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A b s t r a c t

Meat from conservation breeding programs receives higher scores for juiciness, texture and 
aroma. Polish Red cattle kept on low-input farms where livestock are raised extensively (pastu-
red in summer and fed farm-made fodder in winter) and highly appropriate for breeding due to 
moderate productivity and the high quality of milk and meat. In the past, Polish native cattle 
breeds were extensively grazed to preserve bird habitats in the same ecosystem. The demand for 
beef from “grass-fed” cattle is on the rise because consumers have a growing interest in animal 
health and well-being, environmental sustainability, and meat products with a modified nutritio-
nal profile and lower fat content. Two-thirds of the energy supplied by feed is required to mainta-
in body functions of cattle. Energy expenditure increases in response to both low and high tempe-
ratures that differ from the thermal optimum of each species. Cattle are sensitive to both heat 
and winter stress, and the maintenance of thermal homeostasis requires additional energy when 
animals are exposed to suboptimal temperatures. Based on the knowledge, the aim of this review 
is understanding that to ensure high levels of animal welfare, the grazing of traditional native 
cattle breeds should be planned by calculating nutrient yields in pasture grass and basal diets, 
not only for cows, but also for other free-ranging herbivores. 
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Characteristics and history of Polish Red cattle

Italy and France are leaders in the conservation of native cattle breeds. 
The conservation of local livestock breeds in those countries is highly pro-
moted by the Food and Agriculture Organization of the United Nations 
with the aim of upholding agricultural traditions and the local culture. 

Polish Red, Polish Red-and-White, White-Backed, and Polish Black-
and-White cattle represent only a small percentage of Polish native cattle 
breeds that increase biodiversity (Litwińczuk et al. 2012). Polish Red cat-
tle originated from small wild brachycephalic (short-horned) cattle in Cen-
tral Europe and Scandinavia. These animals have red to dark red coloring, 
and they were introduced to Polish territory at the beginning of the 16th 
century. Between the two world wars, Polish Red cattle accounted for 25% 
of the domestic cattle population. Before World War II, the Polish Red had 
the status of an international breed, and by the mid-20th century, it was 
found in nearly all Polish regions. The breed accounted for 22% of the 
entire Polish cattle population in the 1950s and for 18% in the 1960s 
(2 million head). In 1973, Polish Red was reared exclusively in three dis-
tricts in southern Poland as part of a regionalization scheme. A conserva-
tion breeding program for Polish Red cattle was introduced in Nowy Sącz 
Voivodeship at the end of 1975 to maintain this valuable breed. The region-
alization scheme and the conservation breeding program were abandoned 
in 1982, and Polish Red cattle were replaced by more productive breeds 
and animals crossbred with foreign breeds, mainly the Angler (Bydło. 
Ochrona ras… 2023). 

Historical and current grazing conditions  
of Polish Red cattle

Until the 1970s, grazing played an important role in Polish Red cattle 
breeding, but uncontrolled bark chewing and trampling caused significant 
damage to tree stands. However, grazing improved light access and the 
supply of animal manure, which led to changes in the structure of the local 
biocenosis. Cattle grazing led to the formation of thermophilic oak forests 
which emerged as one of the most floristically rich forest communities in 
Poland (Libbert 1933) and became protected as a priority habitat under 
the Natura 2000 program (Jakubowska-Garbara 2004). Widespread cat-
tle and pig grazing in forests induced permanent changes in the structure 
of plant communities because excessive foraging on the undergrowth and 
overgrowth eliminated hornbeam and lime trees from the stand. 
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Undergrowth density was reduced to 5–10% of the original value, 
which enabled light-loving or even xerothermic species to develop in the 
undergrowth layer. Sparse oak crowns were easily penetrated by light and 
rain, which promoted the growth of lush and diverse vegetation on the 
forest floor. However, the absence of livestock and anthropogenic pressure 
led to rapid changes in the phytocenosis. Oak forests emerged as a result 
of planned forest management activities (Jakubowska-Garbara 1991), as 
well as the pressure exerted by foraging deer. Light oak disappeared from 
Białowieża Forest due to changes in the abundance and hierarchy of her-
bivores feeding on hornbeam trees (Kwiatkowska 1994). However, herbi-
vores populations were controlled not only by natural predators, but also, 
at least periodically, by humans, which suggests that herbivores pressure 
was a natural as well as an anthropogenic factor. The impact of large her-
bivores on woodlands led to the formation of “pasture forests” in Europe 
already before the development of agriculture (Borkowski 2011).

Conservative cattle breeding in Poland

The Polish Red is the oldest Polish cattle breed with a single body 
color, and it is characterized by adaptability to unfavorable environmental 
conditions, resistance to diseases (such as mastitis, leukemia, and hoof dis-
orders), very high fertility, calving ease, and extraordinary longevity.  
Polish Red cattle can be raised under unsupportive environmental condi-
tions, and they are able to effectively utilize low-quality roughage. The pop-
ularity of traditional breeds has increased, especially on smaller farms, and 
Polish breeders are entitled to subsidies. The Polish Red presently accounts 
for 1% of the domestic cattle population and only 0.29% of the registered 
population. According to the annual monitoring data of the Agricultural 
Advisory Center, approximately 3500 head of Polish Red cattle were reared 
in 320 herds as part of the breed protection program in 2021 (Table 1). 

Table 1
Breeding history of the Red Polish Cow in Poland based on number of individuals according  

to reports of „Statistic Poland”

Year Number of individuals

1960 2 000 000

1999 150

2010 2091

2015 2388

2021 3500



Anna J. Korzekwa et al.8

Polish Red and White-Backed cattle are dual-purpose breeds that 
have long been used for milk production. In comparison with other cattle 
breeds, the Polish Red and White-Backed are characterized by moderate 
productivity and very high milk and meat quality. Upon the breeders’ 
request, the National Research Institute of Animal Production (NRIAP) 
introduced breed assessment programs based on meat production traits 
for Polish Red cattle in 2017 (Polish Red Cattle Conservation Program, 
NRIAP, 2022) and for White-Backed cattle in 2019 (Polish White-Backed 
Cattle Conservation Program, NRIAP 2022). 

The average milk yield of Polish Red cattle is 3,786 kg (4.26% fat con-
tent and 3.39% protein content). The superior performance of Polish Red 
cows can be attributed to their genetic ancestry which contributes to the 
breed’s high conservation value. This valuable genetic resource must be 
protected because it plays an important biological role in agriculture and 
organic farming, and contributes to the preservation of landscapes, local 
traditions and culture. Cattle are registered for the needs of the genetic 
resource conservation program coordinated by the National Research 
Institute of Animal Production in Poland (NRIAP) in accordance with the 
applicable animal welfare regulations. According to recommendations, 
White-Backed, Polish Red, Polish Red-and-White, and Polish Black-and-
White cattle should be kept in a pasture system in summer and indoors 
outside the grazing season (Polish Red Cattle Conservation Program, 
NRIAP, 2022).

The role of large herbivores in habitat restoration

In the 20th century, many livestock species were deprived of their nat-
ural habitats, which led to a dramatic decline or even the extinction of 
some animal populations (Golonka and Jaworski 2002). The establish-
ment of nature conservation areas would protect endangered species, 
increase their population, and, in some cases, facilitate the reinstatement 
of these populations in the original habitats. Native cattle and horse 
breeds can be grazed extensively to protect indigenous avifauna. Before 
Polish Red cattle and Konik Polski horses were used to protect ornitho-
fauna habitats through grazing, the Polish Society for the Protection of 
Birds had advocated for extensive wetland grazing to restore valuable bird 
habitats at the turn of the 19th and 20th centuries (Kalski 2019). In recent 
years, a seasonal grazing program involving Polish Red cattle and Konik 
Polski horses was launched by the Polish Society for the Protection of 
Birds in the Narew River Valley (more than 290 ha) to restore local avi-
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fauna habitats. During the program, Konik Polski horses from Popielno 
and Polish Red Cattle were grazed between June and October/November 
(Ptaki. Podsumowanie… 2023). 

A greater increase in the breeding populations of Charadriiformes, 
including corncrake (Crex crex), spotted crake (Porzana porzana), north-
ern lapwing (Vanellus vanellus), black-tailed godwit (Limosa limosa), ruff 
(Calidris pugnax), and common redshank (Tringa tetanus), was observed 
in grazed meadows than in the remaining areas. Grazing and trampling 
effects improved vegetation structure and foraging conditions for wading 
birds in wetland habitats (Ptaki. Podsumowanie... 2023). The animals 
were reunited with their herds at the end of the program. The grazing 
scheme could not be prolonged due to periodic flooding of meadows in the 
Narew River Valley. Konik Polski horses and Polish Red cattle had to be 
returned to their respective farms to undergo obligatory veterinary pre-
ventive care and other maintenance procedures, such as hoof correction. 
In Poland, only Konik Polski horses can be kept in semi-open breeding 
systems in natural reserves. However, the above applies only to individu-
als born in the wild. 

Energy expenditure during cattle grazing

Generally, in seasonal grazing cattle milk yield is lower than in indoor 
breeding. The stress associated with herding cattle, changes of the diet 
and weather conditions cause periodic drops in the milk yield of these ani-
mals. Whereas energy expenditure during grazing increases in response to 
both very high and very low temperatures which fall outside the optimal 
thermal range of a given species. Cattle are sensitive to both heat and 
winter stress, and in addition to meeting basic physiological needs, the 
energy derived from feed has to accommodate the animals’ thermal needs 
in unfavorable climatic conditions. On winter rangelands at northern lati-
tudes, forage intake is often limited by low temperature and poor-quality 
pastures (Arnold 1985). The diets of grazing beef cattle are supplemented 
with protein to increase the intake of dormant forages for their nutritional 
needs and improve productivity (Bodine et al. 2001). In winter, protein 
supplementation strategies are introduced on the assumption that all ani-
mals consume a daily target quantity and that deviations from the tar-
geted intake negatively impact their health and performance (Bowman 
and Sowell 1997, Wyffels et al. 2020). In winter, prolonged exposure to 
low temperatures and cold winds in northern grazing environments 
increases the resting metabolic rate and the overall energy expenditure to 
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maintain homeothermy (Keren and Olson 2006). Changes in energy 
requirements can affect the intake of dietary supplements during winter 
months. Short-term behavioral responses showed by thermal stress may 
be critical to the energy balance of domestic animals under extreme 
weather conditions (Senft and Rittenhouser 1985). Moreover according 
to Thornoton et al. (2021), anthropogenic climate change has major 
impacts on domesticated livestock, including increased heat stress in ani-
mals in both intensive and extensive livestock systems.

The influence of grazing on meat quality and palatability

Low-input livestock production systems, also known as extensive or 
traditional farming systems, promote animal welfare, sustainable devel-
opment, and the production of safe foods with health promoting properties 
(Marino et al. 2011, Razminowicz et al. 2006). However, the nutritional 
profile of meat produced in pasture-based feeding systems in countries 
with a long growing season, such as Brazil, Argentina, Uruguay, Austra-
lia, and New Zealand, is not directly equivalent to the nutritional profile of 
beef marketed as “grass-fed” in the US. Differences in pasture type and 
availability, cattle breed and age can influence the nutritional composi-
tion, quality, palatability, and digestibility of meat (Luciano et al. 2011, 
Mir et al. 2006). The fatty acid profile of beef is most effectively modified 
through diet. Forage such as grass, clover, and haylage is a rich source of 
α-linolenic acid (18: 3n-3), whereas cereal-based concentrates and maize 
silage are abundant in linoleic acid (18: 2n-6). The meat of cattle fed fodder 
from permanent grasslands was characterized by a more desirable ratio of 
n-6/n-3 fatty acids than the meat of cattle fed concentrates (Nuernberg et 
al. 2005). In Poland, breeders of native cattle are entitled to subsidies 
under agricultural and environmental programs (Florek et al. 2017).

The influence of green fodder on the fatty acid profile of beef should not 
be generalized because the content and proportions of fatty acids in meat 
appear to be affected by both breed and type of grass (van Elswyk and 
McNeill 2014). For example, the saturated fatty acid (SFA) profile of beef 
from two US cattle breeds, Angus and Simmental, differed in animals fed 
annual and perennial grasses. When the results were adjusted for differ-
ences in intramuscular fat content, Angus cattle grazed on annual pas-
tures (rye grass, red clover, lotus) deposited more stearic acid in the polar 
lipid fraction of intramuscular fat than Simmental cattle grazed on annual 
pastures (Itoh et al. 1999). The fatty acid profile of individual muscles also 
differed in grass-fed or grain-finished cattle (Lorenzenl et al. 2007). Car-
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cass fat content was also found to affect the fatty acid composition of beef. 
Regardless of diet, the meat of “lean” breeds (such as double-muscled 
breeds) is more abundant in polyunsaturated fatty acids (PUFAs) than the 
meat of other breeds (Desmet et al. 2004) because PUFAs are accumu-
lated mainly in muscle membrane phospholipids. 

The above examples indicate that that meat quality is determined by 
numerous factors; therefore, the extent to which the transition from 
a standard diet to year-round grazing will affect the quality and nutri-
tional value of Polish Red beef is difficult to predict. Research has shown 
that nutrition and genetics have no influence on the protein content or 
amino acid profile of beef (Scollan et al. 2006). A comparison of the pro-
tein content of meat from grass/forage-fed and grain-finished cattle 
revealed no significant or practical differences (protein content ranged 
from 20% to 23%) (Duckett et al. 2009, 2013, Leheska et al. 2008). Meat 
aroma and palatability may be associated with individual preferences or 
cultural norms. For example, American consumers enjoy the flavor of beef 
from traditionally fed cattle, whereas consumers in other countries prefer 
beef from grass-grazed cattle (Scollan et al. 2006, Sitz et al. 2005). Meat 
flavor is influenced by forage type and maturity, cattle breed, fat content, 
and marbling score, which is why the flavor of beef from grass/forage-fed 
and grain-finished cattle is difficult to compare (van Elswyk and McNeill 
2014). It should also be noted that the content of macro- and microele-
ments is similar in the meat of Polish Red, Simmental, and Polish Hol-
stein-Friesian cattle (Domaradzki et al. 2016).

Grazing by ruminants in different countries

In many US regions, beef cattle that had been raised under intensive 
farming systems are increasingly often grazed in pastures. Cattle are usu-
ally grazed in summer when fodder crops are more nutritious and palat-
able. Seasonal grazing strategies are also implemented to improve animal 
welfare and performance as well as for economic reasons. Consumers are 
becoming increasingly aware that grazing promotes animal health and 
well-being, contributes to environmental sustainability, and that the meat 
of pasture-grazed cattle is leaner and more abundant in health-promoting 
fatty acids (van Elswyk and McNeill 2014). Feed is the most significant 
cost in livestock farming, and supplemental feeding accounts for 65% of 
the annual costs in cow-calf production (Arthur et al. 2004, van der 
Westhuizen et al. 2004, Meyer et al. 2008). Two-thirds of the energy 
derived from feed is utilized for physiological processes (Ferrell and  
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Jenkins 1984, 1988) and is an important consideration in cattle produc-
tion (Arthur et al. 2001, Nkrumah et al. 2006, Crowley et al. 2010). 
Feed constitutes the largest production input, which is why the selection 
of breeds characterized by lower feed intake and high productivity could 
substantially improve profitability (Meyer et al. 2008). 

Livestock grazing influences landscape composition and plays a signif-
icant role in most European countries. In the Netherlands, the importance 
of grazing, including in forests, is widely recognized as a factor that con-
tributes to animal welfare. Livestock grazing promotes habitat biodiver-
sity and leads to changes in the size and composition of plant communities 
(Lindenmayer et al. 2018). High-quality fodder from pastures is also  
a rich source of macro- and microelements, protein, energy, and vitamins 
(Barszczewski et al. 2015). In the Netherlands, the number of grazed ani-
mals has decreased due to a rise in the cattle population. For example, 
92% of the animals are grazed in herds with 40 head, but only 42% are 
grazed in herds of 160 or more animals. Average herd size continues to 
increase, which implies that fewer animals will be grazed (Van Den  
Pol-Van Dasselaar et al. 2015). In recent years, the uncontrolled increase 
in the population of large herbivores in the Oostvaardersplassen nature 
reserve in the Netherlands has stirred considerable controversy. Oost-
vaardersplassen spans an area of around 56 square kilometers, and it is 
an experiment in rewilding. Due to uncontrolled reproduction and over-
crowding, nearly 3300 deer, horses, and cattle died of starvation in the 
winter of 2017–2018 (Givetash 2018,Barkham 2018).

Conventional grazing requires access to areas with high ecological and 
landscape value, including forests. Forest grazing is prohibited in many 
countries, but its popularity is on the rise in Europe, despite the critical 
opinions of forest rangers who have argued that grazing cattle disrupt 
hunters, damage seedlings, the soil environment, and tree stands (Varga 
et al. 2015). In Poland, rotational grazing is the most popular grazing 
strategy. The pasture is divided into paddocks, and cattle are moved to 
different portions of the pasture. Paddocks should have a similar size, and 
they should be enclosed by trenches, roads, or forests. Pastures should be 
rotated and effectively managed to maximize productivity. All four Polish 
native cattle breeds (Polish Red, White-Backed, Polish Black-and-White, 
and Polish Red-and-White) are kept on low-input farms where livestock 
are pastured in summer and fed farm-made fodder (silage and grass) in 
winter (Litwińczuk et al. 2014). Beef from such production systems has 
higher nutritional value (Cabrera and Saadoun 2014). The mineral con-
tent of beef is influenced by cattle breed, age, diet, production system, and 
meat processing (Cabrera and Saadoun 2014, Domaradzki et al. 2016). 
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In Poland, ruminants are grazed between May and mid-October 
(around 160–170 days), and the grazing season ends shortly before the 
first ground frost (Twardy and Barszczewski 2015, Barszczewski et al. 
2015). Forest grazing is generally forbidden in Poland, but the forest divi-
sion in Strzałowo (north-eastern Poland) authorized supervised grazing of 
Konik Polski horses in oak forests to restore ecosystem biodiversity (Borek 
2015). However, the project was not prolonged. 

In Scandinavian countries, clear cuts in boreal forests play an import-
ant in livestock grazing (Tofastrud et al. 2019), but the availability of 
Picea and Abies, Larix, and Pinus species (Gauthier et al. 2015), as well 
as flora has been greatly reduced (Kelman Wieder et al. 2006). Tofastrud 
et al. (2019, 2020) determined the number of beef cattle grazing in boreal 
forests of Norway. The grazing season lasted 80-120 days, from late May 
to early September. Northern Scandinavian forests are valuable grazing 
areas for adult cattle and calves, but livestock compete for food with moose, 
which decreases the availability of feeding resources for wild animals. 
Moreover, changes in forage composition also decrease foraging activities 
(Tofastrud et al. 2019, 2020). Although forests offer a good alternative to 
livestock pastures, in many cases, they can be used only as supplementary 
pastures (10–20% of total grazing; Varga et al. 2020). Forest grazing is 
not always recommended. In comparison with pasture forage, forest forage 
is low in protein and energy, thus it does not provide sufficient nourish-
ment for livestock (Mercker 2019). Low-energy diets can lead to meta-
bolic diseases (Kowalski 2010), and a negative energy balance is associ-
ated with ketosis in cattle (Littledike et al. 1981). According to Cantón 
et al. (2021), the low energy content of winter diets can also contribute to 
hypomagnesaemia.

Ten to forty acres of forest or one acre of improved pasture are typi-
cally required to provide the same number of grazing days. Around one 
hundred plant species growing in forests can have toxic effects for live-
stock (Mercker and Smith 2019). Forest grazing can decrease cattle pro-
ductivity due to the adverse effects of poisonous herbs and reduced avail-
ability of forage during the grazing season (Tofastrud et al. 2019). 
According to Han et al. (2021), forest grazing contributes to the extinction 
of rare plant species.

Attempts have been made to introduce Polish Red cattle to the natural 
habitat of Konik Polski horses and wildlife herbivores (Naukowcy 
zbadają… 2023). At present, the conservation herd of Konik Polski horses 
consists of twenty-one mares of reproductive age, four stallions, and their 
annual offspring. The herd is grazed on an area of approximately 1,620 ha, 
including 57 ha of forest meadows. This area is also inhabited by wild 
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ruminants such as red deer, fallow deer, and roe deer. According to annual 
hunting data, more than 100 cervids were identified in Popielno in March 
of 2021 (Table 2).

