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Abstract:  The aim of this study was to investigate the effect of whey on the immune system of cultured 

rainbow trout (Oncorhynchus mykiss). It was targeted to use whey, which is a by-product of the dairy 

industry, in the aquaculture industry as a promoter of fish immune system and as a source of fish feed 

protein. Rainbow trout individuals with an average weight of 70.28 ± 1.50 g were placed in 6 tanks 

with a stock density of 10 kg/m3. While fish meal (52%) was used as a protein source in the control 

group feeds, in the experimental group feeds whey powder (48%) was used. The fish were fed these 

pellet feeds that were isocaloric (21 kj/g) and isonitrogenous (41% protein) for 3 weeks. Blood samples 

were collected once a week and while hematocrit and hemoglobin values were determined using a fully 

automated hematology analyzer, standard hemocytometry methods were used in erythrocyte and 

leukocyte counts. In addition, free radical production and complement 3 concentrations were 

determined quantitatively. According to the one-way ANOVA analysis, the control group and the 

experimental group were statistically similar (p> 0,05). However, it was found that C3 complement 

concentration, which was measured equally at the beginning in the control and experimental groups, 

showed a statistically significant increase (p <0.05) in the experimental group compared to the control 

group in the second week. 
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Öz:  Bu çalışmanın amacı kültürü yapılan gökkuşağı alabalıklarının (Oncorhynchus mykiss) bağışıklık 

sistemi üzerine peynir altı suyunun (PAS) etkisinin incelenmesidir. Süt ve süt ürünleri endüstrisi atığı 

olan PAS’ın akuakültür endüstrisinde balık bağışıklık sistemi destekleyicisi ve balık yemi protein 

kaynağı olarak kullanılması hedeflenmiştir. Ortalama ağırlığı 70,28 ± 1,50 g olan gökkuşağı alabalığı 

bireyleri 10 kg/m3 stok yoğunluğunda olacak şekilde 6 adet tanka yerleştirilmiştir. Kontrol grubu 

yemlerinde protein kaynağı olarak balık unu kullanılırken deney grubu yemlerinde ise balık unu yerine 

PAS kullanılmıştır. Balıklar izokalorik (21 kj/g) ve izonitrojenik (%41 protein) olarak hazırlanan bu 

pelet yemlerle 3 hafta boyunca beslenmiştir. Haftada birer kez olmak üzere balıklardan kan örnekleri 

alınmış; hematokrit ve hemoglobin değerleri tam otomatik hematoloji analizatörü ile belirlenmiş, 

eritrosit ve lökosit sayıları ise standart hemositometri yöntemleri kullanılarak yapılmıştır. Bunlara ek 

olarak oksidatif radikal üretimi ve kompleman 3 konsantrasyonu da kantitatif olarak belirlenmiştir. 

Sonuçlar tek yönlü varyans analizi (one-way ANOVA) ile değerlendirilmiştir. Sonuç olarak kontrol 

grubu ile deney grubu arasında istatistiki açıdan herhangi bir farklılık olmadığı görülmüştür (p>0,05). 

Bununla birlikte, kontrol ve deney grubunda başlangıçta eşit olarak ölçülen C3 kompleman 

konsantrasyonunun, deney grubunda ikinci haftada kontrol grubuna göre istatistiksel açıdan önemli 

(p<0,05) bir artış gösterdiği tespit edilmiştir. 
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INTRODUCTION 

 

The rapid growth of aquaculture in recent years has 

been accompanied by increased demand for aquaculture 

feeds (Gatlin et al., 2007). Approximately 50-60% of the 

operating cost is feed expenses and the price of the fish meal 

used as the main protein source in fish feeds increases in 

proportion to the increasing aquaculture production (Rana et 

al., 2009). It is predicted that the current state of fish meal 

production will not meet the future needs of the developing 

aquaculture sector. For this reason, aquaculture feed industry 

has tried to replace fish meal and fish oil in feeds with 

sustainably produced vegetable raw materials, however, 

such protein sources may lack some indispensable amino 

acids such as methionine or lack components such as taurine, 

hydroxyproline and nucleotides (Bañuelos-Vargas et al., 

2014). 

To date, many studies have been conducted to 

replace fish meal such as soybean flour, corn gluten, wheat 

gluten and canola flour as vegetable protein, and it has been 

reported that the alternative vegetable protein sources 

adequately meet the amount of essential amino acids needed 

by rainbow trout (Bell and et al., 2001; Rosenlund et al., 

2001; Caballero et al., 2002; Yang et al., 2011; Kriton et al., 

2018; Yıldız et al., 2018). Diseases that lead to economic 

losses, the decreased number of effective antibiotics that can 

be used, and failures in treatment have directed the 

aquaculture feed industry to using food additives that can 

activate the fish's immune system (WHO, 2006). 

