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Abstract

The utilization of synthetic antibiotics in the production of 
food fish is a concern globally due to the development of 
antibiotic-resistant bacteria and the residual effects of these 
drugs. This study investigated the in vitro antimicrobial activ-
ity and growth-promoting effects of lemongrass meal (LGM) 
in Clarias gariepinus fingerlings. The fish were fed diets (40% 
crude protein) fortified with 0, 5, 10, and 15gLGM/kg lemon-
grass meal, and a 3g Oxytetracycline (OTC)/kg diet was used 
as the negative control for 70 days. Data on the zones of inhi-
bition (ZI), weight gain (WG), specific growth rate (SGR), feed 
conversion ratio (FCR), protein efficiency ratio (PER), and op-
timum inclusion level was obtained. Higher ZI was obtained 
from OTC against Aeromonas hydrophila, while higher ZI was 

obtained from lemongrass extract against Pseudomonas 
putida. Feeding C. gariepinus fingerlings with10gLGM/kg 
diet significantly enhanced WG, SGR, and PER, compared to 
the control treatments. The FCR (1.40) was significantly re-
duced in fish fed a 10gLGM/kg diet, compared to the control 
and other LGM-fortified treatments. The quadratic regres-
sion analysis showed 0.83% and 0.86% as optimum inclusion 
levels for WG and FCR, respectively. The results from this 
study suggested that lemongrass possesses antibacterial 
properties and that the meal could be included in the fish 
diet at 10 g/kg as a natural growth promotant.
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Introduction 

Intensification of aquaculture has led to remarkable improve-
ments in productivity; however, this cultivation method has 
also been associated with diseases (Kennedy et al., 2016; Pri-
geon and Klesius, 2012), as a result of exposure to a variety of 
stressors such as sorting, size grading, transportation of finger-
lings, high stocking density and poor water quality. Outbreaks 
of disease arising from these stressful conditions result in sig-
nificant mortality and economic loss (Pridgeon et al., 2012) and, 
consequently, the use of synthetic antibiotics. The use of antibi-
otics for therapeutic / growth promotion leads to chemical res-
idues in food fish and the development of resistant-pathogen 
strains (Gent et al., 2012; Santos and Ramus, 2018). The ban or 
regulation of the utilization of these synthetic drugs calls for 

a search for efficacious alternatives. Several studies have been 
conducted using herbal products in aquaculture and have 
shown the future potential of these products for enhancing the 
growth and health of fish (Adeniyi and Lawal, 2017; Adeniyi et 
al., 2017; Adeniyi et al., 2018; Saleh et al., 2014).

Lemongrass belongs to the family Poaceae. It is an aromatic 
perennial grass widely available in Africa (Olorunnisola et al., 
2014) and is well cultivated for the medicinal value in Nigeria. 
Cheel et al. (2005) reported the presence of isoscoparin, swer-
tiajaponin, and isoorientin in Cymbopogon citratus. Various 
categories of other compounds such as tannins, saponins, fla-
vonoids, alkaloid, phenols, anthraquinones, citral, furfurol, ge-
raniol, caffeic acid, a chlorogenic acid among others are found 
in lemongrass  (Akhila, 2010; Bharti et al., 2013). The chemical 
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composition of C. citratus extract varied according to geo-
graphical origin, genetic differences, the part of the plant used, 
method of extraction, age/stage of maturity, and the season 
of harvest. However, C. citratus contains a higher percentage 
(about 80%) of citral, which is a mixture of terpenoids, neral, 
and geranial, irrespective of geographical origin (Ewansiha et 
al., 2012; Nur, 2014). 

