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Abstract
In this experiment, the in�uences of dietary garlic, onion, and sweet red pepper meals as herbal
supplements were studied on some immunological parameters, total carotenoid content, and growth
performance of male guppy �sh (Poecilia reticulata) in the juvenile stage. The experimental diets were
fed to �sh as a control (0), and three other diets contained 20 g kg− 1 garlic, or 20 g kg− 1 red onion, and or
20 g kg− 1 sweet red pepper powders. The male guppies with the early weight of 0.642g ± 0.07 were
stocked in twelve circular tanks (40 L capacity) at density of 30 �sh per tank. Fish were fed to satiation
the diets thrice daily. The results showed that dietary herbal additives induced a signi�cant increase (P < 
0.05) in some mucosal immunological parameters contained alternative complement (ACH50), total
immunoglobulin (Ig), lysozyme, and total protein compared to control, which were the highest in the
group with 20 g kg− 1 garlic powder. Also, various dietary herbal additives resulted in higher (P < 0.05) total
carotenoids levels of lateral skin body and caudal �n of �sh than control, which were the highest in the
group with 20 g kg− 1 sweet red pepper. The growth performance and feeding indices enhanced
signi�cantly (P < 0.05) in experimental groups compared to the control. As a result, used herbal
supplements had bene�cial effects on immunological parameters and total carotenoid content of �sh.
So, the highest immunity and coloration was obtained separately at 20 g kg− 1 respectively with garlic and
sweet red pepper meals.

Introduction
Three types of livebearers ornamental �sh contained molly (Poecilia sphenops), platy (Xiphophorus
maculatus), and guppy (Poecilia reticulata) from Poeciliids were cultivated by �sh breeders in Iran and
the entire world (Coad 2017). They have many enthusiasts because of their attractive color and easy
reproduction. The past decades have seen an increase in the trade of ornamental �sh, about
US$44 million annually (FAO 2019). But, the crucial points for developments in the ornamental �sh
industry are the improvement of coloration, immunity system, and survival rate of �sh
(Mohammadiazarm et al. 2021). Therefore, the commercial �sh breeders try to use supplemental
additives in formulated feeds for higher pro�ts in ornamental �sh trades. It seems that different herbal
additives because of their metabolites have bene�cial effects on the growth, coloration, reproduction,
resistance to environmental stressors, and immunity system of �sh (Motlagh et al. 2020). Furthermore,
the herbal cost, easy access, and safe use of them are essential to select them. So, it was proved that
garlic as the best additive in aquaculture feeds for increasing the growth (Ajiboye and Qari 2016,
Metwally 2009), immune system (Nya and Austin 2009; Van 2015), killing pathogens (Nya and Austin
2009, Aly and Mohamed 2010, Foysal et al. 2019), motivating eating (Ajiboye and Qari 2016, Guo et al.
2015), and improving �llet quality of �sh (Luo et al. 2008). Garlic (Allium sativum), as members of the
family Liliaceae, contains ascorbic acid, mineral, b-carotene, and polyphenol (Mitra et al. 2012). Allicin is
an oxygenated carotenoid derivative from garlic with high immunological and antioxidant activities
(Wang et al. 2018). Furthermore, onion meal has been suggested as a feed attractant and promoting the
growth performance of �sh in aquaculture (Safari and Paolucci 2016). Onion (Allium cepa), a very
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usually used vegetable, ranks third in the world production of main herbal products (Mitra et al. 2012). It
belongs to the Liliaceae family with a considerable amount of anthocyanin pigments that representing
10% of the total �avonoid content (Slimestad et al. 2007). Also, it has a high amount of calcium,
potassium, and magnesium (Gabor et al. 2010) with anti-infectious (Benkeblia 2004), anticancer, and
antioxidant actions (Ramos et al. 2006, Bello et al. 2012 a, Bello et al. 2012 b). Another, cheap and
abundant herbal additive is red pepper from the Solanaceae family and genus Capsicum with positive
effects on coloration, growth, reproductive performance, antimicrobial activities, and sensorial properties
of �sh �llets (Yanar et al. 2016). So, we examined the effects of three main herbal products (garlic, red
onion, and sweet red pepper) in comparison with others in diet of fantail male guppy for mucosal
immune responses and total carotenoid content.

