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Abstract
Background and Objective: Synbiotic fermented milk with tempeh extract and iron fortification is a diversification of Indonesian local
food to overcome anemia. However, consuming excessive iron may increase the pathogen virulence in the gut. Antibacterial agents from
the Lactobacillus plantarum Dad 13 and tempeh are assumed to kill the pathogens effectively. To determine the effect of synbiotic
fermented milk with tempeh extracts and iron fortification on total Enterobacteriaceae and to measure the antibacterial activity of the
milk against Escherichia coli   and Staphylococcus  aureus. Materials and Methods: There were three groups of synbiotic fermented milk
with tempeh extract, with two groups fortified with: (1) NaFeEDTA (SN), (2) FeSO4 (SF) and one group, (3) without fortification (SK). The
milk groups  were  made  and  stored  for  4 and 2 weeks and 1 day before analysis. Specifically, antibacterial activity was examined after
the samples  were  stored  f or  2  and  0 weeks while total  Enterobacteriaceae  was  measured  after  stored  for  0,  2  and  4 weeks.
Results: The antibacterial activity of the study groups was almost the same against both E. coli or S. aureus (p>0.05). Total
Enterobacteriaceae decreased in the longer shelf life (SN Group:  week (0 2.26×108), week (2 1.45×106), week-4 estimated <1×105,
p<0.05). Conclusion: The  addition  of  iron  did  not  hamper  the  antibacterial activity of synbiotic fermented milk with tempeh extracts
against E. coli   and S. aureus. After confirming previous findings related to iron supplementation and anemia, this study further
demonstrated the extract’s effectiveness against Enterobacteriaceae.
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INTRODUCTION

Anemia is one form of micronutrient deficiency, mainly
caused by iron deficiency, which leads to low cognitive
function, low birth weight, low hemoglobin concentration and
increased risk of mortality and morbidity1‒4. The World Health
Organization (WHO) estimated around 800 million people in
the world suffer from anemia, including children, pregnant
women and women in reproductive age5. In Indonesia,
anemia remains one of the significant health problems that
cannot be solved yet, which is shown by the data of the
Indonesian Basic Health Research that estimated around
21.7% of Indonesian people were anemic6. This high
percentage was caused by the low compliance of iron
supplement administration. The consumers reasoned they
dislike the side effects of iron supplementations such as
diarrhea, constipation and the black feces and refused taking
them7.

In order to address this problem, some programs of iron
fortification with a food-based approach need to be pursued2.
These programs are also important to increase the Indonesian
local food utilization. Furthermore, iron fortification has been
shown to be more effective to increase the compliance of iron
consumption in a population8. However, excessive iron
consumption has some negative impacts on pathogen
virulence in the gut9.

Escherichia  coli  and  Staphylococcus  aureus are
common pathogenic bacteria found in the human body. As
the  extracellular  Gram-positive  bacteria,  a  high number of
S. aureus have the ability to gain an access to the underlying
tissues, which can cause severe diseases as well as Escherichia
coli in the gut10,11. Excessive iron may be beneficial for the
colonization of both pathogens12,13. They are able to bind to
the iron, even in a low iron environment by forming a high
affinity iron chelating agent called siderophore14,15.

Tempeh is a local food widely consumed by Indonesian
people. A survey in 2012 stated that the Indonesian people
consumed more than 6 kg of tempeh per year on average16.
Although Indonesian people are fond of tempeh, the raw
tempeh is limited in preparation and shelf life. Conventionally,
the tempeh is fried, boiled or stir fried only. Its shelf life is also
very short, just 48 h, which restricts the utilization of tempeh17.
It is unfortunate since the tempeh is a good source of vitamin
B complexes, folic acid, protein, iron and zinc which are
important for red blood cell formation18. Therefore, to increase
the availability of tempeh for a longer period, a method is
needed to increase the shelf life of tempeh and one of the
examples is by extracting the tempeh. By making the extract,
the   nutritional    value    of    tempeh    can      be   maintained.

