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Abstract 

With the unprecedented development of the food industry, food preservatives 

have gained a leading role in food processing. In this study, investigations 

were carried out to assess the cytological effects of potassium metabisulphite 

(PMB) to onion (Allium cepa), one of the most used plants for determining 

the cytotoxic and genotoxic effects of different chemicals. Meristematic roots 

of A. cepa were treated with PMB solutions in different concentrations, 

ranging from 10 mg/l to 35 mg/l for 6, 12 and 24 h alongside an untreated 

control. The quantified parameters for the different concentrations of the 

PMB were mitotic index (MI %), mitosis phases index (PI %) and total ab-

normalities index (TAI %) meaning chromosomal aberrations and nuclear 

abnormalities. The results indicated that PMB reduced MI in A. cepa with 

increasing the concentrations and time exposure as compared with the un-

treated control. Thus, at concentration of 10 - 35 mg/l PMB, these values were 

reduced from 8.34% to 4.81% (6 h); 7.18% to 2.35% (12 h) and 4.12 to 1.43 

(24 h). Also, the TAI value increased with increasing PMB concentrations 

and time: 0.51% to 9.98% (6 h), 7.11% to 19.84% (12 h) and 17.79 to 41.21 (24 

h). The types of abnormalities induced by PMB in A. cepa meristematic cells 

were micronucleus, C-metaphase, star anaphase, stickiness, laggards, frag-

ments, binucleated cells and pulverised nucleus. These alarming findings in-

dicate the cytotoxic and genotoxic effect of PMB to A. cepa and suggest ne-

cessity to adopt more natural alternatives for food preservation in the future. 
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1. Introduction 

For centuries before the medieval period, and for centuries afterward, human 

beings in all parts of the world used a variety of methods to preserve foods for 

later consumption [1]. Due to the very high demand for processed food prod-

ucts, the demand for substances to facilitate the processing of the raw material, 

the preservation over a longer period of the food products has increased. At the 

beginning of the 19th century, a rapid rise in the use of chemical additives has 

been observed [2]. 

Food additives, marked with E letter—due to the alignment with the Euro-

pean Union norms [3] can be identified in most processed food products. They 

are used in all branches of the food industry. Regulation (EC) No 1169/2011 of 

the European Parliament and of the Council provide food information that shall 

pursue a high level of protection of consumers’ health and interests by providing 

a basis for final consumers to make informed choices and to make safe use of 

food, with particular regard to health, economic, environmental, social and eth-

ical considerations [3]. 

The usefulness of food additives is that they maintain the quality and safety of 

the products for a longer period of time, maintain or improve the taste of the 

products, ensure the control of the acidity and alkalinity of the products, main-

tain the consistency of the products, the aroma or colour of the food, etc. [4]. 

Preservatives, one of the categories of food additives, protect food by slowing 

down the damage caused by bacteria, fungi, yeast and air. A preservative is de-

fined as any substance which is capable of inhibiting, retarding, or arresting, the 

growth of micro-organisms, of any deterioration of food due to mi-

cro-organisms, or of masking the evidence of any such deterioration [5]. 

Food safety is a global problem, and a large number of consumers worldwide 

face a variety of food safety risks each year [6]. Scientific food management is an 

important tool to avoid severe health issues [7] [8] [9]. Food safety affects con-

sumer food choice in ways that are different from other dimensions of quality 

[10]. The use of chemical preservatives is regulated by maximum permitted le-

vels. These amounts vary between countries. When the food additives are given 

to organisms in excessive amounts, they may cause toxic reactions [11] [12] [13]. 

Certain food additives may have harmful effects and may lead to headache, nau-

sea, weakness, difficulty in breathing [14] or gastrointestinal, dermatologic and 

neurologic adverse reactions [15] [16].  

Potassium metabisulphite (PMB) also known as potassium pyrosulphite or 

potassium disulphite is a white crystalline powder with a sulphur odour and is 

chemically very similar to sodium metabisulphite, with which it is sometimes 

used interchangeably. The use of PMB is not universally accepted [17] but is 

widely used in the wine industry, and in food it is found in many types of bis-

cuits and cakes. It can also be found in fast food and pickles, dried fruits, etc. 

The maximum daily dose for E 224 (PMB) is 0.7 mg/kg [18]. 

This study aimed to estimate the cytotoxic and genotoxic potential of PMB 
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using the Allium assay. Allium cepa is the most common species used for the 

assessment of toxicants and their harmful effects on environment as well as hu-

man health [19] [20] [21] [22].  

Potassium metabisulphite has been found to be mitotoxic as the mitotic index 

decreases with the increase in the concentration of the food preservative and the 

treatment period [23]. 

