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Abstract. Whey is a protein complex derived from milk, being a functional food with
multiple health benefits. In this paper, the antigenotoxic potential of fresh bovine whey
(FBW) in onion (Allium cepa) meristematic roots exposed to Quizalofop-P-tefuryl
(QPt) herbicide was evaluated using the Allium assay. Firstly, the Allium cepa meris-
tematic roots obtained after a short germination of 24 hours in distilled water were
subjected to a pre-treatment with FBW in three different concentrations (500, 1000
and 2000 pl/L) for 24 hours. After that, there was a post-treatment with QPt herbicide
(100, 500 and 1000 ul/L), for another 24 hours. All variants were tested alongside a
negative control (onion root tips in distilled water) and a positive control (onion root
tips treated with 500 ul/L QPt). The genotoxic effects of QPt were observed in all treat-
ment variants, through the low rate of mitosis and through the induction of a large
number of chromosomal and nuclear abnormalities (bridges, laggards, rings and strap
nuclei). On the other hand, the fresh bovine whey improved the mitotic activity and
reduced the index of chromosomal aberrations in variable percentages, in all treatment
variants. These results suggest the cytoprotective potential of FBW against the cytotox-
ic and genotoxic effects of the tested herbicide. Although the mechanism of antigeno-
toxicity is unknown, it seems plausible that the whey protein acts as a blocking agent
by chemical or physical interaction with the QPt components. Nevertheless, additional
studies are needed to determine with certainty this potential.

Keywords: allium assay, herbicide, genotoxic, whey, antigenotoxic.

INTRODUCTION

Genotoxicity is the ability of various agents to cause damage to genetic
material and to affects cellular components involved in the functionality and
behavior of chromosomes (Bhattachar 2011; Nagarathna et al. 2013). Agents
able of causing genetic toxicity are described as genotoxic and are called
genotoxins. One of the categories of genotoxins that cause damage to genetic
material is pesticides (Anguiano-Vega et al. 2020; Kim et al. 2017).
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Higher plants are used in many experiments as
indicator plants that show the cytogenotoxic effects of
chemicals that pollute the environment (Yildiz et al.
2009; Bonciu et al. 2018; Deveci Ozkan et al. 2019). In
this context, Allium cepa L. is a widely used indicator
plant for testing the genotoxic/antigenotoxic potential of
various chemicals (Bonciu et al. 2018; Datta et al. 2018;
Khanna and Sharma 2013).

Pesticides (fungicides, insecticides and herbicides) are
chemicals used against pests and weeds in agriculture.
Certain pesticides cannot be broken down by microor-
ganisms or the human body’s enzymatic equipment, and
they can accumulate. For this reason, pesticides represent
a source of toxic risk, due to their persistence in soil (Dat-
ta et al. 2018; Srimurali et al. 2015), plants (Deveci Ozkan
et al. 2019; Rosculete et al. 2019) and in the human body
(Andersson et al. 2021; Hernandez et al. 2016; Van Maele-
Fabry et al. 2019; Yusa et al. 2015).

Keeping weeds under control is a constant practice
of modern agriculture to ensure high yields by suppress-
ing the growth of unwanted wild species that compete
for the same resources with agricultural plants (Bartuc-
ca et al. 2019; Loddo et al. 2020). But, the frequent and
excessive use of these chemicals has been identified as
a serious threat to the environment and human health
(Parveen et al. 2016).

Quizalofop-P-tefuryl (QPt) is a post-emergence herbi-
cide used for the control of the grass weeds in agricultural
and horticultural crops (potato, sugar beet, sunflower,
oilseed rape, peanut, etc.). The active ingredient is rapid-
ly adsorbed by the leaves of grass weeds, producing their
well-wishing and consequent death. Its mode of action
involves the inhibition of acetyl CoA carboxylase activity.

Whey is full of cysteine, a substance necessary for
the production of glutathione, a powerful antioxidant
that protects the body from infections and toxins (Gupta
et al. 2017). Thus, whey helps strengthen the immune
system. Glutathione is also quite effective in the treat-
ment of the thyroid gland, cancer, sclerosis and Parkin-
son’s disease (Marshall et al. 2004).

Current studies suggest that the fresh bovine whey
(FBW) is much more than a protein source with a par-
ticularly nutritious composition of essential amino acids
(Jaladat et al. 2022; Park et al. 2021; Walzem et al. 2002).
Thus, FBW is a real complex cocktail, which contains, in
addition to proteins, peptides, complex lipids and oligo-
saccharides; all of these substances act as a growth fac-
tors, toxin binding factors, antimicrobial peptides, prebi-
otics and immune regulatory factors in mammals (Pan
et al. 2013; Teixeira et al. 2019).