Consuming iron-fortified tempeh could also reduce the risk of
diarrhea, the side effect of iron consumption19. Thus, making
new food formulations based on tempeh can be an alternative
to treat and overcome anemia.

A functional food that can be made from tempeh is called
synbiotic fermented milk with tempeh extract. The beverage
is made from tempeh extract and fermented by Lactobacillus
plantarum Dad 13. The product was first developed by
Kandarina et al.20, who conducted a randomized control trial
study to investigate its effect on anemic rats. The previous
study showed the positive effects of synbiotic tempeh extract
with or without iron supplement on body weight and
hemoglobin level of Wistar rats.

Addition of probiotics and prebiotics (synbiotics) in the
milk will add to its nutritional value. The probiotic commonly
used is Lactobacillus plantarum  Dad 13 which is isolated from
the Indonesian local food, dadih, while the prebiotic is using
fructooligosaccharide (FOS) to support the growth of the
probiotic21,22. Fermentation is beneficial to increase the shelf
life and nutrients’ bioavailability, to add favorable texture and
flavor and to maintain gastrointestinal health through the
action of probiotics and prebiotics23. Foods and beverages
that contain probiotics are suggested to have antibacterial
effects against pathogenic bacteria24‒27.

This study is developed from the previous research20. After
the good findings were confirmed in animal trials, further
research is needed to investigate its effect on humans. The
novelty of the present study is the replication and extension
of the trial formulations. The research replicates the previous
study by  using  the  same  sample, synbiotic tempeh extract.
It also  extends  the  findings by modifying the formula
(adding iron fortification) and changing the parameters. This
continuation is very important for analyzing both the safety
and quality of the product before conducting a clinical study
on humans.

Although the synbiotic fermented milk with tempeh
extract  has  the  beneficial  nutrients  for  hemoglobin
improvement, there is a possibility of food contamination
during the production phase that hampers the quality of
synbiotic fermented milk. One of the bacteria that could be an
indicator of food contamination is Enterobacteriaceae28. Large
numbers of Enterobacteriaceae in the product increase the
risk of food-borne pathogens29.

The present study aimed to determine the antibacterial
activity  of iron-fortified synbiotic fermented milk with tempeh
extract  and  to  know  the  possibility  of food contamination
by Enterobacteriaceae.  The  antibacterial  activity  was 
measured against  E.  coli   and  S.  aureus   as   representatives 
of   Gram-positive   and  Gram-negative   bacteria   in  humans.
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Measuring  the  antibacterial  activity  and  total
Enterobacteriaceae is expected to guarantee the health effects
and safety of the synbiotic fermented tempeh product for
human consumption.

MATERIALS AND METHODS

Complete Random Design with the variation of shelf life
and  groups  of  synbiotic  fermented  milk with tempeh
extract as factor variables were used in this study. There were
2 categories of shelf life (0 and 2 weeks) for antibacterial
activity  examination  and  3  categories  of shelf life (0, 2 and
4 weeks) for total Enterobacteriaceae. The study was
conducted in the Microbiology Laboratory of Pusat Antar
Universitas, Universitas Gadjah Mada, Yogyakarta, Indonesia
from September 1st to October 30th 2016 as a part of
undergraduate thesis by Mayasari30 and Wigati31.

Materials: This research uses tempeh called “ATTEMPE” which
is made from a variety of Anjasmoro soybeans, skim milk
“Lactona” and sugar “Gulaku”. They were purchased from a
local market in Yogyakarta, Indonesia. Fructooligosaccharide
(FOS) Orafti P95 was procured from the Beneo Institute of
Indonesia. The strain of Lactobacillus plantarum  Dad 13 used
in this study was obtained from the Food and Nutrition
Culture Collection (FNCC), Centre for Food and Nutrition
Studies, Universitas Gadjah Mada, Indonesia.