2. Materials and Methods 

2.1. Plant Material and Chemical Food Preservative 

For this study, healthy and equal sized bulbs (30 - 35 g weight) of A. cepa (2n = 

16) were chosen and placed in small glasses with the basal ends dipping in dis-

tilled water for 72 hours, time required for the meristematic roots occurrence. A 

number of 10 bulbs of A. cepa were used for each treatment variant alongside an 

untreated control.  

The new emerged roots (10 - 15 mm in length) were treated with PMB (10, 15, 

25 and 35 mg/l) diluted with distilled water for 6, 12 and 24 hours at room tem-

perature (24˚C ± 2˚C). A. cepa bulbs were purchased from central market of 

Craiova and PMB was purchased from Merk Romania Company. 

The chemical properties of PMB are the following: chemical formula: 

K2S2O5; molecular weight: 222.33 g/mol; solubility in water (20˚C): 450 g/l; 

density: 2.34 g/cm3; CAS no. 16731-55-8; EINECS no. 240-795-3; melting point: 

190˚C. 

2.2. Microscopic Preparations 

After each exposure time, the meristematic roots were cut with sharp blade, 

fixed in Carnoy fixative (ethyl alcohol:glacial acetic acid 3:1) and hydrolysed in 

1N hydrochloric acid (HCl) for 5 min. The roots tips were stained using 5 ml of 

Schiff Reagent for 45 min at room temperature and then were crushed in drop of 

2% acetocarmine. The microscopic preparations were performed by squash 

technique. For this purpose, the slide was placed and coverslip on a double layer 

of paper towel, then paper was folded over the coverslip and squash down on the 

coverslip with a strong vertical pressure, using thumb. The pressure was applied 

to squash the root tip into a single cell layer. Five replicates were made for each 

concentration. 

The microscopic slides were examined at 1000× magnification. 

2.3. Statistical Analyses 

Minimum 1000 cells were scored in the roots tip for each concentration. The 

mitotic index (MI %) was calculated for each treatment as the number of divid-

ing cells/1000 observed cells. MI is used to quantify the differences in cell divi-

sion when environmental parameters are changed. The phases of mitosis divi-

sion (prophase, metaphase, anaphase and telophase) were also observed. The 

phase index (%) was calculated as the number of cells in each phase/the total 
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number of cells ×100. Total abnormalities index (TAI %) meaning chromosomal 

aberrations and nuclear anomalies were calculated as the number of aberrant 

cells/the total number of cells in division ×100. 

Statistical analysis was done using MS Excel 2007. The analysis of variance 

(ANOVA) was used to assess the significant differences between the control va-

riant and each treatment. The differences between treatment means were com-

pared using the LSD-test at a probability level of 0.05%, 0.01% and 0.001% sub-

sequent to the ANOVA analysis. 

Light microscopy analyses were used to identify the cytological changes in 

stages of mitosis as well as the occurrence of some chromosomal aberrations and 

nuclear abnormalities in A. cepa meristematic cells after treatment with PMB. 

The most representative aberrant cells were photographed with a Canon camera 

model Prima Super 105X (Canon, Melville, NY, USA). 

3. Results 

3.1. Mitotic Index and Mitosis Phases Index 

Treatment of the meristematic roots of A. cepa with PMB showed a strong mi-

todepressive effect even in lower concentrations (Table 1).  

The MI decreased with increase in concentration of PMB and exposure time 

in every duration treatment. The control value of MI after 6, 12 and 24 hours 

was 12.39%, 11.21% and 12.92%. This values were dropped from 8.34% to 4.81% 

(at 6 h after treatment and 10 - 35 mg/l PMB), 7.18% to 2.35% (12 h after treat-

ment and 10 - 35 mg/l PMB) and 4.12 to 1.43 (24 h after treatment and 10 - 35 

mg/l PMB), respectively. It was noted that the rate of each one of the mitotic 

phases was affected by PMB treatments. Thus, PMB increased the percentage of 

prophase and metaphase when compared with the control after all concentra-

tions and exposure time. Exceptions were only the variant with 35 mg/l PMB 

and 12 hours of exposure, as well as the variant of 15 mg/l PMB and 24 hours of 

exposure, where the metaphase index was lower than control. On the other 

hand, the percentage of anaphase and telophase was decreased when compared 

with the control after all concentrations and exposure time. 