Consumption of whey products can modulate redox
biomarkers to reduce oxidative stress (Giblin et al. 2019).
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This bioactivity has been partially attributed to the whey
peptides using a series of biochemical or cellular in vit-
ro assays (Abdel-Wahhab et al. 2013; Corrochano et al.
2019; Garg et al. 2018; Falkowski et al. 2018).

A number of studies have demonstrated the anti-
oxidant bioactivity of whey products and increasing
glutathione levels (Brandelli et al. 2015; Yadav et al.
2015; Zhang et al. 2012). Glutathione (tripeptide with an
important antioxidant role in the body of plants, ani-
mals, fungi and bacteria) prevents the destruction of
some cellular components and detoxifies various endog-
enous and exogenous toxins (Kasperczyk et al. 2013; Piz-
zorno et al. 2014). Some cellular lines exposed to various
whey products showed increases in glutathione levels,
with some exceptions (Corrochano et al. 2019).

On the other hand, some studies suggest the adverse
effects of FBW when it is consumed in excess (Amanza-
deh et al. 2003; Vasconcelos et al. 2021). Practically, 20-25
grams of whey protein powder can be consumed every
day, depending on the active or sedentary lifestyle. Whey
is contraindicated for people allergic to dairy products
and the high consumption of whey protein can lead to
an increase in the percentage of body fat and stress on
the kidneys, an increase in cardiovascular and osteopo-
rosis risks, the appearance of nausea, headaches, cramps,
reduced appetite, etc. (Aparicio et al. 2011; Aydin et al.
2018; Hattori et al. 2017; Vasconcelos et al. 2021).

FBW (pH<5.1) as a by-product from the manufac-
ture of hard, semi-hard or soft cheese and rennet casein
is known as sweet whey. The main constituents of FBW
are shown in Table 1 (Dinkci 2021).

The antigenotoxic potential of whey proteins in the
field of medicine was suggested by many results (Aydin

Table 1. The main constituents of FBW.*

Constituents %
Total solids 6.00-6.50
Water 93.00-94.00
Fat 0.05
Protein 0.60-0.65
NPN (non-protein nitrogen) 0.20
Lactose 4.50
Ash (minerals) 0.50
Calcium 0.03
Phosphorus 0.04
Sodium 0.04
Potassium 0.14
Chloride 0.09
Lactic acid 0.05

*Source: Dinkci (2021).
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et al. 2018; Jaladat et al. 2022; Marshall 2004; Park et al.
2021; Teixeira et al. 2019). On the other hand, in the spe-
cialized literature there is a lack of results regarding the
antigenotoxic potential of FBW following plants expo-
sure to various chemical substances, such as pesticides.
In this context, we initiated this study for evaluation of
the antigenotoxic potential of FBW in onion (A. cepa)
meristematic root tips exposed to QPt herbicide.

MATERIALS AND METHODS
Plant material

In this study, a number of ten onion (A. cepa,
2n=16) bulbs (procured from a local vendor) were used
as biological material for each treatment variant. The
outer scales were removed, and older dry roots were
scrapped off in order to promote the emergence of new
roots. QPt is the active substance of Pantera herbicide
(producer Chemtura S.R.L. Italy). This was purchased
from a local specialty store for phytopharmaceutical
products and was used as the test substance. The onion
bulbs were immersed in glasses with distilled water for
a short germination (24 h) and then were subjected to
a pre-treatment with FBW in three different concentra-
tions (500, 1000 and 2000 ul/L) for 24 hours. After that,
there was a post-treatment with QPt herbicide (100, 500
and 1000 ul/L), for another 24 hours. The QPt herbicide
concentrations were established according to the dose
recommended in agricultural practice. The concentra-
tions of FBW were randomly set, because in the litera-
ture there is no data related to the testing of FBW in
plants, but only some results on animals.

The length of the meristematic roots was measured
and recorded after each treatment stage as roots length
average (RLA). Likewise, microscopic analyses were per-
formed after each treatment stage and for each sample,
in order to determine the mitotic index (MI), the indices
of mitosis phases (IP=prophase index; IM=metaphase
index; IA=anaphase index; IT=telophase index) and to
identify the chromosomal aberrations.

For this study, the variants were tested alongside a
negative control (onion root tips in distilled water) and
a positive control (onion root tips treated with 500 ul/L
QPt herbicide). The experiment was performed in labo-
ratory, at room temperature (24+2°C).