Chemicals: This study uses Gallic acid (Sigma Aldric),
phenolphthalein (Merck), sodium hydroxide (Merck) and
ethanol 96%. All chemicals and selective agar media are
analytical grade approved.

Preparation of synbiotic fermented milk with tempeh
extract and iron fortification: The making process of tempeh
extract and fermented tempeh extract followed the
procedures as published by Kandarina et al.20. For tempeh
extract preparation, the fresh tempeh was crushed with the
following procedures: (1) Adding hot water to tempeh in 2:1
ratio, (2) Blending, (3) Heating, (4) Straining, (5) Pouring into
sterile bottles and (6) pasteurizing at 80EC. After the extract
was obtained, it was mixed with skim milk, FOS and sugar.
Then it was pasteurized and fermented using L. plantarum
Dad 13. The synbiotic tempeh extracts were formulated and
categorized  according to the type of iron compound used.
The first group was given FeSO4 50 ppm (SF), the second was
given  NaFeEDTA  50  ppm (SN) and the third was not given
the  fortification  (SK  or control). The samples were made and
stored  for  4  weeks,  2  weeks  and 1 day before analysis. The

product made 1 day before analysis was considered as 0
weeks of shelf life. All analyses were done on the same day to
determine the difference of antibacterial activity and total
Enterobacteriaceae of the synbiotic tempeh extract with and
without iron fortification after the extracts were kept in 4EC for
the several categories of storage period. The formula of
synbiotic milk with tempeh extract and iron fortification is
now in the process of Patent Registration number
P00201802758.

Characterization: Sample characterization was conducted to
understand the basic features of the sample, especially the
acid and phenol content. It was done in both indicators to
identify the concentration of the sources of antibacterial
agents in the sample. Analysis of total phenol was done using
the methods by Slinkard and Singleton32 while the total
titrated acids was quantified using phenolphthalein 1% which
then was converted with the formula developed by the Food
Safety and Standard Authority of India33.

Antibacterial activity measurements: Antibacterial activity
was investigated using the Well Diffusion Method with the
procedure as described by Balouiri et al.34. It is applied to
measure the antibacterial activity of all groups of extracts with
0 and 2 weeks of shelf life. In this method, the agar plate was
inoculated by microbial inoculums over the entire surface.
Then, an approximately 6-8 mm diameter hole was punched
aseptically and a volume of the extract solution was
introduced into the well. After 18-24 h of incubation, the
antimicrobial agent diffuses and inhibits the growth of
bacteria in the plate. The antibacterial activity of the synbiotic
tempeh extract was examined for Escherichia coli as
representative of Gram-negative and Staphylococcus aureus
as representative of Gram-positive bacteria commonly found
in the human body.

The three study groups were compared with a standard
antibiotic, ciprofloxacin. Ciprofloxacin is a broad spectrum
antimicrobial agent for oral consumption, meaning it is
sensitive towards Gram-positive and Gram-negative bacteria35.
The comparison was important to know the difference
between the antibacterial activity of synbiotic fermented milk
with tempeh extract and the standard antibiotic.

Total   Enterobacteriaceae   enumeration:  The
Enterobacteriaceae were counted using the Total Plate Count
Method with the Pour Plate Technique which followed the
procedure developed by the Food Safety and Standard
Authority of India33. The selective agar medium, MacConkey
Agar (Oxoid) was used specifically for Gram-negative and
lactose-fermenting  bacteria. Its  isolation  action   works  after
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being incubated in 35-37EC for 18-24 h and is marked by pink
to red color for lactose-fermenting colonies and colorless for
non-lactose-fermenting colonies27,36. Since the agar medium
was used in isolation, the method may have some limitations.
The cells often showed as clumps, clusters, chains and were
not distributed very well which made it hard to count the
microbial cells. To avoid miscalculation of the cells, the
Quebec Colony Counter was used. In spite of the limitations,
the procedure was considerably cheap and simple. The
samples of the milk were stored for 0, 2 and 4 weeks before
analysis.

