were
then evaluated in vivo to see how they impacted chicken growth. It was found that chickens supplied with
these 2 probiotics boosted the growth of the chicken. In conclusion, based on their growth in the chicken
digestive system environment and impacts on chicken growth rate, microbes isolated from locally
fermented foods have promise as chicken probiotics.

Introduction
Chicken meat becomes our primary protein source, and it is cheaper than red meat. Eggs and meat
contain protein, iodine, iron, zinc, minerals, and vitamins, which are crucial components of our daily
nutrition. Owing to the constant demand for poultry meat and eggs around the world, the consumption of
poultry feed is increasing. Several chicken feed additives have been studied as substitute to antibiotic
growth promoter (AGP) with different effectiveness levels [1]. In many countries, antibiotics are still used
to enhance chicken growth [2]. However, the antibiotic residues remain in chicken �esh, bone, and organs
may be harmful to our health and can lead to the development of antibiotic resistance in our body. The
European Union-wide prohibition on AGP, approved in 2006, was a huge step toward addressing the
alleged antibiotic resistance problem [3]. Consequently, the use of antibiotics has been phased out,
resulting in decreased animal performance and increased prevalence of animal diseases [4], [5]. Due to
the AGP prohibition, the industry has also experienced decreased productivity, bacterial proliferation in the
small intestines, nutrition malabsorption [4], [6].
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Furthermore, antibiotic treatment in chickens increases the incidence of intestinal infections and host
sensitivity [5], [7]. The use of oral antibiotics to alter the gastrointestinal microbiome of chickens early in
their lives has been attributed to eventual immunological dysfunction, including the development of
autoimmune disorders [7]. On the other hand, antimicrobial agents can cause pathogens to develop
antimicrobial resistance, potentially leading to disease outbreaks in poultry. Individuals bene�t from a
diverse and healthy microbiota in terms of nutrition, intestinal mucosa growth, pathogen protection and
immune system maturation [8]. Since antibiotic substitute elements are not treated properly, chickens are
unable to live a healthy life.

Fermented food waste has high nutritional value with high protein content which can be used as animal
feed for broiler consumption [9]. Fermented foods contain a lot of probiotic bacteria. Probiotics are live
bacteria containing foods or dietary supplements. In addition, fermented foods contain high levels of
bene�cial probiotics which have been linked to various health bene�ts ranging from improved digestion
to increased immunity [10]. Scientists have already developed chicken feed from food waste. In fact,
previous study has reported that chickens fed probiotics had an improved feed conversion ratio, and
chicks fed probiotics can maintain a healthy weight and offer good eggs with a stable digestive tract [11].
Microbial colonization of the gastrointestinal system of newly hatched chicks begins during hatching, is
sown by the immediate hatching environment and rapidly progresses into intense colonization. Thus,
chickens should be given probiotics as soon as they hatch [12]. In the poultry business, salmonella
contamination of chicken eggs is a constant concern. Salmonella infections in poultry fed probiotics were
reported to be considerably reduced [11].

Antibiotics used as growth promoters are also more expensive than probiotics derived from food.
Therefore, the overall production cost of poultry will be greatly reduced. Probiotic is another option, but
not all isolated and manufactured probiotics are suitable and functional for chicken. To overcome these
arising issues, this study aimed to develop chicken probiotics as substitute to antibiotics by isolating
bene�cial microbes from the locally fermented foods, namely soy cake and shrimp paste, which could be
prospective probiotics. These probiotics will also act as growth promoters and healthy elements for
antibiotic-free, safe, and healthy chicken production.

Method And Materials

Stock Solution Preparation and Serial Dilution
To prepare the samples, stock solution preparation and serial dilution were performed. Stock solutions of
soy cake and shrimp paste were prepared by diluting a little amount of each sample with 10 ml of sterile
distilled water separately. Subsequently, the two stock solutions were serially diluted seven times in ten
folds (107). In other words, each 1 ml of sample was diluted with 9 ml of sterile distilled water, and the
process was repeated seven times (101, 102, 103, 104, 105, 106, 107). Serial dilution is the process of
diluting a sample solution for better results. Serial dilution was used to dilute microbial colonies
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throughout the samples, making it easier to isolate single colonies for further research. Sixteen distinct
samples were formed as a result of repeated dilution of two main samples.

