
Aquaculture Nutrition. 2019;00:1–11.	 wileyonlinelibrary.com/journal/anu�  |  1© 2019 John Wiley & Sons Ltd

1  | INTRODUC TION

Improving the bioeconomic efficiency of aquaculture industry is de‐
pendent on advances in biology, nutrition and environmental man‐
agement of the production cycle (Hassaan et al., 2019; Hassaan 

Mahmoud et al., 2018; Hassaan & Soltan, 2016). Antibiotics and other 
veterinary drugs are administered regularly as additives, therapeu‐
tics or growth promoters and immunostimulant in fish feed (Rico et 
al., 2013). Recently, the use of veterinary drugs is becoming more re‐
stricted since they present several side‐effects for the environment 
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Abstract
Bromelain is a proteolytic enzyme extracted from Ananas comosus and has great po‐
tential to affect several physiological functions. The current study examined the ef‐
fect of bromelain added to commercial feed at concentrations of 0 g (control), 10 g 
(B1) and 20  g (B2) per kg diet on growth, feed utilization, intestinal morphology, 
digestive enzyme and immune response of juvenile Sterlet (Acipenser ruthenus) for 
56 days. At the end of this experiment, the highest final body weight was detected in 
fish fed diet of B2 compared to control. The protein content of whole fish was higher 
in fish fed diet of B1 and B2, but the content of calcium, iron, copper and zinc was 
noted lower in fillets of fish fed diet of B1 and B2. Supplementation with bromelain 
significantly increased the height of mucosal folds, enterocytes and the supranuclear 
zone of the epithelial cells compared to control diet. The enzymatic activity of lipase 
and pepsin was significantly (p < 0.05) higher in fish fed diet of B1 and B2. The highest 
activity of lysozyme, total protein level and total immunoglobulin and the prolifera‐
tive activity of T and B cells were detected in fish fed diet of B2 compared to con‐
trol, where no significant (p > 0.05) difference was found in ceruloplasmin, metabolic 
activity of spleen macrophages and potential killing activity of spleen phagocytes 
between different treatments.
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and health safety (Hassaan, Soltan, & Ghonemy, 2014; Reverter, 
Bontemps, Lecchini, Banaigs, & Sasal, 2014). Additionally, drug resis‐
tance development is associated with the excessive use of antibiotics 
that leads to decrease in therapeutic potential over time (Anderson, 
1992). Therefore, preventing disease should be based on limiting the 
possibility of infection and stimulating the non‐specific and humoral 
and cell‐mediated immunity of fish (Kolman, Kolman, & Siwicki, 1998). 
Currently, there is an increase in using bioactive materials as growth 
promoters in fish feed, especially after the ban of antibiotic feed ad‐
ditives within the European Union countries in 2006 and discussion 
to restrict their use outside Europe (Christaki, Bonos, Giannenas, & 
Florou‐Paneri, 2012; Hassaan et al., 2018). The criteria for choosing 
a given supplement are obviously safety and high active compound 
content. In this regard, the medicinal properties of bromelain have 
been recognized since the 1970 and are worthy of consideration.

Bromelain is a raw aqueous extract of pineapple stems and fruit 
(Ananas comosus) (Smith‐Marshall & Golden, 2012). This aqueous ex‐
tract contains thiol endopeptidase and non‐protein compounds such 
as carbohydrates, cellulase, glycosidase, phosphatase glycoproteins, 
peroxidase and protease (Arshad et al., 2014). With respect to the 
activity and stability of natural bromelain, Hale, Greer, Trinh, and 
James, (2005) reported that the proteolytic activity of concentrated 
bromelain solutions remains relatively stable for at least 1 week at 
room temperature as well as the concentrated bromelain solutions 
are more resistant to spontaneous inactivation of their proteolytic 
activity than dilute solutions in feed. Also, Rathnavelu, Alitheen, 
Sohila, Kanagesan, and Ramesh, (2016) show that bromelain remains 
biologically active with a half‐life of 6–9 hr in human body. The en‐
zymatic activity of bromelain covers a wide pH spectrum from 5.5 
to 8.0 (Pavan, Jain, Shraddha, & Kumar, 2012), while the optimum 
range is 6.0–7.0 at a temperature range of 50–60◦C (Manzoor, 
Nawaz, Mukhtar, & Haq, 2016). There are many studies were car‐
ried out to investigate the separation, extraction and purification 
of bromelain from pineapple residues (Coêlho, Silva, Machado, 
Silveira, & Tambourgi, 2015; Ketnawa, Chaiwut, & Rawdkuen, 2012; 
Martins et al., 2014; Novaes, Ebinuma, Mazzola, & Júnior, 2013). 
Bromelain has a great potential to affect several physiological func‐
tions. Primarily, as an enzyme, it facilitates protein digestion by par‐
tially hydrolysing molecules into smaller peptides and increasing 
their availability in food (Fennema, 1996). When formulating fish 
feeds with high contents of plant‐based ingredients, the addition of 
the enzyme can significantly improve fish plant protein utilization 
(Liebert & Portz, 2005; Singh et al., 2011). Furthermore, bromelain 
is considering a good alternative to microbial proteases like subtil‐
isins from Bacillus licheniformis and B. amyloliquifaceins that are en‐
zymes of choice for detergents (Van Beckhoven, Zenting, Maurer, 
Van Solingen, & Weiss, 1995). Bromelain also has immunomodula‐
tory affects which activates the natural killer cells and modulates the 
immune response of T and B cells in the blood (Engwerda, Andrew, 
Ladhams, & Mynott, 2001). Bromelain prevents excessive platelet 
adhesion that reduces the risk of thrombosis (Orsini, 2006; Padma, 
Jayakumar, Mathai, Chintu, & Sarath, 2012). Additionally, it is anti‐
oedematous and anti‐carcinogenic, and it has anti‐inflammatory and 