Statistical analysis: All data-sets went through coding,
editing and cleaning phases to ensure the data quality.
Statistical analyses were performed in SPSS 19. For
multivariate analyses, the antibacterial activity and total
Enterobacteriaceae between the study groups were compared
using the One-Way ANOVA test, while to compare the
differences between two or three categories of shelf life in one
group of the milk, the Paired t-test or the Repeated ANOVA
tests were performed. The confidence interval was set at 95%
with the significant value if p<0.05.

RESULTS

Characterization: The characteristics of the sample were
determined using total phenol and total titrated acid
measurements as shown in Table 1. Total titrated acid of the
samples was almost the same in all groups (p>0.05) while the
total phenol was significantly different between the SN and SF
groups (p<0.05) but not different with the control. This result
suggested that the addition of iron does not alter the
concentration of acid and phenol of the synbiotic fermented
milk with tempeh extracts.

Antibacterial activity: As seen in Fig. 1, the zone of inhibition
was measured by the diameter of the clear zone around the
well. The sharpness of the inhibition diameter differed
between antibacterial activity against E. coli  and S. aureus.
The   inhibition   diameter   of   antibacterial   activity   against
S. aureus was sharper and clearer than that of antibacterial
activity against  E.  coli.  It  could  be assumed that the
antibacterial activity of synbiotic fermented milk with tempeh
extract is stronger against Gram-positive bacteria.

As presented in Table 2 and 3, there was no difference
between the antibacterial activity of SN, SF and control
groups.  The  significant  difference  only happened between
the  samples  either   with   or   without   fortification   and  the

Table 1: Characterization of synbiotic fermented milk with tempeh extract
Samples Total titrated acid (%) Total phenol (ppm)
SF 3.8±0.3a 151.7±2.1a

SN 4.1±0.5a 167.6±1.1b

SK 3.6±0.0a 162.3±3.2a,b

p 0.60 0.01
One-way  ANOVA,  p<0.05  data  shown as mean±standard deviation (SD),
a,bsame  superscript  letter  in the same column means no significant difference
SF:  Synbiotic   fermented   milk  with  tempeh  extract  and  FeSO4 fortification,
SN: Synbiotic fermented milk with tempeh extract and NaFeEDTA fortification,
SK: Synbiotic fermented milk with tempeh extract without fortification/control

Table 2: Antibacterial activity against Staphylococcus aureus (mm)
Shelf life
------------------------------------------------

Samples Week-0 Week-2 P2

SF 12.3±1.5a 17.9±2.5a 0.01
SN 13.8±2.0a 16.7±3.4a 0.13
SK 15.2±2.0a 15.5±2.4a 0.85
SC 27.3±2.7b 25.3±1.8c 0.19
P1 <0.001 <0.001
P2: Paired t-test, p<0.05,  data  shown  as  Mean±standard  deviation  (SD),
a,bsame  superscript  letter in the same column means no significant difference,
SF:  Synbiotic  fermented  milk  with  tempeh  extract  and  FeSO4  fortification,
SN: Synbiotic fermented milk with tempeh extract and NaFeEDTA fortification,
SK: Synbiotic fermented milk with tempeh extract without fortification/control,
SC: Ciprofloxacin antibiotic

Table 3: Antibacterial activity against Escherichia coli  (mm)
Shelf life
------------------------------------------------