Aeromonas hydrophila is ubiquitous, oxidase-positive, faculta-
tive anaerobic, glucose-fermenting, gram-negative bacteria 
that are native to aquatic environments. Aeromonas has been 
isolated from a variety of sources including soil, lakes, rivers, 
reservoirs, groundwater, and drinking water leaving the treat-
ment plant and wound infections sustained in an aquatic envi-
ronment and human stools (Anuradha et al., 2010; Newaj-Fyzul 
et al., 2008, Rogo et al., 2009; Saidi et al., 2013; Shayo et al., 2012; 
Subashkumar et al., 2006; US EPA, 2005). Pseudomonas putida 
is a rod-shaped flagellated, gram-negative bacterium found in 
moist soil and aquatic environments. Mortalities of about 35% 
in a rainbow trout culture resulting from P. putida infection have 
been reported previously (Ilhan et al., 2006). The P. putida was 
reported to be predominant among the Pseudomonas species 
isolated from wastewater discharged into the marine coastal 
zone with high resistance to antimicrobials (Aneta et al., 2015). 
Oxytetracycline is one of the antibiotics commonly used in 
aquaculture, and emerging antimicrobial resistance has result-
ed from overuse which is a public health concern (Newaj-Fyzul 
et al., 2008; Romero et al., 2012).

Tea made from lemongrass leaves is widely used for  its antife-
ver, carminative, antiseptic, analgesic, diuretic, and stomachic, 
antifungal, anti-inflammatory, and antioxidant properties (Fan-
dohan et al., 2008; Francisco et al., 2011; Mirghani et al., 2012; 
Negrelle and Gomes, 2007; Tatiana and Jose, 2011). African 
sharp-toothed catfish (Clarias gariepinus) is a farmed fish spe-
cies of important economic value and has been widely cultured 
intensively in Africa, and many parts of Europe, and Asia due to 
fast growth, high consumer acceptance and adaptability to a 
wide range of environmental conditions (Al-Dohail et al., 2009; 
Brummett, 2008). Information regarding the use of lemongrass 
and the growth performance of fish is scarce. Therefore, this 
study investigated the antibacterial potential of lemongrass 
and the effect on the growth performance of C. gariepinus.

Materials and Methods 

Plant extraction 
Lemongrass was air-dried at room temperature (27oC). The 
lemongrass was ground into a meal (LGM) using a kitchen mill. 
The LGM was mixed with distilled water (1:10 w/v); then, the 
mixture was homogenized and left for 48 days, during which 
it was placed in a rotary shaker for 18 hours. Then, the mixture 
was centrifuged (SE-CF-TDZ-WS, Labkits, U-Therm International 
(Hong Kong) Limited) at 12544g for 30 minutes at room tem-
perature. The supernatant was collected as a crude extract, 

filtered through Whatman No.4 filter paper, and concentrated 
under vacuum using a rotary evaporator (IKA® RV10 digital, Arti-
san Technology Group, Champaign, USA) at 90oC to reduce the 
content to about 1/4th. The concentrated extract was stored in 
a freezer prior to use (Ghassan et al., 2012).

Phytochemical and antimicrobial screening
The extract was screened qualitatively for the presence of re-
ducing sugars, terpenoids, alkaloids, cardiac glycosides, flavo-
noids, saponins, and tannins as described by Sofowora (1993) 
and Trease and Evans (1989). 100 µL of the extract and Oxytet-
racycline (OTC) at 10 mg/mL were screened to determine the 
zone of inhibition (ZI) against Aeromonas hydrophila and Pseu-
domonas putida using the agar well diffusion method (CLSI, 
2012). The A. hydrophila and P. putida were sub-cultured from 
the preserved slants for 24 hours prior to use. The 24-hour old 
test organisms were standardized to the 0.5 McFarland stan-
dards (106 CFU/mL) as described by CLSI (2012). Then, 100µl of 
the standardized cell suspension was spread onto Mueller-Hin-
ton agar (Oxoid limited, Hampshire, United Kingdom) in 4mm 
deep plates using three replicates. Four wells were bored in 
each plate with a sterile 6mm diameter cork-borer. Then, 100 µL 
of the lemongrass crude extract at 10 mg/mL was introduced 
into the wells, allowed to stand at room temperature for about 
30 minutes under aseptic conditions, which ensured diffusion 
of the extracts into the agar before microbial growth. The plates 
were then incubated right side up at 37oC for 24h. The controls 
were also set up in parallel using distilled water in the well and 
Oxytetracycline (OXY 200 WSP, Kepro, Deventer, Holland). The 
inoculated plates were observed for ZI diameter (mm).

