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ABSTRACT 

This study was conducted to investigate the effect of dietary cumin (Cuminum 

cyminum) powder (CP) as a feed additive on growth performance and disease 

resistance during first-feeding of Mozamique tilapia (Oreochromis mossambicus). 

Five isonitrogenous (40% crude protein) and isocaloric (18.9 kj g-1) diets were 

formulated to contain 0 (control), 0.5, 1, 1.5, and 2.0% CP. In a 45-day feeding 

trial, 15 plastic tanks (21 L) were stocked with 40 fry (0.012 ± 0.001 g) each. After 

feeding experiment, fish were infected with Streptococcus iniae and mortalities 

were recorded. The second-order polynomial regression indicated that a dietary CP 

level of 1.14% provided the best survival rate challenge infection with S. iniae, 

growth performance and feed utilization. In conclusion, CP can be used as growth 

promoter to improve feed utilization and weight gain in tilapia fry, and it can be 

also used as an antimicrobial agent during first-feeding of O. mossambicus. 

Therefore, CP can be suggested as an alternative to antibiotics in controlling 

streptococcal disease in tilapia culture. 
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Introduction 

Tilapias are economically important fish for intensive 

culture in many countries. Their adults and juveniles are 

more resistant to bacterial, parasitic, fungal and viral diseases 

compared to other fish species. However, tilapia larvae is 

often hampered by high mortality rates, and economic loss 

due to infectious diseases (Bricknell & Dalmo, 2005) like 

Streptococcus sp., Flavobacterium columnare, Aeromonas 

hydrophila, and Edwarsiella tarda (El Sayed 2006; Amal & 

Zamri Saad, 2011).  

Streptococcal disease is mainly controlled by antibiotics 

in tilapia farming (Abutbul et al., 2004). However, their 

continuous use often leads to the development of drug 

resistance (Zilberg et al., 2010) and it might leave unwanted 

toxic residues in their flesh and environment (Chitmanat et 

al., 2005). In recent years, herbal supplements have been used 

instead of chemical applications in aquaculture because they 

are more consumer acceptance and ecofriendly approach in 

disease management (Raa, 1996). Medicinal herbs or spices 

are able to enhance immunity and generate more pathogen 

resistance (Harikrishnan et al., 2011a). Several studies have 

also reported that the spices like garlic, ginger, thyme, 

rosemary and fenugreek improved health status, growth 

performance and/or disease resistance in Dicentrarchus 

labrax and O. mossambicus (Yılmaz & Ergün, 2012; Yılmaz 

et al., 2012; Yılmaz et al., 2013). 

Varieties of spices have been used traditionally to prevent 

and treat diseases and are known to improve the immune 

system (Chauhan et al., 2010). Allspice (Cuminum cyminum, 

Apiaceae) has been used as a spice since ancient times 

(Azeez, 2008). It is cultivated in the Mediterranean countries 

(Amin, 2001), especially in India, the world’s largest 

producer and consumer of cumin, with annual production 

ranging between 0.1 and 0.2 million tonnes (Azeez, 2008). It 

has been used in medicines as a stimulant of the immune 

system, tyrosinase inhibitor activity and also as a 

hypoglycaemic, hypolipidaemic, chemoprotective and 
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relaxant compound in animals and human beings (Boskabady 

et al., 2005; Azeez, 2008).  

Previous studies have also reported that herbs or spices 

such as Allium sativum (Aly et al., 2008), Nigella sativa 

(Diab et al., 2008), Syzygium aromaticum 

(Rattanachaikunsopon & Phumkhachorn, 2009), thyme, 

rosemary and fenugreek have been successfully used in 

tilapia culture. On the other hand, information regarding 

larval culture, especially the effects of herbal supplements on 

fish performance and disease resistance, are not clear. 

Hitherto, there was only one report on the effects of herbs 

(garlic and echinacea) on the growth performance and disease 

resistance (A. hydrophila and Pseudomonas fluorescens) of 

tilapia (O. niloticus) fry (Aly et al., 2010). However, no study 

has been reported in literature with respect to the dietary 

cumin on the growth rate and disease resistance against S. 

iniae in O. mossambicus fry. 

The purpose of this study was to investigate the effect of 

fish diet supplemented with cumin on the growth 

performance and disease resistance during first-feeding of O. 

mossambicus fry. 