Samples Week-0 Week-2 P2

SF 15.7±2.1a 12.0±2.4a 0.05
SN 15.8±1.2a 15.8±1.5b,c 1.00
SK 15.5±1.4a 13.2±0.7a,b 0.02
SC 24.2±1.5b 17.7±1.9c <0.001
P1 <0.001 <0.001
P1: One-Way ANOVA, P2: Paired t-test, p<0.05, data shown as mean±standard
deviation (SD), a,bsame superscript letter in the same column means no
significant difference, SF: Synbiotic fermented milk with tempeh extract and
FeSO4 fortification, SN: Synbiotic fermented milk with tempeh extract and
NaFeEDTA fortification, SK: Synbiotic fermented milk with tempeh extract
without fortification/control

ciprofloxacin group, with the antibacterial activity of
ciprofloxacin group results higher (p<0.001). Although the
antibacterial activity of synbiotic fermented milk with tempeh
extract was lower, the result suggested that the addition of
iron fortification does not affect the antibacterial activity
significantly.

Total number of Enterobacteriaceae: The present study
suggested that there was a declining trend of total
Enterobacteriaceae when the shelf life was longer as shown in
Table 4. The significant difference appeared in the total
Enterobacteriaceae of the SN group between the extracts
stored  for  0 and 4 weeks and between the extracts stored for
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Fig. 1(a-b): Antibacterial activity measurements of synbiotic
fermented milk with tempeh extract and
NaFeEDTA fortification
A:  Antibacterial    activity     towards     Staphylococcus   aureus,
B: Antibacterial activity towards Escherichia coli,  r:  Diameter of
inhibition zone

2 weeks and 4 weeks (p<0.05). Meanwhile, when the study
groups were compared, the significant difference only
occurred in samples with week 0 of shelf life (p<0.05).
Although there was a statistical difference in total
Enterobacteriaceae  in  samples  with   week 0   of  shelf life
and in SN group, the  number  of  Enterobacteriaceae
remained  high.  In  week-0  of  shelf life, the lowest total
number  of  Enterobacteriaceae  was in the SN group
(2.26×108 CFU mLG1) while after 4 weeks of storage the
number   of    Enterobacteriaceae   in   the   SF   group  reached

Table 4: Total Enterobacteriaceae of synbiotic fermented milk with tempeh
extract and Iron fortification (CFU mLG1)

Shelf life
---------------------------------------------------------------------

Samples Week-0 Week-2 Week-4 P2

SF 3.04×108b 3.06×107a,b 2.6×106a 0.263
SN 2.26×108b 1.45×106b* Est. <1×103a* 0.020
SK 1.065×109a 7.55×107a Est. <1×103a* 0.067
P1 0.012 0.034 0.130
P1: One-Way  ANOVA,  P2:  Repeated  ANOVA,  p<0.05,  data shown as
mean±standard deviation (SD), a,bsame superscript letter in the same column
means no significant difference, SF: Synbiotic fermented milk with tempeh
extract and FeSO4  fortification, SN: Synbiotic fermented milk with tempeh
extract and NaFeEDTA fortification, SK: Synbiotic fermented milk with tempeh
extract without fortification/control

2.6×106  CFU  mLG1,  much  higher than the other groups
which were estimated lower than 1×103 CFU mLG1.

DISCUSSION

The present study is a part of a larger research about the
utilization of tempeh, an Indonesian functional food to treat
and overcome anemia. The first stage of the study was
conducted by Kandarina et al.20 by developing the synbiotic
tempeh extract and investigating its effect on anemic Wistar
rats. The second stage of the study was done to investigate
the quality and safety of the product which is important
before the 3rd stage research is conducted. The third stage of
study is planned to analyze the effect of synbiotic tempeh
extract with iron fortification on anemia through a human trial.
This research, the second stage of the extended study,
revealed that phenol and acids exist in the synbiotic
fermented milk with tempeh extracts with a similar amount.
Although the difference between total phenol of the SN and
SF groups was statistically significant, it was not different with
that of the SK group. This result suggested that the addition of
iron did not affect the quantity of the phenol and acid
compounds of the milk.

