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Abstract

Aim: The objective of the present study was to determine the effect of some types of probiotics to minimize the
hazard effect of cadmium on Oreochromis niloticus (O. niloticus) and to determine the influence of probiotics on
the growth performance and immune status of O. niloticus.

Methods: Fish were divided into four groups, the first one was fed on a diet without any additives (control
group), and the second group was fed on diet with the addition of 0.1 from (LCso) of cadmium 32 ppm in water.
The third group was fed on a diet containing 1 gm/kg of Lactobacillus acidophilus. The fourth group was fed on a
diet containing 1 gm/kg of L. acidophilus with 0.1 addition from (LCso) of cadmium 32 ppm.

Results: The experiment lasted about 60 days which resulted in an improvement in growth performance, with a
decrease in the number of micronucleus formation in the group which received the probiotic. The group which
was affected with cadmium showed decrease in the growth performance with increase in the number of
micronucleus formation while the group which received probiotics and treated with cadmium had significant
improvement in growth performance and decreased in the number of micronucleus formation.

Conclusions: Probiotics decrease cadmium pollution.
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1. Introduction

Today, the contamination of freshwaters with a wide range of pollutants has become a matter of great concern over
the last few decades. Heavy metals are natural trace components of the aquatic environment, but their levels have
increased due to domestic, industrial, mining and agricultural activities (1). Discharge of heavy metals into a river or
any aquatic environment can change both aquatic species diversity and ecosystems, due to their toxicity and
accumulative behavior. Aquatic organisms such as fish and shellfishes accumulate metals to concentrations many
times higher than present in water (2). They can take up metals concentrated at different levels in their different
body organs. Cadmium concentration is higher in gills and visceral organs than musculature (3). Cadmium is an
extremely toxic heavy metal which is widely used in mining, metallurgical operations, electroplating industries
manufacturing of vinyl plastics, electrical contacts, and metallic and plastic pipes. Most aquatic organisms have the
capability of concentrating metals by feeding and metabolic processes, which can lead to accumulation of high
concentrations of metals in their tissues. Studies carried out on fish have shown that cadmium heavy metal may have
toxic effects, altering physiological activities in tissue and blood parameters of fish. Several studies explained that
exposure of Nile tilapia to different concentrations of cadmium at different durations resulted in several genotoxic
changes as micronuclei formation (4). Therefore, it is important to monitor heavy metals in aquatic environments
(water and fish) and try to find non-traditional methods to minimize the hazardous effect of the prevailing heavy
metals. Previous reports have revealed that some lactobacilli, including Lactobacillus rhamnosus, L. plantarum, and
L. brevis, can bind and remove heavy metals such as cadmium, lead, and copper in vitro (5). Besides the cadmium
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binding capacity, lactobacilli are also known to have anti oxidative properties in human tissue, which may be
another important characteristic for cadmium toxicity protection (6). On the basis of these special functions,
lactobacilli seem to have potency against cadmium toxicity. This hypothesis was also proposed in a recent review,
but to our knowledge, very few studies on the protective effects of lactobacilli against cadmium toxicity have been
carried out so far, and the mechanism of such protection has not been studied yet. Therefore, it is interesting to
investigate whether some lactobacilli might play a role in the alleviation of acute cadmium toxicity (7).

2. Material and Methods

2.1. Materials

Apparently healthy 216 O. niloticus with an average body weight of 25 grams were obtained from a private fresh
water fish farm in Kafr El Sheikh Governorate, Egypt. Fish were kept in full glass aquaria measuring (50X40X40
cm) and maintained in aerated de-chlorinated fresh water at 22 °C + 2 for 2 weeks before the experiment for fish
acclimatization. The health status was examined throughout the acclimatization period. The physico-chemical
characteristics of the water used for fish bioassay were determined according to the method for analysis of the heavy
metals in the water which was carried out in accordance with the American Public Health Association (8) using
Atomic Absorption Spectrophotometer. A basal diet was prepared; 30% crude protein, 3.7 Kcal/g of metabolizable
energy, 3.4% fiber and 7.03% fat as well as vitamins and minerals in the form of dry pellets prepared in the lab of
the hydrobiology department, NRC. The additives and probiotics were: 1) Lactobacillus acidophilus (Lacteol fort) of
which each gram contained 10 billion cfu (colony forming unit), produced by Tenth of Ramadan for Pharmaceutical
Industries and Diagnostic Reagents (Ramada), 2) Cadmium chloride obtained from the National Research Center.