Whey is a natural ingredient derived from fresh 

milk containing high quality proteins, lactose, bioactive 

ingredients, minerals and vitamins and is used in human and 

animal nutrition as a food additive that can activate the 

immune system (EWPA, 2020). Whey does not contain anti-

nutritional factors, it can be easily given with other foods and 

it is easy to digest. Whey has been reported to have a 

probiotic effect associated with bioactive functions such as 

supporting tissue repair, destroying pathogens, and 

eliminating toxins (Clare et al., 2003). It has been observed 

that humoral immune responses and neutrophil levels have 

been increased in animals fed diets supplemented with whey. 

It has also been reported that whey proteins modulate 

immune functions and protect glutamine stores in the muscle 

by increasing the production of glutathione (GSH) in various 

tissues, an important part of the body's antioxidant protection 

system, which regulates immune functions. Therefore, 

combining whey proteins with diet is important because of 

providing strong immunity and health-protecting effect 

(Wong et al., 1997; Wong et al., 1998; Amer et al., 2019). 

While the mice fed with whey-added feeds did not change 

the cellular immune response functions, there was a 

significant increase in natural leukocyte cellular response 

and lymphoid cellular response compared to the control 

group (Rutherfurd-Markwicket et al., 2005). Wong and 

Watson (1995) reported that the effect of whey on the 

immune system of mice increased cellular immune response 

in the 5th-8th week of feeding in their study.  

The effect of whey on some blood parameters of 

male athletes was investigated by Eslami et al. (2010) and 

there was no difference in the blood parameters (such as 

WBC, RBC, HGB, HCT) of the athletes fed with 6.6 g whey 

every day for a month compared to the control group. Rusu 

et al. (2009) showed that different concentrations of whey on 

human neutrophils have no direct effect on chemotaxis, 

phagocytosis, oxidative metabolism and degranulation. 

Szczurek et al. (2013) investigated the effect of whey added 

to the breeding chicken feed on some blood parameters, it 

was reported that whey had no effect on blood leukocytes, 

hematocrit and hemoglobin, while increasing the number of 

erythrocytes. Abou‐El‐Atta et al. (2019), fed Nile tilapias 

(Oreochromis niloticus) with probiotic Lactobacillus 

plantarum and feeds with different ratios of whey added (1, 

2 and 3 g/kg feed) and after 60 days, they examined the 

effects of fish on growth, antioxidant activity, lysozyme 

activity, NBT and some blood parameters. As a result of the 

study, it was found that feeding with high whey doses (2 and 

3 g/kg feed) significantly increased the antioxidant capacity 

of fish, NBT, lysozyme and red blood cell count. In addition, 

the addition of 2 and 3 g/kg whey doses with L. plantarum 

has been reported to show synergistic effects and increase 

their resistance to Aeromonas sobria. Similarly, another 

study with Nile tilapias (O. niloticus) was investigated by 

adding whey in various ratios to fish feed and its effects on 

growth and some immune parameters (Amer et al., 2019). It 

has been reported that adding 27.7% PAS to feed instead of 

fish meal increases C3 complement, lysozyme and 

phagocytic activity without any pathological disorder in fish 

tissues. 

In this study, some immune parameters of rainbow 

trout fed with pellet feeds prepared with whey, which is a 

valuable by-product due to its nutraceutical and 

pharmaceutical properties, were determined and the effects 

of whey on the immunity were investigated. 

 

MATERIAL AND METHODS 

 

This study was carried out in Çanakkale Onsekiz 

Mart University, Faculty of Marine Sciences and 

Technology. The rainbow trout with an average weight of 

70.28 ± 1.50 g were stocked in 6 tanks (3 control, 3 

experimental groups) each with 140 liters, with a stock 

density of 10 kg/m3. During the adaptation and the 

experiment, the water temperature was recorded as 15.2 ± 
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0.3°C, pH 7.85 ± 0.08, and oxygen as 7.56 ± 0.16 mg/L. 

During the adaptation, there were no signs of disease in the 

fish and before the experiment, the fish were examined for 

bacteria and parasites.  