Culture and Isolation
Bacterial and yeast cultures were performed on both soy cake and shrimp paste samples. For bacteria
MRS media was used. This medium provides bacteria with a consistent amount of nutrients, amino acids
and vitamins [13]. The Sabouraud dextrose agar (SDA) culture media was utilized for yeast cultivation.
SDA is an agar growth media containing peptone, which provide a nutritive source of amino acids and
nitrogen compounds for the growth of fungi and yeasts as energy and carbon source with the addition of
dextrose [14]. Both culture media were solids, and agar was used as a solidifying agent. For 16 samples,
both bacteria and yeast culture were accomplished, involving the use of 32 petri dishes in total.

The ingredients for each media were dissolved in 1 L of distilled water, then autoclaved before being
poured into petri dishes. The autoclave treatment took 15 minutes at temperature of 121°C and pressure
of 15 pounds. After autoclaving, the two media were poured into individual petri dishes, which were then
placed in a laminar �ow cabinet and exposed to UV radiation to eliminate any contaminants. Following
media solidi�cation, both yeast and bacteria were cultured on their respective selective media. The pour
plate method was used to cultivate yeast and bacteria. Each diluted sample was placed in a separate
petri dish. The culture plates were then sealed with para�lm and incubated for 24 to 72 hours at 35°C for
MRS plates (bacteria) and 30°C for SDA plates (yeast) to allow microorganisms to grow. After nearly 60
hours, the petri dishes were removed from the incubator and small colonies of newly grown
microorganisms were isolated. This study employed the streak plate technique, which involved the
isolation of a small colony with a sterile loop and streaked on new culture media. This technique resulted
in the isolation of 19 microorganisms (10 bacteria and nine yeasts). Yeast colonies were isolated on SDA
media, while bacterial colonies were isolated on MRS agar media. They were then placed in the incubator
for cultivation.

Strain Morphology and Gram Straining
The morphologies of 19 microorganisms (10 bacteria and nine yeasts) were then examined and
con�rmed under the microscope. The size, shape and arrangement of cells are referred to as morphology.
This process was performed after Gram staining. To clearly view the microbes under the microscope,
immersion oil was used.

In Vitro Analysis
Initially, an inoculum was prepared with MRS broth for bacteria and SD broth for yeast. Then, 19
microorganisms (ten bacteria and nine yeasts) were cultured with selected liquid culture broth and
incubated for 24 hours at 35°C for bacteria �ask and 30°C for yeast �ask. In vitro analysis was conducted
at various pH values (2.5, 3.5, 5, 6.5, 7, 7.5 and 8), 37°C temperature and anaerobic conditions similar to
chicken GIT condition. For seven pH levels, 133 anaerobic vials were prepared for 19 microorganisms.
Selected media for both microorganisms (MRS for bacteria and SD for yeast) were also prepared and
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poured into anaerobic glass vials. To create anaerobic media conditions, the anaerobic vial caps were
sealed and then purged with nitrogen gas. After 1-minute nitrogen purge, all 133 vials were autoclaved,
including syringes and needles.

To maintain anaerobic conditions, 10% of each microbial inoculum prepared was inoculated into seven
different pH-balanced media using syringes and needles. They were then placed in the incubator at a
temperature of 37°C for 24 hours and their optical density (OD) at 600 nm readings were taken at one-
hour intervals. Their growth kinetics were calculated, and growth curves were estimated from time and
OD for each of the 19 samples at seven pH values, resulting in 133 curves. The fast-growing
microorganism media was then stored in the freezer prior to GC-MS analysis.

Evaluation of Growth Kinetics and Survivability of Isolated
Bacteria and Yeast Strains
Evaluation of growth kinetic was conducted by calculating the speci�c growth rate (µ, hr− 1), doubling
time (Td, hr) and maximum cell concentration produced (g/ml) in 24 hours of anaerobic fermentation at
37℃. Meanwhile, the survivability of isolated strains was determined by calculating their survivability
percentage cultured at different pH values. The followings are the equations used to calculate the speci�c
growth rate (Eq. 1), doubling time (Eq. 2), maximum cell concentration produced (Eq. 3) and survivability
percentage (Eq. 4).

