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ABSTRACT 

The addition of Nigella sativa and Gracilaria verrucosa to feed is used as a supplement to 

increase non-specific immunity in tilapia. The addition of herbal supplements is safe for 

consumption, easy to decompose, has no residue on the fish's body, and does not harm the 

environment. This study aims to find the effectiveness of the addition of the herbs Nigella 

sativa and Gracilaria verrucosa to increase non-specific immunity in tilapia. The study 

used an experimental method with a completely randomized design, applying 4 treatments 

and 1 control to tilapia. The dietary doses of Nigella sativa were T0 (control, without 

Nigella sativa), T1 (2.5), T2 (5), T3 (7.5), and T4 (10) (g kg-1 feed). While the dietary doses 

of Gracilaria verrucosa were T0 (control, without G. verrucosa), T1 (0.5), T2 (1), T3 (1.5), 

and T4 (2) (g kg-1 feed). The results showed that the percentage of hematocrite increased 

significantly with the Nigella sativa diet, while on the Gracilaria verrucosa diet, the 

percentage of hematocrit was not significant. Further, the Nigella sativa diet and the 

Gracilaria verrucosa diet can significantly increase the percentage of lymphocytes, but not 

significantly to the percentage of monocytes. In fish farming, the Nigella sativa and 

Gracilaria verrucosa diets have the potential to be used to increase non-specific immunity 

in tilapia, but it is more effective to use the Nigella sativa diet at a dose of 5 g kg-1 feed. 
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INTRODUCTION 

Herbal therapy has been widely used in developing countries with tropical climates. 

The fishing industry has begun to apply herbs to replace the use of antibiotics which have 

a negative impact. Herbs have advantages over synthetic chemical drugs, have low side 

effects, and the extraction method is simpler. Black cumin (Nigella sativa) is a type of herb 

that functions as an immunomodulator, as well as being an antioxidant, antibacterial, 

antifungal, anti-cholesterol, and anticancer (Asniyah, 2009). As an immunostimulant, 

natural sources of black cumin are safer than synthetic chemical supplements in preventing 

disease infections (Cheng et al., 2014). 

Tilapia fed black cumin diet can increase non-specific immunity at a dose of 3.5%. 

The addition of black cumin to tilapia fish can inhibit and prevent Streptococcus  agalactiae 

infection with a survival rate of 90%, a hematocrit level of 30%, a low feed conversion 

value, and an increase in the weight and length of the fish after being infected with bacteria 

(Sa’adah et al., 2015).  Furthermore, reported by Silviana et al. (2022) that a diet of black 
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cumin flour in tilapia at a dose of 50 g kg-1 could increase the percentage of hematocrit by 

34%, lymphocytes 84.3%, monocytes 6%, neutrophils 9.7% and survival rate by 95% after 

being given the Aeromonas hydrophila challenge test. In general, fish that were given 

immunostimulant herbs produced an increase in the number of leukocytes. This is because 

immunostimulants can stimulate the body to produce more white blood cell production as 

a non-specific immune respons (Devi et al., 2019). Black cumin diet preparations are not 

only given in the form of flour which is mixed with the feed, but can be given in the form 

of black cumin oil which is added to the feed. The addition of black cumin oil mixed into 

the feed by 30% can increase the immune response and prevent Aeromonas hydrophila 

infection in Anabas testudines fish. In addition to increasing the immune response, black 

cumin oil can reduce mortality and increase survival (Khatun et al., 2015). There are many 

other types of herbs besides black cumin, including red seaweed which is known to increase 

non-specific immunity in fish. 

Red seaweed Gracilaria verrucose is known to increase immunity in shrimp after 

being challenged with Vibrio harveyi bacteria. The results of a study conducted by 

Jasmanindar et al. (2018) proved that vanamei shrimp (Litopenaeus vanamei) fed a 

Gracilaria verrucosa extract diet for 42 days could increase the number of haemocyte cells 

and other activities that strengthen immunity after being challenged with Vibrio harveyi 

bacteria. The indicator for increasing the number of cells is shown by the increase in the 

total number of haemocytes, the number of hyaline cells, the number of granular cells, the 

number of semi-granular cells. While the activity that increased was phenol oxidase 

activity, bacterial and phagocytic activity which resulted in increased immunity. A dose of 

2 g kg-1 feed is the optimal dose compared to other treatment doses. The results of this study 

indicate that Gracilaria verrucosa can be used as an immunostimulant. Reports of adding 

red seaweed Gracilaria verrucosa to fish are still few, therefore this study was applied to 

fish.  

