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Article History Abstract − Citrobacter freundii bacteria were grown in LB medium containing cadmium ion. In order to reduce 

adverse effect caused by cadmium, different concentrations of vitamin C, were added to the growth medium. While 

the concentration of bacteria grown was determined by spectrophotometer, the amounts of water and fat-soluble 

vitamins were also determined by HPLC. The cadmium concentration varied from 0 (control), to 10, 20, 40, 60, 75, 

100, 125 ppm in LB growth medium. The effect of cadmium has not been observed on the growth of bacteria, up to 

40 ppm, on the other hand no significant microorganism growth was observed over 150 ppm cadmium. Significant 

change of bacteria concentration was observed in the medium containing 75, 100 and 125 ppm Cd. Microorganism 

concentrations decreased 18.8, 40.5 and 45.5 percent in the growth medium containing 75, 100 and 125 ppm Cad-

mium respectively. With the addition of 75 ppm vitamin C to the same growth medium, microorganism concentra-

tion was decreased about 2.0, 28.0 and 31.0 percent, respectively compared to the control. In addition, fat and 

water-soluble vitamins in bacteria grown in cadmium-containing medium was decreased in comparison to the 

control (p<0.05). With the addition of 25, 50 and 75 ppm vitamin C to cadmium-containing medium, fat and water 

soluble vitamin concentrations were increased. As a result, it can be said that the negative effects of cadmium on 

bacterial growth and vitamin content can be reversed by the addition of vitamin C in to the growth medium of 

bacteria.  
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1. Introduction  

Bacteria is a microscopic single-cell species that prosper in a number of medium, such as soil, water, in-

side gut. Bacteria may be grouped on the basis of cell structure, cell metabolism or cell component variations 

like structure of DNA, fatty acids, pigments and antigens. Bacteria often give us a hand of support in various 

occasions such as conversion of milk to yogurt or helping with our digestion. As only bacteria and some 

archaea have the genes and enzymes required for synthesizing vitamin B12 also known as cobalamin and 

supplying it via the food chain almost all animal life depends on bacteria for survival (Fang et al. 2017). Bac-

teria have a remarkable ability to breakdown a number of organic compounds and have been used in the pro-

duction and bioremediation of waste. Bacteria also used to remove oil spills to digest the hydrocarbons 

(Cohen, 2002). C. freundii is a member of the Enterobacteriaceae family which is gram-negative bacterium 

(O'Hara et al. 1997), that is a soil microorganism, may also be seen in other places such as food intestinal 

tracts and sanitation (Wang et al. 2000). Even though C. freundii is a bacterial pathogen, also plays a big part 
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in the environment's nitrogen cycle, which is responsible for environmental reduction of nitrate to nitrite 

(Puchenkova, 1996). Heavy metals are toxic to living things even at low concentrations (Banfalvi, 2011). 

Cadmium is a heavy metal that has a substantial environmental and functional effect (Paschal et al. 2000).  In 

biological systems, cellular organs and components such as cell membranes, mitochondria, lysosomes, endo-

plasmic reticulum, nuclei, certain metabolic enzymes, detoxification and cell damage repair have been doc-

umented to be impaired by heavy metals. Metal ions interact with components in cells, including DNA and 

nuclear proteins, causing damage to DNA and then altering conformation (Beyersmann & Hartwig, 2008). 

Cadmium induces cytotoxic effects in an in vitro experiment at concentrations 0.1 to 10 mM and the free 

radical damage to DNA. Vitamins perform regulatory functions in the living system rather than being a part 

of compounds. In this respect, they are similar to hormones and play a catalyst role in metabolic events. Vit-

amins help the efficient use of nutrients in energy generation (Kennedy, 2016). Vitamin C is effective in the 

release of some hormones in case of stress and has a strong antioxidant effect (Devaki & Raveendran, 2017). 