The experimental and control groups were carried 

out triplicates and the experiment was carried out by 

providing 15% water change daily in a recirculated system 

with heating and cooling system. In the control group, 

anchovy fish meal (72% protein / 8% fat) at the rate of 52% 

was used as a source of protein in feeds. In the experimental 

group, Hardline Hipro Iso Whey concentrate (96% protein / 

0.5% fat), a commercial product, was added to the feeds at 

the rate of 38%. The ration of the feed used in this study is 

given in Table 1. Pellet feeds were prepared in La 

Monferrina - P3 brand feed machine at Çanakkale Onsekiz 

Mart University, Faculty of Marine Sciences and 

Technology and feed analyzes were done according to 

AOAC (1998). 
 

Table 1. Feed ration used in the experiment (% dry matter). 
 Control Diet (%) Experimental Diet (%) 

Fish meal 52 0 

WHEY 0 38 
Soybean meal 0 0 

Wheat flour 29 39 

Wheat gluten 0 0 
Tryptophan 0 0,2 

Arginine 0 0,2 

Mineral premixa 2 2 
Protector 0.001 0.001 

Vitamin premixa 2 2 

Starch 3.499 4.599 
Fish oil 11.500 14 

Total 100 100 

Analyzed proximate diet composition (% DM) 

Crude protein  (%) 40.67 41.22 
Lipid (%) 16.21 14.93 

Ash (%) 6.34 0.52 

NFEb (%) 27.32 35.60 
Gross energy (kjg -1) 20.65 21.68 

aPremix of vitamins and minerals according to NRC (1993) recommendations for fish. 
bNFE: nitrogen-free extract calculated by difference 

 

Blood samples from the fish in the experimental 

groups were collected on the 7th, 14th and 21st days. Five 

fish from each tank (15 fish per group) were used for the 

sampling. To do this, after the fish were caught randomly 

from the test tanks, they were treated with 2-Phenoxyethanol 

at 0.2 ml concentration (Summerfelt and Smith, 1990; 

Çetinkaya and Şahin, 2005). Blood samples were taken into 

K3EDTA and gel serum tubes. From hematological analyzes, 

hematocrit and hemoglobin values were determined using 

Mindray / BC 3000 Plus fully automated blood count device, 

which was calibrated for fish (Yılmaz and Ergün, 2018; 

Yılmaz, 2018). In addition, erythrocyte and leukocyte counts 

were made from the blood samples by hemocytometry 

(Buckley et al., 1976; Hofmann and Lomel, 1984). For 

serum analysis, the blood taken into gel tubes was 

centrifuged at 5000 g for 10 minutes and the obtained serum 

samples were stored at -80°C until the analysis. 

Oxidative radical production, nitro blue tetrazolium 

(NBT) activity was quantitatively determined according to 

the method reported by Siwicki et al (1996). In the 

quantitative determination of complement 3 concentration in 

fish serum, CUSABIO - Fish complement 3 (C3) ELISA Kit 

(Cat. No: CSB-E09727s) was used according to the 

manufacturer's instructions. To do this, briefly: 50 µl 

Standard solutions (in duplicate) and serum samples 

supplied with the kit were added to each well, then 50 µl 

HRP-conjugate and then 50 µl antibody were added. After 

washing and adding Substrate (A and B), the optical 

densities of the wells treated with stop solution after 

incubation at 37°C for 15 minutes in a dark environment, 

were measured at 450nm wavelength with a microplate 

reader.  

One-way analysis of variance (one-way ANOVA) 

was applied using the SPSS 21 software (IBM) and 

evaluated at a statistically significant level. 

 

RESULTS AND DISCUSSION 

 

Whey, which contains high quality proteins, 

bioactive components, minerals, as well as amino acids and 

vitamins that play a role in carbohydrate metabolism, 

constitutes 70-90% of the total milk volume. In cases where 

whey cannot be utilized, it must be removed from the 

environment by treatment. Because its high organic load, 

direct discharging to the nature leads to environmental 

pollution and the removal from the production facility is very 

expensive. This reason has led researchers to focus on the 

utilization of this waste product. The use of this product in 

human and animal health is rapidly increasing in both 

European Union and other countries (González-Siso, 1996; 

De Wit, 1998; Macwan et al., 2016). Although fish meal 

constitutes the main animal protein of fish food, because of 

low fish stocks and high cost of fish meal, novel protein 

sources are needed.  In Turkey, there is a study conducted to 

investigate the effect of whey protein on various biochemical 

parameters in the tissues of rainbow trout by Özcan et al. 