antibiotic properties (Reddy, Grossman, & Rogers, 2013). Bromelain 
is also used in the food industry, for example, in meat process‐
ing and in brewing (Maurer, 2001; Soares, Vaz, Correia, Pessoa, & 
Carneiro‐da‐Cunha, 2012), and in the textile and cosmetic industries 
(Babu, Rastogi, & Raghavarao, 2008; Ketnawa, Sai‐Ut, Theppakorn, 
Chaiwut, & Rawdkuen, 2009; Lima, Simões, Vieira, Silva, & Ruzene, 
2018). However, the effect of bromelain particularly on the physio‐
logical status of aquatic animal has not been studied yet. Therefore, 
the current study was conducted to evaluate the effect of bromelain 
supplemented with 10 and 20 g/kg diet on fish growth rate, body 
chemical composition and mineral contents, liver and gastrointes‐
tinal tract histology, the activity of selected digestive enzymes, and 
the most important parameters of non‐specific (humoral and cell‐
mediated) immunity on juvenile Sterlet (Acipenser ruthenus). Today, 
the sturgeon is recognized as one of the world's most precious com‐
mercial fish, mainly prized for its caviar, but increasingly also for its 
meat and as ornamental fish. Many sturgeon species are threatened 
with extinction. Aquaculture, including growing, nursing and repro‐
duction, offers the solution for sustainable sturgeon production. 
Furthermore, sturgeon culture is also considered as business com‐
modity with great economic potential.

2  | MATERIAL S AND METHODS

2.1 | Fish and rearing conditions

The experiment was conducted at the Department of Ichthyology, 
Hydrobiology, and Aquatic Ecology, Inland Fisheries Institute (IFI) in 
Olsztyn. A total of 180 Sterlet with an average initial body weight of 
56 ± 3.59 g were selected and acclimatized to the experimental tanks 
for 15 days before the start of the feeding experiment. During this pe‐
riod, fish were fed a commercial diet (540 g/kg crude protein, 22.6 MJ/
kg gross energy). At the start of the experiment, fish were weighed, 
and 20 fish were randomly stocked in each of nine tanks (280 dm−3 
each tank) connected in recirculating aquaculture system (RAS). 
Water quality parameters during this study were (means ± standard 
deviation) as follows: temperature, 20  ±  0.2°C; dissolved oxygen, 
6.15 ± 0.59 mg/L; total ammonia nitrogen (TAN = NH4

+‐N + NH3‐N) 
and nitrate (NO2‐N), 0.163 ± 0.098 mg/L and 0.014 ± 0.004 NO2‐N 
mg/L, respectively; pH, 7.4–7.6. The photoperiod applied was LD 
12:12. Light intensity measured at the surface of the rearing tanks 
was 50–60 lx. The length of the experiment was 56 days.