Speci�c growth rate, µ (hr− 1) =  (1)

Doubling time, Td (hr) =  (2)

Maximum cell concentration (g/ml) = Highest cell concentration – Initial cell concentration (3)

Survivability (%) =  (4)

Determination of Bacteria and Yeast Cell Concentration
The cell concentration (in g/mL) was determined using one of the direct methods known as cell dry
weight by plotting a graph of absorbance (600 nm) against cell dry weight (in g/mL). Both SD and MRS
broths were prepared and autoclaved in this study for biomass testing, along with some experimental
equipment such as micro pipette tips and test tubes. The prepared inoculum was then inoculated in a
ratio of 10% to the prepared liquid media in each of the 19 conical �asks (for 19 samples). The �asks
were then placed in the incubator for 24 hours. During that period, 1 ml of each conical �ask was
transferred to different test tubes at 4, 8, 12, 18, 20 and 24 hours, and their OD readings were recorded.
Subsequently, each 1 ml was then transferred to different eppendorf tubes. Before the samples were
transferred, the eppendorf tubes were autoclaved, dried, weighed and exposed to UV light to ensure they
were free of contamination. After that, pipetted bacteria samples were centrifuged at 10,000 g for 5 min,
while yeast samples were centrifuged at 3000 g for 5 min at 4℃ to obtain cell pellets. The supernatant

lnOD2−lnOD1

T 2−T 1

ln2

μ

x100%
F inalcellconcentration−Initialcellconcentration

F inalcellconcentration
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was discarded. The centrifuged samples were oven-dried at 104℃ for 24 hours, and the weight of the
dried samples was weighed after 24 hours until constant weight was obtained. In addition, the weight of
an empty dry eppendorf tube was recorded prior to the experiment. Then, a graph of absorbance (600
nm) against cell dry weight (g/mL) was plotted and the obtained equations were used to determine the
cell concentrations of bacteria and yeast strains in anaerobic fermentation.

Chemical Compounds
The chemical compounds produced by selected isolated bacteria and yeast, and their toxicity were
determined using gas chromatography–mass spectrometry (GC-MS) with BPX5 column SGE at
temperature of 230℃. The samples were �ltered using �ltration membrane with size of 0.2 µm and
syringes. The compounds produced by bacteria and yeast were determined by comparing and eliminating
the compounds present in MRS and SDA broths.

Identi�cation of Microbes (rRNA analysis):
With the help of CCB and USM, the microbial identi�cation or rRNA analysis was completed. To identify
bacteria, a polymerase chain reaction (PCR) was used with a primer pair of 27F and 1492R to amplify the
16S rRNA gene. For yeast identi�cation, F63 and LR3 primers were used to amplify the D1/D2 region.
(Fig. 7).

In-vivo monitoring:
The in vivo phase of this study was carried out at a nearby broiler farm, with farmers assisting to ensure
that the chickens were in a pleasant and safe habitat. As a starting point, 30 chicks were used as test
subjects. Ten of them were fed bacteria samples (B chicken), 10 of them were fed yeast samples (Y
chicken) every 72 hours to maintain their gut microbe growth, and the other 10 chickens (control chicken)
were kept normal. Their weights were weighed every day during the 36-day monitoring period. Clean, fresh
feed and water were given every day in a timely manner. Batches were named as control chicken, Y
chicken, and B chicken.

Results And Discussion

Gram Staining
Bene�cial microorganisms were isolated from fermented soy cake and shrimp paste. Gram staining was
conducted immediately after cultivating the isolated microorganisms from the �rst culture media. Gram
staining is one of the most important microbiological staining procedures. Staining the slide with crystal
violet dye was the �rst step for this analysis. To prevent the color from being easily removed, the
subsequent process, often known as �xing the dye, requires the use of iodine to generate a crystal violet-
iodine complex. After that, the dye was removed with a decolorizer such as ethanol.