2.2. Experiment

2.2.1. Experiment for detection of LCsy of cadmium

Seventy-two fish were divided into 6 groups, each group having 12 fish. The experiment last for 96 hrs. The fish
were fed on isocaloric 4320 Kcal/Kg and isonitrogenous diets with 32% crud protein. Different concentrations of
cadmium chloride were added to each group; zero (control), 10, 20, 30, 40, 50 mg/L) respectively, the mortality rate
for each group was estimated daily.

2.2.2. Probiotic and cadmium study

Fish were fed for 8 weeks on isocaloric 4320 Kcal/Kg and isonitrogenous diets with 32% crude protein.
L.acidophilus was incorporated in fish diets and fed to groups 3 and 4. Then, 0.1gm LCso of cadmium chloride (32
ppm) was added to the water of the aquaria of group 2 and 4. Each treatment or group has 3 replicates and each
replicate had 12 O. niloticus (Table 1). The total number of fish was 144 O. niloticus.

Tablel. Schematic design of experimental strategy

Groups Treatment (3 replicates per treatment) Number of
fish

Gl O. niloticus feed (basal diets) without any additive 36

(Control)

G2 O. niloticus treated with 0.1 (LCso) of cadmium 32ppm added to water 36

G3 O. niloticus treated with 1gm/kg of L. acidophilus 36

G4 O. niloticus treated with 1 gm/kg of L. acidophilus with 0.1 (LCso) of cadmium (32 | 36

ppm) added to water
Total Fish per replicate 12 144

2.3. Weigh performance and feed utilization parameters

Fish were weighed at two-week intervals (to minimize the effect of handling. Fish were collected and placed in
specific containers containing a known sufficient amount of water. The total weight was determined to the nearest
gram, then the fish were immediately returned to their aquaria conditions and the feed amount was adjusted and
corrected according to their new weight. The performance parameters included mean weight gain (WQG), average
daily gain (ADG), specific growth rate (RGR), feed conversion ratio (FCR). Average daily gain was calculated.
Total weight gain was estimated and feed conversion ratio was evaluated. The micronucleus test (MN) was
performed according to the methods of Grisolia and Cordeiro with some minor modifications (9). Briefly, liver and
gill samples obtained from different treated groups were immediately smeared onto clean glass slides, air dried
overnight, and then fixed in absolute methanol for 15minutes. Each slide was stained with 5% Giemsa solution for
20 minutes. At least 3,000 erythrocytes for each animal specimen were identified, counted and scored
microscopically under 1,000 X in an Axiophot 2 Carl Zeiss microscope.
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3. Results

3.1. Determination of LCso of in O. niloticus

Results of determination of LCso of cadmium in in O. niloticus are summarized in Table 2. The obtained results
showed that the LCso and sublethal dose of cadmium were 32.92 mg/L and 10 mg/L, respectively.

Table 2. LCso of L. acidophilus on O. niloticus

Concentration 0f cadmium (mg\L) | No. of fish | No. of dead fish | a | b Axb | (axb)
0 12 0 10

0515 5
10 12 1 10

25125 |25
20 12 4 10

45145 |45
30 12 5 10

55|55 55
40 12 6 10

75175 75
50 12 9 10

205

3.2. Effect of L.acidophilus on water quality

Table 3 cleared that, the water quality parameters (dissolved oxygen, total ammonia, nitrite, nitrate, total alkalinity,
hardness, salinity, chloride, iron level and cadmium level) differ significantly among different treatment groups (
p<0.01).

Table 3. Water quality in different experimental groups of O. niloticus.