2.2 | Experimental design and diets

Fish were fed with three types of diets for 56  days: diet 1 (C) 
was a commercial diet for this species (control diet) (Nutra T‐2.0, 
Skretting, France, 54% protein and 18% lipids), whereas diet 2 (B1) 
and diet 3 (B2) were supplemented with (Sigma‐Aldrich; 900 U/g) 
10  g and 20  g of kg−1 of bromelain, respectively. To prepare the 
experimental diets, the commercial diet was milled, and then, the 
bromelain levels were added. The quantity of the used enzyme was 
mixed with water (30  ml of distilled water; 28°C for 500  g feed) 
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and added to the diet and mixed until a homogeneous mass was 
obtained. After homogenized, the diets re‐pelletized in a pellet mill 
using an AGA Labor vacuum device (Lublin, Poland) with a 3 mm di‐
ameter which was appropriate for the size of the fish used in the ex‐
periment. Diets were dried at room temperature, and then packed 
in cellophane bags and stored at 4°C until use. The proximate com‐
position of the experimental diets was analysed according to the 
procedures described by AOAC methods (1995) (Table 1). Fish were 
fed 12 times per day using an automatic feeder at a feeding rate of 
1.5% of biomass.

2.3 | Bromelain activity in the formulated feed

The activity of bromelain enzyme was estimated according to 
Hassaan et al. (2019). In brief, 2 g of diets (with or without bromelain 
supplementation) was mixed with 1 g of fish meal. Each group after 
mixed was incubated with buffer solution (Na2B4O7 (H2O)10‐H2BO3, 
pH 8.5) containing penicillin and streptomycin (200  U/ml) for 2  hr 
at a temperature of 35°C. Total free essential amino acid was ana‐
lysed by comparing with the ammonium sulphate (the standard solu‐
tion) standard curve using a spectrophotometer at OD 570 nm. The 
amount of free essential amino acid hydrolysed by the bromelain in 
the diets (with or without bromelain supplementation) and occurred 
naturally in fishmeal was compared. The difference in free amino acid 
content between diet with and without bromelain supplementation 
is shown in Table 2. Relative activity of bromelain % = (free amino 
acid in with bromelain − free of amino acid without bromelain) ×100.

2.4 | Effect of bromelain supplementation on the 
physical qualities of feed

The diets after re‐pelleted with or without bromelain were tested 
for water stability according to Baeverfjord, Refstie, Krogedal, and 

Åsgård, (2006) (Table 3). Also, pellet durability after supplemen‐
tation of bromelain was evaluated according to the procedure of 
Ayoola (2016) (Table 3).

2.5 | Growth performance and feed utilization

Initial body weight (g), initial body length (cm), initial body weight 
(g) and final body weight (g) of individual fish were recorded for 
all fish/each tank at the initiation and the termination of the ex‐
periment. Monitoring measurements of mean weight were done 
every seven days to determine the feed ration for each tank. At 
the end of the experiment, five fish from each replicate were ran‐
domly collected and the viscera and liver were weighed to deter‐
mine the values of the HSI and VSI indexes. Growth performance 
and feed utilization parameters were calculated with the following 
formulas:

DGR (daily growth rate, g/day) = (Wf – Wi) × T
−1;

SGR (specific growth rate, % per day) = 100 × [(lnWf – lnWi) × T
−1];

ICF (initial condition factor) = (Wi × 100) × TL
−3;

FCF (final condition factor) = (Wf × 100) × TL
−3;

FCR (feed conversion ratio) = TFI × (Wf – Wi)
−1;

PER (protein efficiency ratio) = (Wf – Wi) × TFP
−1.

HSI (hepatosomatic index, %) = 100 × (LW × W−1)
VSI (viscerosomatic index, %) = 100 × (VW × W−1)

where Wi = initial mean body weight (g), Wf = final mean body weight 
(g); T = rearing time (days). W = body weight (g); TL = total length 
(cm); FB =  final stock biomass (g); IB =  initial stock biomass (g); 
TFI = total feed intake (g); TFP = total feed protein (g); LW = liver 
weight (g); VW = viscera weight (g).

2.6 | Chemical composition and mineral 
composition in fish muscles

At termination of the trial, a random sample of five individual of 
whole fish and fillet was sampled from each tank, oven‐dried at 
105°C for 24 hr, ground and stored at −20°C for subsequent analy‐
sis. Proximate analysis was conducted on both diet and fish sam‐
ples. Dry matter, total lipids, crude protein and ash contents were all 
determined with standard methods AOAC (1995). Dry matter was 
determined after drying the samples in an oven (105°C) for 24 hr. 
Ash was determined by incineration at 550°C for 12 hr, according 
to method number 942.05. Crude protein was determined with 
the micro‐Kjeldahl method, N × 6.25 (using a Kjeltech 1030 auto‐
analyser, Tecator, Höganäs, Sweden) according to method number 
984.13, and crude fat was determined by Soxhlet extraction with 
diethyl ether (40–60°C), according to method number 920.39 using 
an E‐816HE automatic extractor. Fibre content of the experimen‐
tal diets was determined according to the method of Van Soest, 
Robertson, and Lewis (1991) using Tecator Fibertec System M 1020. 
Nitrogen‐free extract (NFE) was computed by taking the sum of 

