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The ability of worms to accumulate biotic metals in their body creates the preconditions for obtain-
ing a protein-mineral supplement containing metals in the organic compounds. Experimental studies on 
the worms reproduction, their mass increase and zinc organic forms accumulation in their body, depend-
ing on the content of this metal in the nutrient medium were carried out. Zinc content in the nutrient 
medium for worms was regulated by adding various doses of this metal salt (ZnSO4 • 7H2O). Worms 
were grown for 110 days on a nutrient medium with a different content of zinc. It has been established 
that adding Zinc at a dose of 160 mg/kg of nutrient medium provides increase in the worms number and 
weight by 1.5–1.9 and 1.55–1.96 times, respectively, as compared to the worms  grown on a nutrient 
medium without zinc addition. The negative impact of zinc at a dose of 640 mg/kg of nutrient medium on 
the worms mass increase was established. Vermiculture mass was 12.9% lower than the control under 
high dose of the metal. Additional application of zinc at doses of 40 mg/kg, 80, 160, 320 and 640 mg/kg 
in growing worms on a nutrient medium provided increase in the content of this element in vermiculture 
dry mass, respectively, by 20.4%, 31.7, 50.0% or by 2.7 and 3.0 times. 

Key words: Zinc, red Californian worms hybrid, worms number, worms mass, vermiculture, metal 
accumulation. 

Introduction 

Manure from various species of animals, peat, saw-
dust, hardwood, straw, cardboard, paper, tree leaves, 
fruits and vegetables waste products, waste of meat-
packing plants, fish production, organic urban 
wastewater, distillery waste, sugar and brewer production, 
as well as riboxin, tetracycline and penicillin production 
mycelium is the nutrient medium for the red Californian 
worms hybrid (Eisenia fetida) (Melnyk, 1991; Feruchchi, 
1992; Pernak, 1995; Sulzberger, 1998). 

In the non-waste utilization of organic residues, red 
Californian worms hybrid increases its biomass, which is 
an adequate protein-vitamin-mineral feed supplement to 
the diet of farm animals, fish and poultry (Das & Dach, 
1989; 1990; Mason et al., 1992; Kostecka & Pączka, 
2006). 

Worms dry matter contain up to 65.0% of protein, up 
to 11.0% of lipids, of which a large proportion is repre-
sented by phospholipids. Worms body contain Ferrum - 
680–1070 mg/kg, Magnesium – 660–842 mg/kg, Zinc 

72–80 mg/kg, Cuprum – 7–8 mg/kg and Cobalt 1.5–
2.5 mg/kg of dry matter. 

In addition, worm biomass extract is used in hepato-
carcinogenesis and eye burns treatment. Ointments and 
tinctures made from worm tissues are used to treat bron-
chitis, asthma, postpartum weakness, smallpox, jaundice 
and rheumatism (Kholodova et al., 1992; Kholodova et 
al., 1994; Hasanuzzaman et al., 2010). 

A ton of organic waste processed by worms gives up 
to 600 kg of biohumus, which is a valuable organic ferti-
lizer rich in nutrients and biologically active substances 
necessary for the production of environmentally friendly 
products. 

Due to its chemical composition, worm biomass is a 
farm animals diet valuable fodder supplement. The chem-
ical composition of the vermiculture biomass depends to a 
large extent on the nature of the nutrient medium in which 
the worms live. Metals concentration in the biomass of 
worms increases as the content of the metals in the nutri-
ent medium increases (Merzlov & Mashkіn, 2015). 
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Earthworms consume various organic soil fractions 
and may bioaccumulate some soil pollutants (Beyer et al., 
1982; Ernst et al., 2008; Latif et al., 2013) The pollutants 
include trace minerals such as ZnSO4 • 7H2O. Sizmur et 
al. (2011) have shown in the research, that the presence of 
Lumbricus terrestris increases the bioavailability of met-
als in the soil. Similarly, other studies have shown bioac-
cumulation of metals (Cu, Pb and Zn) by L. terrestris in 
Canada urban soils (Kennette et al., 2002) and bioaccu-
mulation of Cu and Zn by L. terrestris in the ponds with 
variable soils (Kizilkaya, 2004). 