Materials and Methods 

Experimental design and feeding trial  

Sixteen days old O. mossambicus fry averaging about 

0.012 g were produced in Çanakkale Onsekiz Mart 

University, Faculty of Marine Sciences and Technology, 

Çanakkale, Turkey. During the experiment, water quality 

characteristics (mean ± SE) were as follows: temperature was 

28.3±0.1°C, pH was 7.1±0.2, dissolved oxygen was 7.10±0.3 

mg.L-1, conductivity was 585±20 uS, total NH3 was 

0.13±0.01 mg.L-1, nitrite was 0.06±0.02 mg.L-1 and nitrate 

was 1.1±0.1 mg.L-1. Fish experiments were performed in 

accordance with the guidelines for fish research from the 

animal ethic committees at Çanakkale Onsekiz Mart 

University, Çanakkale, Turkey. 

Cumin (Cuminum cyminum) seed meal was obtained from 

Kotanyi, GmbH, Istanbul, Turkey. Five experimental diets 

were prepared with the supplementation of cumin at the 

concentrations of 0, 0.5, 1, 1.5 and 2% for diets C-0, C-0.5, 

C-1, C-1.5 and C-2, respectively. The feed components of 

control and experimental diets are presented in Table 1.  

 

 

Table 1. The proximate composition of the experimental diets supplemented with different concentrations (C-0 to C-2) of cumin. 

 

 

Experimental diets  

C–0 C–0.5 C–1 C–1.5 C–2 

Ingredients (%)      

Fish meala 30.00 30.00 30.00 30.00 30.00 

Soybean meala 33.00 33.00 33.00 33.00 33.00 

Wheat floura 15.00 15.00 15.00 15.00 15.00 

Fish oila 6.50 6.50 6.50 6.50 6.50 

Vitamin–mineral mixb,c 4.0 4.0 4.0 4.0 4.0 

Starchd 6.50 6.00 5.50 5.00 4.50 

Cumine 0 0.5 1.0 1.5 2.0 

Total 100 100 100 100 100 

Chemical analyses       

Protein (%) 40.30 40.39 40.48 40.57 40.66 

Fat (%) 10.43 10.54 10.65 10.76 10.87 

Ash (%) 9.98 10.02 10.06 10.10 10.14 

Nitrogen-free extractsf 30.80 30.57 30.34 30.11 29.88 

Energy (kj.g-1)g 18.87 18.89 18.92 18.94 18.97 

 

Legend: 
a Anchovy fish meal, soybean meal, wheat flour and anchovy fish oil (Sibal Inc., Sinop, Turkey). b Vitamin Mix: Vit. A 18000 IU, Vit D3 2500 IU, 

Vit. E 250 mg/kg, Vit. K3 12 mg/kg, Vit. B1 25 mg, Vit. B2 50 mg, Vit. B3 270 mg, Vit. B6 20 mg, Vit. B12 0.06 mg, Vit. C 200 mg, Folic acid 10 mg, 

Calcium d-pantothenate 50 mg, Biotin 1 mg, Inositol 120 mg, Choline chloride 2000 mg. c Mineral Mix: Fe 75.3 mg, Cu 12.2 mg, Mn 206 mg, Zn 85 mg, I 3 

mg, Se 0.350 mg, Co 1 mg. d Wheat starch (Kenton, Ankara, Turkey). e Cumin (Kotanyi, GmbH, Istanbul, Turkey). f Nitrogen-free extracts (NFE) = matter – 
(crude lipid+crude ash+crude protein). g Energy calculated according to 23.6 kJ.g–1 protein, 39.5 kJ.g–1 lipid, and 17.0 kJ.g–1 NFE. 
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The ingredients were mixed in a blender. The pellets (2 

mm diameter) were made in a mincing machine, and the 

pellets were dried in a drying cabinet (40°C) until moisture 

dropped to around 10%. The pellets were crushed into 

desirable particle sizes (150-250 μm) and stored at –20°C 

until use. 

The experiment was designed in triplicate for each diet. 

Fifteen number of 21 L capacity plastic tanks were stocked 

with 600 fry (40 fry/tank). The fry were fed at the rate of 

12% (15 days), 10% (15 days) and 8% (15 days) of body 

weight per day in three feedings (09:00, 13:00 and 17:00 h) 

for 45 days. Each tank was provided with sponge filters 

connected via airline to a Resun GF–120 air pump. During 

the experiment, water was exchanged daily at a rate of ~10% 

of the total volume. 