Table 2
 Number of ruminants living on the Popielno Peninsula according to annual counting 

(March 2021)
Species Number of individuals

Konik Polski (Equus caballus)
–  stallions
–  mares
–  foals

32
  4
21
  7

Red deer (Cervus elaphus)
–  bulls
–  hinds
–  calves

57
15
32
10

Fallow deer (Dama dama)
–  bulls
–  hinds
–  calves

12
  4
  5
  3

Roe deer (Capreolus capreolus)
–  bucks
–  does
–  calves

32
12
14
  6

In recent years, local meadows were considerably damaged by wild 
boars (damaged turf and strong weed infestation), which reduced the 
availability of forage for large herbivores, including cattle. Plans had been 
made to clear 100 ha of forests, establish meadows, and replace forest 
trees with oaks, but these efforts require time and effective management 
to ensure a good feed base. Despite the disadvantages of forest grazing, 
native cattle breeds have well adapted to pasture grazing without human 
involvement. Pasture grazing can raise environmental awareness and 
attract tourists, but it can also compromise long-term biotope stability, 
especially in habitats with rare and protected plant  species (Chodkiewicz 
2020). The demand for healthy beef products has increased in recent years. 
Research has demonstrated that grass-fed beef delivers health benefits 
due to its desirable fatty acid profile and antioxidant content (Daley et al. 
2010). However, poorly managed forest grazing areas can compromise the 
health of ecosystems by contributing to erosion, reducing vegetation cover, 
decreasing organic matter content, soil moisture and compaction (Mer-
cker and Smith 2019).
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Conclusion

Polish Red cattle are characterized by high adaptability to unsupport-
ive environments, high disease resistance, high fertility, extraordinary 
longevity, and high meat quality. In countries with a temperate climate 
(such as Poland), this breed should not be pasture-grazed throughout the 
year because low temperatures compromise the animals’ health and wel-
fare. 

Accepted for print 28.07.2023
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A b s t r a c t

There is a need to carry out regular microbiological analysis of packaged sachet water 
(PSW) sold in Nigeria to determine whether they comply with drinking-water quality standards. 
One hundred and fifty three PSW samples from fifty-one packaged sachet water facilities 
(PWMFs) in Abeokuta were collected from retail outlets between April – July, 2014. Samples 
were analyzed for Escherichia coli using standard culture media. Latex agglutination serological 
test; sequencing of 16S rRNA gene and sequence similarity analysis yielded E. coli O157:H7 from 
two PSW (1.32%) from one PWMF (1.96%). Both E. coli O157:H7 isolates were Shiga toxin (stx1) 
positive but stx2 negative. The two E. coli O157:H7 strains exhibited different resistance 
patterns to ten (10) antibiotics belonging to seven (7) different classes. Each E. coli O157:H7 
strain showed resistance to more than two classes of antibiotics with MIC ≥ 8 µg/ml. This paper 
showed that the not all packaged sachet water analyzed in this study are fit for drinking, and 
can even be source of multidrug resistant and Shiga, toxin-producing E. coli. 

Introduction
Packaged water has become another source of drinking water in most 

countries of the world (Oyedeji et al. 2010). In Nigeria, many people are 
currently involved in the production of PSW using different complex tech-
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niques such as ozonization and reverse osmosis, however, many producers 
fail to adhere to standards for the production of packaged sachet water 
(PSW). Findings from quality assessment using Escherichia coli as faecal 
indicator revealed that there are some PSW with microbiological limits 
exceeding WHO drinking-water guidelines of zero coliform count per  
100 ml of water (WHO 2002, 2017). Although most E. coli strains are 
harmless, but some, such as serotype O157:H7, can cause serious food poi-
soning in humans and are occasionally responsible for product recalls 
(Tarr et al. 2005).

Shiga-like toxin-producing Escherichia coli (STEC) O157:H7 are 
known zoonotic, food and water-borne pathogens and toxin-producing 
strains associated with human illness (Gyles 2007) and STEC also harbor 
the phage-encoded genes stx1 and stx2 coding for potent cytotoxins that 
cause severe tissue damage with fatal consequences (Walker et al. 2012). 

In Nigeria, especially the southwest, a lot of work has been done on the 
microbiological quality of vended sachet water (Oluyege et al. 2014, 
Onilude et al. 2013, Oyedeji et al. 2010) with E. coli as an indicator of 
water quality. There is no index study on the serotype of E. coli isolated 
from such vended sachet water. Also in Nigeria, E. coli 0157:H7 have been 
reported from clinical and food samples (Okeke et al. 2003, Olatoye 
2010), tap water and surface water (Chigor et al. 2010, Luga et al. 2007, 
Smith et al. 2009) but none from packaged sachet water. There is a need 
to subject suspected Escherichia coli from sachet water to further analysis 
(phenotypic, serotyping and molecular). As such, this study investigates 
the presence of Shiga, toxin-producing Escherichia coli O157:H7 in pack-
aged sachet water samples in Abeokuta, Nigeria, with the goal to assess 
the possible risk of human exposure to Escherichia coli O157:H7 through 
consumption of sachet water, which are packaged essentially as drink-
ing-water in the study area.

Methodology

The study area, Abeokuta, southwest Nigeria, has three local govern-
ment areas (LGA). Samples (PSW) were collected over a period of 4 months 
from April to July 2014 from 39 different locations within the study area. 
The main selection criterion is population density. As such, the selected 
locations are highly populated areas (in terms of residential and business 
activities) within each of the three LGA. 

In Nigeria, The National Agency for Food and Drug Administration 
and Control (NAFDAC) is the agency saddled with regulation of food and 
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water that is packaged for commercial purposes. As at April 2014, the 
number of registered PSW companies in Abeokuta was 72. There were 
only sixty registered PSW companies that were in operation as at the time 
of collection of samples. Using Yamane’s formula (Yamane 1967) the sam-
ple size was determined as follows:

n = N/1 + Ne2,
where:
n	 – required sample size
N	 – population size which is 60
e = 0.05 at 95% confidence interval.

The calculation gives a total of 51 which was used as the sample size. 
Samples were purchased thrice. Therefore, in total there was one hundred 
and fifty-three (153) packaged sachet water samples from 51 different 
packaged water manufacturing facilities (PWMFs) purchased randomly 
from retailers across the city of Abeokuta at the thirty nine different loca-
tions. All samples were transported in ice packs to the laboratory for 
microbiological analysis within 6 hours (h). 

One ml from each sample was pre-enriched in Brain Heart Infusion 
(BHI) broth at ratio 1:9 for 3 h at 35°C. An aliquot (1 ml) of the pre-enrich-
ment was transferred to 9 ml Tryptone Soya broth (TSB) and incubated at 
44°C for 20 h followed by subsequent culture on Eosin-methylene blue 
(EMB) agar, incubated at 37°C for 24 h (Pathogenic Escherichia coli... 2006). 
Both gram and biochemical reactions were carried out. Typical green 
metallic sheen (presumptive E. coli) colonies which were gram negative 
and indole positive were subjected to further characterization such as test 
for sorbitol fermentation using Sorbitol MacConkey Agar (SMAC) incu-
bated at 37°C for 18–24 h. Non-sorbitol fermenting E. coli colonies were 
serologically confirmed as O157:H7 using E. coli latex agglutination sero-
typing kit (Dryspot E. coli O157 latex test) for E. coli O157 (Oxoid, Bas-
ingstoke, UK). Colonies that agglutinated to the antisera were considered 
to be E. coli O157:H7.

 Each of the isolates (Escherichia coli) was subjected to antibiotic sen-
sitivity testing by the disk diffusion method (Kirby-Bauer et al. 1966). 
The diameter of the zone of clearance (including the diameter of the disk) 
was measured to the nearest whole millimeter and interpreted using Clin-
ical and Laboratory Standards Institute guidelines (CLSI 2012). The anti-
biotics used are: penicillin, cefixime, streptomycin, erythromycin, amoxi-
cillin, ampicillin, tetraxycline, co-trimoxazole, gentamycin, ciprofloxacin. 
The antibiotic disks were produced by Randox laboratories, UK. 

Extraction of genomic DNA was conducted at Biotechnology Centre, 
Federal University of Agriculture, Abeokuta, Nigeria. Extraction was per-
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formed using DNA extraction kit (Norgen, Canada) following manufactur-
er’s instruction. The extracted DNA was viewed by agarose gel electropho-
resis followed by PCR amplification obtained with universal primer for 
detection of bacteria (5pMol forward (5′-CGAGCAGCCGCGGAATACG -3′) 
and backward primer (5′ ATCGGTACCTTGTACGACTTC -3′)) (Rahmani 
et al. 2006). 

Bi-directional sequences were edited and aligned to generate a consen-
sus sequence using BioEdit Sequence Alignment Editor (version 7.1.9). 
Consensus sequences were then subjected to similarity searches on 
National Centre for Biotechnological Information (NCBI) using the Basic 
Local Alignment Search Tool (BLAST) to establish identities of the bacte-
ria strains (both sequences have been submitted with accession numbers 
(OQ311321 and OQ311322). Also, PCR amplification for stx1 and stx2 gene 
was carried out (Willner et al. 2012) using universal selective primers. 
Table 1 shows the PCR primers used for Shiga toxin detection in this study.

Table 1
Genomic sequence of primers for detection of Siga toxin genes in Escherichia coli  

O157:H7 strains from sachet water packaged as drinking-water in Abeokuta, Nigeria

Primer Primer sequence (5’- 3’) Target 
gene

Size of amplicon 
(base pair, bp) Reference

Stx1-F ACACTGGATGATCTCAGTGG Stx-1 614 (Ferens and Hovde 
2011)

Stx1-R CTGAATCCCCCTCCATTATG – – –

Stx2-F CCATGACAACGGACAGCAGTT Stx-2 779 (Ferens and Hovde 
2011)

Stx2-R CCTGTCAATGAGCAGCACTTTG – – –
Abbreviations: F – Forward; R – Reverse

Results 

Occurrence of Escherichia coli in packaged sachet water 
samples, phenotypic reaction of isolated E. coli and serotyping

Out of 153 packaged sachet water samples analyzed, E. coli was iso-
lated from only two sachet water samples (1.32%). The organism (E. coli) 
was isolated from the same PSW collected at different months (two 
months apart, with different batch number) from the same PWMF. The 
two Isolates were confirmed to be Escherichia coli O157:H7 with sorbitol 
fermentation and latex agglutination test as shown by the clumps in plate 
(Figure 1). 
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Table 2 shows that there was a positive reaction for the 2 isolates in 
terms of fermentation and gas production at 37° and 44°C respectively, 
which shows that the E. coli isolates are from feacal origin. The isolates 
were negative for tube haemagglutination. The hemolytic action of the iso-
lates on blood agar shows that the isolates were not able to cause any 
hemolytic action on the blood agar (γ-hemolysis) while the isolates were 
pale coloured (negative reaction) on sorbitol MacConkey agar which shows 
that they were non-sorbitol fermenters.

Table 2 
Phenotypic characterization of E. coli isolates in packaged water sold in Abeokuta,  

Ogun State, Nigeria

 Phenotypic conditions
Isolates

Escherichia colia Escherichia colib

Growth at 37°C + +

Growth at 44°C + +

Haemmaglutination assay – –

Hemolytic reaction – –

Sorbitol fermentation – –
Abbreviations: + positive; – negative

Fig. 1. Agglutination reaction of E. coli from packaged water sold in Abeokuta, Ogun State,  
Nigeria to oxoid O157:H7 antiserum
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Antibiotics Sensitivity Test (AST)

Table 3 shows the pattern of each bacteria strain to different classes of 
antibiotics used. Strain A showed resistance to five antibiotics of four 
classes while E. coli strain B showed resistance to seven antibiotics belong-
ing to six classes which indicate that the antibiotic resistance pattern dif-
fered in the two strains.

Table 3
Minimum inhibitory concentration and minimum bactericidal concentration of E. coli 

isolates in packaged sachet water sold in Abeokuta, Ogun State, Nigeria

Antibiotics Escherichia colia Escherichia colib

PEN R S

CEFX S R

STREP R S

ERY R R

AMX S R

AMP S R

TET S R

COT S R

GEN R R

CIPX R S
Abbreviations: a – first E. coli isolate; b – second E. coli isolate; S – sensitive; R – resistance; 
Antibiotics (CLSI, 2012): PEN – Penicillin; CEFX – Cefixime; STREP – Streptomycin; ERY – 
Erythromycin; AMX – Amoxicillin; AMP – Ampicillin; TET – Tetracycline; COT – Co-trimoxazo-
le; GEN – Gentamycin; CIPX – Ciprofloxacin 

Molecular characterization of E. coli O157:H7 isolates

Figure 2 described a gel picture showing the successful extraction of 
deoxyribonucleic acid (DNA) material of isolates.

STX genes in Escherichia coli O157:H7 strains

Gel electrophoresis of PCR amplified Shiga toxin genes shows that 
both E. coli strains produced stx1 with 503 bp (Figure 3) but none had 
stx2 (Figure 4). 
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Fig. 2. Gel picture of extracted genomic DNA of E. coli O157:H7 from packaged water sold  
in Abeokuta, Ogun State, Nigeria. Abbreviations: M – DNA marker; A – E. coli isolate A;  

B – E. coli isolate B; - – control

Fig. 3. PCR amplicon products of stx1 gene in E. coli O157:H7 strains from sachet  
waterpackaged as drinking-water in Abeokuta, Nigeria. Abbreviations: M – molecular marker;  

A – Escherichia coli strain A; B – Escherichia coli strain B
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Discussion

Shiga, toxin-producing Escherichia coli O157:H7 in packaged 
drinking-water: implications for public health

This study isolated Escherichia coli O157:H7 from sachet water that 
are essentially packaged as drinking-water in Abeokuta, southwest Nige-
ria, at a prevalence of 1.3% from one brand of PWMF. Arguably, the per-
centage prevalence of 1.3 is low, however, it should be noted that the object 
of study (Packaged sachet water) is treated water and should, according to 
WHO and NAFDAC, have zero coliforms cfu/100ml of water. Also, though 
the percentage prevalence is low (1.32%), the strain of E. coli (0157:H7) 
that was isolated from the samples is of public health interest considering 
the bacterial pathogenicity, low infectious dose and ability to survive in 
extra-intestinal environments (Aibinu et al. 2007). Similarly, the popula-
tion at risk (more than 60% of over 170 Million Nigerian population take 
sachet water) when factored in makes the presence of coliforms a public 
health concern to a wide human population regardless of the low preva-
lence rate. 

Fig. 4. PCR amplicon products of stx2 gene in Escherichia coli O157:H7 strains isolated 
from sachet water packaged as drinking-water in Abeokuta, Nigeria. Abbreviations:  
M – molecular marker; A – Escherichia coli strain A; B – Escherichia coli strain B
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Serological and molecular techniques confirmed the strain of E. coli as 
O157:H7. Although, this strain has been isolated in tap water and surface 
water in Nigeria (Chigor et al. 2010, Luga et al. 2007, Smith et al. 2009), 
but it not been isolated from PSW, due to the assumption that PSW, being 
treated water should be free from bacteria not to talk of the highly patho-
genic E. coli O157:H7. Therefore, most research on PSW in Nigeria are 
benchmarked at biochemical characterization.

The two strains from this study were positive for PCR detection of 
Shiga toxin (stx1) confirming their virulence though stx2 was not detected. 
Shiga toxin is the critical virulence factor in STEC diseases. The isolated 
E. coli O157:H7 strains were also multidrug resistant, which is not a new 
occurrence in Nigeria (Aibinu et al. 2007). Multi-drug resistant Shiga tox-
in-producing E. coli O157:H7 constitutes a significant public health prob-
lem in Nigeria (Souza et al. 2011). In addition, the occurrence of E. coli 
O157:H7 from packaged sachet water in this study is of public health sig-
nificance, particularly, considering the percentage of households that 
depend on sachet water for drinking in Nigeria. The people that are most 
at risk of infection are the very young, the elderly and people with an 
already weakened immune system (Kalgi and Martins 2015), pregnant 
women and HIV/AIDS patients (Abongo et al. 2008, Reuben and Gyar 
2015). Therefore, packaged sachet water in Nigeria should be given seri-
ous attention by carrying out more studies on the pathotypes of E. coli 
isolated in water beyond the sole focus given to the occurrence of E. coli as 
an indicator for water quality. 

Furthermore, urgent attention should be geared towards the enforce-
ment of the adoption and development of water safety interventions by 
drinking-water suppliers to prevent outbreaks of waterborne diseases, 
particularly, the application of Water Safety Plans (WSP). Water Safety 
Plans are preventive, comprehensive and systematic assessment of drink-
ing-water supply systems from source to tap, using risks assessments and 
management tools (WHO 2017). Enforcing the application of water safety 
planning is to ultimately ensure water and public health protection. 

Conclusion

Shiga toxin producing multi-drug resistant Escherichia coli O157:H7 
is identified as a microbiological hazard transmitted to a wide population 
through sachet water that is packaged essentially for drinking in Abeo-
kuta, Nigeria. 
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A b s t r a c t

Food-borne pathogens cause significant economic losses and affect the quality of life. 
Butcher shops act as a perishable commodity and contribute to the possible spread of food-borne 
pathogens. Due to the absence of knowledge and studies related to food safety in Al Mandaq city, 
Saudi Arabia, the main objective of this study was to initiate and establish a database about the 
possibilities of the existence of pathogenic bacteria in butcher shops in the city. From each local 
shop at the city (n = 6), 14 samples were collected from various spots, and the potential bacterial 
pathogens were identified on specific media (blood agar, MacConkey agar, Hicrome Staphylo-
coccus selective agar, and Eosin methylene blue agar). Based on the number of presumed  
pathogens, Shop 1 was the most contaminated (n = 57), followed by Shop 2 (n = 51). Among the 
collected samples, lamb meat contained the highest number (25) of all pathogens, followed by 
beef, the floor, and the fridge (22 each). The prevalence of Staphylococcus aureus was 29%, 
followed by Salmonella spp. (26%) and Escherichia coli (24%) in all the samples of the six 
butcher shops. All 84 samples were less contaminated with Salmonellae spp. (10%) compared 
with other isolated pathogens. The increased frequency of these potential pathogens in meat 
shows the appallingly unhygienic and unsanitary techniques used, from the slaughterhouse, 
during transportation to butcher shops, and during processing at the butcher shops. As a result, 
the current investigation, which is the first of its type in Al Mandaq, demonstrates that meat is 
highly contaminated with potential bacterial pathogens. Minimizing meat contamination  
in markets and using good sanitation and inspection techniques are crucial. 

Introduction

Food-borne diseases (FBDs) are one of the most critical global public 
health issues and should be addressed on a priority basis to ensure  
a healthy environment (Khan et al. 2022). Around the world, one person 
out of 10 (600 million people) is a victim of FBDs. Each year, 420,000 peo-
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ple die due to food poisoning. It is reported that 70% of FBDs are caused 
by microorganisms (WHO 2015). Bacteria play a crucial role in the devel-
opment of FBDs due to either the production of toxins or the colonization 
of these bacteria to the epithelial cells of the gastrointestinal tract (Kirk 
et al. 2015).

Meat is a perishable food and provides a favorable environment for the 
growth of pathogenic bacteria and microorganisms, which causes it to spoil 
(Birhanu et al. 2017). Meat is exposed to a variety of contaminations, from 
the production stage to the point at which it is available to consumers 
(Arafa et al. 2022). Such contamination is the prime cause of illness and, 
occasionally, death upon ingestion due to the persistence of pathogenic 
microorganisms (WHO 2007). Mainly, FBDs result from ingesting patho-
genic bacteria and microbial toxins (Bannon et al. 2016).

Many reports depict the isolation of bacterial pathogens from fresh 
meat, which plays an important role in the onset of diseases in humans 
(Bannon et al. 2016, Bantawa et al. 2018, Castellano et al. 2008, 
Meshaal et al. 2021, Mor-Mur and Yuste 2009, Ukut et al. 2010). These 
pathogens include E. coli, Listeria monocytogenes, Staphylococcus aureus, 
etc. The main sources of these pathogenic bacteria in butcher shops are 
slaughtered animals, workers’ gloves, knives, meat storage, contaminated 
water, tables, cutting boards, and weighing scales (Birhanu et al. 2017). 

With prolonged favorable environments, such as acidity, moisture, 
temperature,  and availability of nutrients, the microbial load in meat 
increases (Niyonzima et al. 2015). E. coli, Listeria monocytogenes, Salmo-
nella spp., Staphylococcus aureus, and Campylobacter spp. are considered 
the main contaminants of meat and can cause not only diarrhea but also 
other gastrointestinal disorders (Orpin et al. 2018). One of the mesophilic 
commensal microbes present in the digestive tract of both humans and 
animals is Escherichia coli (Dubreuil 2012). Gastroenteritis and extra-in-
testinal infections such as urinary tract infections (UTIs) are caused by 
pathogenic strains of E. coli (Bannon et al. 2016).

Determination of the bacterial load in the meat indicates the hygienic 
quality of the meat. Factors such as poor facilities in butcher shops, slaugh-
tering of diseased animals, poor handling of the remains after slaughter-
ing, and contaminated environments contribute to the high bacterial 
count, which in turn is a threat to humans (Birhanu et al. 2017). 

Without a hygienic environment at butcher shops and abattoirs, the 
availability of pathogen-free meat is minimal. Control measures are taken 
to ensure the hygiene and quality of meat, particularly in the catering 
industry (Tavakoli and Riazipour 2008). Few reports are available on 
handling practices and hygiene status of the meat at butcher shops in 
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some parts of Saudi Arabia, keeping these gaps in view, the purpose of this 
study was to establish a study and to assess the potential existence of 
pathogenic bacteria in local butcher shops at Al Mandaq city, Saudi Ara-
bia, particularly Staphylococcus aureus, Staphylococcus epidermis, E. coli, 
Salmonella spp., and Shigella spp.

Materials and Methods

Samples collection

Samples were collected from instruments/apparatus used in butcher 
shops at different locations in Al Mandaq, located in the southwestern 
region of Saudi Arabia. These samples were classified into two categories: 
Abiotic samples and biotic samples (Table 1). A total of 84 different sam-
ples were collected aseptically using cotton swabs from six butcher shops 
(14 samples from each shop). All samples were stored in an icebox and 
then brought to the lab in sterilized containers.