Groups G1 (Control) | G (Cadmium G3 (Probiotic G5 (Cadmium
only) only) +Probiotic)
Dissolved O, (mg/L) 6.80+1.80 6.20+1.16 6.60+1.14 6.50+1.15
PH 7.66+1.67 7.84+1.14 7.54+1.52 7.47+1.14
Total ammonia mg/L. 0.028+0.002 | 0.057+0.002 0.035+0.001 0.046+0.001
Nitrite (mg/L, No,-N) 0.022+0.001 | 0.044+0.002 0.028+0.002 0.037+0.001
Nitrate (mg/L, No3-N) 0.32+0.01 0.66+0.02 0.374+0.001 0.49+0.001
Total alkalinity (mg/1) 73.42+3.24 85.18+1.58 79.84+2.84 74.49+2.17
Hardness (as CaCO3) 118.44+8.14 | 137.41+4.13 114.42+4.13 118.52+8.12
(mg/L)
Salinity % 340.01 340.02 340.01 3+0.02
Chloride mg/L 0.02+0.001 0.03+0.001 0.02+0.001 0.03£0.001
Iron ppm mg/L 0.11+0.01 0.12+0.01 0.10+0.01 0.12+0.01
Cadmium mg/L 0.003£0.0001 | 0.039+0.001 0.003+0.0001 0.034+0.001

Means within the same row of different litters are significantly different at p<0.01.

3.3. Effect of lactobacillus acidophilus on growth parameters

The initial; body weight, final body weight, total gain, daily weight gain, relative growth rate, initial fish number,
final fish number and survival rate percentage differed significantly among different treatments ( p<0.01) (Table
4).The initial body weight results did not show any significant differences ( p<0.05) among different treatment
groups and the initial weight ranged from 24.8 g and 25.20 g for G1 and G2 treated groups while in G3 and G4, its
level reached to 24.7 and 24.8 for the same groups, respectively. The final body weight ranged from 42.6 to 58.5
gm. for the G2 and G3 groups respectively, while in G1 and G4, its level reached to 51.2 to 49.50 gm., respectively.
The total gain ranged from 17.40 to 33.8 gm. for G2 and G3 respectively, while in G1 and G4 groups, its level
reached to 26.40 to 20.7 gm. for the previous groups, respectively. The daily weight gain ranged from 0.29 to 0.57
gm. for G2 and G3 respectively, while in G1 and G4, its level reached to 0.44 to 0.35 gm. for the previous groups,
respectively. While, the relative growth rate level ranged from 69.048 to 136.842 gm. for G2 and G3 groups
respectively, in G1 and G4 its level reached to 106.452 to 83.468 gm. for the previous groups, respectively. The
number of initial fish was 12 fish in each group. While the final number of fish ranged from 9 to 12 in the groups
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that were treated (G2, G1 and G3), in G4 it reached to 11 fish. The survival rate percentage ranged from 75 % to 100
% in G2, G1, and G3 respectively, while, in G4 it reached to 91.6 %.

Table 4. Growth parameters in O. Nilotic use fed on experimental L. acidophilus incorporated diet after 60 days

W FW TG DWG RGR % Initial N Final N SR %

Control 24.8+A2.88 | 51.2+B2.55 | 26.4+B6.24 | 0.44+B0.022 | 106.452+B4.52 | 12+A1.20 | 12+A1.20 | 100+A2.55
G)

Cadmium | 25.2+A2.52 | 42.6£D2.66 | 17.4+D4.17 | 0.29+D0.01 | 69.048+D6.22 12+A1.33 | 9+C0.22 | 75+C3.77
G)

Probiotic | 24.7+A2.43 | 58.5+A2.22 | 33.8+A3.38 | 0.57+A0.03 | 136.842+A8.44 | 12+A1.22 | 12+A1.22 | 100+A2.55
(S)]

Cadmium | 24.8+A2.47 | 49.5£C4.55 | 20.7+C2.77 | 0.35+C0.02 | 83.468+C8.46 12+4A1.23 | 11£B1.10 | 91.6+B3.55
and

Probiotic

(S))

IW =Initial Weight, FW =final weight, TG = total body gain, DWG = daily weight gain

3.4. Effect of lactobacillus acidophilus on micronucleus of fish

There was a significant difference among the incidences of micronucleated polychromatic erythrocytes (MnPCEs)
of Nile tilapia that were exposed to cadmium and were protected with probiotics (Table 5). There was a higher level
of MnPCEs observed in gills than its incidences in the liver. In liver; the higher level of MnPCEs increased
gradually toward the last week of the experiment, especially at week 8 and especially in the group that was treated
with cadmium + standard diet and reached to 43, followed by its level in the same diet at week 6 of the experiment,
as its level was 35, and in week 4, reached to 31 and in week 2, reached to 28. While, the lower level of MnPCEs
was observed in the group that was treated with probiotics, as its level in week 8, 6, 4 and 2 reached to 9, 8, 5 and 6
for the same weeks respectively. Also, the addition of probiotics to the cadmium treated diet decreased the level of
MnPCEs, as its levels in week 8, 6, 4 and 2 were 16, 14, 13 and 14, for the same weeks, respectively.