Growth trial and proximate chemical analysis of diets 

Growth performance and feed utilization were calculated 

according to the following formulae: 

Weight gain (g) = final fish weight – initial fish weight,  

Weight gain (%) = 100 (final fish weight – initial fish 

weight) / initial fish weight,  

Specific growth rate (SGR, %/day) = 100 (ln final fish 

weight) – (ln initial fish weight) / experimental days,  

Feed conversion ratio (FCR) = feed intake / weight gain,  

Condition factor (CF) = Fish weight × 100 / total length3 

Proximate analyses of the diets were performed using 

standard methods (AOAC, 1998). Dry matter was analyzed 

by drying at 105°C in an oven to a constant weight, crude fat 

by ether extraction, crude protein by the Kjeldahl method, 

and crude ash by incineration at 525°C in a muffle furnace 

for 12 h.  

Bacteria and challenge experiment 

The bacterium (Streptococcus iniae) was previously 

isolated from diseased tilapia. Specimens were collected 

aseptically from brain and anterior kidney sites at post-

mortem examination. Specimens were cultured directly onto 

sheep blood agar at 28°C for 24–48 h. Gram-stained positive, 

beta-hemolytic, catalase negative coccus colonies were 

subcultured onto blood agar and then identified by APIStrep 

(Biomerieux). The isolated S. iniae were kept frozen in 15% 

glycerol, 85% Brain Heart Infusion (BHI) broth, in aliquots, 

at –70°C until used.  

After the growth trial (45 days), each group of fish fry 

was kept in an aerated 3 L glass jar (30 fish/jar) at 28°C 

(Wiedenmayer et al., 2006). The bacterial culture was 

prepared by inoculating 250 ml of BHI broth in 500 mL 

culture flask with a thawed 1 mL aliquot of the frozen S. 

iniae isolate and incubating it for 24 h at 28°C. The broth 

culture was centrifuged at 5000 rpm at 15°C for 10 min 

(Abutbul et al., 2004). Then, the pellet was resuspended in 

phosphate buffer saline (PBS), and each dilution was added 

to a glass jar containing 3L of water. Each dilution trial was 

conducted in triplicates, and mortalities were recorded daily 

for 6 days. Fresh dead fish were cultured brain and anterior 

kidney on blood agar to confirm S. iniae. 

Statistics 

Each value was expressed as mean ± SEM for each of the 

measured variables. Statistical significance (P < 0.05) 

determined by ANOVA followed by a TUKEY post hoc 

multiple comparison test with SPSS 17.0 (SPSS Inc., 

Chicago, IL, USA) software (Logan, 2010). The second-order 

polynomial regression analysis was introduced to determine 

the optimum cumin requirement of tilapia fry. The survival of 

tilapia in each challenge treatment group was estimated using 

Kaplan-Meier analysis and differences between the groups 

were assessed with the Log-Rank (MantelCox) test for 

pairwise comparisons. 

Results 

The five diets were equally accepted by the fish and there 

was no disease in any treatment. There were no significant 

differences (P > 0.05) in survival rate and condition factor 

among the experimental diets (Table 2). The C–2 diets were 

not significantly (P > 0.05) caused the change in tilapia 

growth performance, average weight, and average length. 

However, final weight and weight gain (Table 2), and 

average weight and average length (Figure 1) of tilapia fry 

fed the C–0.5 and C–1 diets were significantly (P <0.05) 

greater than that of tilapia fry fed the C–0 diets (Table 2). It is 

founded that the highest and the lowest FCR were obtained at 

C–0 and C–1 diets (0.72±0.01 and 0.91±0.01, respectively). 

Moreover, SGR values increased significantly at cumin-

supplemented diets (C–0.5, C–1, and C–1.5) and its highest 

value was obtained with C–1 diet (8.47±0.06, Table 2). 

The second-order polynomial regression between dietary 

cumin levels and each final weight (Figure 2), SGR (Figure 

3) and FCR (Figure 4) show that most suitable cumin level 

for maximum growth was determined to be 1.14% (Table 2). 
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Table 2. Growth performance and feed utilization of O. mossambicus fry fed diets containing different concentrations  

(C-0 to C-2) of cumin for 45 days. 
1
 

 

 Diets 

 C–0 C–0.5 C–1 C–1.5 C–2 

Initial weight (g) 0.012 0.012 0.012 0.012 0.012 

Final weight (g) 0.47±0.01cd 0.52±0.01b 0.58±0.01a  0.49±0.01bc 0.45±0.01d 

Weight gain (%) 3793.13±53.56 c 4256.24±98.91b 4698.61±72.50a  4000.57±34.28bc 3686.31±72.37 c 