3.2. Cytological Abnormalities 

Genotoxic effect of PMB to A. cepa was manifested by the appearance of several 

types of cytological abnormalities (chromosomal aberrations and nuclear ano-

malies) (Table 2). Their percentages increased as the concentration of the PMB 

and the exposure time increased when compared with the control. The main 

types of abnormalities induced by PMB in A. cepa meristematic cells were mi-

cronucleus, C-metaphase, star anaphase, stickiness, laggards, fragments, binuc-

leated cells and pulverised nucleus, aspects highlighted on the microscopic im-

ages through arrows. Thus, changes that occur at the chromosome or nuclear 

level are indicated (Figure 1). The most common type of abnormality identified 

was micronucleus followed by stickiness. 
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Table 1. Mitotic index and mitotic phases index in A. cepa meristematic cells after treat-

ment with different concentrations of PMB at different exposure times. 

Time (h) Concentration (mg/l) MI (%) ± SD IP (%) IM (%) IA (%) IT (%) 

6 

Control 12.39 ± 0.48 42.68 ± 0.12 19.16 ± 0.16 12.56 ± 0.05 25.60 ± 0.16 

10 8.34 ± 0.34 42.96 ± 0.14 24.95 ± 0.10 9.36 ± 1.02 22.73 ± 0.14 

15 8.01 ± 0.85 43.03 ± 1.10 24.98 ± 0.12 9.51 ± 0.09 22.48 ± 0.10 

25 6.08 ± 0.51 44.14 ± 0.09 26.58 ± 0.21 9.21 ± 0.04 20.07 ± 0.12 

35 4.81 ± 0.14* 46.15 ± 1.11 24.38 ± 0.16 9.16 ± 0.07 20.01 ± 0.11 

12 

Control 11.21 ± 0.56 41.27 ± 1.81 20.22 ± 0.09 14.49 ± 0.14 24.02 ± 0.09 

10 7.18 ± 0.74 41.84 ± 1.04 22.44 ± 0.24 12.20 ± 0.12 23.52 ± 0.16 

15 5.19 ± 0.36 42.65 ± 0.19 22.91 ± 0.09 10.43 ± 0.07 24.01 ± 0.09 

25 2.66 ± 0.22** 44.04 ± 1.22 20.84 ± 0.17 12.37 ± 0.09 22.75 ± 0.16 

35 2.35 ± 0.21** 46.71 ± 1.15 19.86 ± 0.12 6.73 ± 0.19 20.12 ± 0.19 

24 

Control 12.92 ± 0.91 44.21 ± 1.09 20.11 ± 0.05 12.12 ± 1.01 23.56 ± 0.06 

10 4.12 ± 0.37* 44.75 ± 0.17 23.22 ± 0.09 8.53 ± 0.04 23.50 ± 0.12 

15 3.22 ± 0.42* 50.46 ± 1.26 18.74 ± 0.10 8.79 ± 0.06 22.01 ± 1.02 

25 1.79 ± 0.36*** 53.19 ± 1.45 21.710.25 6.64 ± 0.09 18.46 ± 0.11 

35 1.43 ± 0.34*** 53.82 ± 1.64 22.62 ± 0.12 1.61 ± 1.24 21.95 ± 0.18 

MI = mitotic index; SD = standard deviation; IP = index of prophase; IM = index of metaphase; IA = index 

of anaphas; IT = index of telophase; significantly different from control: *p < 0.05; **p < 0.01; *** p < 0.001. 

 

Table 2. Mitotic index and mitotic phases index in A. cepa meristematic cells after 

treatment with different concentrations of PMB at different exposure times. 

Time (h) Conc. (mg/l) CM MN S L F SA BN PN TAI 

6 

Control - 0.11 - - - - - - 0.11 

10 - 0.18 0.33 - - - - - 0.51 

15 - - 0.48 - - - - - 0.48 

25 0.16 1.65 2.42 0.17 - - 1.43 - 5.83 

35 1.67 1.96 2.74 0.45 0.55 - 2.61 - 9.98 

12 

Control - 0.21 0.16 - - - - - 0.37 

10 - 1.14 1.07 1.06 1.09 - 2.75 - 7.11 

15 1.08 2.01 1.54 1.52 1.33 0.98 2.89 0.74 12.09 

25 1.65 3.74 2.96 1.98 2.04 1.04 2.96 1.08 17.45 

35 1.79 4.02 3.20 2.33 2.65 1.55 3.01 1.29 19.84 

24 

Control - 0.38 0.18 0.06 - - - - 0.62 

10 1.84 1.67 3.01 2.39 2.01 1.75 3.08 2.04 17.79 

15 2.32 2.12 3.24 2.64 2.87 2.45 3.21 2.34 21.19 

25 5.84 4.96 4.33 3.33 3.04 3.12 3.42 4.20 32.24 

35 8.34 6.22 5.24 5.62 3.12 3.58 4.21 4.88 41.21 

CM = C-mitosis; MN = micronucleus; S = sticky chromosomes; L = laggards chromosomes; F = fragments; 