Microscopic preparations

After measuring and recording the root growth
following germination, pre-treatment with FBW and

respectively post-treatment with QPt, the biological
material was prepared for the microscopic stage. Thus,
A. cepa roots were fixed in ethanol: acetic acid (3:1) and
hydrolysed in 1N hydrochloric acid (HCI) at 60°C for 5
min. Roots with a length of approximately 1 cm were
stained through immersion in 3-5 ml Schiff reagent
(30 minutes) and then transferred on clean slide and
crushed in drop of 2% acetocarmine. The microscopic
preparations were performed by squash technique.

All slides were labelled before microscopic analy-
sis. Five random microscopic fields from each slide were
scored.

The viewing microscopic area was divided into three
viewing sections and then, in each viewing section, the
cells were counted and recorded in prophase, metaphase,
anaphase and telophase. The MI and mitosis phase index
were calculated using the following formulas:

Total number of cells in division

MI (%) = x 100

Total number of analysed cells

Total number of cells in prophase

IP (%) = x 100

Total number of cells in mitosis

Total number of cells in metaphase
IM (%) = P22 % 100

Total number of cells in mitosis

Total number of cells in anaphase
1A (%) = 2P0 % 100
Total number of cells in mitosis
Total number of cells in telophase
IT (%) = P12 X 100

Total number of cells in mitosis

The index of the total abnormalities (ITA) was also
calculated:

Total number of aberrant cells
x 100

ITA (%) =

Total number of cells in division

Chromosomal aberrations and nuclear anomalies
were determined by scoring cells with bridges, laggards,
rings and strap nucleus in randomly picked three zones
per slide.

Photomicrographs of cells showing mitosis, chro-
mosomal aberrations and nuclear anomalies were taken
using the digital microscope Optika B-190TB (Optika,
Italy), 1000x magnification.

Statistical analyses

The experiment was organized according to a ran-
domized complete design with three replications and
minimum 1000 cells were analysed. Statistical analysis
was done using MS Excel 2016. The data obtained were
analysed by one-way analysis of variance (ANOVA) and
Duncan’s multiple range test by using statistical software
SPSS version 20 for Windows. Significance was consid-
ered at p < 0.05. Data were expressed as mean * stand-
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ard error (SE) (Gomez and Gomez 1984). The experi-
ment was conducted in triplicate and minimum 1000
cells were analysed for each sample.

RESULTS

The length of the meristematic roots was meas-
ured and recorded after each treatment stage (Figure 1).
Thus, after 24 hours germination in distilled water, RLA
recorded values ranged between 0.3 and 0.6 cm, while
the value of the negative control was 0.5 cm. After pre-
treatment with FBW, the highest RLA value was found
in sample V2 (1000 pl/L) - 1.9 cm, followed by V1 (500
ul/L) - 1.7 cm and V3 (2000 pl/L) - 1.6 cm. Thus, a more
intense growth of onion roots is found in all variants,
compared to the negative control, in variable percent-
ages between 58.3-33.3%. On the other hand, after post-
treatment with QPt herbicide, the highest RLA value was
found in variant V2 (500 ul/L) - 2.3 cm, followed by V1
(100 pl/L) - 2.1 cm and V3 (1000 pl/L) - 1.7 cm. Thus, a
more intense growth of onion roots is found in V2 and
V1 samples, compared to the negative control, in variable
percentages between 27.7-16.6%. In the case of V3 sample,
the RLA value was 5.5% lower than the negative control.

Table 2 presents the results of the influence of FBW
and QPt on the MI and mitosis stages index in A. cepa
root tips.

It was found that, following pre-treatment with
FBW, the MI in two variants, namely V1 (62.6%),
respectively V2 (65.3%), was higher compared to the
negative control (54.2%). After the treatment with 2000
ul/L FBW (V3), the MI value was lower (51.4%) than
the value recorded for the negative control. On the oth-
er hand, higher values of MI were found in all variants
compared to the positive control.
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Figure 1. A. cepa roots lenght average (RLA) (cm) after a short ger-
mination of 24 hours in distilled water, followed by pre-treatment
with FBW for 24 hours and a post-treatment with QPt herbicide for
another 24 hours.

Regarding the post-treatment with the QPt her-
bicide, an increased MI was recorded in the same vari-
ants, namely V1 (66.2%) and V2 (71.5%), compared to the
negative control. The treatment with 1000 ul/L QPt (V3)
induced a decrease of MI compared to the value recorded
by the negative control, but higher than the value record-
ed by the positive control. It can be appreciated that the
2000ul/L FBW and 1000pl/L QPt concentrations induced
a mitodepressive effect in meristematic root cells of A.
cepa in a time and concentration-dependent manner.