Nineteen samples were labeled as follows: Sample of bacteria = SB1, SB2, SB3, SB4, SB5, SB6, SB7, SB8,
SB9, SB10; Sample of yeast = SY1, SY2, SY3, SY4, SY5, SY6, SY7, SY8, SY9. Tables 1 summarizes the
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Gram staining results obtained from this study for bacteria, while Fig. 1depicts the morphology images of
bacteria. In general, Gram positive organisms are organisms that preserve their primary color and appear
purple-brown under the microscope. Meanwhile, Gram negative organisms are those that do not take up
primary stain and appear red under the microscope. 

 
Table 1

Gram staining results of bacteria samples
Sample Color Shape Gram

Strain
Culture Characteristic

SB1 Brownish Coccus Positive Smooth, round, raised, matte,
crateriform

SB2 Creamy white Bacillus Positive Wavy, �at, smooth, moist, irregular

SB3 Off white/ Milky
white

Oval shaped/
cocci

Positive Matte, �lamentous

SB4 White Oval shaped/
cocci

Positive Round, convex, dry, not smooth

SB5 Milky white Coccus Positive Round, punctiform, smooth, shiny

SB6 Creamy white Bacillus Positive Wavy, convex, dry, �lamentous

SB7 Reddish Coccus Positive Pulvinate, circular, smooth, shiny

SB8 Yellowish white Streptobacilli Positive Round, matte, lobate

SB9 Creamy white Coccus Positive Smooth, slimy, moist, irregular

SB10 Matte milky white Coccus Positive Irregular, curled, matte

From the results obtained, all the bacteria samples showed Gram positivity in Gram staining analysis and
appeared as bacillus, cocci and streptobacillus. Conversely, Table 2 shows the results of Gram staining
for yeast samples, and Fig. 2 depicts the images of yeast samples. Intact yeast cells are Gram positive,
while ruptured or disrupted cells are Gram negative [15]. It is di�cult to determine Gram positive or Gram
negative; for yeast cell, the color depends on its cell wall. Yeast cells appeared oval and round in shape,
with and without hyphae. 
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Table 2
Gram staining results of yeast samples

Sample Color Type Colour After Gram
Strain

Culture Characteristic

SY1 White Oval shaped cell with
hyphae

Purple Irregular, �lamentous, �at,
wrinkled

SY2 White Round/ Oval yeast
cells

Purple Circular, pulvinate, smooth,
glistening

SY3 Creamy
White

Round yeast cell with
spore

Pinkish/ Reddish Circular, moist, smooth,
raised

SY4 Off-white Oval yeast cell with
hyphae

Red Round, curled, raised, shiny

SY5 Yellowish
white

Oval shaped yeast
cell

Purple Dry, �at, lobate, rhizoid

SY6 Creamy
white

Separated hyphae cell Pinkish purple Moist, �at, shiny, irregular

SY7 Creamy
white

Round/oval with
hyphae

Dark Purple Moist, �at, curled

SY8 White Oval with Hyphae Light Purple Irregular, �at, matte

SY9 Yellow Oval Red Irregular, moist, �at

In Vitro Test (Growth Kinetics, Cell Concentration and
Survivability)
Among 19 microorganisms, several of them were unable to grow in chickens which had different GIT pH
balances. The optimum pH range required for microbial growth could be from pH 6 to pH 8 [16]. At
different pH levels, yeast and bacteria have different growth curves. Although bacteria could grow in a
neutral pH, yeast requires a slightly acidic condition to grow. The best pH range for bacteria growth is
between 6.5 to 7, and pH 4.0–6.0 is ideal for yeast growth [17]. The growth curves were generated by
combining the OD and time for each microbe as exhibited in Fig. 3. On the other hand, Fig. 4 presents
bacteria and yeast maximum cell concentrations.