Table 1
Types of collected abiotic and biotic samples from each butcher shop

Biotic samples Abiotic samples

butchers’ hands meat storage

lamb meat cutting knives

beef meat cutting boards

– scales

– sinks

– masks

– floors

– gloves

– fridges

– doors

– saws

– mincers

Isolation and identification of bacterial strains

Swabs were streaked on different media using the protocol of Mele-
bari et al. (2022). Used media were blood agar, MacConkey agar, Hicrome 
Staphylococcus selective agar, and Eosin methylene blue (EMB) agar, and 
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incubated at 37°C for 24 hours. After 24 hours of incubation, morphologi-
cally distinct colonies were picked and purified. All the isolates were iden-
tified using specific characters on a selective medium. Salmonella-Shigella 
agar medium was used to identify Salmonella spp. and Shigella spp. The 
E. coli strains were identified by producing a metallic sheen on the EMB 
medium. Hicrome Staphylococcus selective agar was used to identify 
Staphylococcus aureus and Staphylococcus epidermidis. Staphylococcus 
aureus and Staphylococcus epidermidis were identified based on the pro-
duction of green and blue colonies on said medium. Gram staining and 
catalase activity of the isolated strains were performed.

Basic confirmation tests

Gram staining of the isolated strain was performed using the protocol 
of Smith and Hussey (2005). Catalase activity of the isolated strains was 
conducted using 3% H2O2 on the bacterium colony, and bubble formation 
was noted. The hemolytic potential of the isolated strains was checked on 
blood agar (nutrient agar + 10% sheep blood). Pathogens were streaked on 
blood agar and incubated at 37oC for 24 hours. Hemolysis was checked 
based on the clear zone and color of colonies.

Statistical analysis

Frequencies and percentages were used to represent the data. To com-
pare the groups, a chi-square test was performed using SPSS 26. A sub-
stantial impact was judged to be demonstrated by a p-value of >0.05.

Results

Six butcher shops were targeted for the isolation of pathogenic bacte-
rial strains with standard procedure. Samples were collected from differ-
ent tools and storage used in the butcher shop, including meat storage, 
cutting knives, cutting boards, scales, sinks, masks, floors, gloves, fridges, 
doors, saws, mincers, the butchers’ hands, lamb meat, and beef meat. 
These strains were Staphylococcus aureus, Staphylococcus epidermidis, 
Salmonella spp., Shigella spp., and E. coli, based on identification on 
respective media. The highest pathogenic load was found in shop 1, where 
the total number of pathogens was 57, followed by shop 2 (51), shop 3 (46), 
shop 6 (45), shop 4 (43), and shop 5 (37) – Figure 1.
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Out of 57 bacterial strains from Shop 1 from all the samples, the num-
ber of each strain was ≥10, among which S. aureus was the highest (13), 
followed by S. epidermidis and E. coli (each 12), Salmonella spp. (10), and 
Shigella spp. (10). From Shop 2, 14 S. aureus, 13 S. epidermidis, 10 E. coli, 
and seven S. aureus were isolated. From Shop 3, 14 S. aureus, 12 S. epi-
dermidis, 13 E. coli, two Salmonella spp., and five Shigella spp. were iso-
lated. Salmonella spp. and Shigella spp. were isolated less in number 
(three each). From Shop 5, S. aureus (14) was found more than the others: 
S. epidermidis (10), E. coli (11), Salmonella spp. (1), and Shigella spp. (1). 
The highest number of pathogenic strains found in Shop 6 was S. aureus (14), 
followed by S. epidermidis (12), E. coli (10), Shigella spp. (5), and Salmo-
nella spp. (4) – Table 2. 

Table 2 
Bacterial pathogens isolated from collection site

Shop
Pathogens [%]

S. aureus S. epidermidis E. coli Salmonella spp. Shigella spp.

Shop 1 23 21 21 18 18

Shop 2 27 25 20 14 14

Shop 3 30 26 28 4 11

Shop 4 30 33 23 7 7

Shop 5 38 27 30 3 3

Shop 6 31 27 22 9 11

Fig. 1. Pathogenic load in collection site
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Fourteen samples were selected for the isolation of bacterial strains. 
The collective number of bacteria from each sample was calculated from 
the total shops. Biotic samples contained higher numbers of pathogens 
than abiotic samples. The most contaminated was lamb’s meat, from which 
25 strains were isolated. Twenty-two strains were isolated each from beef 
meat, mincers, floors, and fridges. The bacterial count isolated from boards, 
scales, and gloves was 19 for each sample. From each sample of saws and 
sinks, 21 bacteria were isolated from all six shops. The lowest bacterial 
load was observed for masks, from which 14 bacterial isolates were recov-
ered (Figure 2).

Pearson chi-square analysis was performed to determine the associa-
tion of the pathogens to the total observation (84) from all six butcher 
shops. From statistical analysis, a significant association between the 
sampling location and S. aureus (p = 0.535), S. epidermidis (p = 0.353), and 
E. coli (p = 0.696) count was not observed (p > 0.05). However, such associ-
ation was found for Shigella spp. and Salmonella spp., where the p-values 
were 0.008 and 0.002 (p < 0.05), respectively (Table 3).

The total number of pathogens isolated from all the shops with respect 
to samples was calculated. The most isolated pathogen in all the shops 
was S. aureus (n = 82). Almost all 14 samples contained this pathogen. 
However, this pathogen was not present in the door sample of Shop 1 and 
the mincer sample of Shop 4 (Figure 3). This pathogen contributed 29% to 
the overall load of pathogens (Figure 4). The second most abundant patho-
gen in all the samples from all shops was S. epidermidis (n = 70). 

Fig. 2. Bacterial load with respect to samples from all the shops
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Table 3
 Chi-square analysis of the isolated pathogens from all the shops

Specification
S. aureus S. epidermidis E. coli Salmonella spp. Shigella spp.

value df p-value value df p-value value df p-value value df p-value value df p-value

Pearson Chi-Square 4.098a 5 0.535 5.544a 5 0.353 3.024a 5 0.696 18.830a 5 0.002 15.556a 5 0.008

Likelihood Ratio 4.493 5 0.481 6.810 5 0.235 3.331 5 0.649 19.347 5 0.002 16.582 5 0.005

Linear-by-Linear 
Association 0.694 1 0.405 0.434 1 0.510 0.506 1 0.477 10.211 1 0.001 10.979 1 0.001

N of Valid Cases 84 – – 84 – – 84 – – 84 – – 84 – –

a) 6 cells (50.0%) have an expected count  
of less than 5; the minimum expected 

count is 0.88

a) 6 cells (50.0%) 
have an expected 

count of less than 5; 
the minimum 
expected count 

is 1.83

a) 6 cells (50.0%) 
have an expected 

count of less than 5; 
the minimum 
expected count  

is 2.83

a) 6 cells (50.0%) 
have an expected 

count of less than 5; 
the minimum 
expected count  

is 4.50

a) 0 cells (0%) have 
an expected count  

of less than 5;  
the minimum 
expected count  

is 5.00

From Shop 1, this strain was isolated from all the samples except door 
and mask samples. From the hand sample of Shop 2 and mask and glove 
samples from Shop 3, S. epidermidis was not observed. All the samples 
from Shop 4 contained this strain. The fridge, sink, floor, and saw samples 
of Shop 5 were free of S. epidermidis. All the samples of Shop 6 contained 
these pathogens except mask and beef meat samples (Figure 3). This 
pathogen contributed 26% of the pathogens’ total load from all the samples 
collected from the six butcher shops (Figure 4). E. coli was the third most 
abundant pathogen isolated from the samples (n = 67). Except for hand 
samples, all the other samples of Shop 1 contained E. coli. This pathogen 
was absent in samples of hands, knives, boards, and masks of Shop 2.  
E. coli was recovered from all the samples of Shop 3 except the mask sam-
ple. Knife, scale, and lamb meat samples for Shop 4 were not contami-
nated with the pathogen. The glove and mask samples of Shops 5 and 
6 were free of E. coli. This pathogen was absent from the floor of Shop 5. 
Hands and fridges were contaminated with this pathogen in Shop 6 (Fig-
ure 3). This pathogen contributed 24% to the total load of the pathogens 
from all the samples collected from all six butcher shops (Figure 4). Shi-
gella spp. was the fourth most abundant pathogen among the pathogens 
isolated from all the samples of all the shops (n = 31). Hands, board, door, 
and mask samples of Shop 1 were free of this pathogen. Scale, sink, door, 
floor, lamb meat, beef meat, and glove samples from Shop 2 were positive 
for the presence of Shigella spp. Board, fridge, sink, beef meat, and mincer 
samples from Shop 3 contained this pathogen. All the samples of Shop 5 
were free of this pathogen except for the lamb meat. Samples of hand, floor, 
lamb meat, and saw from Shop 6 were contaminated with Shigella spp. 
(Figure 3). This pathogen contributed 11% to the total load of the patho-
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gens from all the samples collected from all six butcher shops (Figure 4). 
Salmonella spp. was the fifth most abundant pathogen among the patho-
gens isolated from all the samples of all the shops (n = 27). Hands, sink, 
door, and mask samples from Shop 1 were free of Salmonella spp. Scales, 
sinks, floors, lamb meat, beef meat, mincers, and gloves from  
Shop 2 were positive for the presence of this pathogen. Fridge and sink 
samples collected from Shop 3 were contaminated with Salmonella spp. 
No sample from Shop 4 contained this pathogen except the fridge, sink, 
and mincer. All the samples from Shop 5 were free of Salmonella spp., 
except for lamb meat. Samples of the floor, lamb meat, and saws from 
Shop 6 showed the presence of this bacterium (Figure 3). This pathogen 
contributed 10% to the total load of pathogens from all the samples col-
lected from all six butcher shops (Figure 4).

Fig. 3. Number of each pathogen from all the shops

Fig. 4. Distribution of pathogens [%]



Detection of Potentially Pathogenic Bacteria in Butcher Shops... 39

Discussion

Meat provides an excellent environment for pathogenic bacteria (Das 
et al. 2019). Generally, meat is consumed cooked, but in some recipes, 
meat is used raw or partially cooked, which gives rise to the problem of 
food poisoning (Hennekinne et al. 2015). The butcher shop is a component 
of the food industry that can contribute to the spread of food-borne patho-
gens, toxins, and other contamination (Bannon et al. 2016). Using such 
contaminated food with pathogens or toxins results in diarrhea, which can 
lead to death. Each year, 3 million deaths occur worldwide due to food 
poisoning (WHO 2007). 

An unhygienic butcher shop is considered a source of pathogens unless 
the SOPs of hygienic practices are employed (Roberts et al. 2009). From 
the current study, it is clear that such a load of pathogenic bacteria from 
all the samples results from a lack of SOPs and personal hygiene. Work-
ers’ hygienic conditions impact the possible contamination of the meat. 
Diseased and unclean workers, equipment, dressing type, and dressing 
process all accounted for pathogenic spread and storage (Samuel et al. 
2011). A general recommendation for workers is to use contamination-free 
clothes, gloves, protective coats, and hair cover while processing the meat 
(MOAE 2010). In our study, S. aureus, S. epidermidis, E. coli, and 
 Shigella spp. were recovered from the hands of the workers which is in 
agreement with the findings of Bersisa et al. (2019), who reported that 
cross-contamination could also happen while handling food with contami-
nated hands.

In the current study, gloves and masks are considered part of clothing. 
We isolated all the types of pathogens from these samples, indicating the 
unhygienic clothing of the workers. The workers themselves may be  
a potential source of contamination due to disease in addition to their 
clothing. It was advised that new hires be given a clinical and bacteriolog-
ical examination before hiring and regularly afterward (Bersisa et al. 
2019). The examination should include a medical history to ascertain any 
prior infections, focusing on venereal and skin diseases, dysentery, typhoid, 
and paratyphoid fevers (WHO 2004). Handling money and touching car-
casses with the same unclean hands could be important contamination 
sources (Bersisa et al. 2019)). Another important consideration is that 
most abattoirs are located on the side of the road, where they are subjected 
to wind and vehicle-generated dust, which might contaminate them with 
the organisms prevalent there. The samples used, unclean methods of 
transportation, handling, and processing, an unhygienic atmosphere, and 
practices such as employing dirty cutting boards, knives, or utensils may 



Mohammad Melebari40

all account for the variation in the overall bacterial counts. Our results are 
in line with the results of Adebowale et al. (2010), who reported that such 
variation in number might be due to cutting, cleaning, and storing prac-
tices. This study determined a possible variety of pathogens on knives and 
cutting boards. This is because of the contamination of meat with patho-
gens or contaminated water or previous persistence of the pathogens on 
the surface of other tools used in butcher shops. The same finding was 
reported by Gurmu and Gebretinsae (2013). This study aimed to isolate 
bacterial pathogens, particularly Salmonella spp., Shigella spp., E. coli,  
S. aureus, and S. epidermidis. Our results align with Kumar et al. (2014), 
who isolated the same pathogens from meat. 

Conclusion

In summary, this study aimed to isolate bacterial pathogens, particu-
larly Salmonella spp., Shigella spp., E. coli, S. aureus, and S. epidermidis 
using different kinds of culture media. From different local butcher shops, 
all locations showed the potential existence of pathogenic bacteria. The 
most isolated pathogen in all different shops was S. aureus (29%), and 
Salmonella spp. was the least (10%) among the pathogens isolated from 
all the samples of all the shops. The increased frequency of these patho-
gens in meat shows the appallingly unhygienic and unsanitary techniques 
used in the slaughterhouse, during transportation to butcher shops, and 
during processing at the butcher shops. Advanced techniques such as 
molecular identification of all the isolated strain-based 16S rRNA genes 
are recommended to know the exact taxonomic position in addition to anti-
microbial susceptibility testing.
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A b s t r a c t

Silver rasbora (Rasbora argyrotaenia) is a new fish species cultured economically for 
consumption and aquascape. The purpose of this study was to know the effect and determine the 
optimal concentration of Sardinella lemuru fish oil enrichment on artemia to the survival rate 
and growth of silver rasbora larvae. Fish larvae were feed by enriched artemia nauplii with 
different doses per liter water. Larvae feeding artemia enrichment with Sardinella lemuru fish 
oil in different doses not affect (P > 0.05) on survival, but all growth parameters significantly 
affected (P < 0.05). Optimal artemia enrichment dose for feeding practical of silver rasbora larvae 
is 0.5 ml fish oil + 0.5 ml egg yolk. Estimate doses that leads to the maximum length gain is 
0.6035 ml fish oil + 0.6035 ml egg yolk. 

Introduction
Silver rasbora (Rasbora argyrotaenia) is a tropical freshwater fish 

spread in Asian region (Mekong, Chao Phraya and Mae Khlong basins, 
Malay Peninsula to Borneo, Java and Sumatra in Indonesia), and occurs 
in rivers and enters flooded fields mainly (Capuli and Bailly 2019).  
The decline in silver rasbora wild population due to high capture for con-
sumption (Rosadi et al. 2014) needs aquaculture production to overcome 
this problem. As newly cultured species (Adawiyah et al. 2019), silver ras-
bora farming continues to grow and several studies on hatcheries and 
grow-ups have been carried out. 
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The fry availability affects the reliability of silver rasbora farming as 
a limiting factor (Budi et al. 2020). Thus, increasing survival and growth 
must be one of the study goals for many species during the larval phase 
(Slater et al. 2018). The quality and quantity of suitable feed in the early 
larval life can affect the growth and survival of fish (Qin et al. 1997). As 
the first feed for larvae, many hatcheries still depend on the zooplankton 
in spite of little or absence of nutrients (Kotani 2017). Although deficient 
in certain important nutrients, artemia is important zooplankton as early 
feed used in larviculture, and enrichment is thus common with nutrients 
and other functional additives (Lanes et al. 2012). 

Fish oil is one of additives used in artemia enrichment as life food 
(Lanes et al. 2012). As the major lipid source, the fish oil used to increase 
energy content and essential fatty acids (EFA) in fish diets (Hosseini et al. 
2010). EFA are important for early development and survival of fish lar-
vae (Izquierdo 1996). Sardinella lemuru fish oil is a by-product produced 
in the fish canning industry located in Banyuwangi, East Java, Indonesia. 
It has been used for feed supplementation in silver rasbora juvenile (Agus-
tin et al. 2020, Ayunda et al. 2020, Dewi et al. 2020, Marini et al. 2020), 
and potentially use for silver rasbora larvae. The purpose of this study was 
to know the effect and determine the optimal concentration of Sardinella 
lemuru fish oil enrichment on Artemia to the survival rate and growth of 
larvae of silver rasbora.

Materials and Methods

Larvae origin

This study was conducted from January to February 2019 in Universi-
tas Airlangga, Banyuwangi Campus. The research was carried out in 
accordance with the ethical standards of the Law of the Republic of Indo-
nesia Number 18 of 2002 about the National System of Research, Develop-
ment, and Application of Science and Technology. 

Approximately 1-year old brood fish of silver rasbora were imported 
from Technical Implementation of Development Unit of Freshwater Aqua-
culture of Umbulan (Pasuruan, East Java, Indonesia). Breeding of brood fish 
were done using 6 males (4.62 ±0.07 g of body weight and 7.50 ±0.40 cm 
of total length) and 2 females (5.20 ±0.14 g body weight and 8.60 ±0.56 cm 
total length). Palm tree fibers were used as a substrate of brood fish  
natural mating and spawning (Budi et al. 2020) in a glass aquarium  
(40 x 50 x 50 cm3). Brood fish were transferred from the aquarium and 
the eggs stick to the substrate incubated in this media approximately  
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2 days for hatching. The dissolved oxygen (DO), temperature, pH, and  
total ammonia nitrogen (TAN) measured were 6.82 ±0.38 ppm (range 
6.2–7.5 ppm), 24.94 ±0.6ºC (range 24–27ºC), 7.24 ±0.32 (range 6.9–7.5), 
and 0.012 ±0.001 ppm (range 0.010–0.013 ppm), respectively. 

Artemia culture and enrichment

A total 1 g of Artemia cysts were cultured in 1.5 l aerated conical plas-
tic bottle using 1 l salt water (30 ppt). After 24 hours, artemia nauplii were 
transferred to enriched media (100 individual/ml) with various Sardinella 
lemuru fish oil concentrations based on treatments for 6 hours. Before 
enrichment process, chicken egg yolk was mixed with fish oil (ratio 1:1) to 
formed emulsion in enrichment media. 

Experimental design and rearing

A total of 900 silver rasbora larvae (1.08 ±0.06 mg body weight,  
3.14 ±0.17 mm total length) aged 4 days after fertilization (DAF) were 
assigned to 18-cylinder plastic tank (10 l capacity; 30 cm diameter) with 
5 l water volume with maintain dissolved oxygen level using gentle aera-
tion. Fish larvae were feed by enriched artemia nauplii based on the treat-
ments with doses per liter media 0 ml fish oil (P0), 1 ml egg yolk (P1),  
0.25 ml fish oil + 0.25 ml egg yolk (P2), 0.5 ml fish oil + 0.5 ml egg yolk (P3), 
0.75 ml fish oil + 0.75 ml egg yolk (P4), and 1 ml fish oil + 1 ml egg yolk (P5). 
There were 3 repetitions for each treatment. Feed was given ad satiation 
and estimated 20 artemia nauplius per day per larvae with feeding fre-
quency 4 times per day which is 06.00 AM, 12.00 AM, 05.00 PM, and  
09.00 PM. Water quality parameters of larvae rearing can be seen in Table 1. 

Table 1
 Water quality parameters of silver rasbora larvae fed artemia enriched with Sardinella lemuru 

fish oil for 21 days

Treatments* Dissolved oxygen
[mg/l]

Temperature
[ºC] pH Total ammonia nitrogen

[mg/l]

P0 7.2–8.5 25–27 7–7.4 0–0.029
P1 7.5–8.5 25–27 6.9–7.4 0–0.002
P2 7.2–8.4 25.5–27 6.9–7.3 0–0.027
P3 7.8–8.5 25.5–27 6.9–7.3 0–0.035
P4 7.8–8.4 25–27 7–7.4 0.038–0.069
P5 7.8–8.4 25.5–27 6.9–7.3 0–0.073

*Treatments doses per liter media 0 ml fish oil (P0), 1 ml egg yolk (P1), 0.25 ml fish oil + 0.25 ml 
egg yolk (P2), 0.5 ml fish oil + 0.5 ml egg yolk (P3), 0.75 ml fish oil + 0.75 ml egg yolk (P4), and  
1 ml fish oil + 1 ml egg yolk (P5).
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Observation and measurements of larvae

At least 10% (n = 5) of larvae number at each treatment were sampled 
randomly in 4 DAF, 11 DAF, 18 DAF, and 25 DAF. Rapid cooling anes-
thetic method was used for larvae sampling procedure (Chen et al. 2013). 
Larvae total body length (mm) was measured using a micrometer under  
a stereo-microscope and larvae body weight was measured using a digital 
scale with 0.1 mg precision. 

Observed parameters

The effects of feeding artemia enriched with Sardinella lemuru fish oil 
on survival and growth of silver rasbora larvae were calculated the follow-
ing parameters. Survival rates (SR, %) was calculated following formula: 

SR [%] = [(Nf / Ni) ∙ 100],
where:
Ni	 –  the initial larvae numbe
Nf 	–  the final larvae number. 