The indices of mitosis phases had different values
compared to the control variant, between 78.7-88.4% IP,
3.0-5.5% IM, 3.1-5.1% IA and 5.5-10.7% IT, respectively.

The results regarding chromosomal and nuclear
abnormalities induced by FBW and QPt in A. cepa root
tips are presented in Table 3.

Table 2. Results of the influence of FBW and QPt on the MI and mitosis stages index in A. cepa meristematic roots.*

Specification Variant/Conc. MI+SE IP+SE IM+SE IA+SE IT+SE
(W/L) (%) (%) (%) (%)
NC - 54.2 £1.8* 82.9+0.2° 3.9£0.2° 5.5+0.3 7.7£0.5°
PC - 33.2+1.8 85.1+0.4° 2.1£0.1° 3.1£0.3° 9.7+0.6°
V1/500/24 62.6 £2.1° 84.2+0.5° 3.5+0.4 4.240.5° 8.1£0.5°
FBW V2/1000/24 65.3 +2.9° 83.5+0.9* 3.4%0.2° 3.2£0.1° 9.9+0.7°
V3/2000/24 51.4+3.1° 85.6+0.7° 3.2+0.2° 4.1£0.5 7.1+0.4°
V1/100/24 66.2 £ 2.4° 80.3+0.4° 4.7+0.5 4.4+0.2° 10.6+0.5°
QPt V2/500/24 71.5 + 4.8° 78.740.8° 5.5+0.2° 5.1+0.3 10.740.5°
V3/1000/24 427 +1.99 88.4+0.9° 3.0+0.3 3.1%0.1¢ 5.5+0.2¢

*Means with the same letter in the same column for each application time do not differ statistically at the level of 0.05. NC=negative
control; PC=positive control; MI=mitotic index; SE=standard error; [P=prophase index; IM=metaphase index; [A=anaphase index;

IT=telophase index. Data are means + SE of three replicates.
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Table 3. Results regarding the chromosomal and nuclear abnormal-
ities induced by FBW and QPt in A. cepa root tips.*

Variant/
Specification (E]?E)C/eg;;a:;zrrle B (%) L (%) R (%) (8;0\]) IT?) /f)SE
time (h)
NC - 02 08 0.1 1.2 2.3+0.5°
PC - 4.8 6.2 2.7 74 21.1+1.1°
V1/500/24 2.0 4.2 1.5 22  9.9+04*
FBW V2/1000/24 2.7 45 1.9 3.1 122072
V3/2000/24 34 51 22 39 14.6x0.6*
V1/100/24 24 40 1.9 30 11.3+0.4°
QPt V2/500/24 35 41 22 43 14.1+04°
V3/1000/24 4.1 54 21 53 16.9+0.9¢

*Means with the same letter in the same column for each applica-
tion time do not differ statistically at the level of 0.05. NC=negative
control; PC=positive control; B=bridges; L=laggards; R=rings;
SN=strap nucleus; ITA= index of the total abnormalities;
SE=standard error.

In all treatment variants, the appearance of a vari-
able number of chromosomal aberrations and nuclear
anomalies was observed, the most important being
the following: bridges, laggards, rings and strap nuclei
(Figure 2). Thus, the bridges were observed with a fre-
quency ranged between 2.0-3.4% after the treatment
with FBW and an increased frequency of 2.4-4.1% after
the treatment with QPt, respectively. Laggards had val-
ues between 4.2-5.1% after the treatment with FBW and
respectively 4.0-5.4% in the case of treatment with QPt.
Also, cells with ring chromosomes had values between
1.5-2.2% in the case of treatment with FBW and respec-
tively 1.9-2.2% in the case of treatment with QPt. On the
other hand, the nuclear abnormalities of the strap nucle-
us type were recorded with a frequency of 2.2-3.9% and
3.0-5.3%, after the treatment with FBW and QPt, respec-
tively. It was found that all these abnormalities recorded
higher values than the negative control but much lower
than the positive control. A similar evolution of the
records was determined for the index of the total abnor-
malities (ITA%), that ranged between 9.9-14.6% (after
FBW treatment) and 11.3-16.9% (after QPt treatment).

DISCUSSION

In the last years, many researchers have found novel
bioactive phytocompounds able to counteract the effects
of some physical and chemical mutagens that can affect
the health of humans, animals and the environment
(Bonciu et al. 2018; Dimitrov et al. 2006; Franco-Ramos

" 4
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Figure 2. The main chromosomal aberrations and nuclear anoma-
lies induced by pre-treatment with FBW and post-treatment with
QPt in A. cepa cells: bridge (a), double bridge and laggard chromo-
some (b), ring chromosomes in metaphase (c) and strap nuclei (d).
Arrows indicate abnormalities.