(2021). They feed rainbow trout with fed diets containing 

four doses of whey protein for 42 days and found that the 

lipid levels of fish fed diets with 1.5% whey protein was 

essentially higher than that of fish fed the control diet. They 

suggested that whey could be an alternative protein sources.  

In this study, blood and immune parameters 

between the control group and the experimental group were 

analyzed statistically with samples taken over a 3-week 

period. The red blood cell count, leukocyte cell count, NBT 

activity, hemoglobin value and hematocrit value of the 

control and experimental groups were statistically similar 

(p>0.05). The mean values/counts of erythrocyte, leukocyte, 

NBT activity, hemoglobin, hematocrit, C3 complement and 

weekly standard deviations are shown in Figure 1. 
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A statistically significant (p<0.05) increase was 

observed in the C3 complement concentration, which was 

measured equally in the control and experimental group at 

the beginning, compared to the control group in the second 

week (Figure 2). When the findings obtained in this study 

evaluated, it was determined that whey had no effect on 

blood parameters. This result is opposed to the results of 

Amer et al. (2019) and Abou-El-Atta et al. (2019), but 

similar to Rusu et al. (2009) and Wong and Watson (1995). 

 

  

  

 
 

Figure 1. The mean values of (a) erythrocyte count (106/mm3), (b) leukocyte count (103/mm3), (c) NBT activity (mg/ml), (d) hemoglobin 

(g/100 ml), (e) hematocrit (%) (N = 15). 

 

 
Figure 2. The mean values of C3 complement concentrations 

(µg/ml). 

 

The use of whey which can help reduce the use of 

feed additives imported from abroad and used extensively 

in aquaculture, was investigated in this study. As a result, 

the use of whey in fish did not have any negative effects on 

the fish during the research and in terms of the parameters 

examined. In the future studies, investigating the effects of 

whey on the immune system by feeding with different 

ratios and for longer periods of time will provide more 

accurate results regarding this protein source. 

 

ETHICAL APPROVAL 

This study was carried out the approval of Istanbul 

University Animal Experiments Local Ethics Committee 

(Decision no: 2015/21). 

 

ACKNOWLEDGEMENTS  
 

This study was carried out with the support of 

Istanbul University Scientific Research Projects Unit, 

Project no:55025 (ID:3372). 

 

 



Yardımcı et al., (2022)                                                         J. Anatolian Env. and Anim. Sciences, Year:7, No:1, (15-20), 2022 

   

   

19 

REFERENCES  

 

Abou‐El‐Atta, M.E., Abdel‐Tawwab, M., Abdel‐Razek, 

N. & Abdelhakim, T.M.N. (2019). Effects of 

dietary probiotic Lactobacillus plantarum and 

whey protein concentrate on the productive 

parameters, immunity response and 

susceptibility of Nile tilapia, Oreochromis 

niloticus (L.), to Aeromonas sobria infection. 

Aquaculture Nutrition, 25, 1367-1377.  

Amer, S.A., Osman, A., Al-Gabri, N.A., Elsayed, 

S.A.M., Abd El-Rahman, G.I., Elabbasy, 

M.T., Ahmed, S.A.A. & Ibrahim, R.E. (2019). 
The effect of dietary replacement of fish meal 

with Whey protein concentrate on the growth 

performance, fish health, and immune status of 

Nile tilapia fingerlings, Oreochromis niloticus. 

Animals, 9, 1003. 

AOAC. (1998). Official methods of analysis (15 ed.). 

Arlington, VA, AOAC.  

Bañuelos-Vargas, I., López, L.M., Pérez-Jiménez, A. & 

Peres, H. (2014). Effect of fishmeal 

replacement by soy protein concentrate with 

taurine supplementation on hepatic intermediary 

metabolism and antioxidant status of Totoaba 

juveniles (Totoaba macdonaldi). Comparative 

Biochemistry and Physiology-Part B: 

Biochemistry & Molecular Biology, 170, 18-25. 

Bell, J.G., McEvoy, J., Tocher, D.R., McGhee, F., 

Campbell, P.J. & Sargent, J.R. (2001). 
Replacement of fish oil with rapeseed oil in diets 

of Atlantic salmon (Salmo salar) affects tissue 

lipid composition and hepatocyte fatty acid 

metabolism. The Journal of Nutrition, 131, 

1535-1543. 

Buckley, J.A., Whitmore, C.M. & Matsuda, R.I. (1976). 
Changes in blood chemistry and blood cell 

morphology in Coho Salmon (O. kisutch), 

following exposure to sublethal levels of total 

residual chlorine in municipal wastewater. 