Length gain (LG, mm) was calculated based on formula:
LG = TLf – Tli,

where:
TLi and TLf are initial and final average total length [mm]. 

Weight gain (WG, mm) was calculated based on formula: 
WG = Wf – Wi,

where: 
Wi and Wf are initial and final average weight [mg]. 

Growth rate (GR, mg/days) was calculated following formula: 
GR = (Wf – Wi)/ D,

where: 
Wi and Wf are initial and final average weight [mg]
D – rearing times [days]. 

The specific growth rate (SGR, %/day) was calculated by formula: 
SGR = [(ln BWf - ln BWi) / D) ∙ 100],

where:
BWi and BWf are the initial and final body weights of fish
D – rearing times [days]. 
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Data analysis

The each analyzed data parameters were confirmed normal distribu-
tion and homogeneity of variances. Statistically data analysis was used 
ANOVA test with 95% confidence level and continued with Duncan Multi-
ple Range Test (DMRT) using SPPS 17.0 software. Sardinela lemuru fish 
oil doses that leads to the maximum length gain of silver rasbora (Rasbora 
argyrotaenia) was estimated using polynomial contrast (regression) (Yossa 
and Verdegem 2015). 

Results

The survival and growth of silver rasbora larvae fed artemia enriched 
with Sardinella lemuru fish oil are showed in Table 2. Larvae feeding with 
artemia enriched with Sardinella lemuru fish oil affect significantly  
(P < 0.05) on all growth parameters, but not so with survival. Overall 
growth data showed the same tendency; where LG, WG, GR, and SGR 
tends to be increase from P0 to maksimum in P3; and then tends to be 
decrease to P5 as last treatment. Sardinela lemuru fish oil doses that leads 
to the maximum length gain of silver rasbora (Rasbora argyrotaenia) esti-
mated using polynomial contrast (regression) was 0.6035 ml/l.

Table 2
 Survival rate (SR), length gain (LG), weight gain (WG), growth rate (GR), and specific growth 

rate (SGR) of silver rasbora larvae fed artemia enriched with Sardinella lemuru fish oil 
for 21 days

Treatments* SR [%] LG [mm] WG [mg] GR [mg/days] SGR [%/days]

P0 88.3 ±7.8 7.53c ±0.46 13.7b ±1.71 0.65b ±0.08 12.73c ±0.55

P1 87.3 ±5.8 7.59c ±0.20 15.5ab ±0.68 0.74ab ±0.03 13.29abc ±0.20

P2 88.7 ±1.3 8.11bc ±0.54 15.7ab ±0.76 0.75ab ±0.04 13.35abc ±0.22

P3 91.8 ±2.1 8.73a ±0.14 18.0a ±1.80 0.86a ±0.09 13.96a ±0.46

P4 90.0 ±5.4 8.51ab ±0.10 16.2ab ±1.04 0.77ab ±0.05 13.48ab ±0.29

P5 89.8 ±3.3 8.14abc ±0.19 13.8b ±1.80 0.66b ±0.09 12.89bc ±0.39
*Treatments doses per liter media 0 ml fish oil (P0), 1 ml egg yolk (P1), 0.25 ml fish oil + 0.25 ml 
egg yolk (P2), 0.5 ml fish oil + 0.5 ml egg yolk (P3), 0.75 ml fish oil + 0.75 ml egg yolk (P4), and  
1 ml fish oil + 1 ml egg yolk (P5). Values are means ± SD. Superscript letters denote significant 
differences (P < 0.05) between treatments.
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Discussion

Enrichment diets have been successfully used in artemia as natural 
feed for fish larvae (Ozusaglam et al. 2013). Fatty acid profiles of sardine 
oil emulsions increase levels of PUFA in enriched artemia (Arulvasu and 
Muniswamy et al. 2009). Larvae feeding artemia enrichment with Sardi-
nella lemuru fish oil in different doses not affect (P > 0.05) on survival. 
Meanwhile, interestingly, all growth parameters significantly affected  
(P < 0.05) and increase compare to control. Similar result was also obtained 
in previous study with artemia fed on gelatin-acacia microcapsules con-
taining cod liver oil, which supported faster growth rate significantly in 
post-larval gobies than control (Jones et al. 1984) and using sardine oil in 
artemia enrichment as natural food was also increased growth in Poecillia 
latipinna fry (Arulvasu and Muniswamy et al. 2009). Sardinella lemuru 
fish oil contain essential fatty acids (EFA) including EPA and DHA (Marini 
et al. 2020) that have important role in fish growth (Izquierdo 1996) and 
deficiency of EFA causing some non-infectious diseases, low immunity, 
and increase abnormality rate (Noga 2010). 

In present study, the higher growth was obtained in P3 (enrichment 
doses 0.5 ml fish oil + 0.5 ml egg yolk) and tends to be decrease in higher 
doses. It shows that excessive of Sardinella lemuru fish oil in enrichment 
artemia is not good for larvae growth. Sardinella lemuru fish oil as source 
of fatty acid (lipids) contain high energy that use for growth. Excess of 
fatty acid means that energy also excessive. Similar case was also obtained 
in other previous excessive dietary of fatty acid; excessive levels of DHA 
significantly reduced total weight of summer flounder larvae (Bisbal  

Fig. 1. Estimate Sardinela lemuru fish oil doses (0.6035 ml/l) that leads to the maximum length 
gain of silver rasbora (Rasbora argyrotaenia) using polynomial contrast (regression) 
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and Bengston 1991), also growth of African catfish larvae tended to be 
reduced by excess in cod fish oil and coton seed oil in the diet (Legendre 
et al. 1995). Based on the study, we recommend 0.5 ml fish oil + 0.5 ml egg 
yolk as optimal artemia enrichment dose for feeding practical of silver 
rasbora larvae. 

Larvae feeding artemia enrichment with Sardinella lemuru fish oil in 
different doses not affect (P > 0.05) on survival, but all growth parameters 
significantly affected (P < 0.05). Optimal artemia enrichment dose for 
feeding practical of silver rasbora larvae is 0.5 ml fish oil + 0.5 ml egg yolk. 
Estimate doses that leads to the maximum length gain is 0.6035 ml fish  
oil + 0.6035 ml egg yolk.
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A b s t r a c t

Heavy metal pollution is one major environmental challenge for aquatic ecosystems. Heavy 
metal pollution of lakes and subsequent accumulation in the tissues of fish inhabiting the lakes 
impair use of the lake water and constitute a public health hazard for consumers of fish from the 
lakes. We investigated the concentrations of Chromium (Cr), Copper (Cu), Iron (Fe), Lead (Pb), 
and Zinc (Zn) in the water and muscles of fish from the Ogelube and Ojii Lakes of Southeastern 
Nigeria using an Atomic Absorption Spectrometer (AAS). All the heavy metals tested except Cu 
were detected in both lakes at concentrations exceeding the permissible limits according to WHO. 
In the Ojii Lake concentrations of tested elements were not significantly higher than in Ogelube 
Lake, except for Cu and Zn, which were at similar levels in both lakes. Lead (Pb) was not 
detected in the fish muscles regardless of the lake. In Ogelebu Lake, the concentrations of Fe 
were significantly higher in Hepsetus odoe than Coptodon zillii (p < 0.05). In Ojii Lake, the 
concentrations of Cr were significantly higher in C. zillii than H. odoe while the concentrations of 
Fe were significantly higher in H. odoe than C. zillii (p < 0.05). All elements tested in fish 
muscles were at safe levels for human consumption according to FAO. 

Introduction

Industrial revolution across the globe has heightened water pollution 
and good quality water bodies are scarce (Ekubo and Abowei 2011, Tiwari 
2015). Water pollution has become a major global problem and is worse in 
developing nations due to lack of surface water quality protection mea-
sures and poor sanitation (Longe and Omole 2008). Among water pollut-
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ants, heavy metals are of prime concern due to their toxicity and ability to 
bioaccumulate in the tissues of fish (Censi et al. 2006). Heavy metals from 
industrial, agricultural, and domestic sources constitute serious pollut-
ants in aquatic ecosystems and a threat to fish life globally (Diagomano-
lin et al. 2004, Storelli et al. 2005, Voelz et al. 2005, Akoto et al. 2008, 
Jibiri and Adewuyi 2008). 

Fish can accumulate heavy metals in their tissues and serve as bioin-
dicators of heavy metal contamination in aquatic ecosystems (Rashed 
2001, Karadede-Akin and Unlu 2007, Sivaperumal et al. 2007, Yil-
maz et al. 2007, Lasheen et al. 2012, Zhao et al. 2012, Annabi et al. 2013). 
Fish also form a significant proportion of the human diet (Rashed 2001, 
Sioen et al. 2007). In Nigeria, fish constitutes approximately 40% of the 
animal protein in human diets (Atta et al. 1997). However, bioaccumula-
tion of heavy metals in fishes impair their values to human nutrition and 
risk the public health (Al-Khateeb and Leilah 2005, Castro-Gonza-
lez and Mendez-Armenta 2008, Hashim et al. 2014, Bawuro et al. 2018). 

Ogelube and Ojii Lakes are tropical freshwater habitats located at 
Opi-Agu in the valley of the Uhere River, north-east of Nsukka, Enugu 
State, Nigeria. Fishes abound in Ogelube and Ojii Lakes (Onah et al. 
2022) and supply the local residents with food. The lakes are surrounded 
by agricultural lands and important for pastoral activities and sand min-
ing in and around the lakes (Onah et al. 2022), all of which constitute 
sources of heavy metals to the lakes. The lakes are the closest waterbodies 
to the University of Nigeria Nsukka and as a result have been a centre of 
research from various disciplines interested in freshwater bodies and their 
biotic community. Several studies have been conducted to evaluate the 
heavy metal contents of lakes and their fishes across Nigeria (Sambo et al. 
2014, Umunnakwe and Aharanwa 2014, Jenyo-Oni and Oladele 2016, 
Adebayo et al. 2017, Ayoade and Nathaniel 2018, Bawuro et al. 2018, 
Matouke and Abdullahi 2020, Utete and Fregene 2020). However, 
despite the anthropogenic activities in and around Ogelube and Ojii Lakes 
that supply heavy metals to the lakes and the locals depending on the 
lakes for fish food, no research to the best of our knowledge has been car-
ried out to determine those elements in the water and fish. These knowl-
edge gaps threaten the public health of the locals who consume the fish 
from the lakes, irrigate their crops with the lake water, and the herds of 
cattle that regularly drink the lake water. Lack of this knowledge hampers 
policy advice and public health campaigns of the lakes. Therefore, the 
objective of this study was to determine the levels of heavy metals in  
the lake water and major fishes of the lakes. 
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Materials and Methods

Study area

Opi-Agu Community is situated north-east of the city of Nsukka in 
Enugu State, Nigeria, between Latitudes 6°42′–6°47′ N and Longitudes 
7°28′–7°33′ E. Lake Ojii (6°42′10.7″ N, 7°32′52.9″ E) and Lake Ogelube 
(6°45′16.12″ N, 7°29′26.9″ E) (Figure 1) are located in the valley of the 
Uhere River, north-east of Nsukka, Enugu State (Ozoko 2015). The lakes 
do not have permanent rivers feeding into them. Sources of water to the 
lakes are groundwater, rainfall, and runoff from farmlands, and during 
the wet season the lakes overflow through the sloping northern end. 

Collection of water samples

The two lakes were each divided into three stations, based on natural 
features of the lakes. For Lake Ojii, Station 1 was situated at the shallow 
end of the lake, with limited vegetation cover and runoff during heavy 
rainfall. Station 2 had extensive vegetation cover and was located between 
Station 1 and 3. Station 3 was in the middle of the lake, had no vegetation 
cover and was exposed to direct sunlight. For Lake Ogelube, Station 1 was 
situated at the southern or overflow end of the lake with good vegetation 
cover, shade, and runoff during heavy rainfall. Station 2 was situated in 
the middle of the lake with less vegetation cover and less shade than Sta-
tion 1. Station 3 was situated at the northern end of the lake and had no 
vegetation cover or shade.

Water samples were collected from Ogelube and Ojii Lakes monthly 
for six months from June to December 2018. Water samples were collected 
from each sampling station using 150 ml plastic containers. The contain-
ers were washed with nitric acid and dried to remove any contaminants. 
The water samples were transported and analysed separately for heavy 
metals immediately at the Energy Research Centre Laboratory, Univer-
sity of Nigeria Nsukka. In total eighteen water samples were collected for 
six months from each lake. 

Fish collection and identification

Two species of fish, Coptodon zillii and Hepsetus odoe, were selected for 
analysis of heavy metal accumulation in the muscles. Coptodon zillii was 
chosen because it is the most abundant fish in the lakes and an omnivore, 
while Hepsetus odoe was chosen because it is a carnivore and the most pre-
ferred fish by consumers, both fishes are of commercial value to the locals.  
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Fishes were collected using a cast net with a 30–80 mm stretched mesh. 
For each lake, two adult fishes (1 each for C. zillii and H. odoe) were col-
lected each month for 6 months (June – August; October – December).  
The mean total length (TL) of the fishes were 14.20 ±2.37 cm for C. zillii 
and 17.57 ±0.74 for H. odoe. Twenty-four (24) fishes were analyzed in total, 
12 for each species. Thereafter, they were euthanized by severing the spi-
nal cord, labeled, and placed in sealed plastic bags in a cooler pack con-
taining ice and immediately taken to the Energy Research Center Labora-
tory, University of Nigeria Nsukka for analysis. The fishes were identified 
using keys by Babatunde and Aminu (2004) and the identities further 
confirmed by a fishery biologist in the Department of Zoology and Environ-
mental Biology, University of Nigeria Nsukka.

Determination of heavy metals in the water

Heavy metals including: Chromium (Cr), Copper (Cu), Iron (Fe), Lead 
(Pb) and Zinc (Zn) were analyzed in this study. The concentrations of 
heavy metals in each water sample were determined using an Atomic 
Absorption Spectrometer (AAS). A sample of 1 ml from each of the water 
samples was measured into a digestion flask and 30 cm3 of aqua regia 
added and digested in a fume-cupboard until a clear solution was obtained. 
Thereafter, the solution was cooled, filtered, and made up to 50 ml in 
a standard volumetric flask with deionized water. A blank sample was 
prepared to zero the AAS; an instrument used for the analysis before 
re-running other series of samples. Standards (2 ppm, 4 ppm, and 6 ppm) 
were prepared from a 1000 ppm stock solution of the metals and used to 
plot the calibration curve. The calibration curve was plotted automatically 
by the instrument using the formula:

C1 ∙ V1 = C2 ∙ V2,
where:
C1 = 1000 ppm 
C2 = 2 ppm.

A volume of 0.2 ml was pipetted from the 1000 ppm solution, put into 
a 100 ml flask and diluted to the mark with deionized water. These proce-
dures were used in the preparation of 4 ppm and 6 ppm solutions. High 
temperatures produced in the ignition chamber provided enhanced reduced 
settings for atomization of the heavy metals. Each standard was aspirated 
with an aspirator by nebulizer; converted into an aerosol, mixed with the 
glass, and converted into atomic form. All the standard solutions were 
analyzed, and the calibration curve plotted automatically for the metals of 
interest. Each metal was analyzed with the standard using adequate 
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wavelengths after which its concentration was generated automatically by 
the instrument. The heavy metal concentrations of the three sampled sta-
tions for each month were averaged and the results presented as Mean ± SE.

Determination of heavy metals in fishes

Samples of fresh fishes were washed under tap water and drained. 
Thereafter, the muscles of the fishes were removed using a sharp knife. 
The muscles were chosen for heavy metal analysis because they are 
the most edible part of the fish (Keskin  et al. 2007, Hashim et al. 
2014). Fleshes were dried to a constant weight in an oven at 105oC, 
grounded to powder using a ceramic mortar and pestle then sieved through 
a 20 μm mesh according to Sambo et al. (2014). Thereafter, 1.0 g each of 
the dry and ground fish samples were digested in 10 cm3 concentrated 
nitric acid. The digestates were diluted with 1% HCl. Concentrations  
of the heavy metals were determined by AAS (APHA 1998). Heavy metal 
determinations were replicated 3 times for Coptodon zillii and Hepsetus 
odoe for each lake. The concentrations of the heavy metals in each fish 
species were averaged and results presented as Mean ± SE.

Statistical analysis

Data were analysed using Statistical Packages for Social Sciences 
(SPSS) (version 21.0, IBM Corporation, Armonk, USA) and Paleontologi-
cal Statistics (PAST) software version 3.21 (Hammer et al. 2001). Heavy 
metal concentrations of the water bodies were not normally distributed, so 
the spatiotemporal properties of the water bodies were compared using 
the Mann–Whitney U-tests and Kruskal–Wallis H-tests.

Results

Heavy metal concentrations in the Ogelube and Ojii Lakes

Heavy metals fluctuated in water samples across the months studied. 
In Ogelube Lake, the concentrations of Cu were significantly higher in 
July than June and October (p = 0.0112, n = 54, Table 1). Similarly, the 
concentrations of Fe were significantly higher in July than June, Novem-
ber and December (p = 0.0045, n = 54, Table 1). In Ojii Lake the concentra-
tions of Fe in July were significantly higher than the rest of the months 
(p = 0.0001, n = 54, Table 2). Concentrations of heavy metals were higher 
in Ojii Lake than Ogelube Lake except for Cu and Zn, which were similar 
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in both lakes. However, detected differences in the concentrations of the 
studied elements were not statistically significant (Table 3).

Table 1
 Monthly variations in heavy metal concentrations in Ogelube, Opi Lake [mg/l] 

Metal June July August October November December

Cr 0.04 ±0.03a 0.04 ±0.02a 0.04 ±0.02a 0.05  ±0.02a 0.07 ±0.04a 0.03 ±0.03a

Cu 0.02 ±0.01a 0.06 ±0.01b 0.03 ±0.00ab 0.01 ±0.01ca 0.04 ±0.01ab 0.03 ±0.01ab

Fe 0.38 ±0.07a 0.79 ±0.11b 0.57 ±0.13ab 0.69 ±0.04ab 0.39 ±0.08a 0.40 ±0.08a

Pb 0.06 ±0.04a 0.11 ±0.06a 0.25 ±0.07a 0.08 ±0.04a 0.08 ±0.04a 0.08 ±0.04a

Zn 0.07 ±0.04a 0.06 ±0.01a 0.11 ±0.04a 0.04 ±0.01a 0.03 ±0.01a 0.03 ±0.01a

Means of heavy metals in a row across the months with different superscripts are significantly 
different (p < 0.05).

Table 2
 Monthly variations in heavy metal concentrations in Ojii, Opi Lake [mg/l] 

Metal June July August October November December
Cr 0.10 ±0.03a 0.02 ±0.01a 0.08 ±0.06a 0.04 ±0.01a 0.22 ±0.11a 0.15 ±0.10a

Cu 0.01 ±0.00a 0.03 ±0.01a 0.05 ±0.01a 0.01 ±0.01a 0.05 ±0.02a 0.03 ±0.02a

Fe 0.32 ±0.07a 1.19 ±0.09b 0.52 ±0.10a 0.51 ±0.09a 0.46 ±0.06a 0.40 ±0.03a

Pb 0.14 ±0.04a 0.22 ±0.05a 0.17 ±0.04a 0.14 ±0.04a 0.08 ±0.04a 0.11 ±0.04a

Zn 0.02 ±0.00a 0.14 ±0.04a 0.08 ±0.04a 0.02 ±0.01a 0.03 ±0.01a 0.09 ±0.05a

Means of heavy metals in a row across the months with different superscripts are significantly 
different (p < 0.05). 

Table 3
 Mean heavy metal contents in water samples of Ogelube and Ojii Lakes

compared with the literature data
Lakes Cr [mg/l] Cu [mg/l] Fe [mg/l] Pb [mg/l] Zn [mg/l] References

Ogelube 0.05 0.03 0.54 0.11 0.06 present study
Ojii 0.10 0.03 0.56 0.14 0.06 present study

Oguta* 0.03–0.87 0.26–1.80 0.30–4.75 0.00–0.05 – Umunnakwe and 
Aharanwa (2014)

Ibrahim 
Adamu 3.35 0.75 – 0.81 1.64 Sambo et al. (2014)

Man-made 
Ibadan 0.01 0.05 0.81 0.08 – Ayoade and Nat- 

haniel (2018)

Asejire – – 0.01 0.015 – Jenyo-Oni  
and Oladele (2016)

Oguta – – 0.17 – – Adebayo et al. (2017)

Asejire – – 0.02 0.05 – Oladele et al. (2018)

Permissible 
values 0.05 2.00 0.50 0.01 0.05 WHO (2011)

* Only ranges are available; (–) not analysed.



Oma Judith Ajanwachukwu et al.58

Seasonal variations in heavy metal concentrations of Ogelube 
and Ojii Lakes

The heavy metal contents of Ogelube and Ojii lakes varied between 
the seasons. In Ogelube Lake, only Zn was significantly higher in the wet 
season than the dry season (p < 0.05, Table 4) while in Ojii Lake, only 
Fe was significantly higher in the wet season than the dry season (p < 0.05, 
Table 4). 