Diet preparation
Lemongrass meal (LGM) was incorporated into five isonitroge-
nous (≈40%) and isocaloric (≈393 kcal/100g gross energy) diets 
(Table 1) at 0, 5, 10, 15g/kg diet (Ahmad and Abdel Tawwab, 
2011; Bello et al., 2012), while 3g oxytetracycline (OTC)/kg diet 
was used as a negative control. Other feed ingredients were 
ground using a hammer mill and thoroughly mixed with the 
LGM at the specified inclusion levels to create the five diets. 
Each diet was formed into pellets using a pelleting machine 
(Shuangying SYSLJ-1, Henan, China) with 2 mm die size. The 
pellets were air-dried, hand crumbled into smaller sizes, packed 
in airtight polythene bags, labeled, and then stored in a dry en-
vironment at room temperature throughout the experimental 
period. 

The test ingredient and diets were analyzed for proximate com-
position (AOAC, 2005). Briefly, the moisture content was esti-
mated by drying the samples to a constant weight at 105°C in a 
drying oven (Mini/50/SS, Genlab, England) and calculated from 
the loss in weight. Nitrogen content was measured using an 
automated digestor (8 Holes, Foss Tecator digestor, Denmark) 
and Kjeltec auto distillation unit (Kjeltec 8200, Denmark). Then, 
the crude protein was estimated by multiplying the nitrogen 
content by 6.25. Crude lipids were determined by petroleum 
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ether extraction in a soxhlet apparatus (Lab-Line Instruments, 
Inc., Melrose Park, Illinois, USA). The crude fiber was estimated 
from dried samples after digestion of the fat-free samples using 
an acid and base. Ash content was estimated by combusting 
the dry samples in an electric muffle furnace (Shanghai Changji 
Geological instrument equipment Co Ltd, China) at 550°C for 6 
h. The gross energy in the tested diets was calculated according 
to the NRC (1993).

Fish feeding and culture technique
Fingerlings of C. gariepinus were obtained from a fish hatchery 
in Ilorin and then acclimated to laboratory conditions for two 
weeks, during which they were fed with a commercial fish feed. 
Then, the fingerlings (n=225, 3.56±0.2) were distributed into 
fifteen 50-L plastic tanks in a completely randomized design. 
The fish were fed diets at a 5% body weight daily ration the 
daily ration was divided in two and fed to the fish twice at 8.30-
9.00 and 16.30-17.00 h for 70 days. The fish tanks were cleaned 
regularly and completely renewed at three-day intervals with 
borehole water throughout the experimental period. The wa-

ter temperature was monitored before the morning feed ration 
daily while pH and dissolved oxygen (DO) were determined 
biweekly using a mercury-in-glass thermometer, Hanna pH 
meter (pHep, HI98107, USA) and AMSTAT dissolved oxygen 
meter (DO-Temp., AMT07, C. V. Java Multi Mandiri, Indonesia), 
respectively. The range of water temperature, pH, and DO were 
24.2–26.5°C, 6.8-7.2, 4.5–5.2 mg/L, respectively. The fish in each 
tank were monitored daily for mortality, and dead fish were 
removed, counted, and recorded. Batch weights as well as the 
weight of randomly sampled fish from each tank were taken 
fortnightly to assess fish growth and adjust the feed ration. The 
feed intake for each fish was calculated from the amount of 
feed consumed by the group of fish in each tank. 