Specific growth rate 

(SGR%/day) 
8.04±0.05c 8.30±0.04b 8.47±0.06a  8.21±0.06b 7.95±0.04c 

Feed conversion ratio (FCR) 0.91±0.01a 0.77±0.03cd 0.72±0.01d  0.82±0.03bc 0.92±0.02ab 

Condition factor (CF) 1.57±0.02a 1.70±0.09a 1.53±0.02a 1.56±0.06a 1.55±0.02a 

Survival (%) 95.55±1.47a 96.67±0.96a 97.78±0.55a  96.11±0.56a 93.33±0.96a 

Legend:
 1 Values are means ± SEM (n=3). Different letters in same line indicate significant differences within groups (P < 0.05).  

 

 

Figure 1. Effect of cumin on average body weight (g) and 

length (cm) of O. mossambicus fry. Significant different 

(P<0.05) between the experimental diets are indicated by 

different letters. 

 

 

 

 

Figure 2. The relationships between dietary cumin levels and 

final weight of O. mossambicus fry. 

 

 

 

 

 

Figure 3. The relationships between dietary cumin levels and 

SGR of O. mossambicus fry. 

 

 

 

 

Figure 4. The relationships between dietary cumin levels and 

FCR of O. mossambicus fry. 
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Figure 5. Kaplan-Meier survivorship curves of control (C–0) and in groups fed with cumin supplemented in diets for C-0.5 to 

C-2 following challenge with S. iniae. 

 

In the challenge experiment (Figure 5), a significant 

increas (P<0.05) in the survival rate of S. iniae infected 

tilapia fry fed the C–1 (84%), C–1.5 (72%), and C–2 (61%) 

diets, while the survival rates of tilapia fry fed the C–0.5 

(45%) diets did not significantly (P>0.05) change in survival 

rate compared that of the tilapia fry fed the C–0 (43%) diets. 

Discussion 

The present study shows that the highest fish growth and 

feed utilization were obtained at 1% of cumin diet. There are 

some similar plants used as supplementary diet ingredients. 

For example, Ahmad & Tawwab (2011) conducted an 

experiment with Nile tilapia fingerlings fed a basal diet 

containing 0, 5, 10, 15, or 20 g.kg-1 diet caraway seed, Carum 

carvi (belonging to family Apiaceae as cumin) for 12 weeks, 

and they found that the use of 12.5 g.kg-1caraway seed meal 

improved fish performance compared to the fingerlings fed 

the control diet (0 g.kg-1). Abd El Hakim et al. (2010) also 

evaluated the use of fennel, Foeniculum vulgare (Apiaceae) 

in a diet for Nile tilapia fingerlings for 14 weeks and they 

stated that 1.0% fennel produced the maximum fish 

performance. On the other hand, there are negative effects of 

dietary herbal additives on fish growth also. For instance, 

Yılmaz et al. (2006) investigated the effects of four inclusion 

levels of Ferula coskunii (Apiaceae) (0, 1.5, 3, 3.5 and 4%) 

on growth and feed utilization in carp. In fish fed the F. 

coskunii supplemented diets, final weight, weight gain, FCR, 

and SGR were negatively affected at each inclusion levels 

compared with fish fed the control diet (0 g.kg-1). These 

effects of medicinal plants may be related to toxic 

constituents, excessive doses, and allergic conditions but 

generally they have no negative effects on growth and health 

parameters when used optimum concentration 
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(Bandaranayake, 2006). This is in agreement with the 

findings in the present study and those previously reported 

(Shalaby et al., 2006; Diab et al., 2008), where the growth 

rates in O. niloticus fed over the optimum concentration 

levels of the spice (garlic and black seed), decreased 

drastically compared to control diet and/or other 

supplemented spice diets. 

As cumin is able to cause O. mossambicus to enhance 

nutrient digestibility leading to improved nutrient utilization 

(fat and nitrogen), which in turn it could also explain the 

better growth. Srinivasan (2005) reported that different active 

compounds of spices or herbs stimulated digestion with an 

enhanced bile acid concentration and stimulated the pancreas 

and increased secretion of digestive enzyme activities 

(lipases, amylases and proteases). Ali et al. (2011) 

determined that the use of low protein or low protein low 

energy diets increased FCR, and decreased weight gain and 

nitrogen retention in Cobb broiler chicks, while 

supplementing low protein low energy diet with cumin 

(0.2%), citric acid (0.2%) and anhydrous sodium sulphate 

(0.5%) together improved weight gain, FCR and nitrogen 

retention percentage by 7.21, 6.16 and 16.69%, respectively. 