Phenols and acids are types of antibacterial agents
contained in some foods or beverages. In this research, the
formation of phenolic and acidic compounds could be due to
the activity of Lactobacillus plantarum Dad 13. A study by
Fitrotin et al.37 stated that L. plantarum  Dad 13 has the ability
to produce antibacterial agents after the incubation for 24 h.
The lactic acid bacteria  will  produce  ferulic acid reductase
and  vinyl  phenol  reductase  and  then degrade the
hydroxycinnamic acid which leads to higher quantity of total
phenol in the sample38,39.

The clear zone that formed around the well diffusion
confirmed  the  inhibition effect of the antibacterial agents of
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the sample against Escherichia coli and Staphylococcus
aureus. The bactericidal effect of lactic acid or phenol has
been proved by several studies23,38,40. It is possible that the
lactic acid will lower the pH environment, while the phenol
disrupts the cell membrane formation, breaking down the
permeability of the membrane itself causing the envelope of
the cells to lysis41.

The  results  of the present study showed that the
addition of iron fortification does not affect the antibacterial
activity of synbiotic fermented milk with tempeh extract
towards E. coli  and S. aureus. Moreover, in the longer shelf life,
the antibacterial activity of the sample also increased.

Based on the categorization by Davis and Stout42, the
length of the inhibition zone can be a determinant of the
antibacterial activity towards certain bacteria. The SN, SF and
SK groups are included in the strong category against E. coli
and S. aureus  since the length of inhibition diameter is longer
than 10 mm. Milk is known for having several antibacterial
agents that inhibit the activity of pathogens43. The studies
about isolated products from goat and camel’s milk also
suggested strong antibacterial activity in the samples, which
were proved by the inhibition diameter that ranged24,25

between 13-30 mm.
Haynes and Playne44 mentioned that the antibacterial

activity of a product depended on the temperature, pH,
storage period, total number of probiotic, oxygen and
bacteriocin  concentration.  The  present  study  showed
higher concentration of total  titrated  acids  and  total  phenol
in samples  with  a  longer  shelf  life.  It  was supported by
Cabrita et al.39 and Ray45 which stated that fermentation
products contain antibacterial compounds such as plantaricin,
phenol and lactic acid to combat pathogenic bacteria in the
gut. A total of 15 lactic acid bacteria from Lactobacillus genus
which were isolated from goat milk are proved to inhibit the
growth  of  B.  cereus,  B.  subtilis,  E.  faecalis, E. coli O157:H7,
E. coli  V517 and S. typhi24. Lactobacillus sp. which is
commonly used in food fermentation is able to produce
bacteriocins, hydrogen peroxide (H2O2), carbon dioxide and
diacetyl46.  The components will penetrate into the pathogen’s
cytoplasm and destroy the intracellular activity. In the samples
with longer shelf life, the diameter inhibition will spread since
the amounts of lactic acid, phenolic compounds, acetic acid,
hydrogen peroxide, diacetyl and bacteriocins increase.

According to some studies, iron is an important nutrient
to support a pathogen’s vitality which leads to lower
antibacterial activity of the product12,13,47. However, the
present study showed the opposite results. Antibacterial
activity of the SF group against S. aureus was higher than that
in the SN and SK groups although the antibacterial activity of

the  SF  group against E. coli  was lower. Type and
characteristic of the iron bond used in fortification affects the
pathogen ability to use the iron. In NaFeEDTA forms, the iron
is strongly bound to the EDTA compound in low pH
environment thus the pathogens cannot use the iron to aid in
their proliferation48. It is predicted to be the reason why the
antibacterial activity of the SN and SK groups was almost the
same. A study by Mirdalisa et al.49 suggested that fermented
milk produced several antibacterial agents such as lactic acids,
acetic acids, bacteriocins, hydrogen peroxide which inhibit the
growth of E. coli  and S. aureus. On the other hand, the iron
compound in FeSO4 has weak bonds which can easily be
undone48. This characteristic causes Gram-negative bacteria
such as E. coli  to more easily obtain the iron for their virulence
and reduces the antibacterial activity of the SF group.
However, other studies stated that iron exhibits weak
antibacterial  activity.  The  zero-valent iron nanoparticles were
observed  to   have   antimicrobial  activity against E. coli  and
S. aureus50. The research on antibacterial activity of iron oxide
(Fe3O4) nanoparticles against several species of bacteria
showed longer zone of inhibition against Staphylococcus
epidermidis (14±0.44) than Escherichia coli (11.0±0.44)51.