Tables 3 and 4 summarize the results of maximum biomass, speci�c growth rate, doubling time, and
survivability percentage of bacteria and yeast samples. Between SB3 and SB5, higher survivability was
demonstrated by SB5 ranging from 12–98% within 24 hours of anaerobic fermentation. This indicated
that SB5 has higher chance of surviving in acidic conditions of chicken GIT compared to SB3. Moreover,
SB5 has faster doubling time in all pH values compared to SB3. Although the doubling time for SB10 was
faster than that of SB5, SB10 had lower survivability of not more than 68% and low maximum cell
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concentration produced. As observed in Fig. 1, SB8 and SB7 showed a decreasing growth rate as the pH
increased.
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Table 3
Speci�c growth rate (µ), maximum biomass, doubling time (Td) and survivability of

bacteria strain fermented at different pH values
Sample Code pH µ

(hr− 1)

Maximum Biomass

(g/ml)

Td

(hr)

Survivability (%)

SB1 2.5 0.0191 0.0002 36.29 3

3.5 0.0307 0.0002 22.58 5

5.0 0.0595 0.0007 11.65 16

6.5 0.0000 0.0000 0.000 NG

7.0 0.0000 0.0000 0.000 NG

7.5 0.0782 0.0029 8.864 41

8.0 0.0000 0.0000 0.000 NG

SB2 2.5 0.1099 0.0005 6.307 1

3.5 0.0813 0.0023 8.526 12

5.0 0.0000 0.0000 0.000 NG

6.5 0.0000 0.0000 0.000 NG

7.0 0.4331 0.1342 1.600 88

7.5 0.3716 0.1739 1.865 89

8.0 0.3256 0.1830 2.129 87

SB3 2.5 0.0213 0.0034 32.54 10

3.5 0.0282 0.0033 24.58 12

5.0 0.0904 0.0429 7.668 75

6.5 0.1243 0.0627 5.576 79

7.0 0.1876 0.1416 3.695 88

7.5 0.2350 0.1201 2.950 87

8.0 0.3408 0.1233 2.034 84

SB4 2.5 0.0589 0.0003 11.77 1

3.5 0.0000 0.0000 0.000 NG

5.0 0.0601 0.0020 11.53 8

*NG = No Growth
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Sample Code pH µ

(hr− 1)

Maximum Biomass

(g/ml)

Td

(hr)

Survivability (%)

6.5 0.0642 0.0037 10.80 12

7.0 0.0649 0.0029 10.68 9

7.5 0.0306 0.0040 22.65 8

8.0 0.0000 0.0000 0.000 NG

SB5 2.5 0.0584 0.0006 11.87 12

3.5 0.0249 0.0016 27.84 14

5.0 0.0434 0.0008 15.97 19

6.5 0.2024 0.2239 3.425 98

7.0 0.2637 0.2714 2.629 97

7.5 0.2565 0.2787 2.702 98

8.0 0.2162 0.3107 3.206 95

SB6 2.5 0.0403 0.0007 17.20 4

3.5 0.0711 0.0018 9.749 3

5.0 0.0796 0.0052 8.708 25

6.5 0.1224 0.0152 5.663 48

7.0 0.0829 0.0077 8.361 32

7.5 0.0000 0.0000 0.000 NG

8.0 0.0749 0.0094 9.254 35

SB7 2.5 0.0779 0.0011 8.898 9

3.5 0.0000 0.0000 0.000 NG

5.0 0.0431 0.0046 16.08 23

6.5 0.0577 0.0272 12.01 50

7.0 0.0000 0.0000 0.000 NG

7.5 0.0671 0.0329 10.33 55

8.0 0.0000 0.0000 0.000 NG

SB8 2.5 0.0000 0.0000 0.000 NG

*NG = No Growth
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Sample Code pH µ

(hr− 1)

Maximum Biomass

(g/ml)

Td

(hr)

Survivability (%)