Utilization of herbs as immunostimulants is safer and more beneficial for fish than 

antibiotics. Improper use of antibiotics causes residual deposits in fish bodies, harms 

consumers, environmental pollution and resistance to certain bacteria causing harm. This 

causes herbal immunostimulants to be widely used to improve immune quality. Black 

cumin seed is an effective immunostimulant although its activity varies from moderate to 

optimal. However, the price of black cumin is relatively cheap, so it is recommended to be 

applied in fish farming in order to reduce mortality and prevent pathogen infection (Dorucu 

et al., 2009).  

Like black cumin, red seaweed is also widely used as an immunostimulant in fish 

and shrimp. The results of a study conducted by (Zahra et al., 2017) stated that vanamei 

shrimp fed a Gracilaria verrucosa diet of 4 g kg-1 could increase non-specific immune 

responses and be resistant to white spot disease infection (WSSV) with a Relative 

Percentage Survival (RPS) value by 41.07%. Furthermore, explained by Wongprasert et al. 

(2014), in shrimp there is a toll-like receptor (TLR) which plays an important role in the 

shrimp immune system. Red seaweed contains sulphated galactan compounds which then 

bind to TLRs causing regulation and activation of antioxidant enzyme systems. Viruses can 

die because antioxidant enzymes remove excess reactive oxygen species (ROS), and impair 

viral replication in host cells. This study aims to find the effectiveness and optimal dose of 

immunostimulants from Nigella sativa black cumin and Gracilaria verrucosa red seaweed 

in increasing the non-specific immunity of tilapia. 

 

METHOD  

1. Reseach Materials 
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The main ingredients of this research are black cumin (Nigella sativa), red seaweed 

Gracilaria verrucosa and tilapia (Oreochromis niloticus). The tilapia used has a length of 

10-13 cm. Fish feed uses commercial pellets, produced by PT Mataram Sakti, Surabaya, 

East Java. The nutritional composition consisted of 33% protein, 5% fat, 4% crude fibre, 

12% ash content, and 10% water content. Feed is given 2 times a day, in the morning and 

evening at a dose of 5% kg-1 by weight of fish biomass.  

2. Research Design 

The study used an experimental method with a completely randomized design, 

consisting of 4 treatments and 1 control with 3 individual replications. Treatment doses for 

Nigella sativa (g kg-1 feed) were: T0 (control, without Nigella sativa), T1 (2.5), T2 (5), T3 

(7.5), and T4 (10). As for the doses of G. verrucosa (g kg-1 feed) used were: T0 (control), 

T1 (0.5), T2 (1), T3 (1.5), and T4 (2). The tilapia was placed in round buckets filled with 

60 L of water; each bucket filled with 5 tilapias maintain during 7 days. 

3. Parameters 

The research parameters observed in each treatment included the percentage of 

hematocrite, lymphocyte and monocyte percentage. Blood was taken using a 1 mL 

disposable syringe and put in a microhematocrit tube. The microhematocrit tube was 

centrifuged and then the length of the volume of hematocrit, lymphocytes and monocytes 

in the microhematocrit tube was measured in percentage (%). 

4. Data analysis 

Research data were analyzed using Analysis of Variance (Anova at 5% test level). If 

the ANOVA results are significantly different, then proceed with the Duncan Multiple 

Range Test (DMRT) at a test level of 5%. 

 

RESULTS AND DISCUSSION 

1. Hematocrite  

The results showed that the black cumin Nigella sativa diet significantly increased 

the percentage of hematocrite during the 7 days of treatment. Meanwhile, feeding the red 

seaweed Gracilaria verrucosa diet slightly increased the percentage of hematocrite at a 

dose of 1.5 g kg-1 feed but not significantly (Table 1). 

 

Table 1. Nigella Sativa Diet and Gracilaria Verrucosa Diet on Tilapia for 7 Days on 

the Percentage of Hematocrite 

Tilapia day-7 

Nigella sativa Gracilaria verrucosa 

g kg-1 feed Hematocrite g kg-1 feed Hematocrite 
Control 43.7+2.3a Control 38.9+4.9a 

2.5 45.4+3.4a 0.5 36.0+1.6a 

5 47.6+6.2ab 1 36.4+2.2a 

7.5 52.1+1.9bc 1.5 41.6+2.0a 

10 57.9+0.7c 2.0 35.8+4.2a 

 

The increase in the percentage of hematocrite in the treatment of the black cumin 

and the Gracilaria verrucosa diet showed an increase in tilapia non-specific immune 

response. An indicator of increased non-specific immune response is characterized by an 

increase in the percentage of hematocrite. Based on the results of this study, the black 
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cumin extract diet was more effective than the Gracilaria verrucosa diet in increasing the 

percentage of hematocrite. 