Journal of the Fisheries Research Board of 

Canada, 33, 776-782. 

Caballero, M.J., Obach, A., Rosenlund, G., Montero, 

D., Gisvold, M. & Izquierdo, M.S. (2002). 
Impact of different dietary lipid sources on 

growth, lipid digestibility, tissue fatty acid 

composition and histology of rainbow trout, 

Oncorhynchus mykiss. Aquaculture, 214, 253-

271. 

Çetinkaya, O. & Şahin, A. (2005). Anaesthesia 

applications on fish and main anaesthetics. In: 

M. Karatas (ed.) Research Techniques in Fish 

Biology. Part 9, 237-275p, Nobel Publishing, 

Ankara. 

Clare, D., Catignani, G. & Swaisgood, H. (2003).  
Biodefense properties of milk: The role of 

antimicrobial proteins and peptides. Current 

Pharmaceutical Design, 9, 1239-1255. 

De Wit, J. (1998). Nutritional and functional 

characteristics of whey proteins in food 

products. Journal of Dairy Science, 81(3), 597-

608. 

Eslami, S., Karandish, M., Marandi, M.S. & Zand-

Moghaddam, A. (2010). Effects of Whey 

protein supplementation on hematological 

parameters in healthy young resistance male 

athletes. Journal of Applied Sciences, 10, 991-

995.  

EWPA. (2020). European Whey Processors Association 

(EWPA) web sitesi. 

http://ewpa.euromilk.org/pub/benefitsofwhey/

whey-protein-can-benefit-many-people.html 

(Ziyaret tarihi: 19.05.2020) 

Gatlin, D.M., Barrows, F.T., Brown, P., Dabrowski, K., 

Gaylord, T.G., Hardy, R.W., Herman, E., 

Hu, G., Krogdahl, A., Nelson, R., Overturf, 

K., Rust, M., Sealey, W., Skonberg, D., 

Souza, E.J., Stone, D., Wilson, R. & Wurtele, 

E. (2007). Expanding the utilization of 

sustainable plant products in aquafeeds: a 

review. Aquaculture Research, 38, 551-579. 

DOI: 10.1111/j.1365-2109.2007.01704.x 

Gonzalez-Siso, M.I. (1996). The biotechnological 

utilization of cheese whey: A review. 

Bioresource Technology, 57, 1-17. 

Hofmann, R. & Lomel, R. (1984). Effects of repeated 

blood sampling on some blood parameters in 

freshwater fish. Journal of Fish Biology, 24, 

245-251. 

Jobling, M. (2016). Fish nutrition research: past, present 

and future. Aquaculture International, 24(3), 

767-786. 

Kriton, G., Dimitra, K., Corraze, G., Jaume, P.S., 

Adorjan, A. & Zsuzsanna, J.S. (2018). Impact 

of diets containing plant raw materials as fish 

meal and fish oil replacement on rainbow trout 

(Oncorhynchus mykiss), gilthead sea bream 

(Sparus aurata), and common carp (Cyprinus 

carpio) freshness. Journal of Food Quality, 

Volume 2018, Article ID 1717465, 14 pages. 

DOI: 10.1155/2018/1717465 

Macwan, S.R., Bhumika, K.D., Parmar, S.C. & 

Aparnathi, K.D. (2016). Whey and its 

utilization. International Journal of Current 

Microbiology and Applied Sciences, 5(8), 134-

155. DOI: 10.20546/ijcmas.2016.508.016 

Özcan, M., İspir, Ü., Şahin, A. (2021). Effects of Whey 

Protein on Biochemical Composition of 

Rainbow Trout (Oncorhynchus mykiss). Journal 

of Anatolian Environmental and Animal 

Sciences, 6(2), 170-173. DOI: 

10.35229/jaes.828969 

Rana, K.R., Siriwardena, S. & Hasan, M.R. (2009). 
Impact of Rising Feed Ingredient Prices on 

Aquafeeds and Aquaculture Production. Food 

and Agriculture Organization of the United 

Nations, Rome. 

Rosenlund, G., Obach, A., Sandberg, M.G., Standal, H. 