Table 5. Micronucleated polychromatic erythrocytes (MnPCEs) of Nile tilapia exposed to Cadmium and protected
with Probiotics and/or garlic.

Time Treatment Conc.(mg/kg) | MnPCEs / 3000 PCEs
2 weeks
Liver Gills
2-Weeks | Normal control group --- 7+1.5GH | 8+1.40G
Cadmium + Standard diet 28+2.8D | 314+4.55C
Probiotics (lactobacillus) | 1mg/kg diet 6+0.50H | 8+1.50G
Cadmium + Probiotic 14+1.40 154+2.55D
4-Weeks | Normal control group -—- 6+1.6H 7+£1.22G
Cadmium + Standard diet 31+4.20C | 33+4.55C
Probiotics (lactobacillus) | 1mg/kg diet 5+1.3H 8+1.55G
Cadmium + Probiotic 13+£2.10E | 14+1.55D
6-Weeks | Normal control group -—- 8+1.20 8+1.22G
Cadmium + Standard diet 35+5.3B | 37+£5.44B
Probiotics (lactobacillus) | 1mg/kg diet 8+1.20F | 9+1.22FG
Cadmium + Probiotic 14+1.20E | 16+3.15D
8-Weeks | Normal control group -—-
Cadmium + Standard diet 43+4.44A | 4845.44A
Probiotics (lactobacillus) | 1mg/kg diet 9+1.22F 11£2.22E
Cadmium + Probiotic 16+4.33E | 19+2.22D

Samples were collected every 2 weeks from treatment start; Means within the same column of different litters are
significantly different at (p<0.01)

In Gills; the level of micronucleated polychromatic erythrocytes (MnPCEs) increased gradually toward the last week
of the experiment especially at week 8 and especially in the group that was treated with cadmium + standard diet
and reached to 48, followed by its level in the same diet at week 6 of the experiment, as its levels were 37, and in
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week 4 reached to 33 and in week 2 reached 31. While the lower level of MnPCEs was observed in the group that
was treated with probiotics, as its levels in week 8, 6, 4 and 2 reached to 11, 9, 8 and 8 for the same weeks
respectively. The addition of probiotics to the cadmium treated diet decreased the level of MnPCEs, as its levels in
week 8, 6, 4 and 2 were 19, 16, 14 and 15, for the same weeks, respectively. The results of MnPCEs of O. niloticus
exposed to cadmium and protected with probiotics and/or garlic cleared that, the addition of probiotics causes a
decrease in the level of MnPCEs, and its addition in cadmium toxicity causes a decrease in the level of cadmium
toxicity with a decreasing level of MnPCEs.