The results of the study Abd El-Hack et al. (2020) proved that the bioactive 

compounds contained in black cumin such as alkaloids, triterpenoids, steroids, saponins, 

phenolics and flavonoids function as immunostimulants which can increase the percentage 

of hematocrit. African catfish fed black cumin diet can increase hematocrite levels 

(Dontriska, 2014). The black cumin diet at a dose of 50 g kg-1 feed on tilapia effectively 

increased the non-specific immune response which was marked by an increase in the 

percentage of hematocrite up to 34% (Silviana et al., 2022).  

The same thing was reported by Sa’adah et al. (2015), the addition of 35 g kg-1 black 

cumin feed on tilapia can effectively increase hematocrite levels by up to 30%. Tilapia fed 

the black cumin diet and then infected with S. agalactiae were able to survive until the 

survival rate reached 90% without showing symptoms of S. agalactiae infection. This 

shows that the black cumin diet can increase non-specific immunity and prevent bacterial 

infections. Furthermore, a diet enriched with Nigella sativa oil increased the immunity of 

rainbow trout (Awad, Austin and Lyndon, 2013), increased haemoglobin and tilapia 

hematocrite (Hussein et al., 2020).  

The Gracilaria verrucosa diet in this study yielded the same results as the research 

reported by (Sahfitri et al., 2021), that the administration of Gracilaria sp. flour on the feed 

has a significant effect on the hematocrite of white snapper Lates calcalifer. Furthermore 

Puspasari (2010)  proved that the addition of 1.0 g kg-1 feed Gracilaria verrucosa extract 

to the feed can improve the immune system of African catfish as indicated by an increase 

in hematocrite levels. In this study, even though the black cumin diet was more effective 

than the Gracilaria verrucosa diet, the percentage of hematocrite increased slightly at a 

dose of 1.5 g kg-1 feed. 

2. Percentage Limphocytes and Monocytes 

The black cumin Nigella sativa diet and the red seaweed Gracilaria verrucosa diet 

had an effect on the leukocyte differential of lymphocytes and monocyte. The percentage 

of lymphocytes increased significantly with the Nigella sativa diet and the Gracilaria 

verrucosa diet for 7 days in tilapia. As for the percentage of monocytes, the Nigella sativa 

diet and the Gracilaria verrucosa diet increased but not significantly (Table 2). The results 

of a study conducted by Hidayat et al. (2014) showed that white snapper Lates calcalifer 

fed black cumin diet increased its non-specific immune response. The percentage of 

lymphocytes and monocytes increased effectively at the dose of black cumin by 7.5%. 

Increased immunity with black cumin causes white snapper to be able to prevent Vibrio 

alginolyticus infection. 

 

Table 2. Nigella Sativa Diet and Gracilaria Verrucosa Diet in Tilapia for 7 Days on 

Lymphocyte and Monocyte Percentages 

Tilapia day-7 

 Nigella sativa  Gracilaria verucosa 

g kg-1 feed Limphocyte 

(%) 

Monocyte 

(%) 

g kg-1 feed Limphocyte 

(%) 

Monocyte 

(%) 
Control 67.3+1.2a 14.0+5.2a Control 66.3+3.1a 15.9+2.2a 

2,5 67.0+2.7a 15.7+3.8a 0.5 70.2+0.4b 14.7+3.4a 

5 67.3+0.6b 16.3+1.5a 1 71.4+0.7b 19.1+3.1a 

7,5 71.3+1.2b 16,3+4.0a 1.5 72.3+2.1b 17.9+2.1a 

10 72.3+0.6b 12.0+3.5a 2.0 71.4+0.7b 14.8+4.2a 

3. Immunomodulatory Black cumin Nigella Sativa 
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Likewise, according to Yuliana et al. (2021), the addition of black cumin through 

feed can significantly increase the number of monocytes. Furthermore, monocytes 

differentiate into macrophages and go to the site of inflammation or infection. Apart from 

fish, the use of black cumin has also been reported in mice. Zikriah (2014) showed the 

results of his research, giving black cumin ethanol extract to mice was able to affect the 

total number of leukocytes and the percentage of lymphocytes with significantly different 

results (p <0.05) but was unable to affect the percentage of monocytes. 