Materials And Methods

Experimental plan and diet production
The isonitrogenous and isocaloric diets were formulated as control and three other experimental diets
with different herbal additives. So, initially, sweet red pepper, garlic, and red onion were peel and cut into
small pieces, then were dried in an oven at 30 ˚C for 12 hours, and used as herbal additives with an
amount of 20 g kg− 1 in diets. The other ingredients of diets were prepared and purchased, and then they
were mixed with herbal additives. After that, the water was added until the dough was formed. Then, the
dough was pressed through a meat grinder and dried at room temperature for 24 h. After that, the pellets
were crushed and sieved for obtaining a desirable size for �sh. Finally, the diets were kept at -20 ˚C until
use. The total protein, lipid, ash, and moisture contents of feeds were determined with the standard
method (AOAC 2000, Table 1). Also, the purchased and acclimated fantail guppies with the early weight
0.642g ± 0.07 were distributed in 12 circular tanks (four treatments and three replications) by volume of
40 L with 30 �sh per tank. The �sh were fed to satiation thrice daily (08.30, 12.30, and 16.30 h) for sixty
days. The tanks were siphoned daily and oxygenated with an air blower and an air stone. The determined
water temperature by a thermometer was about 28.0 ± 1.0 ˚C, the dissolved oxygen by an oxygen meter
was about7.5 ± 1.0 mg L− 1, and the pH by a pH meter was about 8.0 ± 0.2, in the period of the experiment.
Also, the photoperiod was �xed at 12D:12L. Finally, growth and feed indices were considered as follows:
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Table 1
Ingredients and proximate analysis of experimental diets (g Kg− 1 dry diet).

Ingredients Control Garlic Red onion Sweet red pepper

Fish meal a 150.00 150.00 150.00 150.00

Squid meal b 250.00 250.00 250.00 250.00

Soybean meal 285.60 274.80 279.80 277.40

Wheat �our 18.20 29.10 24.20 29.30

Wheat bran 150.00 150.00 150.00 150.00

Fish oil 33.10 33.05 33.00 31.65

Soybean oil 33.10 33.05 33.00 31.65

Garlic powder 0 20.00 0 0

Red onion powder 0 0 20.00 0

Sweet red pepper powder 0 0 0 20.00

Filler (Cellulose) 20.00 0 0 0

Vitamin premix c 20.00 20.00 20.00 20.00

Mineral premix d 20.00 20.00 20.00 20.00

Binder (gelatin) 20.00 20.00 20.00 20.00

Proximate composition (g kg− 1 DM)

Dry matter 915.10 908.23 914.00 912.90

Crude protein 450.11 452.00 451.01 449.00

Crude lipid 99.91 100.03 10.10 100.05

a Clopeonella meal, 21 Beiza Company, Shiraz, Iran

b Squid meal, 21 Beiza Company, Shiraz, Iran

cVitamin premix U kg− 1 of premix: vitamin A, 5,000,000 IU; vitamin D3, 500,000 IU; vitamin E, 30000
mg; vitamin K3, 1500 mg; vitamin B1, 6000 mg; vitamin B2, 24,000 mg; vitamin B5, 52,000 mg;
vitamin B6, 18,000 mg; vitamin B12, 60,000 mg; Folic acid, 3000 mg; nicotinamide 180,000 mg;
ascorbic acids (stay-C) 30000 mg, antioxidant, 500 mg career up to1 kg, Damloran pharmaceutical
Company, Broujerd, Iran.

dMineral premix mg kg− 1 of premix: copper, 3000 mg; zinc, 15,000 mg; manganese, 20,000 mg; Iron,
10,000 mg; potassium iodate, 300 mg; cobalt, 50 mg; selenium, 50 mg; choline chloride; 150000 mg
career up to 1 kg, Microvit, Razak laboratories, Tehran, Iran.
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Ingredients Control Garlic Red onion Sweet red pepper