TA B L E  1   Proximate composition (g/kg of dry weight) of 
experimental diets contains 10 g (B1) and 20 g (B2) per kg of 
bromelain

 

Dietary treatments

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

Crude protein 540.0 540.0 540.0

Crude lipid 180.0 180.0 180.0

Crude fibre 10.0 10.0 10.0

Crude ash 115.0 115.0 115.0

NFEa 155.0 155.0 155.0

Gross energyb 
(MJ/kg)

22.6 22.6 22.6

Bromelain 0 10 20

aNitrogen‐free extracts = 100 − (crude protein + crude lipid + crude 
fibre + crude ash) (Shearer, 1994). 
bGross energy calculated from the chemical composition using the 
following energy conversion factors: 24 kJ/g proteins, 39 kJ/g lipids and 
17 kJ/g NFE (Jobling, 1994). 
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values for crude protein, crude lipid, crude fibre and ash and by sub‐
tracting this sum from 100.

The samples of fish muscles were dried to a constant weight 
at 105◦C and then ashed at 450°C for 12  hr. The white ash was 
dissolved in 1 M HNO3 (Suprapur‐Merck), and then, each sample 
was transferred quantitatively into 25‐ml volumetric flasks with 
deionized water. The concentrations of six elements (Fe, Mn, Cu, 
Zn, Mg and Ca) were measured with flame atomic absorption spec‐
trometry (Unicam Solar 939) and corrected with a deuterium lamp. 
The absorption wavelengths were as follows: 248.3  nm for iron; 
213.9 nm for zinc; 324.8 nm for copper; 279.5 nm for manganese; 
285.2  nm for magnesium; and 422.7  nm for calcium. A solution 
of lanthanum chloride was added to all samples when determin‐
ing calcium to eliminate the influence of phosphorus (Whiteside 
& Miner, 1984). Sodium and potassium were assayed using flame 
photometry (Flapho 4, Carl Zeiss Jena) at 589.0 and 766.5 nm, re‐
spectively (Rutkowska, 1981). Phosphorus was determined using 
the colorimetric method of Mattsson and Swartling (1954). The 
absorbance of phosphorus was determined at 610 nm (VIS 6000 
Spectrophotometer).

2.7 | Histological analysis

On the last day of the experiment, the liver and mid‐section of the 
gastrointestinal tract were collected from five fish from each tank 
and were analysed histologically (Alvarez‐González et al., 2008; 
Zawistowski, 1986). The tissues were fixed in Bouin solution, de‐
hydrated with ethanol, cleared with xylene, embedded in paraf‐
fin blocks and then sectioned with a microtome (Leica, Bensheim, 
Germany) into 5‐μm sections. The sections were stained in hae‐
matoxylin and eosin (H&E) and then analysed under a light micro‐
scope (Olympus Cx31, Japan). MultiScanBase (Computer Scanning 

System Ltd., Warsaw, Poland) was used to examine and take struc‐
tural measurements on each specimen as follows: liver—hepatocyte 
size and that of its nucleus (based on which the nuclear/cytoplasmic 
index was calculated) and intestines—muscularis thickness, mucosal 
fold height, enterocyte height, supranuclear zone height and entero‐
cyte nucleus size (μm). Histological measurements were taken of 50 
cells and of the nuclei of the tissues analysed and collected from 
each specimen.

2.8 | Enzyme activity

The intestine and stomach were collected from five specimens 
from each experimental group, frozen in liquid nitrogen and stored 
at −80°C until use. The material for analysing enzyme activity and 
the protein content of the sample was homogenized in buffers ac‐
cording to the procedures described below. The samples were cen‐
trifuged at a temperature of 4°C for 15 min (15,000 g). All enzyme 
activity analyses were performed in three replicates. Measurements 
of absorption were performed with a Camspec M501 spectropho‐
tometer (Camspec Ltd.). Alkaline phosphatase (ALP) activity was 
determined with the method by Wenger, Kaplan, Rubaltelli, and 
Hammerman (1984). Acid phosphatase (AcP) activity was deter‐
mined with the modified Hillmann method (Abbott, 1984). Leucine 
aminopeptidase (LAP) activity was determined with the method by 
Nagel, Willig, and Schmidt (1964). Amylase activity was determined 
with the Foo and Bais (1998) method. Lipase activity was deter‐
mined with the method by Winkler and Stuckmann (1979). Trypsin 
activity was determined with the method by Erlanger, Kokowsky, 
and Cohen (1961). Pepsin activity was determined with the Anson 
(1938) assay using haemoglobin as the substrate. The activity of 
each enzyme was analysed in five replicates (at 25°C) and calcu‐
lated for 1 mg of protein of the enzymatic extract (µmol of product 