& Tveit, K. (2001). Effect of alternative lipid 

sources on long-term growth performance and 

http://ewpa.euromilk.org/pub/benefitsofwhey/whey-protein-can-benefit-many-people.html
http://ewpa.euromilk.org/pub/benefitsofwhey/whey-protein-can-benefit-many-people.html
https://doi.org/10.1111/j.1365-2109.2007.01704.x
https://doi.org/10.1155/2018/1717465
https://doi.org/10.20546/ijcmas.2016.508.016
https://doi.org/10.35229/jaes.828969
https://doi.org/10.35229/jaes.828969


Yardımcı et al., (2022)                                                         J. Anatolian Env. and Anim. Sciences, Year:7, No:1, (15-20), 2022 

   

   

20 

quality of Atlantic salmon (Salmo salar L.). 

Aquaculture Research, 32, 323-328. 

Rusu, D., Drouin, R., Pouliot, Y., Gauthier, S. & 

Poubelle, P.E. (2009). A bovine Whey protein 

extract can enhance innate immunity by priming 

normal human blood neutrophils. The Journal of 

Nutrition, 139(2), 386-393. 

Rutherfurd-Markwick, K.J., Johnson, D., Cross, M.L. 

& Gill, H.S. (2005). Modified milk powder 

supplemented with immunostimulating whey 

protein concentrate (IMUCARE) enhances 

immune function in mice. Nutrition Research, 

25, 192-203.  

Siwicki, A.K., Miyazaki, T., Komatsu, I. & Matsusato, 

T. (1996). In vitro influence of heat extract from 

firefly squid Watasenia scintillans on the 

phagocyte and lymphocyte activities in rainbow 

trout Oncorhynchus mykiss. Fish Pathology, 

31(1), 1-7. 

Summerfelt, R.C. & Smith, L.S. (1990). Anaesthesia, 

surgery and related techniques. In: C.B. Schreck 

and P.B. Moyle (eds.) Methods for Fish Biology. 

213-272p., American Fisheries Society, 

Bedhesda, MD. 

Szczurek, W., Szymczyk, B., Arczewska-Włosek, A., 

Józefiak, D. & Alloui, M.N. (2013). The effects 

of dietary whey protein concentrate level on 

performance, selected intestinal tract and blood 

parameters, and thiobarbituric acid reactive 

substances in the liver and breast meat of broiler 

chickens. Journal of Animal and Feed Sciences, 

22(4), 342-353.  

Tacon, A.G.J. & Metian, M. (2008). Global overview on 

the use of fish meal and fish oil in industrially 

compounded aquafeeds: Trends and future 

prospects. Aquaculture, 285(1-4), 146-158. 

WHO, 2006. World Health Organization Report of a joint 

FAO/OIE/WHO expert consultation on 

antimicrobial use in aquaculture and 

antimicrobial resistance: Seoul, Republic of 

Korea, 13-16 June 2006. ISBN 92 4 159512 4 

Wong, C.W. & Watson, D.L. (1995). Immunomodulatory 

effects of dietary whey proteins in mice. Journal 

of Dairy Research, 62(2), 359-368. 

Wong, C.W., Seow, H., Husband, A., Regester, G. & 

Watson, D.L. (1997). Effects of purified bovine 

whey factors on cellular immune functions in 

ruminants. Veterinary Immunology and 

Immunopathology, 56, 85-96. 

Wong, K., Middleton, N., Montgomery, M., Dey, M. & 

Carr, R. (1998). Immunostimulation of murine 

spleen cells by materials associated with bovine 

milk protein fractions. Journal of Dairy Science, 

81, 1825-1832.  

Yang, Y.H., Wang, Y.Y., Lu, Y. & Li, Q.Z. (2011). 
Effect of replacing fish meal with soybean meal 

on growth, feed utilization and nitrogen and 

phosphorus excretion on rainbow trout 

(Oncorhynchus mykiss). Aquaculture 

International, 19, 405-419. 

Yıldız, M., Eroldoğan, T.O., Ofori-Mensah, S., Engin, 

K. & Baltacı, M.A. (2018). The effects of fish 

oil replacement by vegetable oils on growth 

performance and fatty acid profile of rainbow 

trout: re-feeding with fish oil finishing diet 

improved the fatty acid composition. 

Aquaculture, 488, 123-133. 

Yılmaz, S. & Ergün, S. (2018). Trans-cinnamic acid 

application for rainbow trout (Oncorhynchus 

mykiss): effects on haematological, serum 

biochemical, non-specific immune and head 

kidney gene expression responses. Fish & 

shellfish immunology, 78, 140-157. 

Yılmaz, S. (2018). Balık İmmunolojisi Analiz 

Yöntemleri/Methods of Fish Immunology 

Analysis. Paradigma Akademi Kitabevi 

Yayınları, İSTANBUL, 105 sayfa. 

 