Centofanti et al. (2016) confirmed the ability of L. ter-
restris worms  to bioaccumulate Zinc. Bioaccumulative 
factor for Zn was more than 4. 

Zinc is an important metal for bio-objects. The aver-
age quantitative content of zinc in the animals body is 
0.0029% (of total weight) (Georgiyevskiy, 1970; Kidd et 
al., 1996). The metal activates more than 25 enzymes 
systems in the cell and is involved in cells distribution, 
regeneration and growth. The content of zinc in the body 
is related to the processes of bone tissue formation and 
growth. It also influences maintaining the skin in a satis-
factory state, as well as hair growth and immunity. Metal 
biotic is involved in protein and nucleic exchanges, respi-
ration cells, lipid metabolism and energy processes. Zinc 
is important for the development of ovules and fetuses. It 
is part of the insulin molecule and it activates testos-
terone, adrenaline and gonadotropic hormones. Being a 
part of the carbohydrazide, it participates in acid-alkaline 
balance maintaining. Zinc affects the function of triple 
hormones of the pituitary gland which provides sexual 
activity and the organism resistance (Fedorina et al., 
2013). 

Zinc affects the level of metabolite testosterone - di-
hydrotestosterone, the excess of the latter causes prostate 
hyperplasia. The metal is a necessary element for female 
organisms, as it is part of the structure of estrogen recep-
tor and thus affects all processes related to estrogen  
(Paribok, 1974). 

Zinc takes an active part in the thymus functioning 
through affecting the state of the immune system in the 
body. Due to the presence of retinolupporous protein, 
Zinc, in combination with vitamin A (and vitamin C), 
prevents immunodeficiencies by stimulating antibodies 
formation (Kononskiy, 2006). 

The metal is involved in DNA and RNA synthesis, in 
antioxidation processes, in CO2 transportation and 
biomembranes stabilizing, in hematopoiesis and in func-
tioning the internal secretion glands. Zinc plays an im-
portant role in transcription, in stabilizing the structures of 
the polysaccharide and biopolymers. It supports the phys-
iological content of vitamin A in the blood and normal 
taste. The element is an integral part of a range of the 
following metalloenzymes: peptidase, dehydrogenase, 
transphosphorilase, urease, phosphatase, carbonic anhy-
drase, aldolase (Georgiyevskiy, 1970; Snіtinskiy et al., 
2002). Zinc is a component of the molecule necessary for 
the activation of pancreatic carboxypeptidase, protease, 
decarboxylase, dipeptidase, arginase, RNA and DNA 
polymerase, superoxide dismutase, and alcohol dehydro-
genase. The metal is a part of the structure of the basic 
antioxidant enzyme – (Zn, Cu) – superoxide dismutase – 

and it induces the synthesis of proteins of cells, which 
confirms the antioxidant effect of this element.  

Zinc is deposited in the liver, and then transported to 
other tissues and cells. In the animals body the metal-
biotic is found predominantly in the form of complex 
compounds with biopolymers, including proteins  
(Paribok, 1974). 

The exchange of zinc in the animals body is regulated 
by the thyroid gland. The deficiency of metal-biotic caus-
es a delay in sexual development. Insignificant zinc defi-
ciency results in RNA concentration and the synthesis of 
protein in the nerve cells decrease, it slows down the 
brain development, the impairment of the taste and smell 
receptors; the development of animals is slowed down; 
skin scaling, infertility manifestations, low amount of 
sperm is observed in the animals and wounds healing 
takes longer. A significant shortage of the metal causes 
bone growth slowing down; testicles hypoplasia and 
hypofunction manifestation; slow growth or dwarfness 
takes place, a cataract occurs. 

Zinc excess in the body causes a negative effect on the 
functions of the heart and blood along with gastritis, leth-
argy, nausea, drowsiness, coordination disruption. 