 

Dietary treatments

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

FAA without bromelain (mg/ml) 21.91 21.99 21.86

FAA With bromelain (mg/ml) – 26.16 27.13

Difference of FAA (mg/ml) – 4.17 5.27

Relative activity of bromelaina % – 118.96 124.11

Abbreviation: FAA, free amino acid.
aRelative activity of bromelain % = (free amino acid in with bromelain − free of amino acid without 
bromelain) ×100 

TA B L E  2   Relative bromelain activity 
% in the experimental diets based on 
free amino acid (FAA) hydrolysed mg/ml 
(Means ± SD; n = 4)

 

Dietary treatments

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

Water stability (30 min) 91.05 ± 1.07c 93.7 ± 1.17b 95.95 ± 1.6a

Durability 86.16 ± 1.78c 88.98 ± 1.22b 90.13 ± 1.03a

Note: Means followed by different letters in the same row are significantly different (p < 0.05).

TA B L E  3   Effect of bromelain blend as 
feed additive on water stability (%) and 
durability (%) of feed
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per 1 min). The total protein content in the sample was determined 
with the method by Lowry, Rosebrough, Farr, and Randall (1951).

2.9 | Immunological assays

2.9.1 | Non‐specific humoral immunity

At the end of the experiment, blood was drawn from the caudal 
vein of five fish from each treatment and control group. After cen‐
trifuging (5,000 g, 10 min), selected humoral immunity parameters 
of the blood plasma were determined. The total protein level was 
determined with the spectrophotometric method described by 
Anderson and Siwicki (1994), and the level of total immunoglobulin 
(Ig) was determined according to the method described by Siwicki 
and Anderson (1993). Lysozyme activity was determined with the 
turbidimetric method (Parry, Chandan, & Shahani, 1965) modi‐
fied by Siwicki and Anderson (1993). The content of ceruloplasmin 
(Cp; IU) was determined spectrophotometrically (Rice, Wagman, & 
Takenaka, 1963).

2.9.2 | Non‐specific cellular immunity

The same fish of blood sampled were dissected to collect the spleen 
tissue for using to estimate the immunocompetent cells. Spleen leu‐
cocytes were isolated by centrifugation (2,000 g, 30 min) at a tem‐
perature of 4◦C in the lymphocyte separation mediums of Gradisol 
G and Gradisol L (Polfa), rinsed three times in PBS and then placed 
again in RPMI 1640 (Sigma) medium supplemented with 10% FCS 
(foetal calf serum, Gibco‐BRL) at a concentration of 2  ×  105 cells 

per ml. Supravital staining with 0.1% trypan blue was used to check 
cell viability. Two hundred cells were counted. Samples with at least 
90% of living cells were used in the analysis. Macrophage metabolic 
activity was determined with the spectrophotometric method after 
the cells had been stimulated with phorbol myristate acetate (PMA). 
The macrophages were isolated from the spleens by centrifuging the 
cells in Gradisol G (Polfa) medium. The potential killing activity (PKA) 
of the phagocytes was determined with the spectrophotometric 
method after the cells were stimulated with Aeromonas hydrophila 
according to the method described in Siwicki and Anderson (1993). 
The proliferative activity of lymphocytes was determined based on 
the proliferative response of T cells stimulated with concanavalin A 
(ConA, Sigma) and B cells stimulated with lipopolysaccharide (LPS) 
with the MTT test described by Siwicki and Anderson (1993).

2.10 | Statistical analysis

Data were analysed statistically with ANOVA using the GraphPad 
Prism (Soft. Inc.). The data were submitted to one‐way classification 
variance analysis. When differences were statistically significant 
(p ≤ 0.05), Tukey's post hoc test was applied.

3  | RESULTS

3.1 | Relative rate of exogenous protease activity

The relative activity of bromelain in formulated diets after supple‐
mented with bromelain B1 and B2 was 118.96% and 124.11%, re‐
spectively (Table 2).