Crude energy (kcal g− 1) 5.00 5.09 5.10 5.07

a Clopeonella meal, 21 Beiza Company, Shiraz, Iran

b Squid meal, 21 Beiza Company, Shiraz, Iran

cVitamin premix U kg− 1 of premix: vitamin A, 5,000,000 IU; vitamin D3, 500,000 IU; vitamin E, 30000
mg; vitamin K3, 1500 mg; vitamin B1, 6000 mg; vitamin B2, 24,000 mg; vitamin B5, 52,000 mg;
vitamin B6, 18,000 mg; vitamin B12, 60,000 mg; Folic acid, 3000 mg; nicotinamide 180,000 mg;
ascorbic acids (stay-C) 30000 mg, antioxidant, 500 mg career up to1 kg, Damloran pharmaceutical
Company, Broujerd, Iran.

dMineral premix mg kg− 1 of premix: copper, 3000 mg; zinc, 15,000 mg; manganese, 20,000 mg; Iron,
10,000 mg; potassium iodate, 300 mg; cobalt, 50 mg; selenium, 50 mg; choline chloride; 150000 mg
career up to 1 kg, Microvit, Razak laboratories, Tehran, Iran.

Weight gain percentage (WG %) = (last �sh weight g –early �sh weight g) / early �sh weigh g×100,
Speci�c growth rate (SGR % day− 1) = 100× (Ln last �sh weight g –Ln early �sh weight g) / trial days, Feed
e�ciency (FE %) = �sh mass increase g / feed eating g (dry weight) × 100, and Protein e�ciency ratio
(PER) = �sh mass increase g / protein eating g

Skin Mucus Immunological Indices
Immunological parameters were assayed by obtained supernatant of skin mucus samples by
centrifuging at 1500×g for 10 min at 4°C, after putting the anesthetized �sh with clove powder (5 mg L− 1)
in separate plastic bags with 50 mM NaCl for 2 min from each tank. Then, the samples were kept at -80°C
until analyses (Motlagh et al. 2020). Protein concentration was calorimetrically assayed with a
spectrophotometer at 750 nm (Demers and Bayne 1997). Lysozyme activity was assayed by the lysis of
gram-positive bacterium Micrococcus lysodeikticus ( Sankaran and Gurnani 1972). Alternative
complement (ACH50) was determined by incubating the mixed samples with red blood cells from rabbits
in buffer (pH = 7, 0.01 M) at 20°C for 90 min. After that, the samples were added to 3.15 ml of solution of
0.85% NaCl. Then, the optical density of supernatant fraction samples (1600 rpm for 10 min at 4°C) was
recorded at 414 nm (Neissi et al. 2013). Total immunoglobulin (Ig) in mucus samples was determined
with the method of Siwicki et al. (1994). Brie�y, 100 µl of the mucus were added to the same volume of
12% polyethylene glycol, and then the supernatant fraction samples were separated after incubating
samples for 2 h at room temperature and centrifuging at 3000 ×g for 15 min. Finally, the residual protein
was assayed, and it was reduced from the total mucus protein concentration.

Total Carotenoids Concentration
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Total carotenoids concentrations in the skin and caudal �n of �sh were determined by the method of Lee
et al. (2010). So, the samples of �sh skin from both lateral sides and the whole caudal �n were obtained
separately. Then, 20 ml of acetone and methanol (1:1; v:v) was used for extraction samples for 30 min.
After that, the extracts were mix with 20 ml of petroleum ether in a separation funnel. In the following, the
upper phase was separated after adding distilled water and vacuum dried at 40°C. Finally, the
absorbance of the residue in petroleum ether was read at 450 using a spectrophotometer. Total
carotenoid concentrations were determined by the extinction coe�cient of E1% 1 cm = 2,500 in petroleum
ether.

Statistical Study
The results were studied with one-way ANOVA. Also, Duncan,s multiple range test was conducted to
de�ne signi�cant changes among the experimental groups (p < 0.05). Kolmogorov-Smirnov and Levene's
tests were performed to con�rm the normality of data and homogeneity of variance by SPSS 26. The
results were shown as mean plus standard error (SE).

