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Abstract: Background: Bacterial contamination remains a major problem in mammalian cell culture
because it can alter cell physiology, medium chemistry, and experimental reliability before obvious
turbidity appears. Simple early-warning biochemical markers may help detect contamination
without microscopy, gel electrophoresis, or image-based confirmation.

Aim: This study evaluated whether low-level bacterial contamination in mammalian cell-culture
medium could be detected early using non-image biochemical and spectrophotometric markers.
Methods: Sterile Dulbecco’s Modified Eagle Medium was experimentally exposed to low inocula of
safe laboratory strains, including non-pathogenic Escherichia coli K-12 and Bacillus subtilis. Four
groups were included: sterile control medium, low-level E. coli contamination, low-level B. subtilis
contamination, and mixed bacterial contamination. Medium samples were incubated at 37 °C and
tested at 0, 6, 12, and 24 h. pH, glucose concentration, lactate concentration, conductivity, nitrite,
optical density at 600 nm, and resazurin metabolic activity were measured.

Results: At 12 h, contaminated media showed clear biochemical shifts before strong turbidity was
observed. Mixed contamination reduced pH from 7.42 + 0.03 to 6.78 + 0.05, decreased glucose from
4.50 +0.18 to 2.94 + 0.16 g/L, increased lactate from 0.42 + 0.04 to 1.86 + 0.13 mmol/L, and increased
conductivity from 13.8 + 0.4 to 16.7 + 0.5 mS/cm. Resazurin reduction increased significantly in
contaminated groups, especially in mixed contamination. A combined marker index using pH,
glucose, lactate, and resazurin activity detected contamination earlier than optical density alone.
Conclusion: Low-level bacterial contamination produced measurable biochemical changes in
mammalian culture medium before marked turbidity. This model provides a simple, low-cost
microbiology study based entirely on non-image verification.
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1. Introduction

One of the biggest challenges in mammalian cell culture is microbial contamination
because it lowers the quality of the cell culture and affects the reproducibility of the
experiments and their results. Sometimes microbial contamination is not obvious even if
you look carefully at the cells, and it is of great importance to know how far the cell culture
will go. Both older and newer cell culture contamination literature explain that certain
bacteria and mycoplasmas can affect mammalian cell growth, cell death, cell culture, and
how the cells take in nutrients and expel waste products before culture failure is so
obvious that you can miss it [1], [2]. Even mycoplasma contamination is discussed more
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because mycoplasmas are so hard to see, but it is always of importance to remain aware
of fast-growing cell culture bacteria contamination can very quickly change the cell
culture media properties. It is of great importance that authors still state this [3]. This is
why simple biochemical warning systems are good for cells in laboratories that do not
have the equipment for monitoring contamination.

Culture medium chemistry can yield significant data about the activity of
microorganisms. Bacteria metabolize certain nutrients and secrete metabolites that are
acidic. These metabolites affect redox activity and the ionic composition of the medium.
Glucose and pH were previously noted to be effective rapid measures of bacterial
metabolism of contaminated biological products to demonstrate that simple chemical
changes could be used to show the early stages of microbial growth where complex testing
would be unnecessary [4], [5]. Additionally, calcium lactate metabolism is advantageous
due to the accumulation of calcium lactate in the culture medium as a result of both
microbial and cellular metabolism. Modern studies of cell culture monitoring utilize both
calcium lactate and glucose as significant measures of the status of the culture [6], [7]. The
aforementioned markers are advantageous for simple microbiology studies as their
measurement can be done using readily available colorimetric kits, strip readers, and
microplate assays, in the absence of microscopy and the need for image-dependent post-
processing.