Fish growth performance and survival parameters
At the end of the feeding trial, the following parameters for fish 
growth and nutrient utilization were calculated:

i.	 Weight Gain (WG, g)= Final weight (FW) – Initial weight 
(IW)
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Table 1. Ingredients and proximate composition (g/kg) of the experimental diets fed to Clarias gariepinus for 12 weeks

	 Diets (g/kg)

Ingredients 	  0.0	  3 OTC	  5.0 LGM	  10.0 LGM	  15.0 LGM

Fish meal	  242.0	  242.0	  242.0	  242.0	  242.0

Groundnut cake	  243.0	  243.0	  243.0	  243.0	  243.0

Soybean meal	  240.0	  240.0	  240.0	  240.0	  240.0

Cornmeal	  190.0	  187.0	  185.0	  180.0	  175.0

Soybean oil	  15.0	  15.0	  15.0	  15.0	  15.0

DCP	  10.0	  10.0	  10.0	  10.0	  10.0

Premix*	  20.0	  20.0	  20.0	  20.0	  20.0

Table salt	  5.0	  5.0	  5.0	  5.0	  5.0

Starch	  35.0	  35.0	  35.0	  35.0	  35.0

Oxytetracycline 	  -	  3.0	  -	  -	  -

LGM**	 -	 -	 5.0	 10.0	 15.0

Total	  100.0	 100.0	 100.0	 100.0	 100.0

Proximate composition (%)

Moisture	 6.53	 6.55	 6.57	 6.56	 6.54

Crude protein	 40.63	 40.56	 40.60	 40.53	 40.46

Ether extract	 6.63	 6.62	 6.63	 6.68	 6.71

Crude fiber	 10.09	 10.09	 10.21	 10.33	 10.46

Ash 	 11.54	 11.53	 11.58	 11.61	 11.66

NFE***	 24.58	 24.65	 24.49	 24.29 	 24.17

Gross energy****	  393.24	  393.03	  392.60	  391.95	  391.35
*Vitamin and Minerals: Vitamin A –10,000,000 I.U.; D3- 2,000,000 I.U.; E –23,000mg; K3 – 2,000 mg; B1 – 3,000 mg; B2-6,000 mg; Niacin– 50,000 mg; Calcium 
Pantothenate– 10,000 mg; B6 – 5,000 mg; B12- 25.0 mg; Folic acid 1,000 mg; Biotin- 50.0mg; Choline chloride – 400,000 mg; Manganese – 120,000 mg; Iron- 100,000 
mg; Copper– 8,500 mg; Iodine – 1,500 mg; Cobalt-300 mg; Selenium-120 mg; Antioxidant 120,000 mg.
**Moisture content=8.75% Crude protein=8.80% Ether extract=9.8% Crude fiber=7.2% ash=11.00% NFE=54.45%
***NFE=Nitrogen free extract=100 – (crude protein + ether extract + crude fiber + ash)
****Gross Energy (kcal/100g DM) calculated using 5.65, 9.45, 4.11 kcal/g for protein, lipid, and carbohydrate respectively (NRC, 1993)
OTC: oxytetracycline; DCP: dicalcium phosphate; LGM: lemongrass meal 
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ii.	 Relative Growth Rate (RGR, %)=WG / IW x 100
iii.	 Specific Growth Rate (SGR, %/day)=100 x (Ln FW- Ln IW) / 70
iv.	 Feed Conversion Ratio (FCR)=Feed intake / WG
v.	 Protein Efficiency Ratio (PER)= WG / Protein intake
vi.	 Nitrogen metabolism (Nm)=70 x (0.549) x (IW + FW) / 2 

(Nwanna, 2003)
vii.	 Survival (%)=100 x (Number of surviving fish / Initial num-

ber of fish stocked).

Determination of some biometric indices
Following the feeding trial, four fish were sampled from each 
replicate and sacrificed on ice. All fish were weighed, and then 
the total and standard lengths of the fish were measured. The 
fish were then dissected; the gonads, liver, and spleen were re-
moved and weighed. These metrics were used to calculate the 
following indices. I thought this suppose to be:

i.	 Condition factor (CF)=(Weight of fish (g) / Standard length3 

(cm)) x 100 
ii.	 Hepatosomatic index (HI):=Weight of liver (g) / Weight of 

fish (g)
iii.	 Gonadosomatic index (GI)=Weight of gonad (g) / Weight 

of fish (g)
iv.	 Spleen-somatic index (SI)=Weight of spleen (g) / Weight of 

fish (g).