Result
The results of growth and feed indices for �sh were fed with various dietary herbal additives are
mentioned in Table 2. So, �nal weight, weight gain percentage, SGR, FE, and PER of �sh were fed different
herbal supplements were signi�cantly enhanced (P < 0.05) compared to the control. But, they have not
changed considerably among various herbal additives groups (P > 0.05).The survival rate of �sh was not
altered substantially among different trial groups (P > 0.05). Also, �sh fed the diets supplemented with
various herbal additives meals had considerably (P < 0.05, Table 3) higher total protein, lysozyme activity,
ACH50, and total Ig compared to the control. So, �sh were nourished with 20 g kg− 1 garlic powder
showed considerably (P < 0.05) the highest immunological indices among different groups (P < 0.05).
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Table 2
Growth performance and feed utilization (mean ± SE, n = 3) of male guppy fed different levels of herbal

additives for 60 days.

  Control Garlic Onion Sweet red pepper

Final weight (g �sh− 1) 1.20 ± 0.01a 1.26 ± 0.00b 1.26 ± 0.01b 1.25 ± 0.00b

Wight gain (%) 87.43 ± 1.37 a 94.70 ± 0.89b 95.74 ± 1.36b 96.26 ± 0.90b

SGR (% day− 1) 1.04 ± 0.01 a 1.11 ± 0.00b 1.12 ± 0.01b 1.10 ± 0.00b

FE (%) 75.70 ± 1.83a 89.33 ± 1.21b 88.30 ± 1.47b 90.46 ± 1.29b

PER 1.68 ± 0.04 a 1.98 ± 0.02b 1.96 ± 0.03b 2.01 ± 0.02b

Survival 100 n.s 100 100 100

Mean values with different superscripts in the same row are signi�cantly different from each other.
Signi�cance level is de�ned as P < 0.05. N.s are not signi�cantly different from each other (P > 0.05).

Table 3
Mucosal immune responses (mean ± SE, n = 3) of male guppy fed different levels of herbal additives for

60 days.

  Control Garlic Red onion Sweet red Pepper

Total protein (mg ml− 1) 3.14 ± 0.04 a 3.72 ± 0.06 b 3.64 ± 0.03b 3.58 ± 0.05 b

ACH50 (U ml− 1) 1.35 ± 0.01 a 1.56 ± 0.00 c 1.44 ± 0.02 b 1.41 ± 0.00 b

Total Ig (mg ml− 1) 0.12 ± 0.01 a 0.32 ± 0.02 c 0.18 ± 0.17 b 0.16 ± 0.00 ab

Lysozyme (U ml− 1) 57.00 ± 0.57 a 68.00 ± 1.15 c 61.66 ± 1.20 b 60.33 ± 0.88b

Mean values with different superscripts in the same row are signi�cantly different from each other.
Signi�cance level is de�ned as P < 0.05.

Furthermore, �sh fed diets containing herbal additives meals had signi�cantly higher total carotenoids
concentrations in skin and caudal �n than the control (P < 0.05, Table 4). So, the �sh were nourished with
20 g kg-1 sweet red pepper showed signi�cantly (P < 0.05) the highest total carotenoid content in skin and
caudal �n of �sh among different groups.
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Table 4
Total carotenoid content (mean ± SE, n = 3) in skin and caudal �n of male guppy �sh fed different levels

of herbal additives for 60 days.

  Control Garlic Red onion Sweet red Pepper

Lateral skin body (µg g− 1) 4.72 ± 0.006 a 5.75 ± 0.025 b 7.31 ± 0.005 c 8.26 ± 0.003 d

Caudal �n (µg g− 1) 5.09 ± 0.00 a 6.49 ± 0.003 b 8.21 ± 0.003 d 10.10 ± 0.005 c

Mean values with different superscripts in the same row are signi�cantly different from each other.
Signi�cance level is de�ned as P < 0.05.

Discussion
The results of growth and feed indices for �sh indicated signi�cant enhancement with different dietary
herbal additives. In connection with garlic, the positive effects were reported for other �sh species. Brie�y,
for African cat�sh, Clarias gariepinus (Agbebi et al. 2013); rainbow trout, Oncorhynchus mykiss (Gabor et
al. 2012, Nya and Austin 2009); Swordtail, Xiphophorus helleri (Kalyankar et al. 2013), and Nile tilapia,
Oreochromis niloticus (Aly and Mohamed 2010).