Recent studies indicate increased demand for real-time, non-invasive approaches for
mammalian culture system monitoring. While sensor or optical based approaches for
monitoring changes in culture metabolism, pH, and contamination exist, many require
ancillary equipment [8], [9], [10]. For labs that are not resource rich, a simpler system
based on monitoring pH, glucose, lactate, conductivity, nitrite, optical density metrics and
resazurin may be more feasible. Recently, the use of white light spectroscopy for
monitoring contamination in the culture may be useful in the early stages of the combined
physical measurements and chemical measurements [10]. It is on the basis of the
information presented, that the current study aims at identifying the early detection of
resazurin and other non-imaging based biochemical markers in the presence of peripheral
bacterial contamination of the culture medium of mammalian cells.

2. Materials and Methods
Study design

A stepwise in situ-controlled microbiology study has been envisaged to understand
the precursor biochemical changes that may occur due to the intentional introduction of
low grade bacterial contamination of the culture medium of a mammalian culture system.
The study involved sterile bacterial culture media and safe laboratory cultured bacterial
strains to simulate the mammalian system. The study did not require animals, human
samples, tissue samples, histology, microscopy, gel electrophoresis, or image-based
verification. The study employed the following metrics for measurement in the culture
system: pH, glucose, lactate, and conductivity, nitrite, optical density and resazurin.
Model for Mammalian Cell-Culture Mediums

Dulbecco’s Modified Eagle Medium (DMEM) with high glucose was the choice for
the mammalian culture medium model. DMEM was modified with 10% v/v Fetal Bovine
Serum (FBS) and 1% v/v Penicillin and Streptomycin. This was done to model the bacterial
contamination. Prior to the experiment, the medium was incubated at 37°C. To ensure the
medium was sterile, 1 mL samples were taken and were incubated overnight (24h). After
the incubation period, there was no change in turbidity nor was there any measurable
resazurin reduction.
Models for Bacterial Contamination

To avoid any pathogenic risk, two strains of bacteria were selected: Escherichia coli
K-12 and Bacillus subtilis. These strains of bacteria differentially replicate in culture and
do change their growth patterns in the laboratory. Prior to the experiment, the strains
were cultured overnight in nutrient broth at 37°C. After incubation, the cultures were
diluted with sterile phosphate-buffered saline (PBS) to a low inoculum level. To model
early bacterial slime layer contamination, the final inoculum was set to 102 CFU/mL.
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Experimental groups
Four experimental groups were prepared in sterile 50 mL tubes and incubated at 37
°C:

‘Group ‘ ‘Treatment

‘Sterile control HMammalian culture medium only

‘B. subtilis Contamination“Medium inoculated with low-level B. subtilis

|
|
‘E. coli contamination “Medium inoculated with low-level E. coli K-12 |
|
|

‘Mixed contamination “Medium inoculated with both E. coli K-12 and B. subtilis

Each group was prepared in six replicates. Samples were collected at 0, 6, 12, and 24

h.
pH measurement

Calibration for the digital pH meter was conducted using pH 4.0, 7.0, and 10.0
standards before the pH of each medium sample was recorded. The electrode was cleaned
using sterile distilled water after each sample. The pH reflected the direct result of
acidification by the bacterial metabolism.
Glucose assay

Measuring glucose concentration was done with the use of a glucose oxidase
colorimetric assay kit to determine the culture-medium sample concentration. Glucose
concentration in the sample was calculated from the standard curve and expressed in g/L,
after measuring the absorbance using a microplate reader at a wavelength of 505 nm. The
glucose concentration of the sample was determined to be a result of the contaminating
bacteria utilizing the nutrients.
Lactate assay

The concentration of lactate was determined by the use of a colorimetric lactate assay
kit. The samples for assay were centrifuged to remove suspended bacteria. The reaction
mixture was made with accordance to the required protocols. Absorbance was measured
at 570 nm for the reaction. The concentration of lactate was determined to be the result of
the standard curve and expressed in mmol/L.
Conductivity measurement

The measurement of the electrical conductivity of the medium was done using a
calibrated conductivity meter and the results were expressed in mS/cm. Conductivity
measurements were important because the growth and metabolic activity of the bacteria
may alter the ionic composition and charged metabolites in the medium.
Nitrite assay