The experimental protocols were performed in accordance 
with the guidelines of the International (2010/63/EU) and Col-
lege of Agriculture (KWASU/COA/SEC/2015002), Kwara State 
University, Malete Institutional rules on animal experimenta-
tion and biodiversity rights.

Statistical analyses
All of the statistical analyses were done using a Statistical Package 
for Social Sciences (IBM SPSS Statistics for Windows, IBM Corp., 
Version 23, Armonk, NY, USA). The data were analyzed using a 
one-way analysis of variance, and the Duncan multiple range test 
at p<0.05. The optimum inclusion level of LGM with respect to 
WG and FCR was determined using quadratic regression analysis.

Results 

Phytoconstituents and antibacterial activity of lemongrass
The qualitative phytochemical screening showed that the 
lemongrass contained reducing sugar, tannin, phlobatannin, 
terpenoids, and flavonoids. Moreover, higher ZI was obtained 
from OTC against A. hydrophila, and higher ZI was obtained 
from lemongrass extract against P. putida (Figure 1). 

Growth performance and nutrient utilization
The growth performance and nutrient utilization of C. gariepi-
nus fingerlings fed diets containing different levels of LGM 
are shown in Table 2. Fish fed diets containing 10gLGM/kg 
diet had significantly higher (p<0.05) WG and RGR compared 
to those fed the positive (0.0g LGM) and negative (3gOTC/kg 
diet) control diets. The SGR of the fish fed with diets contain-

ing 5–10gLGM/kg diet were significantly promoted, compared 
to the control treatments. The FCR (1.40) was significantly re-
duced in fish fed the 10gLGM/kg/diet, compared to the control 
and other LGM-fortified treatments. Also, significantly high-
er (p<0.05) PER, Nm, and survival were exhibited in fish fed 
10gLGM, compared to those fed other diets. The relationships 
between the dietary inclusion levels of LGM with respect to WG 
(Y=−12.135x2 + 20.089x + 28.84) and FCR (Y=0.260x2 – 0.448x 
+ 1.628) are shown in Figure 2 and Figure 3, respectively. These 
relationships showed 0.83% (8.3g/kg diet) and 0.86% (8.6g/kg 
diet) as the optimum dietary inclusion levels for WG and FCR, 
respectively. 

Biometric indices
Feeding the fingerlings of C. gariepinus with diets contain-
ing LGM failed to alter CF, GI, SI, and HI (Table 3) significantly 
(p>0.05). 

Discussion

This study showed the antimicrobial activity of lemongrass 
against A. hydrophila and P. putida. Castro et al. (2008) sim-
ilarly observed the antimicrobial activity of Cariniana lega-
lis, Croton floribundus, Euglenia florida, and Myrcia velutina 
against A. hydrophila. While OTC exhibited a higher ZI against 
A. hydrophila, the value obtained for lemongrass against the 
two microbes was higher than 15 mm. The ZI of ≥15 mm in-
dicated susceptibility of these microbes to the herbal prod-
uct (Tkachenko et al., 2016). Considerable antimicrobial po-
tential for the Mucuna seeds, Ficus putima leaves, tamarind 
pulp, and leaf extracts against A. hydrophila or P. putida were 
similarly reported (Adeniyi et al., 2017; Marimuthu et al., 
2015). The antimicrobial activity of lemongrass against these 
microbes might be due to the phytochemical components 
(tannin, terpenoids, flavonoids) of this plant, and the antibac-
terial effects of this plant extract could be attributed to the 
phytochemicals (Pakravan et al., 2011; Rahman et al., 2010). 
The mechanisms involved in the antibacterial activities of 
these phytochemicals were associated with the formation of 
complexes in the protein, inactivation of the microbial adhe-
sions and enzymes, disruption of the microbial membrane, 
and inhibition of the synthesis of nucleic acids (Kumar and 
Pandey, 2013; Ulanowska et al., 2006).