Bacteria are the microorganisms with the highest number and mass on earth. Bacteria are used in the synthe-

sis of many drugs used in the health industry because they use cheap renewable resources to multiply, their 

ability to reproduce at a high rate, and they can be modified due to their simple structure. In addition, it pro-

vides a great advantage in terms of medical research, as they have many common features with other living 

things. For the stated reasons, C. freundii (NRRL B-2643) was preferred in the study. The aim of this study 

is to investigate the effect of cadmium together with the counter effect of vitamin C on the growth and vita-

min contents of C. freundii.  

2. Materials and Methods  

2.1. Material 

In this study, Citrobacter freundii (NRRL B-2643) grown in LB medium (10.0 g peptone, 5.0 g Yeast 

extract and 10.0 g NaCl per liter) was used. C. freundii available in our laboratory was used. All chemicals 

used in the study are of analytical purity and were obtained from Sigma-Merck. 

The following groups were studied;  

1. Control: C. freundii was added to sterile LB medium. 

2. Cadmium group: Different amounts of cadmium chloride were added to the control group. 

3. Vitamin C group: Different amounts vitamin C solution was added to the cadmium group. 

After inoculation, it was incubated at 37 °C with 150 rpm, for 18 hours in an orbital shaker (Selecta Rotabit, 

Spain). At the end of the incubation period, the concentration of bacteria was determined by reading the 

absorbance at 600 nm with spectrophotometer (CHEBIOS s.r.l. Italy)  

Then growth medium centrifuged at 8000 rpm, 10 ºC for 10 minutes, (Nüve NF 800 R Türkiye) the 

precipitated cells were washed twice with distilled water, and centrifuged again and used in further 

processing. 

2.2. Determination of fat soluble vitamins 

6.0 mL ethanol was added to the known of amount of bacteria and vortexed. Then, the bacteria solution 

was sonicated (Wise Clean, WUC-AO3H, 170 W) in ice water bath, 10 times each for 30 seconds. After that 

it was centrifuged at 8000 rpm for 10 minutes, then 1.0 mL of n-hexane was added to each tube and centri-

fuged again for 6 minutes, the n-hexane phase was taken into the glass tube and this process was repeated 

twice. The hexane was removed under vacuum at 30 °C and 1.0 mL of methanol was added to solve vitamins 

and transferred to HPLC vials for analysis. Methanol-acetonitrile-water (33:63:4 v/v) was used as mobile 

phase (ODS-2 column, 25 cm, 4.6 mm ID, 5 μm) (Miller et al. 1984; Ibrahim et al. 2017).   
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2.3. Determination of water soluble vitamins 

The known amount of microorganism taken and 3.0 mL of distilled water was added and vortexed. The 

mixture was sonicated 10 times in ice-water bath for 30 seconds each. Then, 1.0 mL of 0.5 M HClO4 added 

and vortexed, the mixture were centrifuged at 8000 rpm for 10 minutes. The supernatant was taken into vials 

and analysed by HPLC. Analyses of water soluble vitamins determined according to (Amidžić et al. 2005 

and Ibrahim et al. 2017) using Supelcosil LC-18-DB column (150 mm x 4.6 mm ID, 5 µm), methanol, 5 mM 

heptanesulfonic acid sodium salt in 0.1% trimethylamine (25:75 v/v), pH 2.8 as mobile phase.  

2.4. Statistical Analysis 

All measurements were triplicated and results were subjected to statistical analysis by SPSS 10.0 and 

significance was expressed as p<0.05. 

3. Results and Discussion 

C. freundii was grown in the presence of 0 (Control), 10, 20, 40, 60, 75, 100 and 125 ppm cadmium in 

LB medium. It was observed that, C. freundii concentration was not effected significantly by the addition of 

cadmium up to 40 ppm when compared to the control (p>0.05). Addition of cadmium to the LB growth 

medium at 75, 100 and 125 ppm reduced the concentration of C. freundii to about 18.8, 40.5 and 45.5 

percent respectively to the control. No significant microorganism growth was observed in cadmium 

concentrations higher than 150 ppm (Figure 1).  