These results agree with those obtained by Jang (2010) who 

found that the addition of 2% cumin to the diet of Ross–308 

broiler chicks improved their weight and FCR. The another 

study showed that heat stress decreased body weight gain, 

feed intake, FCR, carcass percentage, nitrogen retention, and 

ash retention in chicks (Ali et al., 2010). However, the 

addition of 0.2% cumin in the diet can recover the negative 

effect of heat stress on growth performance, nitrogen 

retention and ash retention. All of these results confirmed that 

oral administration of cumin results in the stimulation of 

digestive enzyme secretion and nutrient digestibility 

improvement in the intestine.  

Moreover, these findings about the effects of cumin on 

growth, has two or more possible explanations. The first 

explanation can be illustrated with its attractant characteristic. 

Harada (1990) found that cumin was a strong attractant of 

spice for yellowtail. Some early studies also reported that 

olfactory feed ingredients like spices (basil, caraway, etc.) 

were found to enhance growth through their ability to act as 

feeding enhancers (El Dakar et al., 2008; Ahmad & Tawwab 

2011). The second explanation may be because it contains 

vital compounds such as aromatic oils, essential fatty acids, 

vitamins, minerals, etc. (Azeez, 2008), and these compounds 

may have important effects on growth. Also research in 

animals indicates that cumin stimulate the secretion of 

pancreatic enzymes, important factors in nutrient digestion 

and assimilation (Bhosale et al., 2010). 

Cumin have a high antimicrobial and antioxidant activity 

with major compounds of limonene (21.5), α–pinene (29.1%) 

and 1,8–cineole (17.9%) (Gachkar et al., 2007; Singh et al., 

2002). In addition, cumin fruit contains two sesquiterpenoid 

glucosides, cuminoside A and B, and two alkyl glycosides 

isolated together with five known compounds (Takayanagi et 

al., 2003). These compounds are responsible for its 

immunomodulatory effects. Chauhan et al. (2010) reported 

that orally administered cumin (100 and 200 mg.kg-1) has the 

potential to stimulate the T lymphocytes expression, secretion 

of Th1 cytokines and suppression of elevated corticosterone 

levels in normal (non-induced) and cyclosporine-A induced 

immune-suppressed swiss albino mice, which can be 

attributed to flavonoid glycoside, 7-(1-O-β-D-galacturonide)-

4'-(1-O-β-glucopyranosyl)-3'4',5,7-tetrahydroxyflavone. 

Flavonoids are natural products present in considerable 

amounts in spices (Chauhan et al., 2010). A variety of in vitro 

and in vivo experiments have shown that flavonoids possess 

immunomodulatory activity with different modes of action 

(Chauhan et al., 2010). The plant constituents may directly 

initiate activation of the innate defense mechanisms acting on 

receptors and triggering intracellular gene activation that may 

result in production of anti-microbial molecules (Bricknell & 

Dalmo, 2005).  

Harikrishnan et al. (2011b) reported that the use of green 

tea contains large amounts catechins (flavonoid) in a diet for 

kelp grouper (Epinephelus bruneus) for 15 days and they 

found that 0.01 and 0.1% level of green tea positively 

enhances the non-specific humoral and cellular immune 

responses and disease resistance. A different study showed 

that the administration of 1.0% spices as rosemary, thyme or 

fenugreek, which are rich in flavonoids in a diet for O. 

mossambicus fry for 45 days and they improved disease 

resistance against S. iniae (Yılmaz et al., 2013). In this report, 

we demonstrated that the protective effect of cumin in 

reduced mortality when O. mossambicus fry fed with 1, 1.5 

and 2% doses supplementation diet for 45 days against S. 

iniae infection. Probably, the enhancement of immune system 

by an cumin supplemented diet is possibly an important 

factor in protecting O. mossambicus against bacterial 

challenge and in decreasing their percentage mortality.  

The second-order polynomial regression indicated that a 

dietary cumin level of 1.14% provided the best survival rate, 

growth performance and feed utilization. In conclusion, 

cumin can be used as a supplementary feed for a growth 
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promoter and an immunostimulant during first-feeding of O. 

mossambicus fry. Furthermore, it can be suggested as an 

alternative to antibiotics in controlling streptococcal disease 

in tilapia culture.  
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