Black cumin seed oil is known to be immunomodulatory in fish, but the mechanism 

is unknown. Whereas in mice (Akrom et al.,  2015) reported, the ethanol extract of black 

cumin seeds increased the number of monocyte, then in the tissue the monocytes turned 

into macrophages. Macrophages carried out peritoneal phagocytosis and secreted reactive 

oxygen intermediate (ROI) in male mice infected with L. monocytogenes with an effective 

dose of black cumin 5 mg kg-1 feed. In rats, black cumin hexane extract can increase the 

activity and index of phagocytosis of monocytes (Akrom & Fatimah, 2015). Dey et al. 

(2020) noted an increase in immune parameters such as phagocytic activity and respiratory 

bursts in tilapia after being given black cumin. Apart from black cumin, the results of this 

study also proved that the Gracilaria verrucosa diet could significantly increase the 

percentage of lymphocytes to 72.3%, while the percentage of monocytes increased to 

19.1% but not significantly. 

4. Immunomodulatory of Red Seaweed Gracilaria verrucosa 

Administration of Gracilaria sp. flour on feed had a significant effect on leukocyte 

differential lymphocyte types in white snapper Lates calcalifer but did not have a 

significant effect on monocytes (Sahfitri et al., 2021). Research using the immersion of 

Gracilaria verrucosa ethanol extract given to carp showed an increase in the percentage of 

monocytes before and after infection with Aeromonas hydrophila 107 cells mL-1 bacteria. 

This happens because at the beginning of the infection there is mobilization of monocytes 

to the infected tissue area so that monocytes in the blood circulation increase. Then 

monocytes go to the infected tissue area and turn into macrophages to carry out 

phagocytosis (Maftuch et al., 2013). The results of the study Rijoly (2018), the addition of 

Gracilaria verrucosa flour through feed can increase the immune response as indicated by 

an increase in the percentage of monocytes. The increase in monocytes can be seen from 

the increase in phagocytic activity at the prevention and treatment dose of 2.0 g kg-1 feed 

which is higher than the control group. 

Furthermore, white snapper fed Gracilaria verrucosa diet increased monocytes but 

not significantly. This is presumably because the white snapper Lates calcalifer had never 

been infected before so the haematology was still normal and monocytes did not increase 

significantly (Sahfitri et al., 2021).  In addition to fish, research on the addition of gracilaria 

through feed has also been reported. Satyantini et al. (2016) reported that giant prawns 

(Macrobrachium rosenbergii) fed a Gracilaria verrucosa diet resulted in an increase in 

total haemocytes. Likewise, for vanamei shrimp (Litopenaeus vanamei), the addition of 

Gracilaria verrucosa extract can increase total haemocytes (Jasmanindar et al., 2018). 

In this study, the percentage of monocytes increased 15.9-19.1%, but then decreased 

from 19.1-14.8%. This is thought to be a natural infection so that the monocytes in the 

blood circulation slightly increase and are not significant. After a slight rise and then 

monocytes enter the tissue to become macrophages for phagocytosis function so that their 

percentage decreases in the blood circulation (Maftuch et al., 2013). According to Sitepu 

(2016), a low percentage of monocytes can be caused by the absence of infection so that 

they do not need a supply of monocytes. Monocytes are required for conversion to tissue 

macrophages in areas of inflammation. In inflammation when tissue damage or antigen-
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antibody reactions occur, the percentage of monocytes increases, but then decreases due to 

migration to inflamed tissues to become macrophages (Maftuch et al., 2013).  

 

CONCLUSION 

In tilapia, the Nigella sativa diet significantly increased the percentage of 

hematocrite and lymphocytes, whereas in monocytes the percentage increased but not 

significantly. The Gracilaria verrucosa diet was able to significantly increase the 

percentage of lymphocytes, while the percentages of hematocrite and monocytes increased 

but not significantly. The Nigella sativa diet was more effective than the Gracilaria 

verrucosa diet in increasing tilapia non-specific immunity. The Nigella sativa diet more 

effective than the Gracilaria verrucosa diet in increasing immunity in tilapia at a dose 5 g 

kg-1 feed. 
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