\

et al. 2020). The ability of a substance to cause cytotoxic-
ity is measured by its capability to decrease cell prolif-
eration (Franco-Ramos 2020).

The challenge of identifying and developing of some
therapies through plants help or some dietary strate-
gies represents a major public health challenge. Thus,
several studies have shown the antigenotoxic potential
of different plants (Lopez-Romero et al. 2018; Park et
al. 2018; Stavric et al. 1996). Also, whey protein supple-
mentation is a dietary strategy widely used in the field of
oncology (Abdel-Wahhab et al. 2013; Gupta and Prakash
2017; Teixeira et al. 2019). This emerging dietary strategy
harbouring several benefits translated well into animal
models of cancer and in humans. At the molecular level,
whey protein subfractions display appealing anti-cancer
effects (Teixeira et al. 2019).

In order to highlight the cytological activity and the
occurrence of some cytogenetic abnormalities induced
to QPt in plant meristematic roots it was chosen Allium
test because is one of the simplest, inexpensive and valu-
able tests for determining the cytotoxicity of chemical
substances on plants. As Shetty et al. (2017) states, A. cepa
root chromosomal aberration assay was chosen as it offers
an easily adaptable method for screening mitotic/genotox-
ic/antigenotoxic activity of any bioactive chemical.

In our study, in all QPt herbicide treatment variants,
the appearance of a variable number of chromosomal
aberrations and nuclear anomalies was observed, the most
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important being bridges, laggards, rings and strap nuclei.
The results obtained showed the strong cytotoxic effect of
QPt herbicide, by reducing the MI in onion roots. Thus, it
can be appreciated that the 1000 ul/L QPt induced a mito-
depressive effect in meristematic root cells of A. cepa in a
time and concentration-dependent manner.

In this context, there are many results regarding the
cytogenotoxic effects of herbicides on plants or animals.
Thus, the results obtained by Dimitrov et al. (2006) show
that the tested herbicide (Stomp) did not induce chro-
mosomal aberrations in plant cells of Crepis capillaris
L., instead it was increased their incidence in mouse
bone marrow cells. In the same study on the other hand,
the herbicide increased the frequency of micronuclei in
both test systems. The authors suggest that the induc-
tion of some nuclear and chromosomal aberrations in
plant cells may have been due to the herbicide’s disrup-
tive effect on the spindle, as all herbicide concentrations
produced C-mitosis. Also, the increased frequency of
chromosomal aberrations in mouse bone marrow cells
may be due to the biosynthesis of genotoxic metabolites
(Dimitrov et al. 2006).

Some dairy products (milk and yogurt) supplement-
ed with red ginseng extract have been shown to have
antioxidant and antigenotoxic effects (Park et al. 2018).
Also, some studies have shown the potential of lactoba-
cilli and bifidobacteria in dairy products to inhibit the
genotoxic activity of chemical compounds (Burns et al.
2000; Lopitz-Otsoa et al. 2006; Tavan et al. 2002).

Our results showed that FBW has improved mitotic
activity and reduced chromosomal abnormalities in the
meristematic cells of A. cepa induced by QPt, a fact that
suggests the antigenotoxic potential of FBW. The FBW
reduced the aneugenic and clastogenic effects of QPt in
A. cepa cells. Although the mechanism of antigenotoxic-
ity is unknown, it seems plausible that the whey protein
acts as a blocking agent by chemical or physical interac-
tion with the QPt components. However, the continua-
tion of studies in this direction remains open in order
to establish with certainty the antigenotoxic potential of
FBW in plant cells.

CONCLUSIONS

The experimental results from the present study
show that the application of QPt herbicide produced
some cytotoxic and genotoxic effects on the meristemat-
ic cells of A. cepa. These toxic effects increased signifi-
cantly at dose dependently, but application of FBW ame-
liorated these negative effects which arise under herbi-
cide stress. Thus, FBW has improved mitotic activity and
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reduced chromosomal abnormalities in the meristematic
cells of A. cepa induced by QPt herbicide, a fact that sug-
gests the antigenotoxic potential of FBW. We can con-
clude that FBW can be able to ameliorate the abnormali-
ties caused in A. cepa cells due to herbicides stress. Also,
our results suggested that, although the mechanism of
antigenotoxicity is unknown, it seems plausible that the
whey protein acts as a blocking agent by chemical or
physical interaction with the QPt components. Never-
theless, additional studies are needed to determine with
certainty this potential.