3.5 0.0000 0.0000 0.000 NG

5.0 0.0522 0.0100 13.28 18

6.5 0.0527 0.0050 13.15 13

7.0 0.0468 0.0173 14.81 23

7.5 0.0312 0.0131 22.22 12

8.0 0.0121 0.0123 57.28 13

SB9 2.5 0.0225 0.0018 30.81 3

3.5 0.0458 0.0007 15.13 2

5.0 0.0606 0.0043 11.44 2

6.5 0.0000 0.0000 0.000 NG

7.0 0.0277 0.0015 25.02 1

7.5 0.0000 0.0000 0.000 NG

8.0 0.0166 0.0069 41.76 13

SB10 2.5 0.0108 0.0003 64.18 2

3.5 0.0910 0.0019 7.617 18

5.0 0.0422 0.0022 16.43 20

6.5 0.6267 0.0181 1.106 66

7.0 0.7638 0.0200 0.907 68

7.5 0.6941 0.0199 0.999 66

8.0 0.7040 0.0216 0.985 66

*NG = No Growth

Based on the results obtained, SB8 and SB7 were still able to grow at high pH but not as fast as other
strains, and they also preferred low pH over high pH. Furthermore, they also showed low survivability
percentage of less than 55% and long doubling time of at least 7 hr. Subsequently, SB2 performed well at
pH more than 7 with survivability of at least 88% (Table 3) and high growth rate between 0.5000 to
0.3000 hr− 1 (Fig. 3), which were higher than those of SB3 and SB5. Its maximum cell concentration
produced was also high at the same pH. However, since it has no survivability in pH 5 and 6.5, thus it has
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no potential to be used as probiotics as it would disappear before reaching the end of the chicken GIT.
Their maximum cell concentrations are demonstrated in Figs. 5 and 6.
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Table 4
Speci�c growth rate (µ), maximum biomass, doubling time (Td) and survivability of

yeast strains fermented at different pH
Sample Code pH µ

(hr− 1)

Maximum Biomass

(g/ml)

Td

(hr)

Survivability (%)

SY1 2.5 0.0228 0.0012 30.40 12

3.5 0.1091 0.0091 6.353 57

5.0 0.0428 0.0016 16.20 17

6.5 0.1798 0.0079 3.855 55

7.0 0.0633 0.0006 10.95 8

7.5 0.1474 0.0079 4.702 53

8.0 0.1259 0.0056 5.506 43

SY2 2.5 0.0321 0.0021 21.59 21

3.5 0.0400 0.0012 17.33 16

5.0 0.0000 0.0000 0.000 NG

6.5 0.0389 0.0044 17.82 42

7.0 0.0423 0.0056 16.39 50

7.5 0.0727 0.0068 9.534 53

8.0 0.0471 0.0038 14.72 38

SY3 2.5 0.0381 0.0024 18.19 21

3.5 0.0176 0.0044 39.38 37

5.0 0.0307 0.0061 22.58 48

6.5 0.0477 0.0067 14.53 49

7.0 0.0374 0.0063 18.53 50

7.5 0.0337 0.0072 20.57 50

8.0 0.0253 0.0054 27.40 44

SY4 2.5 0.0377 0.0003 18.39 2

3.5 0.0257 0.0008 26.97 11

5.0 0.1234 0.0075 5.617 57

*NG = No Growth
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Sample Code pH µ

(hr− 1)

Maximum Biomass

(g/ml)

Td

(hr)

Survivability (%)

6.5 0.1096 0.0067 6.324 55

7.0 0.1044 0.0010 6.639 14

7.5 0.1144 0.0062 6.059 52

8.0 0.0946 0.0073 7.327 55

SY5 2.5 0.0719 0.0010 9.640 11

3.5 0.0611 0.0017 11.34 18

5.0 0.0505 0.0038 13.73 34

6.5 0.0368 0.0014 18.84 15

7.0 0.0000 0.0000 0.000 NG

7.5 0.0452 0.0038 15.34 34

8.0 0.1051 0.0029 6.595 27

SY6 2.5 0.0000 0.0000 0.000 NG

3.5 0.0000 0.0000 0.000 NG

5.0 0.0000 0.0000 0.000 NG

6.5 0.0000 0.0000 0.000 NG

7.0 0.5304 0.0116 1.307 58

7.5 0.1438 0.0006 4.820 2

8.0 0.4377 0.0036 1.584 23

SY7 2.5 0.0000 0.0000 0.000 NG

3.5 0.0000 0.0000 0.000 NG

5.0 0.0289 0.0021 23.98 16

6.5 0.0000 0.0000 0.000 NG

7.0 0.0000 0.0000 0.000 NG

7.5 0.0466 0.0034 14.87 26

8.0 0.0000 0.0000 0.000 NG

SY8 2.5 0.1020 0.3665 6.796 89

*NG = No Growth
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Sample Code pH µ