 

Figure 1. C. freundii concentrations at varying cadmium concentration 

In the study conducted by Yiğit et al. (2013) it was reported that the growth rate of Lactobacillus brevis 

started to decrease more than 35 ppm cadmium. It has been demonstrated that 100 ppm cadmium concentra-

tion has a negative effect on the growth of B. mucilaginosus and A. niger microorganisms (Monballiu et al. 

2015). The decrease in microorganism concentration may be due to the toxic effect of cadmium in the cell, 

which effects many metabolic activities including protein synthesis (Çınar, 2003).  

To observe the counter effect of cadmium, various concentrations of vitamin C were added to the growth 

medium containing 75, 100 and 125 ppm cadmium. Vitamin C has a role in tissue repair, protein formation, 

inactivation of toxic metals and protection of other vitamins (such as A and E), DNA from the harmful ef-

fects of oxidation (Hamza, 2017). In a study conducted by Sahiti et al. (2020), it was reported that vitamin C 

reduced the heavy metal accumulation in the tissues. Due to these properties of vitamin C, various concentra-

tions of vitamin C (25, 50 and 75 ppm) were added to the LB medium containing cadmium, in order to re-

duce the negative effect of cadmium. The concentration of microorganisms in the control (4.37 g dw/L) in-

creased the to 4.64, 4.77 and 4.82 g dw/L, with the addition of vitamin C, 25, 50 and 75 ppm respectively. 

It can be seen from the results that, the negative effect of cadmium decreased due to the increase in the vita-

min C concentration added to the growth LB medium (Figure 2). As can be seen in Figure 2, 75 ppm vitamin 
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C added to the growth medium containing 100 ppm cadmium, the bacteria concentration increased from 2.60 

to 3.04 g dw/L. 

It has been reported that vitamin C is one of the effective factors in reducing the toxicity of cadmium (Fox et 

al., 1980). Vitamins, which have different biochemical functions, are organic compounds that are needed in 

small amounts for the proper functioning of metabolism. They are divided into two groups, fat and water-

soluble. Retinoids are essential compounds for vision, reproduction, growth and strength of epithelial tissue. 

Carotenoids are powerful antioxidants against radical attacks as they pre-vent radicals formed during lipid 

peroxidation (Gutteridge &Halliwell, 1988). 

 

 

Figure 2. C. freundii concentrations at varying cadmium concentration with addition of vitamin C. 

Vitamin E is an important in protecting unsaturated fatty acids in the cell membrane against the oxidation of 

free radicals. By saturating peroxides and hydroperoxides with hydrogen ions, it reduces the activity of per-

oxide radicals and inhibits the formation of auto-oxidation (Ognjanovic et al. 2003). The experimental results 

showed that a significant amount of vitamin A, E and β-carotene were decrease in the microorganism de-

pending on the cadmium concentration added to the growth medium (p <0.05) (Figure 3,4,5). The loss of 

vitamin A, E and β-carotene in the C. fruendii 75 ppm cadmium in the LB medium was found to be 48, 45 

and 41 percent, respectively, on the other hand, addition of 125 ppm cadmium in to the LB growth medium, 

increased the vitamin loss to 71, 55 and 49 percent, respectively (Figure 3,4,5). Addition of vitamin C to the 

growth medium containing cadmium reduced the fat-soluble vitamin losses in the microorganism. The 

amount of reduction in vitamin losses was found to be depend on the added vitamin C concentration to the 

medium (Figure 3,4,5). When vitamin A, E and β-carotene concentration compared in the microorganism 

with and without addition of 75 ppm vitamin C to the LB medium containing 75 ppm cadmium, it was ob-

served the increase of these compounds in the microorganism 0.30, 0.96 and 0.11 µg/g dw, respectively. 
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Figure 3. Effect of cadmium and vitamin C on the level of vitamin A in C. freundii. 