Allicin, as a crucial part of garlic improves gastrointestinal motility and stimulates the digestive enzymes
to increase digestion and nutrient absorption in the aquatic organisms (Lin et al. 2006) and advanced
vertebrates (Sharathchandra et al. 1995). Also, it is found that the activity of digestive enzymes is
increased by dietary garlic through enhanced secretion of bile acids (Platel et al. 2002). Moreover,
Esmaeili et al. (2017) reported that the dietary garlic improves the function of the digestive organs of
rainbow trout with antioxidant activity. In addition, it was reported that allicin induces enhance digestion
by improving intestinal �ora with increasing valuable bacteria, such as Lactobacillus, thereby enhancing
the use of energy and improving growth (Lee and Gao 2012). Also, Tang et al. (1997) stated that allicin
could inhibit the decomposing consequence of thiaminase, guaranteeing the supplication of vitamin B1,
and improved growth in �sh. Finally, it was noted that garlic stimulates protein synthesis with the
absorption of free amino acids from white muscle (Al-salahy 2002).

Furthermore, dietary onions were known as feed attractant and enhance �sh growth (Lee and Cho 2012,
Akrami et al. 2015, Saleh et al. 2015). For example, it had positive effect on growth of African cat�sh
juveniles, C. gariepinus (Bello et al. 2012a, b), brown-marbled grouper, Epinephelus fuscoguttatus (Apines-
Amar et al. 2012), beluga, Huso huso (Akrami et al. 2015), sea bass, Dicentrarcus labrax (Saleh et al.
2015), and juvenile narrow-clawed cray�sh, Astacus leptodactylus Eschscholtz, 1823 (Safari and
Paolucci 2016).

The mode of action for onion on �sh and crustacean species is still little explained (Akrami et al. 2015,
Lee and Cho 2012, Saleh et al. 2015). But, it seems that onions, because of nutrients, can induce better
performance of aquatic organisms. Also, onions have effective nutrients such as moderate quantities of
protein, fat, �ber, and suitable quantities of calcium, phosphorous, potassium, vitamin C, and B6 (Mitra et
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al. 2012). Furthermore, quercetin from onions can be considered as growth promoters (Saeed et al. 2017).
On the other hand, improved secretion of digestive enzymes and decrease evacuation speed in the
digestive tract were displayed in rats nourished with dietary onion spice (Platel and Srinivasan 2001).
Also, some scientists reported that onion, via its high soluble �ber content like inulin and fructo
oligosaccharides acts as prebiotics in the digestive tract of �sh (Benkeblia and Shiomi 2006, Binaii et al.
2014, Ernst and Feldheim 2000, Gibson 1998, Safari et al. 2014c, Mousavi et al. 2016) that consequently
enhances growth, nutrient utilization, and host health (Nakano 2007, Ye et al. 2011).

Moreover, �sh fed dietary sweet red pepper showed enhanced growth and feeding parameters. In
similarity with the result of this experiment, Kamali et al. (2019) reported the improvement in growth
performance of Oscar �sh, Astronotus ocellatus fed by red pepper. Also, Talebi et al. (2013) and Yanar et
al. (2016) stated the increased growth performance of rainbow trout �sh by hot or sweet red pepper.
Yilmaz et al. (2013) reported the better growth performance of red tilapia �sh, Oreochromis mossambicus
fed with paprika, because of carotenoids contents. Moreover, it has been stated the developed
reproductive performance of yellowtail �sh, Seriola quinqueradiata with carotenoid from red pepper
(Agius et al. 2001, Agius et al. 2002). In another animal group, it has been stated that the weight gain of
broilers is enhanced because of capsaicin from red pepper (Galib et al. 2011). Also, peppers are the best
source of essential vitamins, minerals, and other nutrients (Kim et al. 2019).

On the other hand, it should be noticed, the reported results of some studies for �sh performance with the
same used herbal additives are not the same as the results of the current research. Brie�y, lee and Cho
(2012) reported no considerable improvement in survival, mass gain, or diets e�ciency of olive �ounder,
Paralichthys olivaceus by onion. Or, Yanar et al. (2016) reported no effect of dietary red pepper on the
growth of rainbow trout. And or, Motlagh et al. (2020) reported no bene�cial effects of garlic extract on
the growth of fry guppy �sh. This contradiction can be related to �sh classes, lifecycle, feeding duration,
and herbal additives kinds.