Table 4
 Seasonal variations in heavy metal concentrations in the studied Lakes 

Element
Ogelube Lake Ojii Lake

wet season 
[mg/l]

dry season 
[mg/l] p-value wet season 

[mg/l]
dry season 

[mg/l] p-value

Cr 0.04 ±0.01 0.05 ±0.02 0.64 0.07 ±0.02 0.14 ±0.05 0.21
Cu 0.04 ±0.01 0.03 ±0.01 0.30 0.03 ±0.01 0.03 ±0.01 1.00
Fe 0.58 ±0.07 0.50 ±0.05 0.32 0.67 ±0.09 0.45 ±0.04 0.02*
Pb 0.14 ±0.04 0.08 ±0.02 0.20 0.18 ±0.03 0.11 ±0.02 0.07
Zn 0.08 ±0.02 0.04 ±0.00 0.03* 0.08 ±0.02 0.05 ±0.02 0.25

* p-values < 0.05 indicate significant difference between wet and dry seasons. 

Concentrations of heavy metals in fish muscles

In Ogelube Lake, the concentrations of Fe were significantly higher in 
H. odoe than C. zillii (P < 0.05, Table 5). In Ojii Lake, the concentrations 
of Cr were significantly higher in C. zillii than H. odoe, while the concen-
trations of Fe were significantly higher in H. odoe than C. zillii (P < 0.05, 
Table 5).

Table 5
 Concentration of heavy metals in fish muscles [mg/kg dry weight] 

Element

Ojii Lake Ogelube Lake
FAO 

(1989)
fish species

p-values
fish species

p-valuesCoptodon 
zillii

Hepsetus 
odoe

Coptodon 
zillii

Hepsetus 
odoe

Cr 0.23 ±0.01 0.06 ±0.00 <0.01* 0.25 ±0.06 0.25 ±0.01 1.00 0.50
Cu 0.20 ±0.01 0.19 ±0.01 0.67 0.14 ±0.01 0.17 ±0.02 0.32 30.00
Fe 0.13 ±0.01 0.24 ±0.00 <0.01* 0.17 ±0.01 0.24 ±0.02 0.02* –
Pb <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 0.50
Zn 0.18 ±0.00 0.28 ±0.01 0.15 0.18 ±0.00 0.22 ±0.04 0.30 30.00

* p-values < 0.05 indicate significant difference between Coptodon zellii and Hepsetus odoe 
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Discussion
The heavy metals: chromium, copper, iron, lead, and zinc were detected 

in the Ogelube and Ojii Lakes. The values of 0.05 mg/l and 0.1 mg/l recorded 
for Cr in Ogelube and Ojii lakes respectively in this study are lower than 
0.87 mg/l in Oguta Lake and 3.35 mg/l in Ibrahim Adamu Lake but higher 
than 0.01 mg/l in Man-made Lake in Ibadan. In the Ogelube Lake Cr was 
at the WHO (2011) permissible value of 0.05 mg/l, while in the Ojii Lake 
Cr at a value of 0.10 ± 0.03 mg/l exceeded the permissible value (Table 3). 
The concentrations of Pb in both lakes are higher than the values recorded 
in Oguta Lake, Man-made Lake in Ibadan and Lake Asejire but lower 
than the values recorded in Ibrahim Adamu Lake (Table 3). Both studied 
lakes were polluted by Fe, Pb, and Zn. The mean values recorded for these 
elements slightly exceeded the permissible values established by WHO 
(2011) – Table 3. Heavy metal pollution in the lakes may be the result  
of agricultural runoff and domestic wastes washed down into the lakes 
(Sivalingam et al. 2021, Sojka et al. 2022). Runoff during the rainy sea-
son from agricultural lands into the lakes probably affected significantly 
higher concentrations of Fe and Zn, respectively in Lakes Ojii and Oge-
lube, in the wet than the dry seasons (Table 4).

Concentrations of Cr in the fish muscles ranged from 0.06 mg/kg in  
H. odoe from Ojii Lake to 0.25 mg/kg in H. odoe from Ogelube. The values 
of Cr in the fish muscles were higher than 0.0038 mg/kg recorded by  
Jenyo-oni and Oladele (2016) in Lake Asejire, Oyo State, Nigeria from  
a related species of tilapia (Oreochromis niloticus). In Oguta Lake, Imo 
State, Nigeria, Umunnakwe and Aharanwa (2014) did not detect Cr in 
Tilapia sp. However, the values of Cr in the fish muscles were lower than 
2.77 mg/kg recorded by Sambo et al. (2014) in Ibrahim Adamu Lake, 
Jigawa State, Nigeria for tilapia species (O. niloticus). The fish muscles 
are not considered polluted with Cr because the mean values recorded are 
lower than the 0.05 mg/kg permissible limit determined by FAO (1989) – 
Table 5. 

The lowest and highest concentrations of Cu were recorded in muscles 
of C. zillii and ranged from 0.14 mg/kg in Ogelube to 0.20 mg/kg in Ojii 
Lake. These values are visibly higher than 0.07 mg/kg recorded by Umun-
nakwe and Aharanwa (2014) for Tilapia sp. in Oguta Lake, Imo State, 
Nigeria, but lower than 0.30 mg/kg recorded by Sambo et al. (2014) in 
tilapia fish (O. niloticus) from Ibrahim Adamu Lake, Jigawa State, Nige-
ria and with ranges of 0.15–11.27 mg/kg recorded by Bawuro et al. (2018) 
for the flesh of tilapia fish from lake Geriyo, Adamawa State, Nigeria. The 
values of Cu recorded in the lakes in this study are lower than the maxi-
mum permissible value of 30.00 mg/kg given by FAO (1989) – Table 5.
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The concentrations of Fe in the fish muscle ranged from 0.13 mg/kg in 
C. zillii from Ojii Lake to 0.24 mg/kg in H. odoe from Ojii Lake. These val-
ues are lower than 21.17 mg/kg recorded by Umunnakwe and Aharanwa 
(2014) in the muscle of tilapia fish from Oguta Lake, Imo State, Nigeria, 
and 7.43 mg/kg recorded by Jenyo-Oni and Oladele (2016) and Oladele 
et al. (2018) for tilapia fish (O. niloticus) from Lake Asejire, Oyo State, 
Nigeria. 

Pb was not found in the muscles of fish from either lake. This observa-
tion agrees with the findings of Umunnakwe and Aharanwa (2014) who 
did not detect Pb in the muscles of Tilapia sp. from Oguta Lake, Imo State, 
Nigeria. However, Sambo et al. (2014), Jenyo-Oni and Oladele (2016), 
Bawuro et al. (2018) and Oladele et al. (2018) recorded Pb values of  
0.27 mg/kg, 0.05 mg/kg, 0.01–3.78 mg/kg and 0.05 mg/kg, respectively in 
tilapia (O. niloticus) from lakes in different parts of Nigeria.

The concentrations of Zn in the fish muscles ranged from 0.18 mg/kg 
in C. zillii from both lakes to 0.28 mg/kg in H. odoe from Ojii lake. These 
values are lower than 0.87 mg/kg and in the range 4.48–5.06 mg/kg 
recorded by Sambo et al (2014) and Bawuro et al. (2018) in the muscles of 
tilapia (O. niloticus) from Ibrahim Adamu Lake, Jigawa State, Nigeria 
and Lake Geriyo, Adamawa State, Nigeria, respectively. The mean values 
of zinc recorded in the fishes from both lakes were lower than 30.00 mg/kg, 
which is the permissible limit recommended by FAO (1989) – Table 5.

Conclusions

This study provides baseline data on the status of several heavy metal 
elements in the Ogelube and Ojii lakes and fishes inhabiting these lakes. 
Lakes Ogelube and Ojii are polluted with heavy metals, but the fish are 
safe for consumption because the concentrations of the heavy metals in the 
muscles of the fish are lower than the maximum permissible limit as deter-
mined by the World Health Organization. Consuming fish from these lakes 
does not pose a public health risk from heavy metal contamination to the 
local residents. However, the lakes may be a health risk to herds of cattle 
that constantly drink the lake water. In addition, the use of the lake water 
to irrigate crops in the nearby farmlands may lead to accumulation of 
heavy metals in cultivated crops. Activities that add heavy metals to the 
lakes such as use of chemical pesticides in the nearby farmlands and 
dumping of refuse into the lakes should be discouraged to minimize fur-
ther contamination of the lakes with heavy metals. 
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A b s t r a c t

The aim of this study was to analyze the contents of the selected inorganic ions (F -, Cl -, 
NO3

-, PO4
3-, SO4

2-, Na+, K+, Mg2+, Ca2+) and trace metals (Cr, Mn, Fe, Ni, Cu, Zn, Cd, Al, Pb, 
Co) in infusions prepared from popular herbal teas available in the Polish and Romanian 
markets. Ion chromatography with conductivity detection and microwave plasma-atomic 
emission spectroscopy were applied for this purpose. The experimental data were subjected to 
chemometric analysis to identify common traits and differences among them. Principal 
component analysis was employed to create a model using selected variables. The findings 
revealed that certain herbal teas exhibited elevated concentrations of potentially hazardous 
analytes, such as nitrate, cadmium, lead, and chromium. Based on these results, an assessment 
of the associated risk from these analytes was conducted. 

Introduction

Herbal teas and medicinal plants are largely used mainly due to their 
health benefits and fragrance characteristics that result from the contents 
of the organic and inorganic compounds they contain. They are important 
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sources of substances for human health as they contain various biologi-
cally active compounds (i.e. polyphenols, carbohydrates, proteins, amino 
acids, volatile organic compounds) (Butiuk et al. 2016, Dalar and Kon-
czak 2013, Kaczmarczyk and Lochyński 2014, Theuma and Attard 
2020), as well as metals, inorganic anions and cations (Martín-Domingo 
et al. 2017). Herbal teas are a large group, including herbs, fruits and their 
mixtures (Vuong 2014); some of them are available in supermarkets, 
while others can be bought at pharmacies.

The condition of the environment in which the herbs plant are grown 
(geographical location, climate, soil type, cultivation method) has an import-
ant impact on the composition and the quality of the final products (Kojta 
et al. 2012, Ngure and Kinuthia 2020). For that reason, the cultivation 
areas should be the subject to specific strict rules and monitoring (Muntean 
et al. 2016). If we consider also that tea drinking is a ritual and a lifestyle 
in many countries, herbal teas are among the most popular beverages in 
the world and hold the second place in the beverage popularity ranking 
just after water.

However, there is a question whether using herbal teas or any other 
products derived from such raw materials have only positive effects, since 
besides beneficially biologically active constituents, medicinal plants con-
tain also variable amounts of hazardous substances, such as heavy metals, 
pesticides, polyhydroxy aromatic compounds, mycotoxins, nitrates, etc. 
(Muntean et al. 2013, 2016, Street 2012). For most cases, anthropic pol-
lution is the major cause, leading to unwanted side-effects of using con-
taminated plant remedies, many cases of liver, kidney or other organ dam-
age being recorded (Rodriguez-Fragoso et al. 2008).

Inorganic compounds present in food (including herbal teas) are 
responsible for a number of body functions. They have to be delivered with 
food as human beings are not able to synthesize those (Abd El-Aty et al. 
2014). Among the inorganic substances present in herbal teas, some met-
als and metalloids (Cr, Mn, Fe, Ni, Cu, Zn, Cd, Al, Pb, Co), and inorganic 
ions (F-, Cl-, NO3

-, PO4
3-, SO4

2-, Na+, K+, Mg2+ and Ca2+) play important 
roles. 

In turn, certain metals, such heavy metals which can be present in 
medicinal herbal teas, can have also a negative effect on human organ-
isms. The World Health Organization (WHO) and the Food and Agricul-
ture Organization of the United Nations (FAO) highlighted several metals 
because of their toxicity: Cd, Pb, Hg, As, Sb, Cu, Sn, Mn, Ca, Ni, Cr, Zn, Se, 
and Fe (Bolan et al. 2017). Some of them play important biological roles 
in the living organisms and are necessary in certain concentration ranges 
for their normal functioning; microelements such as Cu, Zn, Co, Mo, Cr, V, 
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Mn and Fe belongs to this group. Nonetheless, they are harmful to the 
organism at high concentrations, when they become toxic (Erdemir 2018). 

When taking into account the chemical composition of the consumed 
tea, its preparation and consumption methods are important (Welna et al. 
2013). Usually, herbal teas are prepared by infusion with water; hot water 
is poured over the prepared product portion or a tea bag and left under 
cover for approx. 10–20 minutes. Fresh or dried plant parts can be used, 
such as roots, leaves, fruits, or grains. However, more complex procedures 
are also used (Perry 1996). 

Various analytical methods and techniques are employed to study the 
chemical compositions of medicinal herbal teas, and tea infusions. They 
mainly include: chromatographic methods (Michalski 2006a), capillary 
electrophoresis (Horie and Kohata 2000), neutron activation analysis 
(Chajduk 2009) or spectroscopic methods (Fraser et al. 2014, Szymczy-
cha-Madeja et al. 2012). For organic and inorganic ions, the ion chroma-
tography is the dominant analytical method; it has been used for over  
35 years as a reference method for determining anions and cations in 
water and wastewater (Konczyk et al. 2019; Michalski 2006b). Recently, 
its use largely expanded, including even nutrient analysis from seeds 
(Yaldiz and Camlica 2019) or phosphate from oils (Zhang et al. 2013). On 
the other hand, microwave plasma-atomic emission spectroscopy has  
a very low utilization cost as it does not require expensive gases, while its 
detection limits are lower that those in the atomic absorption spectrome-
try (Poirier et al. 2017). 

The aim of the present study is to evaluate the elemental composition 
of 56 different herbal teas, and one green tea available on Polish and 
Romanian market. The contents of the main inorganic anions (F-, Cl-, 
NO3

-, PO4
3-, SO4

2-) and cations (Na+, K+, Mg2+, Ca2+) as well as metals 
(Cr, Mn, Fe, Ni, Cu, Zn, Cd, Al, Pb, Co) were analyzed in teas infusions. 
Additionally, the chemometric evaluation of the studied teas was carried 
out to determine the common traits and differences. Based on the obtained 
results, an assessment of the associated risk from these analytes was con-
ducted.

Materials and Methods

Reagents

To prepare the eluents for ion chromatography (IC) analysis, the fol-
lowing substances were used: Na2CO3, NaHCO3, PDCA (pyridine-2,6-di-
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carboxylic acid) and 70% nitric acid (Sigma-Aldrich, Poland). The anion 
and cation standards (concentrations of 1,000 ±2 mg/L) used to prepare the 
standard curves were from Fluka (Steinheim, Switzerland). The examined 
metal standards (concentrations of 1,000 ±2 mg/L) used to prepare the 
standard curves for the microwave plasma-atomic emission spectroscopy 
(MP-AES) analysis were delivered by SPEX (Montreal, Canada). The 
deionized water (conductivity <0.08 µS/cm) used for the tea infusions, elu-
ents and standard solutions was obtained from a Direct-Q 3 UV Millipore 
system (Merck, Germany).

Teas

54 herbal teas bought from supermarkets from Poland (48) and Roma-
nia (6) were used for the tests: peppermint (Mentha piperita L.), chamo-
mile (Matricaria chamomilla L.), melissa (Melissa officinalis L.), linden 
(Tilia platyphollos), sage (Salvia officinalis L.), horsetail (Equisetum 
arvense L.), violet tricolor (Violae tricoloris herba), St. John’s wort (Hyper-
icum perforatum L.), calendula (Hypericum perforatum L.), nettle (Urtica 
dioica L.), wild rose (Rosa canina L.), 11 herbal mixtures with various com-
positions and only for comparison one popular green tea with prickly pear 
(Opuntia ficus-indica). The tea names were coded taking into account the 
country of origin (Poland – P; Romania – R) and the base plants: mint – MI; 
chamomile – CH; melissa – ME; linden – L; sage – S; horsetail – H; violet 
tricolor – VT; St. John’s wort – SJ; calendula – CA; nettle – N; wild  
rose – WR; herbal mixtures – HM; green tea with prickly pear – GT. 

For obtaining comparable data, water infusions were prepared as fol-
lows: 1.0000 ±0.0001 g herbal tea samples was weighed in 250 mL Berze-
lius beakers, in which 100 mL of boiling deionized water were poured then 
left under cover for 10 minutes. The obtained infusions were filtered 
through a medium-density filter paper; after cooling, the infusions were 
transferred in 100 mL volumetric flask, bringing the volume to the mark 
with deionized water and homogenizing the filtrate. Afterwards, they were 
filtered through a 0.45-µm Nylon 66 syringe filter (Sigma Aldrich, Ger-
many) in plastic containers, being analyzed with IC (inorganic ions) and 
MP-AES (metals). From each tea, two independent infusions were pre-
pared, and each infusion was analyzed triplicate.

Analytical methods

The inorganic ions’ content in the herbal tea infusions was determined 
with a 930 Compact IC Flex ion chromatograph (Metrohm, Switzerland) 
equipped with a conductivity detector; the separation conditions for IC 
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analysis are presented in Table 1. Calibration of the IC methodologies was 
carried out in accordance with ISO 8466-1 (POLISH NORM 2004). In 
order to determine the validation parameters, 6 standard solutions of 
anions and cations with concentration ranges given in Table 2 were pre-
pared. The calibration solutions were analyzed in triplicate. The obtained 
areas of the analytes were used to calculate the standard deviation, the 
coefficient of variance, the limits of detection and limits of quantification, 
as well as the correlation coefficient. In addition, the recovery for the ana-
lyzed ions was calculated; the results are presented in Table 2. The range 
of concentrations in the standard solutions was matched to the expected 
concentrations in the real samples. The standard deviation ranges from 
0.102 for PO4

3- to 0.172 mg/L for SO4
2-. The limits of detection (LOD) and 

quantification (LOQ) are also at good levels (from 0.1 for F- and K+ up to 
0.25 mg/L for SO4

2-, and from 0.27 for Na+ up to 1.23 mg/L for PO4
3-, respec-

tively), with recoveries varied from 96.8 for PO4
3- up to 104.2% for Mg2+.

Table 1
 IC analysis conditions

Parameter Anions analysis Cations analysis

Analytical column Metrohm Metrosep Supp 2 
(150 x 4.0 mm)

Metrohm Metrosep C6 
(150 x 4.0 mm)

Eluent 3.6 mM Na2CO3 + 1 mM 
NaHCO3

1.7 mM PDCA + 1.7 mM 
HNO3

Eluent flow rate 0.7 mL/min 0.9 mL/min

Detection suppressed conductivity non-suppressed conductivity

Table 2
 Methods validation parameters for inorganic ions

Parameter F- Cl- NO3
- PO4

3- SO4
2- Na+ K+ Mg2+ Ca2+

Concentration range 
[mg/L] 0.1–10.0 0.5–20.0 0.5–30.0 0.2–20.0 0.5–30.0 0.2–10.0 1–100.0 0.2–10.0 0.5–20.0

Standard deviation 
[mg/L] 0.105 0.167 0.142 0.102 0.172 0.103 0.121 0.104 0.137

Coefficient of variance 
[%] 1.02 0.85 0.62 2.07 0.95 0.68 3.41 1.47 1.30

Limit of detection 
(LOD) [mg/L] 0.10 0.17 0.23 0.41 0.25 0.09 0.10 0.17 0.21

Limit of quantification 
(LOQ) [mg/L] 0.30 0.51 0.70 1.23 0.75 0.27 0.28 0.51 0.63

Correlation coefficient 
(r) 0.9997 0.9989 0.9997 0.9996 0.9996 0.9997 0.9994 0.9996 0.9998

Recovery [%] 103.1 99.6 101.7 96.8 101.2 97.9 102.2 104.2 99.6
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The trace metal content was determined by MP-AES, using a 4200 Agi-
lent spectrometer (Agilent Technologies, USA). The limits of quantification 
for the determined metals by the applied method (based on 10-fold repeats for 
the standard samples) and other validation parameters are given in Table 3. 

Table 3
 MP-AES validation parameters for determined metals

Element λ [nm]

Adjustment 
of the cali- 

bration 
curve

Concentra-
tion range 

[mg/L]

Limit of 
detection 

[μg/L]

Limit of 
quantifica-
tion [μg/L]

Correlation 
coefficient 

(r)

Cr 425.433 linear 1.0–50.0 0.34 1.04 0.9997

Mn 403.076 linear 1.0–100.0 0.08 0.25 0.9998

Fe 371.993 linear 1.0–100.0 0.56 1.69 0.9999

Ni 352.454 linear 1.0–60.0 0.36 1.08 0.9995

Cu 324.754 linear 1.0–40.0 0.18 0.54 0.9995

Zn 213.857 nonlinear 1.0–20.0 0.43 1.29 1.0000

Cd 228.802 linear 1.0–20.0 0.32 0.97 0.9998

Al 396.152 linear 1.0–60.0 0.39 1.18 0.9996

Pb 405.781 linear 1.0–60.0 0.35 1.04 0.9997

Co 340.512 linear 1.0–60.0 0.35 1.04 1.0000

The data matrices were processed in Excel (Microsoft, USA), then 
principal component analysis (PCA) and cluster analysis were performed 
using MatLab (The Mathworks, USA) after mean center preprocessing. 

Results and Discussion

Content of the inorganic anions and cations

The determination results concerning the contents of the inorganic 
anions and cations in milligrams per product portion [mg/p.p.] in the ana-
lyzed herbal teas are presented on Figure 1 and given in Table 4 (the prod-
uct portion (p.p.) relates to the mass of analyzed tea listed in Appendix 1 – 
Table 1.1. 