ACKNOWLEDGEMENT

N.A.S. thanks the Romanian Ministry of Educa-
tion and Research, CNCS - UEFISCDI, for the financial
support through the Project number PN-III-P4-ID-
PCE-2020-0620, within PNCDI III.

REFERENCES

Abdel-Wahhab KG, Mannaa FA, Abdel-Wahhab MA.
2013. The protective effects of whey protein and Spir-
ulina Against CCl4-induced erythrocyte damage in
rats. ] Appl Sci Res. 9:2063-2071.

Amanzadeh ], Gitomer WL, Zerwekh JE, Preisig PA, Moe
OW, Pak CY, Levi M. 2003. Effect of high protein
diet on stone-forming propensity and bone loss in
rats. Kidney Int. 64(6):2142-2149.

Andersson E, Isgren E. 2021. Gambling in the garden:
pesticide use and risk exposure in Ugandan small
holder farming. J Rural Stud. 82:76-86.

Anguiano-Vega GA, Cazares-Ramirez LH, Rendon-Von
Osten J. et al. 2020. Risk of genotoxic damage in
school children exposed to organochloride pesticides.
Sci Rep. 10:17584.

Aparicio VA, Nebot E, Porres JM, Ortega FB, Heredia
JM, Loépez-Jurado M, Ramirez PA. 2011. Effects of
high-whey-protein intake and resistance training on
renal, bone and metabolic parameters in rats. Br |
Nutr. 105(6):836-845.

Aydin B, Ath Sekeroglu Z, Sekeroglu V. 2018. Effects of
whey protein and conjugated linoleic acid on acr-
olein-induced cardiac oxidative stress, mitochondrial
dysfunction and dyslipidemia in rats. Biomed Phar-
macother. 107:901-907.

Bartucca ML, Mimmo T, Cesco S, Panfili I, Del Buono
D. 2019. Effect of metribuzin on nitrogen metabo-
lism and iron acquisition in Zea mays. Chem Ecol.
35(8):720-731.



Evaluation of the antigenotoxic potential of fresh bovine whey in onion meristematic roots exposed to Quizalofop-P-tefuryl 65

Bhattachar S. 2011. Natural antimutagens: A review. Res ]
Med Plant. 5(2):116-126.

Bonciu E, Firbas P, Fontanetti CS, Wusheng J,
Karaismailoglu MC, Liu D, Menicucci F, Pesnya DS,
Popescu A, Romanovsky AV, Schiff S, Slusarczyk
J, De Souza CP, Srivastava A, Sutan A & Papini A.
2018. An evaluation for the standardization of the
Allium cepa test as cytotoxicity and genotoxicity
assay. Caryologia. 71(3):191-209.

Brandelli A, Daroit D], Corréa APFE. 2015. Whey as a
source of peptides with remarkable biological activi-
ties. Food Res Int. 73:149-161.

Burns AJ, Rowland IR. 2000. Anti-carcinogenity of pro-
biotics and prebiotics. Curr Issues Intest Microbiol.
1:13-24.

Corrochano AR, Ferraretto A, Arranz E, et al. 2019.
Bovine whey peptides transit the intestinal barrier to
reduce oxidative stress in muscle cells. Food Chem.
288:306-314.

Datta S, Singh ], Singh ], Singh S, Singh S, 2018. Assess-
ment of genotoxic effects of pesticide and vermicom-
post treated soil with Allium cepa test. Sustainable
Environment Research. 28:171-178.

Deveci Ozkan A, Aksoy O. 2019. Determination of Pesti-
cide-Induced Genotoxicity on Soybean (Glycine max
L.). Comm J Biol. 3(2):83-87.

Dimitrov BD, Gadeva PG, Benova DK, Bineva MV. 2006.
Comparative genotoxicity of the herbicides Roundup,
Stomp and Reglone in plant and mammalian test sys-
tems. Mutagenesis. 21(6): 375-382.

Dinkci N. 2021. Whey, Waste or Value?. World J Agri &
Soil Sci. 6(5):1-5.

Falkowski M, Maciejczyk M, Koprowicz T, et al. 2018.
Whey protein concentrate WPC-80 improves anti-
oxidant defense systems in the salivary glands of
14-month Wistar rats. Nutrients. 10:782.

Franco-Ramos RS, Lépez-Romero CA, Torres-Ortega H,
Oseguera-Herrera D, Lamoreaux-Aguayo JP, Moli-
na-Noyola D, Judrez-Vazquez CI, Torres-Bugarin O.
2020. Evaluation of Anti-Cytotoxic and Anti-Geno-
toxic Effects of Nigella sativa through a Micronucleus
Test in BALB/c Mice. Nutrients. 12(5):1317.