The immunological parameters signi�cantly increased in all experimental groups that showed the highest
values in �sh fed with garlic at 20 g kg− 1 of diet. It was showed that garlic had inhibitor activity against
Gyrodactylus turnbulli as a pathogen in guppies (Fridman et al. 2014, Schelkle et al. 2013). Also, it was
found that dietary garlic enhances globulin and lysozyme activity in rainbow trout and Rohu �sh (Labeo
rohita) (Nya and Austin 2011, Sahu et al. 2007). Furthermore, garlic can be effective in stimulating
complement activity in �sh (Erguig et al. 2015). In addition, Motlagh et al. (2020) reported the
enhancement of skin mucus immune parameters contained lysozyme, ACH50, total Ig in female guppy
�sh by dietary garlic extract, which is in similarity with the result of our experiment.

Furthermore, Younes et al. (2021) reported the increased innate immune response, antioxidative activities,
and immune gene expressions in Nile tilapia by dietary onion. Lee and Cho (2012) mentioned increased
lysozyme activity in Olive �ounder by dietary onion. The improved immunological parameters of beluga
were mentioned by Akrami et al (2015). The study of Apines-Amar et al. (2012) showed that onion had a
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bene�cial effect on the innate immune reactions with resistance to Vibrio harveyi infection in brown-
marbled grouper.

Generally, several phytonutrients, mostly polyphenols such as �avonoids and sulfur-containing
compounds, have been de�ned in onion and garlic by scientists (Mitra et al. 2012). In this regard, allicin
from garlic has the thiosul�nate e�cient group with high immunological and antioxidant activities (Wang
et al. 2018). In addition, the cysteine sulphoxide (CSO) with S-propenyl-CSO is the crucial S group of the
onion, which has bene�cial effects on the immunity system of �sh (Amar and Faisan 2011).

It was reported that supplementing the diet with red pepper powder enhanced the immune system of
rainbow trout fry (Mehregan et al. 2020). Also, Yigit et al. (2019) reported antimicrobial effects of red
pepper in yellowtail cichlid (Pseudotropheus acei). So, phytochemicals nutrients of peppers such as
carotenoids, capsaicinoids, �avonoids, ascorbic acid, and tocopherols are induced to improve the health
status of �sh (Mehregan et al. 2020).

The highest carotenoid concentration was observed in �sh were fed with 20 g kg-1 sweet red pepper.
Yanar et al. (2016) reported the increasing effects of hot and sweet red pepper as a feed additive on
coloration of rainbow trout �sh. Yigit et al. (2019) reported increases coloration in the tail of yellowtail
cichlid by red pepper. Yimaz and Ergun (2011) reported that the red pepper meal could be added to diets
of blue streak hap (Labidochromis caeruleus) as natural carotenoid sources. It was reported, red pepper
has reasonable quantities of total carotenoids that induced prosperous coloration in �sh (Yilmaz et al.
2013). Furthermore, although it was not observed any studies for considering the effects of onion, or
garlic meal on �sh pigmentation, but it seems that the chemical nutrient of this herbal additive had
positive effects on pigmentation. For example, red onions have anthocyanin pigments representing 10%
of the total �avonoid content (Slimestad et al. 2007). Anthocyanins as natural vegetable colors result in
red, blue, and purple colors to plants and some vegetables. Or, allicin from garlic is de�ned as an
oxygenated carotenoid (Wang et al. 2018) that needs more study. Therefore, it seems that the used herbal
additives in this study result in higher coloration than the control due to �avonoids and carotenoids
contents.

Conclusion
Finally, it was found that the use of commonly herbal additives contained garlic, red onion, or sweet red
pepper has positive effects on growth performance, immunity system, and coloration of fantail male
guppies in juvenile stage. All used herbal additives, namely due to �avonoids and carotenoids, induced a
positive effects on �sh performance. So, the current study recommended that garlic or sweet red pepper
meal added independently at amounts of 20 g kg− 1 respectively for the highest immunity and coloration
in male guppies.
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