The result of total Enterobacteriaceae enumeration in the
SN, SF and SK groups showed high numbers of the bacteria on
average (>1×105 CFU mLG1). Despite the high numbers of
Enterobacteriaceae, the result also showed that the
Enterobacteriaceae would be reduced in samples with longer
storage periods, supporting the finding of the stronger
antibacterial activity of the samples with the longer period of
shelf life.

Total Enterobacteriaceae examination in foods and
beverages is important to know the possibility of product
contamination30. Enterobacteriaceae refers to a large group of
bacteria related genetically and biochemically. Citrobacter,
Enterobacter, Escherichia, Klebsiella and others are genera
included in Enterobacteriaceae27,39. The presence of
Enterobacteriaceae indicated there might be failures in the
food manufacturing processes such as in the preparation,
making process and post-processing52. Recently the food
industries have moved to identifying the presence of
Enterobacteriaceae beside the Coliform. Different with the
specific regulations of Coliform, Enterobacteriaceae comprises
various types of bacteria, so that further investigation is
needed to detect certain specific bacteria27.

The growth and survival of the Enterobacteriaceae are
depending on the characteristics of the genus or species. The
optimum  temperature for most Enterobacteriaceae species
range between  15-40EC,  while some strains are categorized
as  psychrotrophic  bacteria  which  still  grow  in  0EC.  Several
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thermotolerant strains including E. coli and Klebsiella are
capable to grow51 up to 44EC and the extreme ones can grow
in the temperature27 below -8EC. Heating the products for a
period of time above 60EC or freezing should be enough to
destroy the bacteria27,42. However, the present study showed
the opposite results.

All of the study groups went through several heating
methods and sterilization. In the preparation phase, the
tempeh extract was boiled until above 60EC, the bottle and
lactic acid bacteria culture also were sterilized in the
temperature above 100EC and in the making process, the
samples were heated again to above 70EC. All the heating
methods seem to fail to prevent the growth of
Enterobacteriaceae in the synbiotic fermented milk with
tempeh extract, which suggested post-processing
contamination.

Despite the contamination which is most likely to happen
in post-processing, several studies suggested that microbial
contaminants often grow in fermented products
manufactured from milk or soy. Melkamsew et al.53 revealed
that the presence of Escherichia coli, Klebsiella pneumonia,
Enterobacter aerogenes and Enterobacter cloacae in overall
content of 28.7% are found in Ethiopian Traditional Cheese.
Another  study  about  yogurt  sold  by street vendors in
Nigeria detected the contamination of E. coli  in the value54 of
4.4×105  CFU mLG1.  Westling et al.55 also identified several
microbial contaminants such as Staphylococci, Bacillus cereus,
Hafnia alvei, Escherichia coli and Klebsiella pneumonia
growing  in  soft  cheese made from raw milk in different
values. All the results and previous studies proposed that
Enterobacteriaceae is a good indicator for food contamination.

The present study demonstrates that the antibacterial
activity of the synbiotic fermented milk with tempeh extract
actively reduced the presence of Enterobacteriaceae in the
samples with longer shelf life. The notable difference can be
seen between the SN and SF groups. The sample fortified with
NaFeEDTA had lower number of Enterobacteriaceae than that
fortified with FeSO4. It is possible because the ferric compound
in NaFeEDTA is strongly binding with the EDTA so that the
bacteria could not utilize the iron for their growth56. It was
different with the sample fortified with FeSO4, where the
ferrous compounds have a weak binding complex with its
chelating agent and thus made it easier to undo the bonds57.