 

 

Figure 4. Effect of cadmium and vitamin C on the level of vitamin E in C. freundii. 

 

 

Figure 5. Effect of cadmium and vitamin C on the level of Beta-carotene in C. freundii. 

Vitamins B1, B2, B3, B5 and B6 play a key role in the energy metabolism of the cell. Vitamin B1 and B6 is an 

essential for a health of nervous system while vitamin B3 regulates blood circulation. Vitamin B6 and togeth-

er with vitamin B9, they play a role in the formation of red blood cells. Vitamin B12 is an important in nucleic 

acid metabolism and myelin synthesis in addition to methyl transfer (Schellack, 2015; Young et al. 2019). 
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A significant decrease in the amount of water-soluble vitamins in the microorganism was observed with the 

addition of cadmium to the growth medium. Increase of vitamin loss was proportional to the cadmium con-

centration in the nutrient medium (p<0.05) (Figure 6,7,8,9,10,11,12,13). Decrease in the level of C, B1, B2, 

B3, B5, B6, B9 and B12 vitamins in the microorganisms, containing 75 ppm cadmium in the growth medium, 

were 77, 66, 67, 50, 35, 34, 44 and 45 percent respectively. In addition, 125 ppm with cadmium in medium, 

further decreased the respective vitamin contents to 92, 83, 92, 66, 53, 47, 60 and 63 percent, respectively. 

Vitamin C added to the medium containing cadmium decreased the water-soluble vitamins loss in the micro-

organism. The amount of decreased in water-soluble vitamin losses has been shown to depend on the vitamin 

C concentration added to the medium (Figure 6,7,8,9,10,11,12,13). With the addition of 75 ppm vitamin C to 

the growth medium of bacteria containing 100 ppm cadmium, the amount of vitamins C, B1, B2, B3, B5, B6, 

B9 and B12 in the microorganism, has increased about 5.5, 2.3, 2.0, 45, 36, 30, 0.8 and 0.32 ppm, respective-

ly. 

 

 

Figure 6. Effect of cadmium and vitamin C on the level of vitamin C in C. freundii 

 

  

Figure 7. Effect of cadmium and vitamin C on the level of vitamin B1 in C. freundii. 
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Figure 8. Effect of cadmium and vitamin C on the level of vitamin B2 in C. freundii. 

 

 

 

Figure 9. Effect of cadmium and vitamin C on the level of vitamin B3 in C. freundii. 

 

 

Figure 10. Effect of cadmium and vitamin C on the level of vitamin B5 in C. freundii. 
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Figure 11. Effect of cadmium and vitamin C on the level of vitamin B6 in C. freundii. 

 

 

Figure 12. Effect of cadmium and vitamin C on the level of vitamin B9 in C. freundii, 

 

 

Figure 13. Effect of cadmium and vitamin C on the level of vitamin B12 in C. freundii, 
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210, 2200, 0.11 and 1.10 µg / g dw, respectively. The reason for the decrease in the amount of vitamins with 

the addition of cadmium to the nutrient medium may be the result of the change in the membrane, DNA and 

thiol proteins of the microorganism, its interaction with antioxidant enzymes, inhibition in energy metabo-

lism and oxidative stress (Casalino et al. 2002). 

As a result, it can be said that vitamin C added to the nutrient medium containing cadmium increases both 

the concentration of microorganisms and the amount of fat and water-soluble vitamins by reducing the toxic 

and negative effects of cadmium on metabolism. 
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4. Conclusions 

It has been observed that, depending on the concentration of cadmium added to the LB medium for the 

production of the microorganism, the growth of the bacteria as well as the decrease in the content of fat and 

water soluble vitamins. The addition of vitamin C, known for its antioxidant properties, to the nutrient medi-

um containing cadmium reduced the negative effect of cadmium depending on the vitamin concentration. 
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