SA = star anaphase; BN = binucleated cells; PN = pulverised nucleus; TAI = total abnormalities index. 
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(a)                    (b)                     (c) 

 
(d)                     (e)                     (f) 

 
(g)                    (h)                     (i) 

Figure 1. Some cytological abnormalities identified in meristematic cells of A. 
cepa exposed to different concentration of PBM food preservative: cells with 

C-metaphase indicated by arrow (a) (b); micronucleus indicated by arrows (c) 

(d); sticky metaphase (bigger arrow) with lost chromosomes (smaller arrow) 

(e); laggard (arrow above) and fragments (arrow below) in disturbed meta-

phase (f); cell with star anaphase indicated by arrow (g); binucleated cell in-

dicated by arrow (h) and pulverised nucleus indicated by arrows (i). 

 

Very few cytogenetic abnormalities were detected in the control variants, 

namely 0.11% micronucleus at 6 h; 0.21% micronucleus and 0.16% sticky chro-

mosomes at 12 h; 0.38% micronucleus, 0.18% sticky chromosomes and 0.06% 

laggards at 24 h. In contrast, the progressive increase of the micronuclei fre-

quency was observed as the exposure time and PMB food preservative concen-

tration was increased. The highest values from this point of view were recorded 

at concentrations of 35 mg/l PMB at all three exposure periods, namely: 1.96% at 

6 h; 4.02% at 12 h and 6.22% at 24 h exposure time. 

TAI (%) meaning chromosomal aberrations and nuclear anomalies has ex-

tremely increase, the recorded values being from 0.51% to 9.98% (at 6 h after 

treatment and 10 - 35 mg/l PMB), 7.11% to 19.84% (12 h after treatment and 10 

- 35 mg/l PMB) and 17.79 to 41.21 (24 h after treatment and 10 - 35 mg/l PMB), 

respectively. 

4. Discussion 

In the present investigation, we studied the cytotoxic and genotoxic effects of 
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PMB food preservative in A. cepa root-tips using MI (%) and TAI (%) as the 

toxicological endpoints.  

The mitotic index decreased considerably in the different treatments. It 

showed the mitodepressive activity of PMB. Cytological studies revealed statisti-

cally significant (p < 0.05) inhibition in mitotic index with an increase in con-

centration of the PMB when compared with the control. These findings are in 

agreement with other studies which show the mitodepressive effect of different 

preservatives in A. cepa cells [11] [24]. This could be due to a movement made 

slower of cells from synthesis phase to mitosis phase of the cell cycle as a result 

of PMB exposure and its potential to interfere with intracellular components of 

A. cepa. As some authors suggest, decrease in mitotic index might be due to in-

hibition of DNA synthesis [25] or a blocking in the G2-phase of the cell cycle, 

preventing the cell from entering mitosis [24]. 

MI is an acceptable measure of cytotoxicity in all living organisms [26] [27]. 

The cytotoxicity level can be determined by the decreased rate of MI. In this re-

spect, a decrease of MI below 22% in comparison to controls can have a lethal 

impact on the organism [28], while a decrease below 50% usually has sublethal 

effects [29]. In present study, the percentage of anaphase and telophase was de-

creased when compared with the control groups after the all PMB concentra-

tions and exposure time. This may attribute to the blocking of cell division by 

the PMB food preservative at the end of the metaphase stage and suggests de-

laying cell cycle. 

Generally speaking, for genotoxicity assessment the magnitude of genetic risk 

to organisms by environmental agents/ chemicals under a specified level of ex-

posure must be determined [30]. Some authors consider that the plant system 

can detect the genotoxicity and cytotoxicity more quickly than animal bioassays 

being optimal to environmental monitoring in general [31]. 