The best growth-promoting effects of LGM on C. gariepinus in 
this study were expressed at 10 g/kg at the dietary level. While 
lemongrass was a widely used herb in traditional medicine, 
to the best of my knowledge, it has not been used for aqua-
culture previously. However, various other herbal additives 
have been utilized in fish culture and have exhibited great po-
tential. The inclusion of guava leaf meal at 5 g/kg in the diet 
of Labeo rohita (Giri et al., 2015), cumin seed meal at 10 g/
kg diet of Oreochromis mossambicus (Yilmaz et al., 2013), 10 
g garlic or onion meal/kg diet in sea bass (Saleh et al., 2014), 
10 g/kg cotton leaf meal (Adeniyi and Lawal, 2017), and 10-20 
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g/kg tamarind leaf and pulp meal (Adeniyi et al., 2018), in C. 
gariepinus among others, enhanced growth performance and 
nutrient utilization of the fishes. 

The enhanced growth and nutrient utilization obtained in 
the LGM-enriched diets might be due to the phytocompo-
nents and the antimicrobial activity of this additive, which 
might have induced the growth of beneficial gut microflora 
and the digestibility of nutrients with the resulting growth 
promotion. Earlier studies of fish indicated that the phytoad-
ditives stimulated digestion (Adeniyi et al., 2018; Bhosale et 
al., 2010; El-Dakar et al., 2015). Gut microflora has been asso-
ciated with the digestive activity of fish (Bairaji et al., 2002; 
Gutowska et al., 2004). The antimicrobial activities of lemon-
grass might have reduced the pathogenic gut microflora and 

enhanced the colonization of the beneficial gut flora, which 
promoted digestion of feed, absorption of nutrients, higher 
growth performance, and improved the survival rate of fish 
fed the LGM-fortified diets. 

However, the results from this study showed that dietary LGM 
above 10 g/kg reduced growth performance while the quadrat-
ic regression analysis estimated the optimum inclusion level for 
maximum growth and feed utilization to be 0.83%, 0.86% (8.3 
g, 8.6 g/kg) in the diet of C. gariepinus. Recent studies on the es-
timated optimum inclusion levels of 17.2g tamarind leaf meal, 
30.2 g/kg tamarind pulp meal/kg diet (Adeniyi et al., 2018), 12 
g clove basil extract/kg diet (Abdel Tawwab et al., 2018), and 
1.79% Aloe vera polysaccharide crude extract (Gabriel et al., 
2019) in C. gariepinus were higher than the levels obtained in 
this present study. The diminishing growth-promoting effect 
of LGM in this study suggested a higher content of antinutri-
tional factors at a higher level, which reduced feed digestibil-
ity, utilization, and hence growth. Similar results were report-
ed in fish fed diets containing cinnamon (Ahmad et al., 2011), 
caraway seeds (Ahmad and Abdel-Tawwab, 2011), and cotton 
leaves (Adeniyi and Lawal, 2017). The reduction in growth per-
formance at the higher dietary inclusion of herbal additives in 
fish might be ascribed to the formation of antinutritional fac-
tor-protein complexes, reduction in feed palatability, intake, re-
duction in gut protein availability, and digestion as well as inhi-
bition of digestive enzymes (Becker and Makkar, 1999; Mandal 
and Ghosh, 2010; Omnes et al., 2017).

The health status of fish is often measured by organ-somatic 
indices and condition factors (Fox et al., 1997). Measurement 
of the organ-somatic indices were important for assessing the 
quality and the safety of the food, and the environment that the 
fish were exposed to, because of the significant roles of these 
organs in food absorption, metabolism, as well as the synthesis 
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Figure 1. Zone of inhibition for lemongrass extract (LGE) 
and oxytetracycline (OTC) against Aeromonas hydrophila (A) 
and Pseudomonas putida (P)

Table 2. Growth performance and nutrient utilization of Clarias gariepinus fed diets fortified with varying levels of lemongrass meal

	 Diets (g/kg)

Parameters 	 0.0	 3 OTC	 5 LGM	 10 LGM	 15 LGM

Initial Weight (g)	 3.55±0.03	 3.57±0.03	 3.53±0.03	 3.53±0.03	 3.53±0.01

Final Weight (g)	 33.00±0.22c	 36.51±0.52b	 36.13±1.31b	 43.22±0.66a	 34.24±0.64bc