The contents of inorganic ions in the examined herbal tea infusions 
were different and depended on the tea type, its producer and country of 
origin (Table 4). The fluoride contents in the studied infusions ranged from 
0.11 to 5.20 mg/p.p. (max. for mint tea P-MI2); the chloride contents ranged 
between 0.32 and 20.78 mg/p.p. (max. for herbal mixture tea P-HM5); the 
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nitrate contents ranged between 0.11 and 22.26 mg/p.p. (max. for nettle 
tea P-N1), the phosphate contents ranged between 0.16 and 17.75 mg/p.p. 
(max. for wild rose tea P-WR2) and the sulphate contents ranged from 0.31 
to 27.92 mg/p.p. (max. for herbal mixture tea P-HM5). 
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Fig. 1. Mean values of determined ions in particular tea types: a – mint; b – chamomile;  
c – melissa and linden; d – sage, horsetail, violet tricolor and St. John’s wort; e – calendula,  

nettle and wild rose; f – herbal mixture
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Table 4
 Inorganic ions content in the studied herbal teas [mg/p.p.]

Ion Minimum Maximum Median Mean
F- 0.11 5.2 1.23 1.47
Cl- 0.32 20.78 3.76 5.11

NO3
- 0.11 22.26 1.23 3.87

PO4
3- 0.16 17.75 3.45 4.41

SO4
2- 0.31 27.92 6.03 7.46

Na+ 0.18 5.92 0.86 1.27
K+ 7.05 73.69 27.95 30.30

Mg2+ 0.62 10.11 2.39 3.13
Ca2+ 1.13 26.8 4.72 6.51

Fluorine in the form of the F- anions in large concentrations has  
a toxic effect on the human organism (Balcerzak and Janiszewska 2013); 
its excessive amount can disturb the absorption and metabolism of iodine, 
which is necessary for the normal functioning of thyroid and parathyroid 
glands. Tolerable upper intake level (UL) of fluoride for adults was estab-
lished on value 7 mg/day. It means that drinking P-MI2 mint (5.20 mg/p/p.) 
provides the body with as much as 74% of UL (EFSA 2005a). Chloride is  
a major anion of the extracellular fluid; together with other electrolytes, it 
influences the water distribution in the organism and acid-base homeosta-
sis. The Scientific Committee on Food did not establish a Population Ref-
erence Intake for chloride (EFSA 2021), but concluded that the require-
ments should match those for sodium (on a molar basis), i.e. 25–150 mmol/
day. The US Institute of Medicine established an Adequate Intake (AI) for 
chloride at a level equivalent (on a molar basis to that of sodium), equaled 
to 2.3, 2.0 and 1.8 g/day, respectively for younger adults, older adults and 
the elderly (EFSA 2005b). The tested teas make a negligible contribution 
to achieving these AI values.

Nitrate and nitrite ions may be the cause of unfavorable changes as 
they are responsible for the oxidation reaction of iron in the hemoglobin to 
its Fe3+ form. As a result, methemoglobin (unable to bind oxygen) is 
formed. Phosphate is part of adenosine triphosphate (ATP) – a basic source 
of energy for the majority of living organisms. The phosphorous deficiency 
in the diet severely hampers human development, while its excessive 
amount has adverse effects because it contributes to osteoporosis and 
damages kidneys. At higher concentrations (up to 1,000 mg/L), sulphate 
can have a laxative effect and cause stomach problems. When having in 
mind the highest permissible levels of anions in food products, the obtained 
contents were not high enough to have a negative impact on human health. 
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However, a daily consumption of a few strong herbal tea infusions contain-
ing around 20 mg nitrate and more, phosphate or sulfate in one portion 
recommended by the producer may have an adverse effect. In the acidic 
environment of the stomach, nitrates undergo reduction to nitrites, with 
demonstrate toxic influence on the human organism. It ought to be remem-
bered that humans ingest large amounts of nitrates with other foods 
(mainly vegetables, fruit, and meat products) every day (Raczuk et al. 
2015) and any additional dose of these ions may exceed the acceptable 
daily intake (ADI) established at the level of 3.7 mg/kg of the body weight 
by the Joint FAO/WHO Expert Committee on Food Additives in 2002 (JECFA 
2002). Therefore, the consumption of three P-N1 nettle tea portions in 
a day by a child weighing 20 kg will result in reaching the ADI level. 

When comparing the mean contents of specific anions in the Polish tea 
infusions with the values obtained for the Romanian teas (Table 4), import-
ant differences were observed in the following cases: for fluoride in the 
mint and violet tricolor teas (contents two and six times higher in the Pol-
ish teas, respectively); for chloride in the linden and wild rose teas (con-
tents over three times higher in the Polish teas) and violet tricolor tea (con-
tent nearly four times higher in the Romanian teas); for nitrates in the 
chamomile and mint teas (contents over seven and two times higher in the 
Romanian teas, respectively), and linden and wild rose teas (contents three-
and-a-half and two times higher in the Polish teas, respectively); for phos-
phate in the wild rose and linden teas (contents four and two times higher 
in the Polish teas, respectively) and violet tricolor tea (content nearly three 
times higher in the Romanian teas) and for sulfate in the violet tricolor and 
wild rose teas (contents more than twice as high in the Polish teas). 

The contents of the sodium, potassium, magnesium and calcium cat-
ions also varied depending on the herbal tea producers and types (Table 4). 
The differences observed for cations were bigger than those observed for 
anions in the same tea group. The following cation contents were estab-
lished: for Na+ - from 0.18 to 5.92 mg/p.p. (max. for calendula tea R-CA1), 
for K+ – from 7.05 to 73.69 mg/p.p. (max. for violet tricolor tea P-VT2), for 
Mg2+ – from 0.62 to 10.11 mg/p.p. (max. for wild rose tea P-WR1) and for 
Ca2+ - from 1.13 to 26.80 mg/p.p. (max. for herbal mixture tea P-HM8). 

Sodium and potassium are the basic electrolytes in the human biolog-
ical system. Although no UL value has been established for these elements, 
it has been noted strong evidence for the contribution of sodium and potas-
sium to high blood pressure in European populations. It is leading to the 
development of renal and cardiovascular diseases and stroke. The Euro-
pean Food Safety Authority (EFSA) Panels (EFSA 2019, 2016) point out 
that 2.0 g sodium/day and 3.5 g potassium/day is a safe and AI for the 
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general European population of adults. The sodium content in the studied 
teas was relatively low and did not usually exceed 2 mg/p.p., except for 
calendula teas and three mint teas. The Na+ content in Romanian calen-
dula tea was more than twice as high as that found in the Polish tea. 
Potassium was the major cation present in all the teas (Table 4). Its con-
tent in the Polish violet tricolor as well as in melissa and in wild rose teas 
exceeded 60 and 50 mg/p.p., respectively. The Romanian violet color infu-
sion had a three times lower K+ content in comparison with the mean 
content of these ions in the Polish teas (19.89 mg/p.p.). A nearly four times 
lower amount of the K+ ions was also observed in the Romanian wild rose 
infusion (14.14 mg/p.p.). 

Magnesium ions belong to many enzyme activators and participate in 
the metabolic processes. According to EFSA Panel (2015), AI for magne-
sium is set at 350 mg/day for adult men and 300 mg/day for adult women. 
The calcium deficiency leads to hypocalcemia whose symptoms include sei-
zures, nervous system weakness, general weakness, muscle weakness, 
and skin problems (Van Dronkelaar et al. 2018). A UL of 2,500 mg cal-
cium/day from all sources was proposed for adults, and for pregnant and 
lactating women by EFSA Panel (2012). Besides herbal mixtures, the 
highest magnesium and calcium contents were observed in the Polish wild 
rose teas: the mean contents of those ions were four and two times higher 
than the contents in the Romanian teas, respectively. However, these val-
ues do not significantly affect the total intake of these elements in the 
daily diet. When comparing the mean contents of specific analytes in the 
Polish tea infusions with the values obtained for the Romanian teas, 
important differences were observed in few cases. They concern e.g. fluo-
rides in the mint and violet tricolor teas, nitrates in the chamomile and 
mint teas. The differences observed for cations were bigger than those dis-
cerned for anions in the same tea group. 

There are few studies on the metal content in herbal infusions (Altintig 
et al. 2014, Juranović et al. 2013, Özcan et al. 2008, Schunk et al. 2016). 

The content of sodium, potassium, calcium and magnesium in infu-
sions of herbal teas from Polish producers was investigated by Pytlakow-
ska et al. (2012): the highest content of Na (389 μg/g) they have found in 
the peppermint infusion, K (2650 μg/g – in melissa), Ca (114 μg/g) – in the 
infusion with nettle, and Mg (271 μg/g) – in sage herbal tea. These values 
are much lower than those obtained in this work, which may indicate the 
effect on the result of the analysis caused by the method of brewing, the 
origin of herbs, environmental conditions, etc. However, so far no one has 
examined and compared the content of these metals in Polish and Roma-
nian herbal tea infusions.
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Trace metal content

Figure 2 displays the mean concentrations of selected metals in the stud-
ied herbal teas; additional statistical information regarding the metal concen-
trations is summarized in Table 5.
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Fig. 2. Mean values of determined metals in particular tea types: a – mint; b – chamomile;  
c – melissa and linden; d – sage, horsetail, violet tricolor and St. John’s wort; e – calendula,  

nettle and wild rose; f – herbal mixture
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Table 5
 Trace metal content in the studied herbal teas [µg/p.p.]

Metal Minimum Maximum Median Mean

Cr < LOQ 1.38 0.13 0.22

Mn 4.51 765.9 29.71 74.04

Fe 0.47 91.04 12.84 17.01

Ni < LOQ 10.76 3.23 3.86

Cu 2.64 25.99 8.9 9.66

Zn 6.57 112.0 28.12 31.57

Cd < LOQ 7.20 2.34 2.34

Al 2.30 763.35 8.30 47.94

Pb 2.32 32.49 7.87 10.34

Co < LOQ 7.42 0.06 1.32

Cadmium is a highly toxic metal that belongs to the so-called priority 
substances with mutagenic and carcinogenic effects; it can be responsible 
for anemia and hypertension. Lead is usually transported into the human 
and animal organisms through consumption of contaminated plants. Zinc 
is a metal participating in the protein metabolism; its deficiency disturbs 
the functioning of the immune, nervous and reproductive systems. Copper 
is among elements necessary in the hemoglobin synthesis and in the iron 
absorption by the living organisms; the clinical research showed that the 
organism is more susceptible to diseases and infections if the copper defi-
ciency is severe (Schulzki et al. 2017). From the toxicological point of 
view, chromium (VI) has a harmful influence on the organism; it is quickly 
absorbed and demonstrates carcinogenic and mutagenic characteristics 
(Pohl et al. 2016). The nickel compounds have low toxicity, but they cause 
allergic symptoms if the organism is at a constant exposure. Iron is counted 
among microelements that have an important influence on the functioning 
of the living organisms. The soluble aluminum compounds have a negative 
impact on the human nervous system; it may be one of the factors influenc-
ing the development of the Alzheimer’s and Parkinson’s diseases (Malik 
et al. 2013). 

The contents of metals in the studied infusions were largely diverse. 
Among 10 tested metals, manganese and zinc demonstrated the highest 
share of the total contents of this group of elements in most infusions (Table 5). 
The analysis of 11 herbal mixtures also demonstrated large differences in 
the aluminum and manganese contents in the prepared infusions: the alu-
minum and manganese content were between 4.47 and 763.35 μg/p.p. and 
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between 20.02 and 267.27 μg/p.p., respectively, with definitely lower differ-
ences in the contents of the remaining metals. EFSA Panel (EFSA 2013) 
proposed an AI value of 3 mg Mn/day for adults, including pregnant and 
lactating women, whilst Regulation No. 1169/2011 of the European Parlia-
ment and of the Council (Regulation (EU) No 1169... 2011) indicates  
2 mg of Mn as a reference value for beverages which means that not more 
than 150 μg/p.p. may be present in 100 mL of the beverage. The manga-
nese contents in the studied Polish wild rose teas, and three herbal mix-
tures exceeded this value. High manganese content observed in the infu-
sions of Polish wild rose teas (765.92 and 360.27 μg/p.p., respectively for 
P-WR1 and P-WR2) can be due to the fact that the manufacturer added 
hibiscus to these teas. 1 g of rose hips of the Rosa canin variety contains an 
average of 35 to 67 μg/g of manganese (Levent et al. 2010) while 1 g of 
hibiscus contains about 390 μg of this metal (Wróbel et al. 2000). In turn, 
high content of manganese in herbal mixtures may be due to the presence 
of green tea (P-HM1), hibiscus (P-HM8) or birch leaves (P-HM11) in them. 
Both the results obtained in this paper for green teas (977 μg/g) and those 
presented in the literature (Wróbel et al. 2000) confirmed the high con-
tent of manganese and aluminum in this type of tea, and Reimann et al. 
(2007) stated high content of Mn in birch leaves. The average Al concen-
tration of 976.66 μg/p.p. for the studied infusions is in the concentration 
range obtained for Brazilian herbal teas (Schunk et al. 2016). In the case 
of chamomile infusion ca. 5 times lower Al content was found in the Polish 
herbs (11.29 μg/g; this paper); 10.9–15.0 μg/g (Pytlakowska et al. 2012) in 
comparison to the Brazilian herbs (51.62 μg/g).

The chromium content in nearly half the cases and cobalt content in 
16 cases were lower than LOQ (0.10 μg/p.p.). According to the Regulation 
(EU) No 1169... 2011, not more than 7.5% of the daily reference intake for 
chromium (40 μg, i.e. max. 3 μg/p.p.) should be present in 100 mL of the 
beverage. None of the studied infusions demonstrated a value higher than 
1.40 μg Cr/p.p., which means that the chromium doses ingested with infu-
sions are safe for the human organism. Cr concentration in Polish chamo-
mile infusion is the same as in the case of the infusion prepared on the 
base the Brazilian chamomile (ca. 0.1 μg/g) but lower than that coming 
from Spain (0.61 μg/g) (Martín-Domingo et al. 2017) or Turkey (1.22  μg/g) 
(Başgel and Erdemoğlu 2005).

The iron contents ranged from below the LOQ level (<0.17, P-HM3, 
P-HM11) to 91.04 μg/p.p. (P-WR2). For zinc, it was from 6.57 (P-H2) to 
112.02 μg/p.p. (P-VT2). The nickel contents ranged between below the 
LOQ value (0.11; P-H2) and 10.76 μg/p.p. (P-WR1); for copper, the values 
ranged from 2.64 (P-H2) to 25.99 μg/p.p. (P-HM8). Regulation (EU)  
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No 1169... 2011 defines daily reference intake values not only for manga-
nese and chromium, but also for iron, zinc and copper at the levels of  
14 mg (1050 μg/100 mL of the beverage), 10 mg (750 μg/100 mL of the bev-
erage) and 1 mg (75 μg/100 mL of the beverage), respectively. When relat-
ing the reference values to the contents of particular elements in the stud-
ied infusions, it may be said that no recommended standards were exceeded 
in any case. However, the increased lead contents observed for the Polish 
wild rose tea infusions may be distressing from the health point of view. The 
values were approx. four times higher than the ones observed for the Roma-
nian tea (Table 5). These differences may result, as in the case of manga-
nese and aluminum, from the presence of hibiscus in infusions of Polish 
teas. Cadmium content varied between the below LOQ level (<0.10 μg/p.p; 9 
infusions) and 7.20 μg/p.p (P-VT2), whereas the lead content ranged from 
2.32 (P-CA1) to 32.49 μg/p.p. (P-WR2). Both of these metals are character-
ized by the highest toxicity among the tested metals. EFSA Panel on Con-
taminants in the Food Chain established tolerable weekly intake (TWI)  
of 2.5 μg/kg body weight to ensure sufficient protection of all consumers 
(EFSA 2012). In turn, adult exposure for lead was estimated at 0.50 μg/kg 
body weight per day (EFSA 2012).

The obtained mean concentrations of selected heavy metals were com-
pared with the data obtained by other authors for sage infusions and pre-
sented in Table 6.

Table 6
 Comparison of the obtained and literature data for selected elements in sage infusions

Reference Pytlakowska 
et al. (2012)

Özcan 
et al. (2008) 

Martín- 
-Domingo 

et al. (2017)

Juranović 
Cindrić, 

et al (2013)
This work

Element the average content of the element [mg/g]

Cr – 20 2.02 < LOD 0.40

Mn 4.31 44 38.3 0.369 39.35

Fe 4.81 668 934 0.009 14.23

Ni – 3 – 0.006 2.06

Cu 1.14 17 5.88 0.082 6.74

Zn 8.71 53 19.8 0.585 17.07

Cd – – 0.02 0.4 0.52

Al 35.5 14 – < LOD 7.11

Pb – 0.28 1.50 0.150 5.32

Co – 2 – – 2.31
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The studied medicinal plants revealed diverse ionic and elemental 
profiles that can provide evidences for uses for certain purposes. It was 
established that in some instances, several herbal teas exhibit higher con-
centrations of hazardous analytes, such as cadmium, lead, or chromium; 
in such cases, the expected therapeutic effect can suffer a drawback due to 
the unwanted contaminants, with potentially negative effects. The vari-
ability of the contaminants’ contents from the studied medicinal herbal 
teas can be due to the factors like differences between the plants species, 
geographical areas and exposure to different pollution sources or condi-
tions during drying process. To assure the quality of the medicinal plants, 
good manufacturing practice shall provide a proper control of the raw 
material, with a special emphasis on a strict survey of the harvest areas 
and on processing in order to maintain the heavy metals’ content at the 
lowest possible value. Since the medicinal plants and their extracts are 
used in traditional medicine, there is a possible hazard of heavy metal 
poisoning, if they originate from polluted areas; therefore, these raw mate-
rials should be collected from unpolluted regions and they should be ana-
lyzed for heavy metal content in order to avoid their cumulative toxicities 
in long-term use. Due to their hazard, the content of heavy metals has to 
be one of the main criteria for the use of medicinal plants as raw materials 
in the production of traditional remedies; hence it is essential to have  
a proper quality control to ensure safety and efficacy of herbal products.

Chemometric data analysis

Principal component analysis (PCA) of the full data set led to a model 
built on nine variables (the concentrations of the major studied ions), 
which reveals a fuzzy data structure, the model explaining only 54.9% of 
the variance (Figure 3a); the corresponding loading plot reveals a close 
correlation for the concentrations of chloride and sulfate/fluoride, nitrate 
and phosphate/potassium, calcium and magnesium (Figure 3b). 

More suggestive is the PCA for anions’ data set; the model correspond-
ing for the scores’ plot from Figure 4a and dendrogram from Figure 4b was 
built using five variables (the concentrations of the major studied anions), 
explains 77.22% variance and reveals three clusters: one containing the 
outliers P-HM4, P-HM1 and P-HM5 (with the highest concentrations of 
sulfate and chloride), another corresponding to the highest concentrations 
of fluoride, nitrate and phosphate and a major one, including most of the 
samples. This model emphasizes the herbal teas that can pose a risk on 
human health due the presence of hazardous nitrate anion.
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Fig.5. The scores’ plot (a) and the loadings’ plot (b) for the metal dataset
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For the studied metals, PCA of the full dataset led to a model built on 
ten variables (the concentrations of the studied metals), which reveals 
four clusters, the model explaining 70.49% of the variance (Figure 5);  
the corresponding loading plot reveals a close correlation for the content of 
copper, cadmium, zinc, lead and iron (Figure 5b). Two from those three 
clusters contain the outliers green teas (P-GT) and PHM1 (in dark blue, 
with the highest concentrations of aluminum, chromium and nickel), 
another containing the samples with the highest concentrations of iron 
(PWR1, PWR2 and PVT2), a third one containing the samples high in 
nickel and copper (P-HM8, P-S1, P-N4, PME3) and a major one, corre-
sponding to the most of the samples. This model emphasizes also several 
herbal teas that can pose a risk on human health due the presence of 
heavy metals of concern.

Conclusions

When comparing the mean contents of specific analytes in the Polish 
tea infusions with the values obtained for the Romanian teas, important 
differences were observed in few cases. These may have resulted from the 
country of origin, herb cultivation and harvest methods, as well as its pro-
cessing, including additions of other herbs, aroma substances or spices 
that may have had an important impact on the effectiveness of extraction 
of particular ions into water in the herb steeping/brewing process. This 
may be crucial in terms of the health risks associated with drinking such 
teas. Consumers should be accurately informed about these parameters, 
given the popularity and easy access to herbal teas.
Translated by Wiktoria Mroczek (www.usatlumacz.pl)

Accepted for print 24.02.2023

References
Abd El-Aty A.M., Choi J.H., Rahman Md.M., Kim S.W., Tosun A., Shim J.H. 2014. Residues and 

contaminants in tea and tea infusions: a review. Food Addit. Contam., Part A, 31: 1794–1804. 
Andishe Tadbir A., Pourshahidi S., Ebrahimi H., Hajipour Z., Memarzade M.R., Shirazian S. 

2015. The effect of Matricaria chamomilla (chamomile) extract in Orabase on minor aphthous 
stomatitis, a randomized clinical trial. J. Herb. Med., 5: 71–76. 