In our study, cytotoxic and genotoxic effects of PMB on A. cepa meristematic 

roots were indicated at all tested concentrations and all exposure times. All PMB 

treatments significantly decreased the mitotic activity and increased the fre-

quency of total abnormalities (chromosomal aberrations and nuclear anoma-

lies). In terms of the frequency, the most identified abnormalities were micro-

nuclei in cell interphase. Hamedo and Abdelmigid (2009) considered that mi-

cronucleus formation is one of the most economical and most effective ways in 

determining genotoxicity of different chemicals [32]. Also, the micronucleus as-

say is recognized as one of the most successful and reliable assays for genotoxic 

carcinogens that act by causing genetic damage [33] [34] or the most prevalent 

biomarker of chromosomal defects induced by genotoxic agents [35]. An indi-

vidual predisposition to diseases is correlated with micronucleus incidence [36] 

[37]. A variety of genotoxic agents may induce micronucleus formation leading 

to cell death, genomic instability, or cancer development [35] [38]. A micronuc-

leus may arise from a whole lagging chromosome or an acentric chromosome 

fragment detaching from a chromosome after breakage which does not integrate 

in the daughter nuclei [39]. Pollution of the environment with various chemical 
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agents increases the frequency of micronucleus formation in both plants and 

animal cells, increasing the ecotoxicological risk [40] [41]. In accordance with 

Gömürgen (2005), such genetic damages like micronuleus may have clastogenic 

effect of their inducers [23]. Micronuclei were considered as an indication of a 

true mutation effect [42] thus, the high percentage of the micronuclei induced 

by PMB on A. cepa cells suggest their mutagenic effect. Therefore, the appear-

ance of micronuclei in meristematic cells of A. cepa may suggest caution in the 

consumption of foods which containing PMG food preservative. 

Chromosome stickiness may result from entanglement of chromatin fibers, 

which fall to condense properly in preparation for cell division [43] [44] [45]. 

Stickiness can cause serious changes in nucleic acids physico-chemical proper-

ties or chromatin condensation of the nucleus [46]. Also, sticky chromosomes 

can cause loss of genetic material and subsequently, the cell-division process 

occurs irregularly, with some chromosomes not adhering to the assembled 

chromosomal complex and being lost during the cell cycle. Laggard’s chromo-

somes induction is due to delayed termination of chromosome end or because of 

failure of chromosomal movement and attributed to the spindle apparatus [46] 

[47].  

A growing number of consumers are aware of the potential negative health 

effects of chemical preservatives, which has prompted the food industry to find 

natural products used and developed as alternatives [48]. Concerns about syn-

thetic preservatives have caused increasing interest in natural antioxidants [49]. 

Some study showed that natural antimicrobial extracts from hot peppers are rich 

in antioxidant and antiradical compounds [49]. Also, the mixture of natural an-

tibacterial extracts could be used as food treatment to extend the shelf-life of 

pre-cut carrots by two days without affecting their sensory properties [2]. 

A. cepa is one of leading vegetable crops in the world and the allelopathic po-

tential and biological characteristics of this species have been deeply investi-

gated. Allelopathy refers to the beneficial or harmful effects of one plant on 

another plant through releasing of biochemical from plant parts [50] [51] [52] 

[53]. Plants have the ability to synthesize chemical compounds (active prin-

ciples), their active properties being correlated with the biochemical mechanisms 

of human metabolism [54] and this must be taken into account in the future 

when processing and preserving food. Depending on plant type and bacterial 

strain, essential oil derivatives could have a high antibacterial activity and they 

can behave as natural preservatives [2]. 

The processing of some foods like the fresh-cut fruits includes key preserva-

tion techniques, namely the use of packaging with modified atmosphere that can 

be improved with the addition of antimicrobial and antioxidant agents allowing, 

in combination with low storage temperature, an extended shelf life, at the same 

time preserving their nutritional and organoleptic proprieties [55]. From this 

point of view, the use of edible coatings supplemented with essential oils can 

constitute in the future a promising approach to improve both preservation and 

safety of fresh-cut fruits [55]. 
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As some authors stated, if food preservatives is judiciously used, they are an 

important group of substances that help to raise the keeping quality, the nutri-

tional value and the aesthetic qualities of foods [56] [57]. On the other hand, 

technological processes that are used for food preservation may affect the func-

tional, nutritional, and biological properties of food proteins [58]. In the future, 

new preservation technologies will have the purpose not just working to increase 

longevity; they will work also functioning to sustain the same qualities of the 

food that make it desirable in the first place [55]. The physical characteristics 

and chemical composition of the food will no longer be compromised during the 

preservation process [55]. 

5. Conclusion 

All present results revealed the predominance cytotoxic and genotoxic effect of 

PMB on A. cepa, which were concentrated and time-dependent. Our study 

about PMB food preservative showed that it cannot assess the actual level of risk 

for consumer’s health. However, disturbed mitosis and the large number of cy-

tological abnormalities identified in meristematic cells of A. cepa exposed to ac-

tion of this food preservative can be a warning sign and suggest necessity to 

adopt more natural alternatives for food preservation in the future. We intend to 

test other usual chemical preservatives in terms of their cytological effects on 

meristematic cells of plants. 
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