4. Discussion and conclusions

In some areas of Egypt, especially those of Kafr El-Sheikh Governorate, fish farms are depending on agriculture
drainage water mixed with industrial operations which consider the main source of different types of heavy metals
pollution as well as the phosphate fertilizer which is considered the main source of cadmium in the environment
(10). Both types are considered an important source of cadmium pollution affecting the growth rate, immunity,
pathogenic infection, prevalence of parasitic diseases and infestation in cultured fish. Some trials were used to
remove or decrease such metals from the water of fish farms such as chemical trials, physical and biological
methods (Probiotic). Chemical and physical methods are highly costly and not effective. The world Health
Organization (WHO) defined probiotic as live microorganisms non-pathogenic, non-toxigenic, fermentative bacteria
which, when given balanced or adequate amount improves the health status of the host, and it can be used as a
biological method for toxin degradation and removal of heavy metals (11). Lactobacillus and Bifidobacterium are
the most commonly used probiotic. This method is very safe, inexpensive, can remove a wide range of pollutants,
improve water quality and it doesn’t change nutritional quality. Lobo et al. (12) mentioned that probiotic
supplementation in fish aquaculture has significantly increased in the last decade due to its beneficial effect on fish
performance. Our results on determination of LCsy in O. niloticus, cleared that the LCsy and sublethal dose of
cadmium were 32.92 mg/L and 10 mg/L, respectively. Our results are very similar to those of Kaoud et al. (13),
where they reported that the LCso of cadmium for O. niloticus was 40.533 mg/L. The results were higher than that of
Garcia-Santoset al. (14) where they observed that the LCso of cadmium in teleost fish were 14.8 mg/L. Our results
cleared that the addition of the probiotics to the fish diet improved the body weight, body weight gain, average mean
daily gain, decreased mortality and improved livability and survival rate percentage. Also, the probiotics can
improve the harmful effect of cadmium toxicity and pollution in the fish diet. The addition of probiotics to fish diet
improved the final body weight and chronic toxicity by cadmium (0.1 from LCso) decreased the final body gain. It is
clear that the result obtained at which the probiotic treated group gives the higher final body gain about 58.5 gm and
the cadmium treated group about 42.6 gm, while in the control and cadmium and probiotic treated groups, its level
reached to 51.2 to 49.50 gm., respectively and these results are similar to those obtained by the WHO (11). The total
gain ranged from 17.40 to 33.8 gm. for the cadmium and probiotic treated group respectively, while in the control
and cadmium and probiotic treated groups its level reached to 26.40 to 20.7 gm. for the previous groups,
respectively. The daily weight gain ranged from 0.29 to 0.57 gm. for the cadmium and probiotic treated group
respectively, while in the control and cadmium and probiotic treated groups, its level reached to 0.44 to 0.35 gm. for
the previous groups, respectively. While, the relative growth rate level ranged from 69.048 to 136.842 gm. for the
cadmium and probiotic treated group respectively, in the control and cadmium and probiotic treated groups its level
reached to 106.452 to 83.468 gm. for the previous groups, respectively. Similar results obtained by other research
(15-19) where they observed a more significant improvement in the growth parameters of Nile tilapia (total body
gain, feed conversion rate, protein efficiency ratio) in the group supplemented with the probiotic, than the control
group which was not supplemented with any probiotic. Also, the best body weight gain and FCR values observed
with probiotic-supplemented diets suggested that, the addition of probiotics improved feed utilization, in practical
terms this means that probiotic use can improve feed efficiency rates which result in production cost reduction.
Similar results have been reported for probiotic use by Lara-Flores et al. (20). These studies cleared that the addition
of the 1. acidophilus probiotic to feed of Nile tilapia improves the survival rate. The survival rate percentage ranged
from 75 % to 100 % in cadmium treated groups and the control groups, probiotic and cadmium treated groups,
respectively, while, in the cadmium and probiotic treated group it reached to 91.6 %. All these results mean that the
addition of the probiotics to different groups improves the survival rate of the fish with a decrease in the harmful
effect of the pollution with heavy metals (cadmium) by making a complex with the cadmium which prevents or
decreases its absorption. Similar results obtained by other researchers (19, 21, 22) where they provide that addition
of lactobacillus probiotic to Nile tilapia fish farm which contain cadmium pollution leads to improvement in the
survival rate. Regarding the effect of lactobacillus acidophilus on micronucleus of fish, the effects of the mutations
can either be silent throughout many generations or have a significant impact on the gene pool of a population. For
this reason, there is increasing interest in the use of bio indicators to study the effects of aquatic pollutants at the
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genomic level (23). Our results cleared that, application of lactobacillus acidophilus to the feed of Nile tilapia gives
good protection against cadmium toxicity which cleared from MnPCEs which study the toxic effect of cadmium on
cellular DNA. The higher level of MnPCEs is observed in gills than its incidences in liver. Our results were in
accordance with other studies (4, 24, 25) that reported there was significant increase in the frequencies of
micronucleus (MN) in erythrocytes of tilapia Spp and other fresh water fish exposed to cadmium for long periods in
comparison with fish which were not exposed to any pollution.
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