Altintig E., Altundag H., Tuzen M. 2014. Determination of multi element levels in leaves and 
herbal teas from Turkey by ICP-OES. Bull. Chem. Soc. Ethiop., 28: 9–16. 

Balcerzak M., Janiszewska J. 2013. Fluorides in tea products and analytical problems with 
their determination. Crit. Rev. Anal. Chem., 43: 138–147. 

Başgel S., Erdemoğlu S.B. 2005. Determination of mineral and trace elements in some medicinal 
herbs and their infusions consumed in Turkey. Sci. Total Environ., 359: 82–89. 



Joanna Kończyk et al.84

Butiuk A.P., Martos M.A., Adachic O., Hoursa R.A. 2016. Study of the chlorogenic acid content 
in yerba mate (Ilex paraguariensis St. Hil.): Effect of plant fraction, processing step and har-
vesting season. J. App. Res. Med. Arom. Plant., 3: 27–33.

Bolan S., Kunhikrishnan A., Seshadri B., Choppala G., Naidu R., Bolan N.S., Ok Y.S.,  
Zhang M., Li C.G., Li F., Noller B., Kirkham M.B. 2017. Sources, distribution, bioavailability, 
toxicity, and risk assessment of heavy metal(loid)s in complementary medicines. Environ. Int., 
108: 103–118. 

Chajduk E. 2009. Elemental analysis of black and green tea leaves by instrumental neutron acti-
vation analysis. Chem. Anal.-Warsaw, 54: 841–855.

Chen Z.M., Lin Z. 2015. Tea and human health: biomedical functions of tea active components and 
current issues. J. Zhejiang Univ.-Sci. B, 16: 87–102. 

Dalar A., Konczak I. 2012. Botanicals from Eastern Anatolia Region of Turkey: antioxidant ca-
pacity and phenolic constituents of endemic herbal medicines. J. Herb. Med. 2: 126–135. 

De Oliveira L.M., Das S., Da Silva E.B., Gao P., Gress J., Liu Y.G., Ma L.Q. 2018. Metal con-
centrations in traditional and herbal teas and their potential risks to human health. Sci. Total 
Environ., 633: 649–657.

EFSA (The European Food Safety Authority). 2005a. Opinion of the scientific panel on dietetic 
products, nutrition and allergies on a request from the commission related to the tolerable up-
per intake level of fluoride. EFSA J., 192: 1–65.

EFSA (The European Food Safety Authority). 2005b. Opinion of the scientific panel on dietetic 
products, nutrition and allergies on a request from the commission related to the tolerable up-
per intake level of chloride. EFSA J., 210: 1–9.

EFSA (The European Food Safety Authority). 2012. Scientific Opinion on the Tolerable Upper 
Intake Level of calcium. EFSA J. 10(7): 2814.

EFSA (The European Food Safety Authority). 2013. Scientific Opinion on dietary reference values 
for manganese. EFSA J., 11(11): 3419.

EFSA (The European Food Safety Authority). 2015. Scientific opinion on dietary reference values 
for magnesium. EFSA J.,13(7): 4186.

EFSA (The European Food Safety Authority). 2016. Scientific opinion on dietary reference values 
for potassium. EFSA J., 14(10): 4592.

EFSA (The European Food Safety Authority). 2019. Scientific opinion on the dietary reference 
values for sodium. EFSA J., 17(9): 5778.

EFSA (The European Food Safety Authority). 2021. Scientific Committee, Statement on the deri-
vation of health-based guidance values (HBGVs) for regulated products that are also nutrients. 
EFSA J., 19(3): 6479.

Erdemir U.S. 2018. Contribution of tea (Camellia sinensis L.) to recommended daily intake of Mg, 
Mn, and Fe: An in vitro bioaccessibility assessment. J. Food Compos. Anal., 69: 71–77. 

Fraser K., Harrison S.J., Lane G.A., Otter D.E., Hemar Y., Quek S.Y., Rasmussen S. 2014. 
Analysis of low molecular weight metabolites in tea using mass spectrometry-based analytical 
methods. Crit. Rev. Food Sci. Nutri., 54: 924–937.

Gallaher R.N., Gallaher K., Marshall A.J., Marshall A.C. 2006. Mineral analysis of ten 
types of commercially available tea. J. Food Compos. Anal., 19: Suppl. 53–57.

Horie H., Kohata K., 2000. Analysis of tea components by high-performance liquid chromatogra-
phy and high-performance capillary electrophoresis. J. Chromatogr., A 881: 425–438. 

JECFA 2002. Joint FAO/WHO Expert Committee on Food Additives. Evaluation of certain food 
additives and contaminants. Fifty-ninth report of JECFA. Technical Reports, 913: 20–32.

Juranović Cindrić I., Zeier M., Glamizuna E., Stingeder G. 2013. Elemental characterisation 
of the medical herbs Salvia officinalis L. and Teucrium montanum L. grown in Croatia. Micro-
chem. J., 107: 185–9. 

Kaczmarczyk D., Lochyński S. 2014. Products of biotransformation of tea infusion – properties 
and application. Pol. J. Natur. Sc., 29(4): 381–392.

Karak T., Kutu F.R., Nath J.R., Sonar I., Paul R.K., Boruah R.K., Sanyal S., Sabhapondit S., 
Dutta A.K. 2017. Micronutrients (B, Co, Cu, Fe, Mn, Mo, and Zn) content in made tea (Camel-



The Contents of Inorganic Components in Selected Polish and Romanian Herbal... 85

lia sinensis L.) and tea infusion with health prospect: A critical review. Crit. Rev. Food Sci. 
Nutri., 57: 2996–3034. 

Kojta A. Jarzyńska G., Falandysz J. 2012. Mineral composition and heavy metal accumulation 
capacity of Bay Bolete (Xerocomus badius) fruiting bodies collected near a former gold and 
copper mining area. J. Geochem. Explor., 121: 76–82.

Konczyk J., Muntean E., Gega J., Frymus A., Michalski R. 2019. Major inorganic anions and 
cations in selected European bottled waters. J. Geochem. Explor., 197: 27–36. 

Levent A., Alp Ş., Ekin S., Karagöz S. Trace heavy metal contents and mineral of Rosa canina L. 
fruits from van region of Eastern Anatolia, Turkey, Rev. Analyt. Chem., 29(1): 13–24.

Malik J., Frankova A., Drabek O., Szakova J., Ash C., Kokoska L. 2013. Aluminum and other 
elements in selected herbal tea plant species and their infusions. Food Chem., 139: 728–734. 

Martín-Domingo M.C., Pla A., Hernández A.F., Olmedo P., Gil F. 2017. Determination of met-
alloid, metallic and mineral elements in herbal teas. Risk assessment for the consumers.  
J. Food Compos. Anal., 60: 81–89. 

Michalski R. 2006a. Simultaneous determination of common inorganic anions in black and herb-
al tea by suppressed ion chromatography. J. Food Qual., 29: 607–616. 

Michalski R. 2006b. Ion chromatography as a reference method for the determination of inorgan-
ic ions in water and wastewater. Crit. Rev. Anal. Chem., 36: 107–127. 

Muntean N., Muntean E., Creta C., Duda M. 2013. Heavy metals in some commercial herbal 
teas. ProEnvironment/ ProMediu, 6: 591–594.

Muntean E., Michalski R., Muntean N., Duda M. 2016. Chemical risk due to heavy metal con-
tamination of medicinal plants. Hop Med. Plant., XXIII, 1–2: 71–78.

Ngure V., Kinuthia G., 2020. Health risk implications of lead, cadmium, zinc, and nickel for 
consumers of food items in Migori Gold mines, Kenya. J. Geochem. Explor., 209: 106430.

Özcan M.M., Ünver A., Uçar T., Arslan D. 2008. Mineral content of some herbs and herbal teas 
by infusion and decoction. Food Chem., 106: 1120–1127. 

Perry S. 1996. The book of herbal teas: a guide to gathering, brewing, and drinking. CA: Chronicle 
Books, San Francisco. 

Pohl P., Dzimitrowicz A., Jedryczko D., Szymczycha-Madeja A., Welna M., Jamroz P., 2016. 
The determination of elements in herbal teas and medicinal plant formulations and their tisan-
es. J. Pharm. Biomed. Anal., 130 SI: 326–335. 

Polish Norm PN-ISO 8466-1:2004. Jakość wody. Kalibracja i ocena metod analitycznych oraz 
szacowanie ich charakterystyk. Część 1: Statystyczna ocena liniowej funkcji kalibracji (in Polish).

Poirier L., Nelson J., Gilleland G., Wall S., Berhane L., Lopez-Linares F. 2017. Comparison 
of preparation methods for the determination of metals in petroleum fractions (1000 degrees F+) 
by microwave plasma atomic emission spectroscopy. Energ. Fuel., 31: 7809–7815. 

Pytlakowska K., Kita A., Janoska P., Połowniak M., Kozik V. 2012. Multi-element analysis of 
mineral and trace elements in medicinal herbs and their infusions. Food Chem., 135: 494–501.

Raczuk J., Wadas W., Głozak K. 2015. Nitrates and nitrites in selected vegetables purchased AT 
supermarkets in Siedlce, Poland. Rocz. Panst. Zakl. Hig. 65: 15–20.

Regulation, 2011. Regulation (EU) No 1169/2011 of the European Parliament and of the Council 
of 25 October 2011 on the provision of food information to consumers.

Rodriguez-Fragoso L., Reyes-Esparza J., Burchiel S.W., Herrera-Ruiz D., Torres E. 2008. 
Risks and benefits of commonly used herbal medicines in Mexico. Toxicol. Appl. Pharmacol., 
227: 125–135. 

Schulzki G., Nuesslein B., Sievers H. 2017. Transition rates of selected metals determined in 
various types of teas (Camellia sinensis L. Kuntze) and herbal/fruit infusions. Food Chem., 
215: 22–30. 

Schunk P.F.T., Kalil I.C., Pimentel-Schmitt E.F., Lenz D., De Andrade D.U., Ribeiro J.S., 
Endringer D.C. 2016. ICP-OES and micronucleus test to evaluate heavy metal contamination 
in commercially available Brazilian herbal teas. Biol. Trace Elem. Res., 172: 258–265.

Shalayel M.H.F., Asaad A.M., Qureshi M.A., Elhussein A. 2017. Anti-bacterial activity of pep-
permint ( Mentha piperita ) extracts against some emerging multi-drug resistant human bacte-
rial pathogens. J. Herb. Med., 7: 27–30. 



Joanna Kończyk et al.86

Spychalski G. 2013. Determinants of growing herbs in Polish agriculture. Herba Pol., 59: 5–18. 
Street R.A. 2012. Heavy metals in medicinal plant products – an African perspective. S. Afr.  

J. Bot., 82: 67–74.
Szymczycha-Madeja A., Welna M., Pohl P. 2012. Elemental analysis of teas and their infusions 

by spectrometric methods. Trend Anal. Chem., 35: 165–181.
Theuma M., Attard E. 2020. From herbal substance to infusion: The fate of polyphenols and trace 

elements. J. Herb. Med., 21:100347.
Tupec M., Hýsková V., Bělonožníková K., Hraníček J., Červený V., Ryšlavá H. 2017. Cha- 

racterization of some potential medicinal plants from Central Europe by their antioxidant ca-
pacity and the presence of metal elements. Food Biosci., 20: 43–50. 

Wróbel K., Wróbel K., Colunga Urbina E.M., Determination of total aluminum, chromium, 
copper, iron, manganese, and nickel and their fractions leached to the infusions of black tea, 
green tea, Hibiscus sabdariffa, and Ilex paraguariensis (Mate) by ETA-AAS, Biol. Trace Ele-
ment Res., 78: 271–279.

Van Dronkelaar C., Velzen A. van, Abdelrazek M., Steen A. van der, Weijs P.J.M., Tieland M., 
2018. Minerals and sarcopenia; the role of calcium, iron, magnesium, phosphorus, potassium, 
selenium, sodium, and zinc on muscle mass, muscle strength, and physical performance in 
older adults: a systematic review. J. Am. Med. Dir. Assoc., 19: 6–18.

Vuong Q.V. 2014. Epidemiological evidence linking tea consumption to human health: a review. 
Crit. Rev. Food Sci. Nutr., 54: 523–536. 

Wang Ch.Z., Mehendale S.R., Yuan Ch.S. 2007. Commonly used antioxidant botanicals: active 
constituents and their potential role in cardiovascular illness. Am. J. Chin. Med., 35: 543–558.

Welna M., Szymczycha-Madeja A., Pohl P. 2013. A comparison of samples preparation strate-
gies in the multi-elemental analysis of tea by spectrometric methods. Food Res. Int., 53: 922–930.

Yaldiz G., Camlica M., 2019. Variation in the fruit phytochemical and mineral composition, and 
phenolic content and antioxidant activity of the fruit extracts of different fennel (Foeniculum 
vulgare L.) genotypes. Ind. Crop Prod., 142: 111852.

Zhang Y., Thepsithar P., Jiang X., Tay J.H. 2013. Direct determination of phosphate in raw 
Jatropha curcas oil by ion chromatography. Ind. Crop Prod., 44: 459–464.



The Contents of Inorganic Components in Selected Polish and Romanian Herbal... 87
A

pp
en

di
x 

1
Ta

bl
e 

1.
1

 P
re

pa
ra

tio
n 

m
et

ho
d 

re
co

m
m

en
de

d 
by

 th
e 

m
an

uf
ac

tu
re

r, 
ac

co
rd

in
g 

to
 th

e 
in

fo
rm

at
io

n 
pr

ov
id

ed
 o

n 
th

e 
pr

od
uc

t l
ab

el

Co
de

Am
ou

nt
 o

f t
ea

 [g
] 

(p
.p

.)

Am
ou

nt
 

of
 w

at
er

 
[m

L]
Co

de
Am

ou
nt

 o
f t

ea
  

[g
] (

p.
p)

Am
ou

nt
 

of
 w

at
er

 
[m

L]
Co

de
Am

ou
nt

 o
f t

ea
 

[g
] (

p.
p.

)

Am
ou

nt
  

of
 w

at
er

 
[m

L]

P-
M

I1
1 

te
a 

ba
g 

(2
.3

)
20

0
P-

M
E3

1 
te

a 
ba

g 
(1

.7
)

20
0

P-
N

1
1 

te
a 

ba
g 

(2
.1

)
20

0

P-
M

I2
1 

te
a 

ba
g 

(1
.6

)
20

0
P-

M
E4

2 
te

as
po

on
s 

(2
.1

)
15

0
P-

N
2

1 
te

a 
ba

g 
(1

.7
)

20
0

P-
M

I3
1 

te
as

po
on

 (1
.6

)
15

0
P-

L1
1 

te
a 

ba
g 

(1
.5

)
15

0
P-

N
3

1 
te

a 
ba

g 
(1

.9
)

20
0

P-
M

I4
1 

te
a 

ba
g 

(2
.2

)
20

0
P-

L2
1 

te
a 

ba
g 

(2
.0

)
20

0
P-

N
4

2 
te

a 
ba

gs
 (3

.3
)

20
0

P-
M

I5
1 

te
as

po
on

 (1
.1

)
20

0
P-

L3
1 

te
as

po
on

 (1
.3

)
15

0
P-

W
R1

1 
te

a 
ba

g 
(4

.1
)

15
0

P-
M

I6
1 

te
a 

ba
g 

(2
.5

)
15

0
R-

L1
1 

te
as

po
on

 (1
.1

)
20

0
P-

W
R2

1 
te

a 
ba

g 
(3

.6
)

15
0

P-
M

I7
1 

te
a 

ba
g 

(2
.2

)
15

0
P-

S1
1 

te
a 

ba
g 

(1
.7

)
15

0
R-

W
R1

1 
te

as
po

on
 (2

.3
)

15
0

R-
M

I1
1 

te
as

po
on

 (2
.1

)
20

0
P-

S2
1.

5 
te

as
po

on
s 

(2
.5

)
10

0
P-

H
M

1
1 

te
a 

ba
g 

(2
.1

)
20

0

P-
CH

1
1 

te
a 

ba
g 

(1
.5

)
20

0
P-

H
1

1 
te

a 
ba

g 
(2

.5
)

10
0

P-
H

M
2

1 
te

a 
ba

g 
(2

.2
)

20
0

P-
CH

2
1 

te
a 

ba
g 

(2
.0

)
20

0
P-

H
2

1 
te

as
po

on
 (1

.0
)

25
0

P-
H

M
3

1 
te

as
po

on
 (1

.8
)

20
0

P-
CH

3
1-

2 
te

as
po

on
s 

(2
.1

)
15

0
P-

H
3

1 
te

as
po

on
 (2

.0
)

25
0

P-
H

M
4

1 
te

as
po

on
 (1

.7
)

20
0

P-
CH

4
2 

te
a 

ba
gs

 (1
.7

)
20

0
P-

VT
1

2 
te

as
po

on
s 

(3
.0

)
15

0
P-

H
M

5
2 

te
a 

ba
gs

 (2
.2

)
20

0

P-
CH

5
2 

te
as

po
on

s 
(1

.7
)

15
0

P-
VT

2
1 

te
a 

ba
g 

(4
.4

)
20

0
P-

H
M

6
1 

te
a 

ba
g 

(2
.2

)
20

0

P-
CH

6
1 

te
a 

ba
g 

(1
.6

)
15

0
R-

VT
1

1 
te

as
po

on
 (1

.0
)

20
0

P-
H

M
7

1 
te

a 
ba

g 
(2

.2
)

20
0

P-
CH

7
1 

te
a 

ba
g 

(1
.8

)
20

0
P-

ST
1

1 
te

as
po

on
 (1

.1
)

20
0

P-
H

M
8

1 
te

a 
ba

g 
(2

.7
)

20
0

R-
CH

1
1 

te
as

po
on

 (1
.4

)
20

0
P-

ST
2

1 
te

a 
ba

g 
(2

.3
)

20
0

P-
H

M
9

2 
te

a 
ba

gs
 (2

.2
)

20
0

P-
M

E1
1 

te
as

po
on

 (2
.0

)
20

0
P-

CA
1

2 
te

as
po

on
s 

(1
.0

)
20

0
P-

H
M

10
1 

te
a 

ba
g 

(2
.0

)
20

0

P-
M

E2
1 

te
a 

ba
g 

(1
.4

)
20

0
R-

CA
1

1 
te

as
po

on
 (0

.5
)

20
0

P-
H

M
11

2 
te

a 
ba

gs
 (2

.0
)

20
0





Address: Roman Yanko, Bogomoletz Institute of Physiology, Bogomoletz street 4, Kiev, Ukraine, 
01024, e-mail address: biolag@ukr.net
* The work was performed as part of the state assignment “Bogomoletz Institute of Physiology of 
NAS of Ukraine” (No. 0119U103965). 

POLISH JOURNAL OF NATURAL SCIENCES
Abbrev.: Pol. J. Natur. Sc.,     Vol 38(1): 89–101,     Y. 2023

DOI: 10.31648/pjns.8689

EFFECT OF L-TRYPTOPHAN  
ON THE MORPHO-FUNCTIONAL CHANGES 
OF WHITE ADIPOSE TISSUE AN INDUCED 

VISCERAL OBESITY RAT MODEL*

Roman Yanko1, Elena Chaka2, Sergey Safonov3,  
Mikhail Levashov4

1 ORCID: 0000-0002-0397-7517
2 ORCID: 0000-0001-7425-2751
3 ORCID: 0000-0002-4785-0315
4 ORCID: 0000-0003-1354-2047

Department of Clinical Physiology of Connective Tissue
Bogomoletz Institute of Physiology, National Academy of Sciences of Ukraine, Kiev, Ukraine

K e y  w o r d s: L-tryptophan, white adipose tissue, induced visceral obesity rat model.

A b s t r a c t

Visceral obesity (VO) is a widespread issue that contributes to the development of various 
diseases. Consequently, there is a need to identify effective methods for preventing VO. One of 
the ways to prevent VO can be the use of the amino acid tryptophan. This study aimed to 
investigate the impact of L-tryptophan on morpho-functional changes in white adipose tissue 
(WAT) in rats with VO and assess its potential for disease prevention. Male Wistar rats were 
involved in the study. Control animals (Group I) followed a standard diet, while Group II rats 
were fed a high-fat and high-carbohydrate diet for 12 weeks. Group III animals received a high-
calorie diet supplemented with L-tryptophan (80 mg/kg). Blood and tissue samples of WAT were 
collected for standardized biochemical, histological, and biophysical evaluations. The inclusion of 
L-tryptophan in the high-calorie diet led to inhibition of visceral fat accumulation and reduced 
levels of total lipids, cholesterol, and triglycerides in the blood serum. Rats in Group III exhibited 
smaller adipocyte sizes, larger cell nucleus areas, and a decreased relative area of connective 
tissue in the WAT compared to Group II animals. Tryptophan also mitigated disturbances in 
WAT bioimpedance among obese rats. These findings suggest that L-tryptophan can attenuate 
the manifestations of VO and reduce fat accumulation in WAT, thus holding promise for disease 
prevention.
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Introduction

Visceral obesity (VO) is a chronic, multifactorial disease characterized 
by the excessive accumulation of abdominal fat, primarily triglycerides 
(Kong et al. 2022). The primary cause of VO is overeating and the con-
sumption of high-calorie foods. This condition contributes to various met-
abolic disorders, hormonal imbalances, increased insulin resistance, 
hypertension, type II diabetes, cardiovascular diseases, and cancer (Apa-
recida et al. 2020, Yanko and Levashov 2022). These complications sig-
nificantly impact quality of life, leading to long-term disability and prema-
ture death (Tchernof and Despres 2013). The increasing prevalence  
of VO, along with its asymptomatic nature, limited understanding of its 
pathogenesis, and insufficient knowledge about prevention and treatment 
strategies, emphasizes the importance of addressing this medical and 
social concern (Shuster et al. 2012). The etiology of obesity involves com-
plex physiological and biochemical mechanisms that are not yet fully 
understood. Consequently, there is a growing need to study the pathogen-
esis of VO and develop effective prevention and treatment methods. One 
potential approach for preventing VO is the use of the amino acid trypto-
phan.