Garg G, Singh S, Singh AK, et al. 2018. Whey pro-
tein concentrate supplementation protects rat brain
against aging-induced oxidative stress and neurode-
generation. Appl Physiol Nutr Metab. 43:437-444.

Giblin L, Yal¢in AS, Bi¢im G, Kramer AC, Chen Z, Cal-
lanan MJ, Arranz E, Davies MJ. 2019. Whey proteins:
targets of oxidation, or mediators of redox protec-
tion. Free Radical Research. 53(suppl):1136-1152.

Gomez KA, Gomez AA. 1984. Statistical procedures for
agricultural research. Willey, New York.

Gupta C, Prakash D. 2017. Therapeutic Potential of Milk
Whey. Beverages. 3(3):31.

Hattori CM, Tiselius HG, Heilberg IP. 2017. Whey pro-
tein and albumin effects upon urinary risk factors for
stone formation. Urolithiasis. 45(5):421-428.

Hernandez AF, Menendez P. 2016. Linking pesticide
exposure with pediatric leukemia: potential underly-
ing mechanisms. Int ] Mol Sci. 17(4):461.

Jaladat A, Ranjbar K., Shahriarirad R, Salehi Z. 2022. Suc-
cessful use of Maboljobon, a Persian medicine whey
product, in a patient with severe chronic cough: A
case report. Advances in Integrative Medicine. 9:87-89.

Kasperczyk S, Dobrakowski M, Kasperczyk A,
Ostatowska A, Birkner E. 2013. The administra-
tion of N-acetylcysteine reduces oxidative stress and
regulates glutathione metabolism in the blood cells
of workers exposed to lead. Clin Toxicol (Phila).
51(6):480-486.

Khanna N, Sharma S. 2013. Allium cepa root chromo-
somal aberration assay: a review. IJPBR. 1:105-111.

Kim KH, Kabir E, Jahan SA. 2017. Exposure to pesticides
and the associated human health effects. Sci Total
Environ. 575:525-535.

Loddo D, Scarabel L, Sattin M, Pederzoli A, Morsiani C,
Canestrale R, Tommasini MG. 2020. Combination of
herbicide band application and inter-row cultivation
provides sustainable weed control in maize. Agrono-
my. 10(1):20.

Lépez-Romero D, Izquierdo-Vega JA, Morales-Gonzalez
JA, et al. 2018. Evidence of Some Natural Products
with Antigenotoxic Effects. Part 2: Plants, Vegetables,
and Natural Resin. Nutrients. 10(12):1954.

Lopitz-Otsoa F, Rementeria A, Elguezabal N, Garaizar J.
2006. Kefir: a symbiotic yeasts—bacteria community
with alleged healthy capabilities. Rev Iberoam Micol.
23:67-74.

Marshall K. 2004. Whey Protein Therapeutic Applica-
tions. Alternative Medicine Review: a Journal of
Clinical Therapeutic. 9(2):136-156.

Nagarathna P, Johnson Wesley M, Sriram Reddy P, Reena
K. 2013. Review on genotoxicity, its molecular mech-
anisms and prevention. Int J Pharm Sci Rev Res.
22:236-243.

Pan D, Lu H, Zeng X. 2013. A Newly Isolated Ca Binding
Peptide from Whey Protein. International Journal of
Food Properties. 16:1127-1134.

Park E, Ha ], Lim S, Kim G, Yoon Y. 2021. Development
of postbiotics by whey bioconversion with Enterococ-
cus faecalis M157 KACC81148BP and Lactococcus
lactis CAU2013 KACC81152BP for treating peri-
odontal disease and improving gut health. Journal of
Dairy Science. 104(12):12321-12331.



66

Park H, Lee M, Kim KT, Park E, Paik HD. 2018. Antioxi-
dant and antigenotoxic effect of dairy products sup-
plemented with red ginseng extract. Journal of Dairy
Science. 101(10): 8702-8710.

Parween T, Jan S, Mahmooduzzafar S, Fatma T, Siddiqui
ZH. 2016. Selective effect of pesticides on plant-A
review. Crit Rev Food Sci Nutr. 56(1):160-179.

Pizzorno J. 2014. Glutathione! Integr Med (Encinitas).
13(1):8-12.

Rosculete CA, Bonciu E, Rosculete E, Olaru LA. 2019.
Determination of the Environmental Pollution Poten-
tial of Some Herbicides by the Assessment of Cyto-
toxic and Genotoxic Effects on Allium cepa. Int ]
Environ Res Public Health. 16(1):75.