 

Dietary treatments

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

Initial total length (cm/
fish)

26.28 ± 0.56 26.13 ± 0.23 26.21 ± 0.78

Final total length (cm/fish) 33.05 ± 0.11b 33.63 ± 0.06a 33.87 ± 0.64a

Initial body weight (g/fish) 56.04 ± 3.90 54.01 ± 3.09 56.29 ± 3.72

Final body weight (g/fish) 147.27 ± 10.5c 156.23 ± 1.23b 162.19 ± 5.75a

Daily growth rate (DGR; 
g/day)

1.27 ± 0.18c 1.40 ± 0.06b 1.45 ± 0.12a

Specific growth rate (SGR; 
% per day)

1.34 ± 0.16c 1.37 ± 0.22b 1.45 ± 0.13a

Initial condition factor 0.31 ± 0.01 0.30 ± 0.01 0.31 ± 0.01

Final condition factor 0.41 ± 0.03 0.41 ± 0.01 0.42 ± 0.03

Feed conversion ratio 
(FCR)

1.12 ± 0.05a 1.04 ± 0.06b 1.04 ± 0.09b

Protein efficiency ratio 
(PER)

1.65 ± 0.08 1.79 ± 0.11 1.79 ± 0.17

Viscerosomatic index 
VSI (%)

3.72 ± 0.47b 4.60 ± 0.73a 4.50 ± 0.57a

Hepatosomatic index 
HSI (%)

1.05 ± 0.36b 1.30 ± 0.42a 1.40 ± 0.53a

Note: Means followed by different letters in the same row are significantly different (p < 0.05).

TA B L E  4   Rearing parameters of 
Sterlet fed experimental diets for 56 days 
(mean ± SD)
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3.2 | Effect of bromelain supplementation on the 
physical qualities of feed

The data for the effect of bromelain addition on feed water stability 
and durability are presented in Table 3. Feed water stability and du‐
rability were significantly (p < 0.05) different among the treatment 
diets. Diet supplemented with B2 (20 g/kg bromelain) had the high‐
est value, which were significantly different as compared to diet sup‐
plemented with B2 (10 g/kg bromelain) and control diet.

3.3 | Growth analysis and feed utilization

No fish mortalities were observed during the experiment in any of the 
dietary treatment groups. Growth performance and feed utilization 
parameters are significantly affected by supplementation of bromelain 
in diets. Final body weight (162.19 g) was significantly (p < 0.05) higher 
than the control group (147.27 g), and diets of B1 and B2 recorded the 
highest final body length (Table 4). Fish fed diet of B1 and B2 had the 
highest DGR and SGR (p < 0.05), while the FCR in groups B1 and B2 
was significantly statistically lower (p < 0.05; Table 4). No significant 
(p > 0.05) differences were found in condition factor or PER between 
treatment groups (Table 2). The values of HSI and VSI were signifi‐
cantly (p < 0.05) higher in groups B1 and B2 (Table 4).

3.4 | Proximate composition

Table 5 shows the chemical composition of the whole body and 
fillet of fish. No significant (p  >  0.05) differences were found in 

lipid content of whole fish and fillet as well as the moisture con‐
tent of whole‐body fish. Diet supplementing with bromelain had 
a significant (p  <  0.05) impact on the protein content of whole 
fish and fillet. The protein content of whole fish was significantly 
(p < 0.05) lower in fish fed diet of B1 and B2 than control group. 
The level of protein and moisture was significantly (p < 0.05) lower 
in the fillets of starlet fed diet B2 at the end of the experiment. 
No significant (p > 0.05) differences were found in potassium and 
manganese content among experimental diets, whereas the con‐
tent of calcium, magnesium, iron, copper and zinc was significantly 
(p < 0.05) lower in fish fed diet supplemented with 10 or 20 g/kg 
of bromelain. The contents of sodium and phosphorous in fish fed 
diet of B2 were significantly (p < 0.05) higher in comparison with 
the control diet.

3.5 | Histological analysis

No significant (p  >  0.05) differences were found in the mean size 
of hepatocyte size of nuclei, hepatonuclei index and muscularis 
thickness of fish fed the dietary treatment (Table 6). The mucosal 
fold height and the supranuclear zone height of the epithelial 
cells were significantly (p < 0.05) higher in fish fed diet of B1 and 
B2 (Table 4), whereas the intestinal epithelial cell height was sig‐
nificantly (p  <  0.05) higher in fish fed diet of B2 (44.54  μm) than 
the control group (35.42  μm) (Table 6). There was no significant 
(p > 0.05) difference in the size of enterocyte nuclei among treat‐
ment (Table 6). Macroscopic and microscopic analyses of the liver 
and mid‐section of the intestines did not reveal any pathological 

 

Dietary treatments

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

Proximate of whole fish composition (g/kg ww)