There were many causes leading to the decline of
Enterobacteriaceae in the samples with longer shelf life. Firstly,
the synbiotic tempeh extract contains antibacterial agents in
origin. The plantaricin, phenol, acetic acid and lactic acid are
the common forms of antibacterial agents in the sample26. The
concentration of the acids further increased during the longer

shelf  life  as  the  pH  of  the  extracts  reduced.  The
Enterobacteriaceae also has the possibility of acid stress
response failure and thus could not survive in low pH
environment58. The acidic environment also leads to lower
lactose content in the extracts. In the samples with longer
shelf life, it is more difficult for the bacteria to obtain lactose as
their nutrient source, for both Lactobacillus plantarum  Dad 13
and Enterobacteriaceae.

Categorization of the shelf life helps to determine
whether there was an alteration of the antibacterial activity
and total Enterobacteriaceae either due to the iron addition or
the storage itself. Fermented tempeh extract with iron
fortification had been analyzed for its efficacy in hemoglobin
improvement of anemic Wistar rats and the result suggested
a significant improvement compared to the control group31.
Another study conducted by Sudargo et al.59 about NaFeEDTA
fortification on tempeh showed better bioavailability of the
iron and it did not change the sensory properties significantly.

The studies about formulation of novel foods containing
antibacterial agents have been developing rapidly. This type
of study is important since there is an increase of microbial
infection in humans which causes higher risk of morbidity and
mortality60. The present study proposed the broad spectrum
of inhibitory effect of the synbiotic fermented milk with
tempeh extract and iron fortification towards gram-positive
and gram-negative bacteria. It was proved by the ability of the
sample to inhibit the growth of E. coli and S. aureus even
though the bacteria species used in this study was limited.

The well diffusion method conducted in this study
proposes  a  relatively quick and simple method to measure
the antibacterial activity. An in vitro  study is powered for its
ease of culture compared to an in vivo study and is more
economical. This method also prevents the actual human
contamination and confounding factors that can alter the
results although the conclusions cannot be generated as if the
intervention was conducted in human trial34.

The enumeration of Enterobacteriaceae in the product
also supports the result of antibacterial activity measurements.
It proves that the iron-fortified synbiotic fermented milk with
tempeh extract contains antibacterial agents which are
beneficial to prevent the growth of pathogens. However, it is
the present limitation of the study to not investigate and
determine the source of contamination yet. The hazards that
may occur were anticipated by not giving the high dose of
sample with short shelf life to humans.

More research is needed to improve the effectiveness of
iron-fortified synbiotic fermented milk with tempeh extract in
order  to  address  anemia in the future. The identification of
the  source  contamination  is urgently needed to prevent the
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hazards of Enterobacteriaceae or specific bacteria which are
included in the Enterobacteriaceae family. The measurements
of antibacterial activity against other pathogenic bacteria and
in longer categories of shelf life are also needed.

CONCLUSION

Synbiotic fermented milk with tempeh extract contains
antibacterial agents that have the potential to combat either
gram-negative or Gram-positive bacteria. The addition of iron
fortification does not change the antibacterial activity of the
fermented extract but may support the growth of
Enterobacteriaceae, mainly if the fortification is in FeSO4 forms.
Due to the presence of total Enterobacteriaceae, consuming
excessive amounts of synbiotic fermented milk with tempeh
extract with short storage period is discouraged.

SIGNIFICANCE STATEMENT

The study discovered the ability of antibacterial activity of
tempeh in fermented extract form against gram-positive and
gram-negative bacteria. The research showed that the extracts
were able to lower the number of Enterobacteriaceae. These
findings support the previous study and encourage further
research to investigate the effect of synbiotic tempeh extract
with iron fortification in human trials. Synbiotic tempeh
extract with iron fortification has the potential to be a
functional food to treat patients with anemia in the future.
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