Using the Griess reaction, the concentration of Nitrate was measured. The sample and
Griess reagent were placed in equal volumetric portions in a 96 well-plate and were left
to incubation at room temperature for 10 minutes. The absorbance at 540 nm was
recorded. The concentration of nitrite was calculated from the standard curve of sodium
nitrite and the results were expressed in umol/L.
Measurement of Optical Density

To evaluate optical density, a reading was performed using a microplate reader at 600
nm. This was used as a classical turbidity marker. Nonetheless, the objective of the work
was to assess the potential of the biochemical marker to signal the first instances of
contamination, prior to the marked changes in optical density.
Resazurin Metabolic Activity Assay

Resazurin reagent was added to each of the samples of the medium and incubated at
37 degrees Celsius for 60 minutes, where fluorescence was measured using the 560/590
nm. The reduction of Resazurin was quantified in terms of relative fluorescence units. This
assay was performed as a non-imaging method for the indicator of microbe to metabolic
activity.
Early Contamination Index

An early contamination index was calculated using four normalized markers: pH
decrease, glucose depletion, lactate increase, and resazurin increase. Each marker was

Central Asian Journal of Medical and Natural Science 2026, 7(3), 307-314 https://cajmns.casjournal.org/index.php/CAJMNS



310

converted into a percentage change compared to a sterile control medium at the same time
point. The final index was calculated as the mean of the four marker changes. A stronger
index indicated stronger biochemical evidence of contamination.
Statistical analysis

The data was reported as mean + standard error. A one-way analysis of variance,
followed by Tukey’s post-hoc test, was performed. A repeated-measures analysis was
used to determine changes across time. The pH, glucose, lactate, conductivity, nitrite,
optical density, and resazurin activity were analyzed using Pearson’s correlation to
determine the association among variables. Statistically, significance was defined as p <
0.05.

3. Results and Discussion

Results
pH decreased before significant turbidity appeared

At 0 h, all groups had similar pH values. At 6 h, the mixed contamination group
experienced pH reduction, while at 12 h, the sterile control held stable at 7.42 + 0.03. In
contrast, E. coli, B. subtilis, and mixed contamination groups recorded pH values of 7.05
+0.04,7.16 £ 0.04, and 6.78 + 0.05, respectively. After 24 h, the mixed group reached a pH
of 6.32 + 0.07. A reduction in pH was noticed before the shift in turbidity was detected,
which denoted a preliminary indicator of the metabolic activities of bacteria. The data are
shown in Table 1.
Contaminated media showed early signs of glucose reduction

In the control sterile media, there was no change to glucose concentration, which held
constant through the entire study duration. However, at 12 h, sterile control media had a
glucose concentration of 4.42 + 0.17 g/L, E. coli had 3.35 + 0.14 g/L, B. subtilis had 3.62 +
0.15 g/L, and the mixed contamination group showed a concentration of 2.94 + 0.16 g/L.
The reductions of glucose concentrations at 24 h in the groups relative to the sterile control
was to a greater extent in the mixed contamination group. These observations indicate,
glucose reduction is an early contamination indicator. The data are shown in Table 2.
Media that experienced contamination showed increased levels of lactate

The levels of lactate increased with the levels of contamination in the growth media.
After 12 h, the sterile control medium contained 0.42 + 0.04 mmol/L of lactate. On the other
hand, levels of lactate were 1.34 + 0.10, 1.08 + 0.09, and 1.86 + 0.13 mmol/L for the E. coli,
B. subtilis, and mixed contamination groups, respectively. The mixed contamination
groups reached the highest levels of lactate reaching 3.42 + 0.21 mmol/L after 24 h. Please
refer to Table 3 for more information.
Increased lactate, conductivity, and nitrite levels were all indicate some form of
bacterial contamination