(hr− 1)

Maximum Biomass

(g/ml)

Td

(hr)

Survivability (%)

3.5 0.1295 0.4813 5.352 93

5.0 0.1446 0.4702 4.794 91

6.5 0.1201 0.4575 5.771 86

7.0 0.2770 0.3554 2.502 93

7.5 0.1046 0.3648 6.627 80

8.0 0.1131 0.4124 6.129 86

SY9 2.5 0.0000 0.0000 0.000 NG

3.5 0.4694 0.0458 1.477 61

5.0 0.1289 0.0021 5.377 7

6.5 0.1614 0.0030 4.295 10

7.0 0.0000 0.0000 0.000 NG

7.5 0.1438 0.0039 4.820 9

8.0 0.0000 0.0000 0.000 NG

*NG = No Growth

Initial yeast cell concentration was not standardized as this study evaluated the growth rate of the
isolated yeasts to investigate isolated yeasts which could survive acidic conditions mimicking chicken
GIT. Most isolated yeast strains showed the ability to grow well in acidic condition during anaerobic
fermentation for 24 hours at 37℃, except at pH 7 which had low speci�c growth rate range of about
0.1044 hr− 1 to 0.0159 hr− 1 (Fig. 5). In contrast to SY6 and SY8, they grew well with high speci�c growth
rates of 0.5304 hr− 1 and 0.2770 hr− 1, respectively, at pH 7. Thus, it can be inferred that pH 7 was the
optimum pH for SY6 fermentation as it has the highest survivability (58%), lowest doubling time (1.31 hr)
and maximum cell concentration produced (0.0116 g/ml) in less than 24 hr among other pH values.
Nevertheless, SY6 was not a promising candidate to be used as probiotics as it could not survive in other
pH values without survivability percentage (Table 4). The probiotic candidates should be able to survive
in acidic condition as it will pass through the acidity of the chicken GIT from the mouth to the cloaca.

Meanwhile, SY1, SY3, SY4 and SY8 showed high survivability in all pH values of anaerobic fermentation
for 24 hours at 37℃ (Table 4). Therefore, these strains have the potential to be used as probiotics as they
only require approximately less than 3.5 hours to pass through the GIT [18]. Among these four strains,
SY8 showed the most promising probiotic potential with the highest speci�c growth rate (0.1020 hr− 1),
maximum cell concentration (0.3554 g/ml), doubling time (2.50 hr) and survivability (80%) (Table 4).
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Although SY8 did not exhibit the highest speci�c growth rate as shown in Fig. 2, it was able to survive in
all pH values. Some of the strains showed low survivability at certain pH, making them unsuitable to be
used as probiotics in broilers, even though high speci�c growth rates were demonstrated at other pH
values.

On another note, Hsiung also reported that yeast strains that are able to tolerate high pH conditions have
the potential to be used as probiotics in the chicken GIT [19]. They also claimed that yeast had bene�cial
effect on the chicken GIT which could not be achieved by bacteria. Apart from the crucial probiotic
survivability in the chicken GIT, high growth rate of probiotics also plays an important role in ensuring
that broilers would gain maximum bene�t from the probiotic in limited time. This is due to the fact that
probiotics are only available in the GIT in less than 3.5 hours depending on the chicken metabolism [18].

Identi�cation of Toxic Compounds Produced by Yeast and
Bacteria During In Vitro Analysis
Pre-selection of isolated yeast and bacteria strains based on their physiological properties was then
further analysed to identify whether the strains produced any toxic compounds during anaerobic
fermentation that may harm broilers. Based on the results, all isolated strains produced at least one toxic
compound during anaerobic fermentation under conditions mimicking the chicken GIT. The toxic
compounds analysed by GC-MS are shown in Tables 5 and 6. From the results obtained, SB10 produced
only one toxic compound, while the highest toxic compounds were produced by SB3 (�ve toxic
compounds) as shown in Table 5. On the other hand, SB5 produced three toxic compounds during
anaerobic fermentation at 37℃ (Table 5). It also survived well at different pH values but it did not exhibit
probiotic potential for chicken GIT as it produced several toxic compounds. In contrast, SY8 and SY4
produced eight and nine toxic compounds, respectively, whereas SY2 and SY3 each produced �ve toxic
compounds and SY1 produced seven toxic compounds (Table 6). As discussed earlier, SY8 showed more
promising probiotic potential compared to the other three strains. However, the toxic compounds
produced by SY8 may reduce its potential for use as probiotic for the chicken GIT as it would affect the
health of broilers. 

