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EFFICACY OF PROBIOTICS TO CONTROL
AMMONIA IN OREOCHROMIS NILOTICUS FISHPONDS
IN VOLTA REGION, GHANA

Current intensification of aquaculture where the organic loads with toxic compounds like NH, and H,S shoot up be-
yond the level where naturally occurring bacteria cannot decompose the wastes has necessitated the use of probiotics.
Objective. The objective was to use five different probiotics to treat ammonia and analyze the effects on water quality
and changes in it in fishponds. Methods. Five different probiotic compositions were used, and the water quality was
measured, mainly for ammonia concentration. Results. 5 different ponds located in the village of Agortha, Volta Region,
Ghana, were treated with 5 different products simultaneously for 3 months. The concentration of ammonia has come to
zero in 2 ponds with pH equal to 8. Conclusions. The results revealed that probiotics addition was efficient in decreasing
the ammonia concentration in fishponds.
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Aquaculture is considered an emerging food | ther through feed wastage or fecal matter, which
production sector all over the world. When arti- | results in production of ammonia [1]. Ammonia
ficial food is consumed with high-protein diets, | is one of the critical parameters in aquaculture
merely 50—60% of protein is assimilated, and the | systems. It is toxic to fish and shrimp if it gets
rest of the protein reaches the environment ei- | accumulated during the production process:
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high levels of ammonia affect the physiology
of the fish and shrimp making them unable to
assimilate energy from the feed consumed [2].
At extremely toxic levels of ammonia, fish and
shrimps tend to become lethargic and go into a
moribund state finally resulting in death. Inef-
ficient management of ammonia in the aquatic
ecosystem leads to poor growth, low survival,
and high FCR (Feed Conversion Ratio), which
ultimately leads to a high cost of production and
simultaneous losses to the farmer [3, 4].

In fish ponds, the quality of water during the
production period deteriorates mainly due to
feed wastage, metabolic waste accumulation,
decomposition of wasted feed, and other biotic
compounds [2, 5]. Probiotics, which are usually
beneficial bacteria, will uptake the organic mat-
ter directly or decompose it into harmless com-
pounds, which ultimately increases the pond
water quality [6—9]. In the past few years, probi-
otics have brought a revolutionary change in the
water quality management of fishponds by im-
proving water quality, inhibiting pathogens, and
ultimately promoting the performance of fish in
terms of growth and survival [4]. A wide range
of probiotics with a variety of combinations has
come into availability with a specific targeted ap-
plication. In the current study, we have selected
five different probiotics to decrease the level of
ammonia and to determine their effect on water
quality in fishponds.

Materials and methods. Fish and fishponds:
Fishponds located in a farm at Agortha Village
near Sogakope, Volta Region, Ghana, West Afri-
ca were chosen for the present study. The earth-
en ponds are designated as Ponds 1,2,3,4, and 5.
In these five ponds, Oreochromis niloticus was
stocked at a stocking density of 3 fish/m?. The
ideal pond size was 0.8 Ha, and the fish num-
ber stocked in each pond was 24000. The fish
was provided with supplementary feed, which
was a formulated floating fish feed, at a feeding
rate of 1.8—2.5% based on their average body
weight. Prior to the release of fish, all the ponds
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were treated with zeolites, lime, etc. to stabilize
the pond environment. The particulars of vari-
ous products and lime used in different ponds
are given in Table 1.

The study was carried out during a culture
period from December 15, 2020, to March 15,
2021. The extent (water spread area) of Ponds No
1,2,3,4,and 5was 0.52.0.52, 0.52, 0.55, and 052
Ha, respectively. The depth of the ponds ranged
between 0.8—1.2 m. All the ponds were treated
with various probiotics for ammonia control.

Probiotics: Commercially available probiot-
ics manufactured by three different companies
were used which contain Nitrosomonas sp., Rho-
dobacter sp., Nitrobacter sp., Rhodococcus sp.,
Bacillus subtilis in Product A; Nitrosomonas sp.,
Rhodobacter sp., Nitrobacter sp., Rhodococcus sp.
and Pseudomonas denitrificans in Product B;
Lactobacillus acidophilus, Bacilus licheniformis,
Bacillus polymyxa, Bacillus megaterium, and Sac-
charomyces cerevisiae in Product C; Nitrosomo-
nas sp., Rhodobacter sp., Nitrobacter sp., Rhodo-
coccus sp., and Pseudomonas sp. in Product D;
Nitrobacter sp., Nitrosomonas sp., Aspergillus sp.,
and sulfur-consuming bacteria in Product E.
We used these probiotics in the corresponding
ponds at a dosage recommended by the manu-
facturer. All the probiotics were used as a single
dose application since they were target-oriented
toward the control of ammonia. The probiotic
dosage wasl kg/Ha, and in most of the ponds,
they were tested at a dose of 500 g/pond.