Cuprum, Cadmium, Plumbum are the functional an-
tagonists of Zinc, especially against the backdrop of ami-
no acids deficiency. In the form of chelating-forming 
complexes, the metal may act as a synergist of chromium 
(Georgiyevskiy, 1970; Avtsin et al., 1991). 

Therefore, the purpose of our research was to study 
the influence of various doses of Zinc in the nutrient me-
dium on worms reproduction, the dynamics of their body 
mass, and the accumulation of metal in the worms bio-
mass. 

 
Material and methods 

 
The experiments were conducted in the vivarium of 

Bila Tserkva National Agrarian University. Red Califor-
nian worms hybrid was used as a biological object. For 
the experiment, 54 microboxes sized of 0.5m x 0.7m were 
formed. 11.0 kg of nutrient medium (fermented cattle 
manure and straw of cereals) for was added to each mi-
crobox. The nutrient medium humidity was 65.0–67.0%. 
The microboxes were divided into 6 groups with 9 units 
in each. 

In the control group, the nutrient medium contained a 
natural zinc background. No additional metal was intro-
duced. In the experimental group 1, 40 mg/kg of zinc was 
added to the nutrient medium in the microboxes at the 
expense of ZnSO4 • 7H2O salt. 80 mg/kg of Zinc was 
added to the nutrient medium of the experimental group 2. 
The nutrient medium from the experimental group 3 was 
enriched with Zinc at a rate of 160 mg/kg. In the experi-
mental groups 4 and 5, 320 and 640 mg/kg of zinc were 
added to the nutrient medium in the microboxes, respec-
tively. 80 mature worms was put into each box at the 
beginning of the experiment. 

At the end of the experiment, which lasted 110 days, 
the number of worms in each microbox was counted, and 
the average samples of worms were taken to determine 
the content of zinc in their body. The selected worms 
were kept on dampened pieces of filter paper for 60 hours 
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to release their gastrointestinal channel from coprolytes, 
the presence of which may result in the inaccuracies in the 
investigation of Zinc content. After the keeping, the 
worms were pre-dried, then ashed in a muffle furnace, 
gradually increasing the temperature to 450 °С. The con-
tent of zinc in the worms biomass was determined by the 
atomic absorption spectrophotometry method using the 
Shimadzu AA-6650 equipment. 

 
Results and discussion 

 
By the end of the experiment, the average number of 

worms weighing 0.4–0.8 g in the control group was 
134.9 pc (Table 1). The number of adult worms increased 
by 26.5% (Р ≤ 0.01) under vermiculture cultivation on a 

nutrient medium with an additional 40 mg/kg content of 
zinc. The stimulating effect of adding 80 mg/kg of zinc to 
the nutrient medium on the number and growth of ver-
miculture was found. The number of worms in the exper-
imental group 2 was 57.2% higher than in the control. 

Introducing 160 mg/kg of zinc into the nutrient medi-
um (experimental group 3 microboxes) resulted in 1.9 
times increased number of adult worms (P ≤ 0.001). The 
application of 320 mg/kg of the studied metal-biotic 
brings about an increase in the number of adult worms in 
the experimental group 4 microboxes by 43.7% relative to 
the control. However, comparison of  the number of indi-
viduals in the experimental group 3 microboxes reveals 
that the number of sexually active worms in the experi-
mental group 4 was lower by 24.4%. 

 
Table 1 
Number of worms and their mass in microboxes, depending on Zinc concentration in the nutrient medium, n = 9 
 

Microboxes  
group 

Worms weighing 0,4–0,8 g Worms weighing 0,01–0,39 г 
number, pc mass, g number, pc mass, g 

Control 134.9 ± 3.94   81.3 ± 2.37 130.0 ± 3.59 27.7 ± 0.76 
Experimental 1  170.7 ± 8.38** 103.8 ± 5.10** 144.1 ± 5.30 30.1 ± 1.10 
Experimental 2  212.0 ± 7.31*** 130.0 ± 4.48*** 163.8 ± 5.25** 34.7 ± 1.11** 
Experimental 3  256.6 ± 7.49*** 160.1 ± 4.68*** 199.2 ± 5.47*** 43.0 ± 1.19*** 
Experimental 4  193.9 ± 5.74*** 120.4 ± 3.57*** 172.6 ± 5.50** 37.6 ± 1.20*** 
Experimental 5 117.4 ± 5.09*   70.8 ± 3.08   70.9 ± 3.97*** 14.5 ± 0.81*** 