Weight gain (g)	 29.47±0.25c	 32.98±0.55b	 32.60±1.33b	 39.68±0.69a	 30.71±0.64bc

Relative growth rate (%)	 934.49±14.13c	 1024.5±23.66b	 1023.28±43.97b	 1223.64±29.23a	 968.23±20.56c

Specific growth rate (%/day)	 1.15±0.01c	 1.14±0.01c	 1.20±0.02b	 1.29±0.01a	 1.17±0.01bc

Feed intake (g)	 47.66±0.93b	 50.83±1.64b	 49.29±1.33b	 55.30±0.33a	 47.85±1.27b

Feed conversion ratio	 1.62±0.02a	 1.54±0.06ab	 1.52±0.02b	 1.40±0.03c	 1.56±0.01ab

Protein efficiency ratio	 1.50±0.02b	 1.60±0.06b	 1.65±0.02b	 1.79±0.03a	 1.61±0.01b

Nitrogen metabolism	 842.39±4.43c	 924.09±11.32b	 914.63±29.69b	 1077.96±14.64a	 870.98±22.73b

Survival (%)	 86.67±3.33bc	 90.33±1.92b	 88.67±2.22bc	 95.67±2.88a	 83.33±3.85c

Means along the same row with similar superscripts are not significantly different (p>0.05)
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and secretion of enzymes (Abdel-Hameid, 2007; McLaughlin, 
1983). The spleen plays an essential role in the immune system 
of fish, especially in the production of blood cells and mela-
no-macrophages (Anderson, 1974; Kumaran et al., 2010), while 
a positive correlation between the spleen-somatic index has 
been reported (Wiens and Vallejo, 2010). A significant increase 
or reduction of these indices in fish could be a reflection of the 
presence of antinutritional compounds or toxins in the diet at a 
quantity high enough to disrupt weight and the physiological 
status of the organs. The non-significant alteration observed 
for these indices in the fish fed the LGM-fortified diets might 
evince the safety of this herbal product. Similar observations 
were reported on the organ-somatic indices of fish fed with 
herbal additives (Adeniyi et al., 2017; Bello et al., 2012; Cho, 
2011; El-Dakar et al. 2015). However, dietary inclusion of some 
plant-based products significantly reduced (Adesina, 2017; Tulli 
et al., 2012; Yilmaz et al., 2013; Yilmaz et al., 2017) or increased 
(Akerman et al., 2003; Prusty et al., 2007; Zheng et al., 2009) 
some of these indices.

Conclusion 

Lemongrass meal has demonstrated in vitro antibacterial prop-
erties when included in the normal diet of Clarias gariepinus at 
10 g/kg. Moreover, this supplement enhanced the growth per-
formance and nutrient utilization without significant variation 
in the organ-somatic indices. Further research into the effects 
of lemongrass on the histopathological changes and the im-
mune responses of fish are still required.
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Table 3. Biological indices of Clarias gariepinus fed varying levels of lemongrass meal

	 Diets (g/kg)

Parameters 	 0.0	 3 OTC	 5.0 LGM	 10.0 LGM	 15 LGM

Condition factor	 1.007±0.063	 1.090±0.113	 1.056±0.038	 1.124±0.013	 1.052±0.792

Hepatosomatic index	 0.013±0.007	 0.008±0.000	 0.009±0.004	 0.008±0.002	 0.008±0.050

Gonadosomatic index	 0.007±0.002	 0.006±0.002	 0.009±0.006	 0.006±0.006	 0.006±0.002

Spleenosomatic index	 0.002±0.001	 0.003±0.001	 0.002±0.001	 0.002±0.001	 0.002±0.000

Means without superscript are not significantly different (p>0.05)

Figure 2. The relationship between the dietary levels of 
lemongrass meal, the control diets, and weight gain for 
Clarias gariepinus 

Figure 3. The relationship between the feed conversion 
ratio of Clarias gariepinus fed dietary levels of lemongrass 
meal and the control diets
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