Shetty A, Venkatesh T, Suresh PS, Tsutsumi R. 2017.
Exploration of acute genotoxic effects and antigeno-
toxic potential of gambogic acid using Allium cepa
assay. Plant Physiology and Biochemistry. 118:643-
652.

Srimurali S, Govindaraj S, Krishna Kumar S et al. 2015.
Distribution of organochlorine pesticides in atmos-
pheric air of Tamilnadu, southern India. Int J Envi-
ron Sci Technol. 12:1957-1964.

Stavric B, Matula TI, Klassen R, Downie RH. 1999. The
effect of teas on the in vitro mutagenic potential of
heterocyclic aromatic amines. Food Chem Toxicol.
34:515-523.

Tavan E, Cayuela C, Antoine JM, Cassand P. 2002. Anti-
mutagenic activities of various lactic acid bacteria
against food mutagens: Heterocyclic amines. ] Dairy
Res. 69:335-341.

Teixeira FJ, Santos HO, Scott LSL, Pimentel GD. 2019.
Whey protein in cancer therapy: A narrative review.
Pharmacological Research. 144:245-256.

Van Maele-Fabry G, Gamet Payrastre L, Lison D. 2019.
Household exposure to pesticides and risk of leuke-
mia in children and adolescents: updated systematic
review and meta-analysis. Int ] Hyg Environ Health.
222:49-67.

Vasconcelos QDJS, Paschoalette Rodrigues Bachur T,
Aragio GF 2021. Whey protein supplementation and
its potentially adverse effects on health: a systematic
review. Applied Physiology, Nutrition and Metabo-
lism. 46:27-33.

Walzem RL, Dillard CJ, German JB. 2002. Whey Compo-
nents: Millennia of Evolution Create Functionalities
for Mammalian Nutrition: What We Know and What
We May Be Overlooking. Critical Reviews in Food
Science and Nutrition. 42(4):353-375.

Yadav JS, Yan S, Pilli S, Kumar L, Tyagi RD, Surampal-
li RY. 2015. Cheese whey: A potential resource to
transform into bioprotein, functional/nutritional pro-

Florica Cola et al.

teins and bioactive peptides. Biotechnol Adv. 33:756-
774.

Yildiz M, Cigerci IH, Konuk M, Fidan AFM Terzi H.
2009. Determination of genotoxic effects of copper
sulphate and cobalt chloride in Allium cepa root cells
by chromosome aberration and comet assays. Chem-
osphere. 75:934-938.

Yusa V, Millet M, Coscolla C. Roca M. 2015. Analytical
methods for human biomonitoring of pesticides. A
review. Anal Chim Acta. 891:15-31.

Zhang QX, Ling YF, Sun Z, Zhang L, Yu HX, Kamau SM,
Lu RR. 2012. Protective effect of whey protein hydro-
lysates against hydrogen peroxide-induced oxidative
stress on PC12 cells. Biotechnol Lett. 34:2001-2006.



	First cytogenetic study of the Somphong’s rasbora (Trigonostigma somphongsi) (Perciformes, Cyprinidae), a critically endangered species in Thailand
	Surachest Aiumsumang1, Chavalit Vidthayanon2, Sitthi Kulabtong3, Alongklod Tanomtong4, Sumalee Phimphan1,*
	Evaluation of the evolutionary process within Populus caspica species from Hyrcanian forests by karyotype analysis
	Fereshteh Asadi-Corom1,*, Farhad Asadi2, Hossein Mirzaie-Nodoushan1 
	Chromosomal and genome size variations in Opium poppy (Papaver somniferum L.) from Afghanistan
	Sayed Zia Rasekh, Ghasem Karimzadeh*
	Karyological analyses in several Algerian populations of six species of the genus Vicia L. (Fabaceae)
	Zahia Sebkhi1,4, Rachida Issolah1,*, Nabila Melzi2, Hassina Benmouhoub3, Mohamed Mefti4
	Cytogenotoxic and antimicrobial effects of Nezara viridula (L.) (Hemiptera: Heteroptera: Pentatomidae) alcoholic extracts 
	Nicoleta Anca Şuţan1, Mircea Bărbuceanu2, Daniela Bărbuceanu1,*, Ionica Deliu1
	Apogamous Isoetes coromandelina L.f. (Isoetaceae) with asynaptic meiosis
	V. Irudayaraj1,2, A. Benniamin3,*, S. Arokia Raj1
	Evaluation of the antigenotoxic potential of fresh bovine whey in onion meristematic roots exposed to Quizalofop-P-tefuryl
	Florica Colă1, Elena Bonciu1,*, Mugurel Colă1, Nicoleta Anca Șuțan2