Water samples: Physiochemical parameters of
water were studied on a daily basis until 5 days
from the date of application. The physiochemical
parameters such as temperature, TDS, ORP, Sa-
linity, pH, EC, SG, DO, and ammonia were mea-
sured over a period of time. The first sample was
collected before the application date, and later
on water samples were collected on the 1%, 279,
and 4" day according to the reccommendation of
the formulator of probiotics.

The correlation analysis for previous veri-
fication of normal distribution (Kolmogorov-
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Smirnov test) and variance homogeneity (Bart-
let test [10]) as well as the software R [11] were
applied for the obtained data analysis.

Results. Ammonia exists in either of two
forms, un-ionized and uncharged form (NH,),
or as a positively charged ammonium hydrox-
ide ion (NH,+) when it dissolves in water [12].
The form that ammonia takes in water is highly
dependent on the temperature and pH level of
the water. The toxicity of ammonia is primar-
ily attributed to the un-ionized form (NH,).
In general, high NH, concentration with more
toxicity exists at high pH values. The relation
between ammonia toxicity in relation to pH
and temperature is shown in Table 1. The dif-
ferences in ammonia concentrations observed
on Day0 for all treatments, perhaps, would be
to the marked environmental heterogeneity of
available studied ponds.

During the short period of study, the variation
in the water temperature was normal for tropi-
cal water and did not cross 32 °C in any of the
ponds at any point of time, which can be seen in
Table 1, and the amplitude of variation was low.
There is a significant positive relationship be-
tween pH and DO (dissolved oxygen (r? =0.650;
P < 0.050 at 3 AM and r> =0.810; P < 0.010 at 4
PM). It should be noticed that this higher value
of pH is due to greater photosynthetic activ-
ity from abundant plankton in the pond water
which also increases the DO of pond water dur-
ing the daytime.

The oxidation-reduction potential (ORP)
measures the ability of a water body to break
down waste products such as contaminants
and dead plants and animals. When ORP is
high, it means that a lot of oxygen is present
in the water. But here we got a negative rela-
tionship between ORP and DO levels record-
ed at 3 am (r> = —0.600; P < 0.050) and 4 pm
(r2 = —0.780; P < 0.010), which means that the
higher ORP, the lower DO levels in the pond.
A negative correlation is observed between pH
and ORP in the ponds (r> = —0.950; P < 0.010),

5



N. Murali, S.G. Nair, E. Ibanez-Arancibia, PR. De Los Rios-Escalante, S. Kalidass

which means that the higher pH, the lower the
ORP levels and vice versa. On a general trend in
almost all trials, the ORP levels increased after
the application of probiotics where the ammo-
nia concentration came to zero, whereas in the
other ponds, the ORP was either stable or only
slightly increased with no reduction of ammo-
nia concentration.

Electric conductivity (EC) and total dissolved
solids (TDS) represent the mineral content in
water and hence they exhibit a significant posi-
tive relationship in the ponds (r? = 0.99; P <
0.01). The higher values of conductivity were
noticed in ponds with the higher salinity or
more turbidity. The presence of highly soluble
inorganic salts is responsible for the increase of
conductivity in the water and also can be one
of the reasons for high EC in some ponds. No
significant correlation was found between pH
and EC (r? = 0.480; P > 0.050). A negative cor-
relation (r? = —0.500; P > 0.050) is observed be-
tween ORP and EC.

As for the whole trend of parameters, when
the probiotic is applied to a pond, they are better
in ponds with pH above 8.0, and their efficiency
is less in low pH ponds. In ponds where we got
good results for the reduction of ammonia, there
was a significant drop in pH (>0.4) on the 2"
day and there was a significant increase in ORP
(>20mV) except in product C. In addition, there
was observed a significant drop in oxygen after
the 1% day of application (0.2—0.3 ppm), where
in the case of Product C, there is no change and
in Product E, there is a slight increase in DO.
Therefore, we can assume that the activation of
probiotics, or the viable count of these products,
is poor in water with low pH.