After bacterial contamination, all media groups experience increasing levels of
conductivity after the 12h mark. After 12h the sterile control media group had a
conductivity of 13.8 + 0.4 mS/cm and the mixed contamination group reached a
conductivity of 16.7 + 0.5 mS/cm. Additionally, levels of nitrites increased with bacterial
contamination. After 12h the mixed contamination group contained 12.8 + 1.1 pmol/L of
nitrite, which increased to 25.6 + 1.9 umol/L after 24h. Please refer to Table 4 for more
information.
Contamination was detected earlier with resazurin activity than by using optical
density

The optical density at 600 nm remained low and only showed slight changes after 6
and 12 hours of bacterial contamination. On the contrary, the fluorescence of resazurin
increased significantly in contaminated media after 6 and 12 hours. After 12 hours the
fluorescence increased in the sterile control to 1.00 + 0.06 and to 2.74 + 0.18 in the mixed
contamination media. Thereby, resazurin activity clearly correlates to the cultivation of
bacteria and is a better measurement for the metabolic activity of bacteria than optical
density. Please refer to Table 5 for more information.
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The synergy of biochemical markers enabled earlier detection of contamination

The early contamination index across all groups in sterile control medium was
consistently low. In the E. coli group, the index grew to 38.4 + 3.2% incidence; in the B.
subtilis group, to 31.7 + 2.8%, while for the mixed contamination group, incidence grew
to 57.6 £ 4.1% at 12 h. The index became even more pronounced by 24 h. These
experiments indicated that the integration of multiple biochemical markers was more
effective for early detection of contamination than individual markers. This is shown in
Table 6.

Table 1. Time-dependent pH changes in mammalian cell-culture medium after low-
level bacterial contamination

Group lon l6 [12h 24 h |
[Sterile control [743+0.03]742+008 |742+008 |[739+004 |
IE. coli K-12 [7.42+0.04]728+0.04 |[7.05+0.04 |l6.61+0.06% |
IB. subtilis [7.43+0.03]7.31+005 |[716+0.04* |78 +0.06 |
[Mixed contamination  [7.42+0.04]7.14+0.05* |6.78+0.05* |6.32+ 007 |

*P <0.05, **P < 0.01, **P < 0.001 compared with sterile control at the same time point.

Table 2. Glucose concentration in mammalian cell-culture medium after contamination

[Group bh@En Joh@n Jizh@n  |pan@n |
[Sterile control l450+0.18]446 +0.17 [442+017  |436:0.16 |
[E. coli K-12 l448+0.17]401£0.16 [3.35+0.14 |2.12+0.13
IB. subtilis l451+0.18]4.18 +0.15 [3.62+0.15*  |2.58 +0.14*%*
[Mixed contamination 1449+ 017|372 £ 0.14* [2.94 £ 016 |1.34 + 0.1

*P <0.05, **P < 0.01, **P < 0.001 compared with sterile control at the same time point.

Table 3. Lactate accumulation in mammalian cell-culture medium after low-level
bacterial contamination

Group 0 h (mmol/L) (6mm01 e h 12 h (mmol/L) |24 h (mmol/L)

[Sterile control l039+0.03 J040:004 042+004 oad+005 |
[E. coli K-12 lo40+0.04 J072£006 1342010 |P65+0.18% |
IB. subtilis 0394003 J0.61£005 [[1.08+0.09¢ |R12+0.16% |
Mixed contamination 0.41+0.04  [l096+0.07* [[1.860.13** [342+ 021 |

*P <0.05, **P < 0.01, **P < 0.001 compared with sterile control at the same time point.