Table 5 Identi�cation of toxic compounds produced by bacteria in a condition mimicking the
gastrointestinal tract (GIT) of chicken
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Table 6 Identi�cation of toxic compounds produced by yeast in a condition mimicking the
gastrointestinal tract (GIT) of chicken
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From the toxicity result, dioxin was one of the toxic compounds produced by SY4. Dioxin is a food
contaminant commonly found in organic pesticides. This compound tends to accumulate in chicken
meat which could affect human health. In a previous study conducted by Gerber et al [20], it was reported
that toxic compound, such as dioxin, may has adverse effects on chicken health, namely high blood
pressure, glucose intolerance, disturbance in mental and motor development, cancer, diabetes and
endocrine disruption [20].

Identi�cation of Microbes (rRNA analysis):
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According to rRNA identi�cation data from CCB, the bacteria sample has 100% similarity to
Staphylococcus hominis and the yeast sample has 99.52% similarity to Cutaneotrichosporon
arboriforme.

The process of rRNA identi�cation analysis is depicted in Fig. 7. Figures 8 and 9 illustrate the
phylogenetic tree resulting from distance analysis of bacteria and yeast rRNA gene sequences,
respectively.

Animal growth rate:
From batch B chicken and Y chicken, B chicken and Y chicken grew to almost the same size and weight,
the control batch, grew less and also gained less weight. In 36 days of monitoring, all chickens reached 2
kilograms of weight. 2 kilograms of weight is considered to be their ideal weight. Y chicken showed the
highest growth, and B chicken showed the 2nd highest growth (Fig. 10)

Conclusions
In conclusion, the production of stable chicken probiotics from fermented foods is bene�cial and
worthwhile as chicken is a major part of the human diet and food providing nutrients. Fermented foods
provide bene�cial microorganisms. In this study, microbes isolated from locally fermented foods showed
good survivability for all pH values from the chicken GIT. Although the samples contained small amounts
of toxic chemicals, probiotics were still safe to use as these chemicals are extracellular components
generated from MRS and SD broths. This study presents the opportunity to produce antibiotic-free and
healthier chicken, which are better for human health. The �nal result of this study found two samples
which could withstand the entire pH range of chicken intestines from beginning to end. To obtain better
results, going through the chicken GIT will take less than 3.5 hours, thus in vitro analysis, biomass testing,
and cell concentration calculation were conducted for 24 hours. In-vivo monitoring also proved that 2 of
the selected microbes boost their growth when used as probiotics in the proper way.
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Figure 1

Images of bacteria after Gram staining under microscope 100× magni�cation: (a) SB1, (b) SB2, (c) SB3,
(d) SB4, (e) SB5, (f) SB6, (g) SB7, (h) SB8, (i) SB9, (j) SB10
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Figure 2

Images of yeast cell after Gram staining under microscope of 100× magni�cation: (a) SY1, (b) SY2, (c)
SY3, (d) SY4, (e) SY5, (f) SY6, (g) SY7, (h) SY8, (i) SY9



Page 25/29

Figure 3

Combined growth of all isolated bacteria samples (SB) at different pHs

Figure 4
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Maximum cell concentrations of all isolated bacteria strain fermented at different pH values

Figure 5

Combined graph of growth of all isolated yeast samples (SY) at different pH values

Figure 6
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Bar chart of maximum cell concentration (g/ml) produced from all isolated yeast strains fermented
approximately 24 hours at different pH values

Figure 7

rRNA identi�cation Agarose gel electrophoresis; M: Molecular marker 

Figure 8

Phylogenetic tree of bacteria from rRNA gene sequencing
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Figure 9

Fig 9: Phylogenetic tree of yeast from rRNA gene sequencing
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Figure 10

Growth rate of experimental chicken