Protein 166.1 ± 10.2a 146.7 ± 13.6b 137.8 ± 15.6b

Lipid 96.8 ± 8.1 94.3 ± 33.0 91.5 ± 8.8

Moisture 693.8 ± 22.4 712.4 ± 25.4 710.7 ± 16.4

Proximate of fillet composition (g/kg ww)

Protein 194.5 ± 5.4a 184.1 ± 20.0ab 166.2 ± 16.0b

Lipid 32.0 ± 1.8 31.0 ± 11.6 28.6 ± 7.4

Moisture 751.3 ± 25.7b 762.4 ± 3.4b 778.3 ± 3.4a

Mineral of fillet composition (mg/kg ww)

Potassium 319.33 ± 296.3 341.96 ± 29.4 343.03 ± 144.9

Calcium 314.6 ± 51.6a 177.6 ± 36.7b 173.2 ± 37.0b

Magnesium 206.7 ± 14.2a 198.7 ± 12.8b 177.9 ± 2.6c

Sodium 685.5 ± 94.8a 554.2 ± 51.9b 671.7 ± 58.2a

Phosphorus 193.37 ± 75.5b 231.00 ± 488.8a 223.63 ± 152.0a

Manganese 0.07 ± 0.01 0.07 ± 0.01 0.08 ± 0.01

Iron 2.50 ± 0.49a 1.77 ± 0.50b 1.84 ± 0.13b

Copper 0.47 ± 0.03a 0.33 ± 0.06b 0.36 ± 0.05b

Zinc 6.18 ± 0.64a 4.66 ± 0.18b 4.70 ± 0.50b

Note: Means followed by different letters in the same row are significantly different (p < 0.05).

TA B L E  5   Proximate and mineral 
composition of Sterlet fed experimental 
diets (mean ± SD)
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changes in the control group or in any of the fish fed feed with in‐
creasing doses of bromelain.

3.6 | Enzyme activity analysis

Alkaline phosphatase, leucine aminopeptidase, amylase and trypsin 
activities of the anterior segment of the gastrointestinal tract were 
significantly decreased in fish fed diet supplemented with 10 or 
20 g/kg (Table 7). Only the activity of alkaline phosphatase was simi‐
lar in all of the groups analysed (p > 0.05, Table 7), while the activity 
of lipase increased, and in group B1, it was significantly (p < 0.05) 
higher by 3.7  IU/g and in fish fed diet of B2 by 5.24  IU/g in com‐
parison with the control group (Table 7). The activity of the diges‐
tive enzyme pepsin also increased with increasing doses of the feed 
supplement by 29.49 and 26.49 IU/g in comparison with the control 
group (Table 7).

3.7 | Immunological analysis

Immunological indices are presented in Table 8. Non‐specific humoral 
and cell‐mediated immunity were increased significantly (p < 0.05) in 
fish fed diet of B1 and B2, except ceruloplasmin. Lysozyme activ‐
ity, total protein and immunoglobulin (Ig) were significantly higher 
by 3.66 mg/L, 4.46 and 2.82 g/L, respectively, in fish fed diet of B2 
than the control group. The proliferative response of spleen T cells 
was higher in fish fed diet of B2 in comparison with group B1, and 
the spleen B cells were higher in comparison with the control group 
when stimulated with ConA and LPS, respectively. B‐cell activity sig‐
nificantly (p < 0.05) increased in fish fed diet of B1 compared to the 
control group. Blood, ceruloplasmin, spleen macrophage metabolic 
activity and spleen phagocyte potential killing activity did not differ 
significantly (p > 0.05) in comparison with the control group.

4  | DISCUSSION

Bromelain, which is one of the cysteine proteases such as papain 
and ficain, belongs to the group of sulfhydryl protease enzymes 
that are used as phytochemical treatments (Leung‐Toung, Li, Tam, 