Tryptophan is known to participate in the regulation of energy metab-
olism, food consumption, and has a direct impact on adipose tissue 
(Lischka et al. 2022). Administration of tryptophan to rats on a high-cal-
orie diet has been shown to normalize body weight by reducing visceral fat 
(Shipelin et al. 2021). Furthermore, studies have indicated that trypto-
phan levels decrease in the blood with obesity (Brandacher et al. 2006). 
However, despite the available literature, there is a lack of sufficient 
research on the use of tryptophan for obesity prevention, particularly 
regarding its direct influence on biochemical indicators of lipid metabo-
lism, histomorphological changes, and biophysical properties of visceral 
white adipose tissue (WAT) in VO.

Notably, the process of obesity involves not only an increase in the 
amount of WAT but also changes in its quality. These morpho-functional, 
biochemical, and biophysical alterations in WAT can significantly impact 
the efficacy of drugs used for obesity treatment and prevention. However, 
this aspect of the problem remains poorly investigated.

Moreover, the use of different doses of L-tryptophan, variations in the 
duration of research, differences in experimental models of obesity, and 
varying ages of animals have resulted in ambiguous results. Therefore, 
comprehensive studies that evaluate the role of tryptophan and its mech-
anisms of influence on WAT with existing signs of VO are necessary.
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The aim of this study was to examine the effect of L-tryptophan on 
morpho-functional changes in WAT in rats with VO and determine its 
potential for disease prevention. By elucidating the impact of tryptophan 
on VO, we can contribute to a better understanding of its therapeutic 
potential and facilitate the development of effective preventive strategies.

Materials and Methods

Research object and experiment design

The study was conducted on 30 male Wistar rats (10 animals in each 
group), which were taken into the experiment at the age of 3 months. Rats 
were divided into 3 groups: I – control; II – rats that received a high-calorie 
diet (HCD) for 12 weeks; ІІІ – animals that were on the HCD and addition-
ally received L-tryptophan (“Ajinomoto Eurolysine S.A.S”, France) in  
a dose of 80 mg/kg of body weight. VO in rats was induced by feeding them 
a high-calorie diet containing fat (45% from the mass of the ration) and 
easily assimilable carbohydrates (31% from the mass of the ration) for  
12 weeks. Each rat received daily: 6 g of specially prepared granulated 
feed (70% standard compound feed with the addition of 30% pork lard);  
6.8 g of pork lard; 3.6 g of white breadcrumbs; 3.6 g of sunflower seeds. The 
total calorie content of the daily diet was 116 kcal. Experimental animals 
received feed ad libitum under daily monitoring of the completeness of its 
consumption. A day later, instead of water, experimental rats received  
a 10% fructose solution (Yanko et al. 2021, Yanko et al. 2022). A rat of the 
control group consumed 20 g of standard compound feed daily, the calorie 
content of which was 66 kcal. At the end of the experiment, visceral fat 
was obtained from the abdominal cavity by a mechanical separation 
method. The weight of visceral fat was determined by the gravimetric 
method. The degree of obesity was judged by the weight of isolated vis-
ceral fat.

Rats were euthanized the day after the last dose of L-tryptophan. The 
work with rats was carried out in compliance with the recommendations 
of the European Convention for the Protection of Vertebrate Animals for 
Experimental and Other Scientific Purposes (Strasbourg, 1986). The study 
was approved by the biomedical ethics committee of the Bogomoletz Insti-
tute of Physiology National Academy of Sciences of Ukraine (protocol  
No. 5 dated 11/31/19).
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Histological studies

For histo-morphological studies WAT samples were randomly selected. 
The histological preparations were made according to the standard 
method: fixed in Buen’s fluid, dehydrated in alcohols of increasing concen-
tration and dioxane. The obtained samples were embedded in paraffin. 
Paraffin sections (6 μm thick) were made on a sled microtome. Staining of 
the obtained sections was carried out with Bemer’s hematoxylin and eosin 
and according to Van Gieson (Rehfeld et al. 2017, Yanko et al. 2021). 
Hematoxylin and eosin staining allows for the visualization of the general 
morphological structure of WAT, while Van Gieson staining facilitates the 
identification of connective tissue elements. The micropreparations were 
photographed on a microscope “Nikon Eсliрse E100” (Japan) with the use 
of a digital camera. Morphometry was performed using the computer pro-
gram “ImageJ 1.34p”. 

Several parameters were measured on the WAT micrographs, includ-
ing the relative area of the parenchyma, connective tissue, and blood ves-
sels. The average diameter and cross-sectional area of adipocytes, as well 
as the area of the adipocyte nucleus, were determined. The number and 
density of adipocyte placement per unit area were also assessed. Distribu-
tion of adipocytes by size (<50 μm, 50–100 μm, >100 μm) was carried out. 
The stromal-parenchymal index (the ratio of the relative area of vessels 
and connective tissue to the area of the parenchyma) and the trophic index 
(the ratio of the relative area of the vessels to the area of the parenchyma) 
were determined (Costa et al. 2011, Miljkovic et al. 2022).

Biochemical studies

The concentration of lipids, cholesterol, triglycerides, and high-density 
lipoproteins in the blood serum of rats was determined by the photometric 
method using standard sets of reagents (“Filisit-Diagnostika”, Ukraine) on 
a biochemical analyzer (“Sinnowa”, China). Standardized protocols were 
used to determine these indicators in blood serum. Normal values were 
established as follows: total lipids – 2.50 ±0.15 mmol/L, triglycerides –  
94.9 ±3.9 mg/dL, cholesterol – 1.70 ±0.08 mmol/L, and high-density lipo-
proteins – 1.70 ±0.14 mmol/L.

Biophysical studies

The method of multifrequency bioelectrical impedance analysis (BIA) 
was used to assess the biophysical properties of WAT (Shchelykalina  
et al. 2021). The BIA method is increasingly used in experimental and 
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clinical research as one of the highly informative methods for assessing 
the viability of biological tissues, their functional and metabolic activity, 
as well as for tissue histological verification (Khalil et al. 2014).  
BIA testing of preparations of freshly removed WAT was carried out ex 
tempore on “LCR – meter Quad Tech 1920” (USA) in the mode of operation 
of the device with a parallel equivalent circuit. Absolute values of electri-
cal parameters were determined at frequencies of 1000 Hz – 1 MHz. Mea-
surements were made using 2 flat silver electrodes with an area of  
25 mm2. The impedance values obtained at the maximum (104 Hz) and 
minimum (106 Hz) polarization frequencies of the object were used for the 
analysis. The impedance dispersion coefficient was calculated from the 
obtained results as the ratio of its values measured at low and high fre-
quencies (DZ = Z10

4/Z10
6). 

Data analysis

The obtained data were processed by the methods of variational statis-
tics using the software “Statistica 6.0 for Windows” (StatSoft, USA) and 
“Excel 2010” (Microsoft, USA). Data are reported as the mean ± SD when 
normally distributed. Groups were analyzed by one-way analysis of vari-
ance followed by Bonferroni t-tests with a significance level of 0.05.

Results 

Rats that received HCD for 12 weeks (Group II) showed signs of VO 
development. The absolute and relative weights of visceral fat were higher 
than those of control animals by 145% and 122%, respectively (p < 0.05). 
In rats from the Group III, which received HCD along with L-tryptophan, 
the absolute and relative weights of visceral fat were 38% and 23% lower 
(p < 0.05), respectively, compared to rats in the Group II (Table 1).

Table 1 
Visceral fat weight (Mean ± SD)

Indicators Absolute weight  
of visceral fat [g]

Relative weight 
 of visceral fat [%]

Control (Group I) 19.0 ±1.4 0.046 ±0.005

High-calorie diet (Group II) 46.6 ±2.6* 0.102 ±0.010*

High-calorie diet + L-tryptophan (Group III) 28.7 ±1.3*# 0.079 ±0.006*#

* Different from Group I at P < 0.05, #Different from Group II at P < 0.05 (One way ANOVA  
followed by Bonferroni post hoc test, N = 10 rats/group)



Roman Yanko et al.94

Histologically, the WAT in control and experimental rats consisted of 
parenchymal and stromal components. Adipocytes, representing the 
parenchymal component, appeared optically empty with a narrow cyto-
plasmic rim and a flattened nucleus displaced to the cell’s edge due to fat 
accumulation. Adipocytes were closely packed, but significant differences 
in size and shape were observed between control and obese rats. Control 
animals had smaller, predominantly round-oval-shaped cells, while obese 
rats showed hypertrophied adipocytes with irregular shapes (Figure 1). 
Thus, in the WAT of the animals that received HCD, the adipocytes  
were larger in size: diameter – by 36% (p < 0.05), area – by 50% (p < 0.05) 
compared to the control. Additionally, the number of adipocytes and  
their density per unit area were 19% (p < 0.05) lower in the Group II 
(Table 2).

Fig. 1. Micrograph of the visceral white adipose tissue in control rat (a), after exposure  
to a high-calorie diet (b) and simultaneous exposure to a high-calorie diet and L-tryptophan (c).  

Van Gieson staining, ´200
Note: 1 – adipocyte in diameter <50 μm; 2 – adipocyte in diameter >100 μm; 3 – adipocyte nu- 
cleus
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Table 2 
Morphometry of white adipose tissue (Mean ±SD)

Indicators Control (Group I) High-calorie diet 
(Group II)

High-calorie diet 
+ L-tryptophan 

(Group III)

Mean diameter of  adipocyte [µm] 49.7 ±1.3 67.7 ±1.1* 52.2 ±1.8#

Area of adipocyte [μm2] 2408 ±124 3608 ±164* 2765 ±150*#

Area of adipocyte nucleus [μm2] 17.5 ±1.1 19.1 ±1.0 25.9 ±1.4*#

Number of adipocytes [pcs]  
(on an area of 0.35 mm2) 100.5 ±6.9 81.7 ±12.4* 87.4 ±2.6*

Density of placement of adipocytes 
[pcs./mm2] 287 ±19 233 ±35* 250 ±25*

Distribution of adipocytes  
by diameter [%]

<50 μm
50–100 μm
>100 μm

64.2 ±2.1
34.7 ±1.1
1.1 ±0.4

46.3 ±1.7*
45.0 ±1.5*
8.7 ±0.6*

51.6 ±1.7*
45.5 ±1.4*
2.9 ±0.6*#

Relative area [%]:
– parenchyma
– connective tissue
– vessels

91.3 ±1.4
4.4 ±0.8
4.3 ±0.5

90.7 ±1.8
5.6 ±0.9*
3.7 ±0.3*

91.8 ±0.7 
4.5 ±0.3#

3.7 ±0.7*

Stromal-parenchymal index 0.095 ±0.017 0.10 ±0.01 0.090 ±0.009

Trophic index 0.047 ±0.007 0.041 ±0.007* 0.040 ±0.006*

* Different from Group I at P < 0.05, #Different from Group II at P < 0.05 (One way ANOVA  
followed by Bonferroni post hoc test, N = 10 rats/group)

Rats in the Group II had a lower number of adipocytes with a diameter  
of <50 μm (by 28%, p < 0.05), a higher number of cells with a size of 50–100 μm 
(by 30%, p < 0.05), and a number of adipocytes with a diameter of >100 μm  
(by 690%, p < 0.05) compared to controls (Table 2).

The stromal component of WAT, including microcirculatory vessels, 
lymphatic capillaries, nerve fibers, and connective tissue fibers, was pres-
ent in both control and obese rats. However, the relative area of connective 
tissue was 27% higher (p < 0.05), and the relative area of vessels and the 
trophic index were 14% and 13% lower (p < 0.05), respectively, in the WAT 
of obese rats from the Group II (Table 2). These changes in the stromal 
component of WAT in obese rats indicate the deterioration blood supply to 
adipocytes.

In WAT of rats that received HCD and L-tryptophan (Group III) the 
area of adipocytes, the number of adipocytes with diameter >100 μm and 
the relative area of connective tissue were 23%, 97% and 20% (p < 0.05) 
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smaller, respectively, and the nuclear area was 36% (p < 0.05) larger than 
in rats of Group II (Table 2).

In the blood serum of rats in the Group II, the concentrations of lipids, 
triglycerides, and cholesterol were higher (p < 0.05) by 54%, 72%, and 29%, 
respectively, compared to control animals. Conversely, the concentration 
of high-density lipoproteins was 54% lower (p < 0.05) in the II group. Rats 
in the Group III showed smaller concentrations of triglycerides, choles-
terol, and lipids (by 40%, 21%, and 43%, respectively, p < 0.05) in their 
blood serum compared to the Group II. Moreover, the concentration of 
high-density lipoproteins was 112% larger (p < 0.05) in the Group III com-
pared to rats that received only HCD (Figure 2).

Significant changes in BIA indicators were observed in rats with 
induced VO. The impedance values increased at both low and high fre-
quencies of the testing current. At a frequency of 104 Hz, the impedance 
was 67% higher (p < 0.05) than the control, while at a frequency of 106 Hz, 
the increase was 70% (p < 0.05). Consequently, rats with VO exhibited  
a decrease in the impedance dispersion coefficient of WAT to 1.27 units 
compared to the control’s value of 1.34 units. Rats which received HCD 
and L-tryptophan, showed lower impedance values at frequencies of  
104 Hz and 106 Hz by 26% and 28% (p < 0.05), respectively, compared to 
the Group II (Figure 3).

Fig. 2. Effect of L-tryptophan on lipid metabolism in blood serum: L-tryptophan reduced  
the concentration triglycerides (a); cholesterol (b); and total lipid (d) in rat’s blood serum 
accumulated due to HCD. *Different from Group I at P < 0.05; #different from Group II 
at P < 0.05 (One way ANOVA followed by Bonferroni post hoc test, N = 10 rats/group)
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Discussion

The diagnosis and prevention of VO are critical tasks in modern med-
icine. Clinicians place special emphasis on detecting and treating the dis-
ease in its early stages, where morpho-functional changes in visceral adi-
pose tissue of varying severity are observed. During the initial stages of 
VO, there are no significant disruptions to the morpho-functional state  
of WAT that are typically associated with the development of inflamma-
tory processes. Consequently, the effectiveness of treatment measures is 
highest during this phase. Therefore, it is crucial to identify reliable meth-
ods for preventing the progression of VO.

Tryptophan, an essential amino acid, plays a role in numerous meta-
bolic functions. It serves as a unique building block for proteins (Richard 
et al. 2009). Tryptophan is also a precursor to essential endogenous indol-
amines such as serotonin and melatonin, which function as neurotrans-
mitters, neuromodulators, and neurohormones (Tordjman et al. 2017). 
Increased synthesis of these signaling molecules can enhance overall 
health and quality of life (Poeggeler et al. 2022). Tryptophan is employed 
in the treatment of various conditions, including depression, sleep disor-
ders, cognitive impairments, anxiety, and neurodegenerative diseases 
(Kaluzna-Czaplinska et al. 2019). Conversely, decreased tryptophan 
secretion has been associated with obesity, anorexia, bulimia nervosa, and 
other diseases (Shipelin et al. 2021).

Fig. 3. Effects of L-tryptophan on bioimpedancemetry indicators: L-tryptophan reduced  
the impedance on 104 Hz (a) and 106 Hz (b) in rat’s visceral fat increased due to HCD  

*Different from Group I at P < 0.05; #different from Group II at P < 0.05 (One way ANOVA 
followed by Bonferroni post hoc test, N = 10 rats/group)
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Our studies confirmed a significant increase in both absolute and rel-
ative visceral fat weight in an induced visceral obesity rat model. This 
increase was primarily due to hypertrophy of WAT adipocytes. Addition-
ally, a decrease in blood saturation of adipose tissue was observed. The 
concentration of total lipids, triglycerides, and cholesterol increased in the 
blood serum of these rats.

In rats that simultaneously received HCD and L-tryptophan morpho-
logical, biochemical, and biophysical changes of WAT were manifested to  
a much lesser extent, and in some parameters did not differ from the con-
trol. The weight gain of visceral fat was less pronounced, and the adipo-
cytes were smaller compared to the experimental group that did not receive 
L-tryptophan. Additionally, the lipid metabolism parameters were similar 
to the control values. These findings suggest that L-tryptophan reduces 
the manifestations of VO and attenuates fat accumulation in WAT.

The bioelectrical impedance analysis (BIA) method has been shown to 
be highly informative for assessing body composition and diagnosing the 
degree of obesity (Brunani et al. 2021). Our studies using the BIA method 
revealed significant changes in the bioelectrical properties of WAT in 
experimental rats that developed VO due to the HCD. These changes were 
attributed to the histologically confirmed hypertrophy of adipocytes and 
the significant accumulation of free lipids within them. Lipids are known 
to have low hydration levels and high electrical resistance. Furthermore, 
an increase in connective tissue elements and a decrease in blood supply 
to adipose tissue further contributed to these effects.

The increase in electrical impedance at both low and high frequencies 
of the test current, along with a decrease in the coefficient of frequency 
dispersion of impedance, indicates a decline in the polarization processes, 
functional activity, and metabolic activity of adipose tissue. However, it’s 
important to note that changes in bioelectrical parameters can be influ-
enced not only by increased fat content in adipocytes but also by alter-
ations in its physical and chemical properties. Previous research by other 
authors has indicated a connection between BIA indicators and the prop-
erties and structure of adipose tissue (Yuken et al. 2004).

In rats that received L-tryptophan, the degree of changes in imped-
ance and the coefficient of frequency dispersion were significantly lower, 
suggesting a reduction in the manifestation of VO. This indicates that 
tryptophan has protective properties and contributes to the preservation 
of normal bioelectrical properties of WAT in the case of VO.

The lipolytic effect of tryptophan has also been observed by other 
researchers. For example, in rats on an HCD, the concentration of tri-
glycerides in the blood serum increased. However, when the rats received 
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tryptophan (at a dose of 250 mg/kg), the triglyceride levels approached the 
control values (Shipelin et al. 2021). In experiments on mice with alimen-
tary and genetic obesity, orally administered L-tryptophan at a dose of  
1 mg/ml of water led to a decrease in body and adipose tissue weight, and 
serum cholesterol levels. These changes were accompanied by a reduction 
in inflammation markers (Sivaprakasam et al. 2021). Similarly, in piglets 
receiving tryptophan with drinking water at concentrations of 0.4% and 
0.8%, researchers observed a decrease in food intake, triglyceride levels, 
hepatic lipogenesis, gluconeogenesis, and an increase in glycolysis and lip-
olysis intensity (Goodarzi et al. 2021).

The positive effects of tryptophan on the state of WAT in VO can be 
attributed to the influence of its metabolites, such as serotonin and mela-
tonin (Mangge et al. 2014, Namkung et al. 2015). Increased levels of sero-
tonin in the central nervous system have been shown to contribute to 
a reduction in food consumption and body weight, as well as an increase in 
energy expenditure through the activation of brown adipose tissue by the 
sympathetic nervous system. Serotonin also regulates the metabolism of 
carbohydrates and fats and helps alleviate stress, which further affects 
calorie consumption (Blundell and Lawton 1995, Buwalda et al. 2001). 
The researchers investigated the association between increased visceral 
fat weight and elevated tryptophan catabolism through the kynurenine 
pathway, resulting in reduced serotonin production in individuals with 
severe obesity. Increased levels of kynurenine, as a consequence, may con-
tribute to metabolic disorders in obesity (Gelpi et al. 2022, Liscka et al. 
2022). Furthermore, melatonin exerts significant effects on WAT by pro-
moting the formation of beige adipocytes, enhancing mitochondrial func-
tion, and reducing oxidative stress (Jimenéz-Aranda et al. 2014).

Conclusions

Our study using an induced visceral obesity rat model revealed that 
obesity development is accompanied by an increase in the weight of vis-
ceral adipose tissue and significant morphological, biochemical, and bio-
physical changes. 

The administration of L-tryptophan at a dose of 80 mg/kg, in conjunc-
tion with a high-calorie diet, mitigated the accumulation of visceral fat 
and improved lipid metabolism by reducing the elevated levels of total 
lipids, cholesterol, and triglycerides in the blood serum. 

Furthermore, L-tryptophan attenuated the severity of morpho-func-
tional and bioimpedance changes in white adipose tissue caused by obesity.
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These findings have both theoretical and practical implications, par-
ticularly in the clinical application of tryptophan for comprehensive pre-
vention of visceral obesity development. Future research should focus on 
elucidating the mechanisms by which tryptophan and its metabolites con-
tribute to the correction of visceral obesity.
Translated by Roman Yanko and Mikhail Levashov
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