Note:  – Р ≤ 0.05,** – Р ≤ 0.01, *** – Р ≤ 0.001 
 

Growing worms on a nutrient medium with additional 
640 mg/kg Zinc resulted in a decreased by 12.9% 
(P ≤ 0.05) number of mature individuals as compared to 
the control. 

Analysis of the mass of mature worms reveal that the 
weight of 134 worms was 81.3 g in the control group 
microboxes. The weight of experimental groups 1 mi-
croboxes microvermiculture was higher than that of the 
control by 26.5% (P ≤ 0.01). Introducing 80 mg/kg of 
zinc into the nutrient medium (experimental group 2 mi-
croboxes) results in 59.9% (P ≤ 0.001) worms mass in-
crease relative to the control. It was found out that the 
cultivation of worms on a nutrient medium with the addi-
tion of metal-biotic in a dose of 160 mg/kg resulted in an 
increase in the weight of vermiculture by 1,97 times as 
compared with the data from the control group. Adding 
320 mg/kg of zinc to nutrient medium was accompanied 
by 48.1% (P ≤ 0.001) increase in the mass of adult worms 
as compared with the control variant. This figure was 
24.8% lower in the experimental group 4 as compared 
with the data of the experimental group 3.  

The negative influence of zinc at the dose of 
640 mg/kg of nutrient medium on the worms mass in-
crease was established. Use of that high dose of metal 
caused lower mass of vermiculture as compared with the 
control group and the experimental group 4 microboxes, 
respectively, by 12.9% and 1.7 times. 

Consequently, the number and weight of mature 
worms depended on the content of zinc in the nutrient 
medium. The number and weight of worms was the high-
est for a dose of 160 mg/kg of nutrient medium. The dose 
of 640 mg/kg was toxic, which is confirmed by a decrease 
in the number and weight of vermiculture. 

Also, the number and weight of non-mature (young) 
worms (aged up to 90 days and weight up to 0,39 g) was 
recorded. In the variant without adding zinc (control), the 
number of non-pregnant worms was 130 pcs in a mi-
crobed. Introduction of 40 mg/kg of zinc resulted in 
10.8% increase in the number of worms in the microbed 
relative to the control indicators. The use of 80 mg/kg of 
metal-biotic contributes to 26.0% increase in the number 
of individuals relative to the control. Increased  number of 
worms has been established in the third experimental 
group microboxes as well. This value was the highest 
among the experimental groups and differed from the 
control by 53.2%. The number of worms was 21.6% 
higher as compared to the experimental group 2 mi-
croboxes. An increase in the dose of zinc to 320 mg/kg 
was accompanied by a decrease in the number of impu-
beral worms in the microboxes by 13.4% as compared to 
the data obtained in the experimental group 3. However, 
the number of worms in group 3 remained higher by 
32.8% as compared to the control. 

The smallest number of worms was observed in mi-
croboxes of the experimental group 5. The value was 1.86 
times lower than in the control and 2.4 times lower in the 
experimental group 4. 

Thus, zinc in optimal doses stimulates the worms re-
production. Excessive increase of metal content in the 
nutrient medium negatively affects the increase in the 
number of worms in the vermiculture. 

Researching into the number and weight of impuberal 
worms reveals that in the control group of microboxes 
130 worms weighed 27.7 g. The introduction of zinc in 
the amount of 40 mg/kg to the nutrient medium (experi-
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mental group 1 microboxes) resulted in an increase in the 
vermiculture mass by 8.7% relative to the control. 