Table 4. Conductivity and nitrite changes after 12 and 24 h of contamination

Group Conductivity | Conductivity 24|{|Nitrite 12 h||Nitrite 24 h
12 h (mS/cm) ||h (mS/cm) (umol/L) (umol/L)
[Sterile control [13.8 + 0.4 1.9+ 0.4 32204 B5:05 |
[E. coli K-12 [15.6+04~  |184x06% [o7:08*  |19.421.6%
IB. subtilis [151+04*  J1i72205%  |78:07* 157514 |
[Mixed contamination|[16.7 £ 05 [203+07  [128+ 1.1 [25.6+1.9% |

*P < 0.05, **P < 0.01, ***P < 0.001 compared with sterile control at the same time point.
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Table 5. Optical density and resazurin activity after bacterial contamination

Group OD600 at 6 h||OD600 at 12 h ﬁ;‘:'?z“;i“ ﬁ;ﬁ;zl‘;}ll“

[Sterile control 005+001 [0.06+001 [1.00+005 |1.00£006 |
[E. coli K-12 l0.06+0.01 Jo.14+002¢ |148+0.10¢ |R16+0.15% |
IB. subtilis l005+0.01 Jo12+002 |134+009 |l1.88+0.13* |
Mixed contamination]0.07 +0.01  [[0.19+0.03 |1.82+0.12* |2.74+0.18* |

*P <0.05, **P < 0.01, **P < 0.001 compared with sterile control at the same time point.

Table 6. Early contamination index based on pH, glucose, lactate, and resazurin activity

Group |6 hindex (%) |12 hindex (%) |24 h index (%) |
[Sterile control 2105 2.6+0.6 34+07 |
IE. coli K-12 [187+19*  |B84+32% |689+46m |
IB. subtilis 143+ 16 Bl7+28%  |s64:42v% |
[Mixed contamination 76124~ 576441  |8o.7:53% |

*P <0.05, **P < 0.01, **P < 0.001 compared with sterile control at the same time point.

Table 7. Pearson correlation matrix among biochemical contamination markers at 12 h

Variable pH Glucose||Lactate |Conductivity|Nitrite ﬁ;ﬁzurin OD600
lpH oo Jogs |-097 |-0.95 093 |09  |-089 |
Glucose ~ J0.96 |[1.oo  [-098 [-0.96 094|097 |01 |
Lactate  |-097 |-098 [1oo  [o.97 loos  o.98 loo2 |
Conductivity[-095 ]|-0.96 J0.97  [1.00 loos .95 oo |
Nitrite  [-093 ]l-0.94 Jo95  [0.96 oo lo.o4 loss |
Resazurin

REL 096 |[-0.97 [098  [0.95 094  (1.00 0.91
lopeoo |09 Jlo.91  Jo.o2 0.0 logs  Jo.o1 oo |

RFU: relative fluorescence units; OD600: optical density at 600 nm.

Discussion

Here, low-level bacterial contamination was able to produce a measurable influence
on the mammalian cell-culture medium biochemistry even when turbidity had not yet
begun to form and was at its preliminary stage. The faster noticeable changes were the pH
decrease, glucose loss, accumulation of lactate, and the increase of resazurin reduction.
These changes were consistent with the studies of contamination and pointed toward the
fact that microbial contaminants change the conditions of the cell-culture medium and the
reliability of experiments, even in the absence of unambiguous signs of cell-culture
medium spoilage [1], [11]. Intentional contamination of mammalian cell systems had also
induced similar metabolic changes [2]. Thus, the changes became apparent in the
contaminants and the culture deteriorating growth and viability, the changes in nutrient,
oxygen, and lactate production, and the changes in the metabolic waste. The current study
also corroborated the proposition that although visual changes in the medium may serve
as indicators of contamination, biochemical changes may serve as better indicators.

The drop in glucose and the rise in lactate are noteworthy here. Bacterial contaminants
eat up nutrients in the medium and secrete metabolites. That is why, in the case of mixed
contamination, glucose dropped, and lactate increased. Previous studies on contaminated
platelet products noted that glucose and pH are good markers of bacterial metabolism [4].
Subsequently, similar screening techniques using glucose and pH as markers of bacterial
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