A negative correlation exists between am-
monia and temperature (r> = 0.050; P > 0.050),
which is almost insignificant. A positive correla-
tion (r? = 0.520; P < 0.050) was found between
ORP and ammonia and a negative correlation
(r> = —0.520; P < 0.050) between pH and am-
monia.
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Discussion. Commercial aquaculture op-
erations with high stocking densities of fish
and feeding it with high protein content feeds
gradually deteriorate the quality of water and
bottom soil, which leads to the proliferation of
pathogenic organisms like fungi, bacteria, and
protozoans [13—15]. In addition, this creates
stress on the fish and, ultimately, they will be
subjected to diseases as well. In this study, the
main studied parameter is the content of am-
monia, which is very lethal to fish [2]. Ammo-
nia can be observed in the ponds even from
the beginning of culture, which can be due to
the previous crop wastage if it was not dried or
treated well. Ammonia in cultured ponds over
a period of time keeps accumulating with the
amount of feed used and from its wastage, fe-
cal matter, dead fish, and decomposed organic
matter [16]. However, if the natural microbes
involved in the nitrogen cycle are present in the
pond water, the accumulation is not high [8].
In another way, if the microbial colonies are fit
enough to complete the nitrogen cycle, then we
do not observe ammonia in the pond [17]. The
results obtained in the present study denote an
increase in water quality probably due to the
addition of probiotics.

Usually, in fishponds, feed wastes and excreta
increase the ammonia concentration, which is
harmful to fish above 0.1 ppm, hence they are
considered critical water parameters which are
to be managed at the optimum level [18]. Oxi-
dation of ammonia to nitrite by bacteria (Nitro-
somonas sp.) and oxidation of nitrite to nitrate
by other bacteria (Nitrobacter) are the principle
stages of the nitrogen cycle, which means that
the presence of these two bacteria is inevitable to
convert and eliminate bacteria from the aquatic
ecosystem [3, 19—23]. The use of probiotics for
O. niloticus aquaculture and their efficient role
in ammonia removal was observed using B. sub-
tilis in [24], and B. cereus, B. amyloliquefaciens,
and Pseudomonas stutzeri in O. niloticus aqua-
culture [19]. On this basis, the present study and
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! @axynsrer 300m0rii, YHiBepcnuTer Manonmaniam Cynpapanap, Tamin Hany, Tipysenseni, [upis

2 KonemK i )KiHOK IlIpi Asanma, Yynkankapgait, Taminaany, Iagis

3 Kadenpa 6ionoriuamx i xiMiunnx Hayk, ®akynpret npupopgaux pecypcis Karonmupkoro ynisepcurery Temyxko,
60kc 15-11, Yni

4 TokTopchKa Iporpama 3 KJIiTMHHOT Ta MOIEKy/IAPHOI Gionmorii, YHiBepcuter sie ma ®ponrepa Kacinpsa 54-]1,
Temyko, Yni

> LlenTp exkonorivnmx gocmimkenp YK Temyko, Yni

EQEKTUBHICTD 3ACTOCYBAHHA ITPOBIOTUKIB IJII KOHTPOJIIO PIBHA AMIAKY
B PMBHIMX CTABKAX OREOCHROMIS NILOTICUS B PETTOHI BOJIBTA, TAHA

Iarencndikauis aKBaKy/JAbTYPH, /e OpraHidYHe HaBAHTA)KEHHA TOKCUYHMMM CIIONYKaMM, TAaKUMU K NH3 i HZS,
HepeBNUILYE piBeHb, NPK SKOMY MPUPORHI 6akTepil MOKYTb PO3KIajaTi BifXOAu, MpusBena 4O HeOOXiZHOCTI
3aCTOCYBaHH:A MpobioTukis. MeTa po60Tu mojAraaa y BUKOPUCTAHHI IDATY Pi3HUX NPOOIOTHKIB /A 3HVDKEHHS
piBHA aMmiaKy Ta BU3HAUeHHI iX BIUIMBY Ha SAKiCTb BOAM y pMOHMX cTaBKaX. MeTogu. Y IIboMy [OCTimKeHHi 6y10
BUKOPMCTAHO IDATh PI3HMX KOMIIO3MIIiJi IIPOOIiOTUKIB 1 BUMIPSAHO SAKICTb BOAM Iif iX BIUIMBOM, TOJIOBHUM YU-
HOM, 3 TOYKM 30py KOHIeHTpanii amiaky. Pesynpraru. [Iy11 1iporo gocnimxeHHs 0yau oOpo6ieHi pisHUX CTaBKiB,
poO3TalIOBaHMX y celi AropTa, perion Bonbra, [aHa, mATbMa pisHUMM IIPOLYKTAMU OFHOYACHO IPOTATOM TPHOX
micsnis. KoHrenrparis amiaky Bliajia 1o Hy/Is y ABOX cTaBKax, pH B sikux 6yB Buine 8. BucHoBKu. PesynbraTn
HOKa3a/y, 110 TOfaBaHH: MPo6iOTUKIB € epeKTUBHMM 3acOO0M I SHIDKEHHS KOHIEHTpallil amiaky B pruOHMX
CTaBKax.

Kntouoei cnosa: konmponv pieus amiaxy, pubri cmasxku, npo6iomuxu.
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