Applying the metal in the amount of 80 mg/kg, the 
mass of worms increases by 25.3% (Р ≤ 0.01) relative to 
the control and by 15.3% relative to the value of the ex-
perimental group 1. Zinc in the dose of 160 mg/kg con-
tributed to an increase in the worms mass by 55.2%  
(P ≤ 0.001) relative to the control index and by 23.9% 
relative to the data of experimental group 2. Worms culti-
vation on a nutrient medium with additional introducing 
of the metal-biotic in the amount of 320 mg/kg resulted in 
a decrease in the mass of impuberal worms by 12.6% 
relative to the value of the experimental group 3 mi-
croboxes. The worms mass in the experimental group 
4was higher by 35.7% (P ≤ 0.001) relative to the control. 

Introduction of zinc at a dose of 640 mg/kg of the nu-
trient medium resulted in decreased weight of impuberal 
worms in the control and the experimental group 4, re-
spectively, by 1.9 and 2.6 times. 

Thus, different doses of zinc have various effect on 
the mass of impuberal worms as well. In the control, the 
average weight of young worms was 0.213. Introduction 
of 160 mg/kg of zinc resulted in 1.4% higher average 
weight of worms than that of the control. The highest 
dose of metal caused a decrease in the average weight of 
impuberal worms relative to this value in the control 
group and in the experimental group 3, respectively, by 
4.2% and 5.6%. 

The results of the determination of zinc content in the 
the red Californian worm hybrid dry matter are presented 
in Table 2. In the dry matter of the control group worms 
grown on the nutrient medium without addition of zinc, 
the metal content was 104.4 mg/kg. 
 
Table 2 
The content of Zinc in the dry biomass of the red Califor-
nian worms hybrid, n = 9 
 

Microboxes group Zink mass concentration, mg/kg 
Control 104.4 ± 3.70 
Experimental 1  125.7 ± 5.84* 
Experimental 2  137.5 ± 9.53* 
Experimental 3  156.6 ± 9.29** 
Experimental 4  283.1 ± 11.02*** 
Experimental 5 316.3 ± 10.31*** 

 
In the dry mass of worms of the experimental group 1 

microboxes the content of zinc was higher than that in the 
control by 20.4% (P ≤ 0.05). Growing worms on a nutri-
ent medium with additional introduction of Zink in the 
amount of 80 mg/kg, resulted in 31.7% (P ≤ 0.05) higher 
accumulation of this metal in a dry matter of the ver-
miculture than in the control. An increase in the content 
of zinc in the dry matter of worms of the experimental 
group 3 microboxes has been established. The difference 
with the control was 50.0% (P ≤ 0.01). Comparison of the 
metal content in the experimental group 3 worms dry 
matter to the value for vermiculture  biomass of the exper-
imental groups 1 and 2 reveals that the concentration of 
zinc was higher, respectively, by 24.5% and 13.8%. 

The content of zinc in the dry mass of vermiculture of 
the experimental group 4 was higher than in the control 

by 2.7 (P ≤ 0.001) times. The highest metal content was in 
the dry matter of the worms grown in a nutrient medium 
added 640 mg/kg of zinc. The metal concentration in the 
dry matter of vermiculture was 316.3 mg/kg, which ex-
ceeds the control data by 3.0 times. 

 
Conclusion 

 
The research confirms the ability of metals to accumu-

late in the body of worms on an example of zinc. The 
worms number and mass increase depends on zinc con-
centration in the nutrient medium. The stimulating effect 
of metal-biotic on the worms reproduction exhibits at the 
doses of 80–160 mg/kg of nutrient medium. Adding zinc 
at a dose of 640 mg/kg of the nutrient medium caused 
toxic effect of the metal on the worms, which resulted in a 
decrease in the number of impuberal worms by 12.9% 
(P ≤ 0.05) as compared with the control (134.9 ± 3. 94). 

We have established a direct relation between zinc 
content in the nutrient medium and its content in the dry 
matter of vermiculture. Consequently, the content of zinc 
in the dry matter of the worms of the control group was 
104.4 mg/kg whereas in all the experimental groups this 
value was higher with the highest in the experimental 
group 5 (316.3 mg/kg), which exceeds the control by 
3.0 times. 
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