& Kaarimian, 2002). The application of cysteine proteases in the 
animal feed industry can increase the digestibility, acceptable fla‐
vour and palatability ingredients (Grzonka, Kasprzykowski, & Wiczk, 
2007; Hassaan et al., 2019). Bromelain is able to hydrolyse the feed 
proteins into smaller protein in peptides with higher digestibility 
(Manosroi, Chankhampan, Pattamapun, Manosroi, & Manosroi, 
2014; Nilsang, Lertsiri, Suphantharika, & Assavanig, 2005; Sawant & 
Nagendran, 2014). To achieve retention of the physical integrity of 
feed, with minimal disintegration and nutrients leaching into water, 
is not easy (Abdollahi, Ravindran, & Svihus, 2013). The current study 
describes the effect of graded levels of dietary bromelain (1 or 2 g 
100  g−1) on the growth performance of and nutrient utilization in 
Sterlet (Table 4). Bromelain supplementation led to higher weight 
gain in Sterlet compared with the fish fed the control diet. The fish 
fed either 1 or 2 g 100 g−1 of bromelain attained significantly higher 
growth and had lower FCR values than did the fish fed the control 
diet. The best SGR and FCR were recorded in fish fed the diet sup‐
plemented with 20 g/kg of bromelain. The higher feed utilization in 
the present study could stem from the proteases in the bromelain 
enzyme derived from pineapple hydrolysing dietary proteins into 
smaller protein peptides with higher digestibility (Fennema, 1996; 
Nilsang et al., 2005). To the best of our knowledge, very few stud‐
ies report on the positive effects of the exogenous dietary enzyme 
bromelain on growth performance and feed utilization in fish. The 
addition of a 1% or 2% mixture of bromelain and papain significantly 
increased the SGR, PER and apparent net protein utilization of grass 
carp and grey mullet (Choi, Lam, Mo, & Wong, 2015). In a study on 
shrimp, Divakaran and Velasco (1999) found that the apparent di‐
gestibility of crude protein was significantly higher (74.3%) in Pacific 
white shrimp, Litopenaeus vannamei, fed a 0.4% ENZECO® bromelain 
diet than those fed the control diet (65.3%). The commercial enzyme 
Ronozyme™ VP also improved the net protein utilization of tilapia fed 
a feed based on palm kernel meal (Boonyaratpalin, Promkunthong, 
& Hunter, 2000). To use pineapple wastes containing exogenous en‐
zymes, Deka, Sahu, and Jain (2003) report that the SGR and PER 
of Labeorohita were significantly higher in the diet containing 25% 
pineapple waste than the controls with other fruit waste feeds such 
as orange and lime, and this application could be suitable for reduc‐
ing production costs.

Morphometric data

Dietary treatments

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

Size of hepatocyte (μm) 15.43 ± 0.67 15.74 ± 0.49 15.23 ± 0.79

Size of nuclei (μm) 4.89 ± 0.16 4.92 ± 0.23 4.68 ± 0.41

Hepatonuclei index 0.31 ± 0.07 0.31 ± 0.03 0.30 ± 0.05

Muscularis thickness (μm) 165.03 ± 40.51 172.45 ± 42.34 174.63 ± 33.33

Height of mucosal fold (μm) 501.21 ± 42.56b 595.82 ± 24.37a 590.24 ± 48.51a

Height of enterocytes (μm) 35.42 ± 5.21b 37.56 ± 4.81b 44.54 ± 3.41a

Height of supranuclear zone (μm) 13.28 ± 1.23b 14.87 ± 0.61a 15.24 ± 1.16a

Size of nuclei (μm) 5.01 ± 0.45 5.20 ± 0.45 4.99 ± 0.17

Note: Means followed by different letters in the same row are significantly different (p < 0.05).

TA B L E  6   Histological morphometrics 
of liver and gut samples of Sterlet fed 
experimental diets (mean ± SD)
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In the current study, the histological examination of hepatocytes 
and the sizes of their nuclei showed no significant changes in them 
in the fish fed diets supplemented with bromelain. This could indi‐
cate that dietary bromelain at concentrations of 10 or 20 g/kg im‐
proved fish health condition, and no hepatic tissue pathology was 
noted among treatments. Our histological evaluations of gut tissue 
also showed improvement whether the fish had received a supple‐
ment of 10 g bromelain per kg or 20 g bromelain 1 per kg (Table 6). 
All our results pertaining to health indicators were associated with 
growth performance. The improvement in intestinal morphology 
noted in this study could have been the result of complementary 
enhancement to meet the increased rate of digestion and assimila‐
tion after the intake of the diets. Intestinal enterocytes are covered 
with a mucus layer that is secreted by goblet cells throughout the 
gastrointestinal tract (Johansson et al., 2011). In the present study, 
the enterocyte absorptive area of Sterlet fed diets supplemented 
with bromelain was larger, which resulted in improved feed utiliza‐
tion. Nutrient digestion, absorption, intestinal barrier function and 

mucosal function were affected by its thickness and fluidity (Smirnov, 
Sklan, & Uni, 2004). In this study, no morphological changes in the 
muscularis thickness in Sterlet fed diets supplemented with brome‐
lain indicated that the additive had not affected the thickness of the 
intestinal muscle. The function of the muscularis mucosa is to pro‐
mote intestinal peristalsis; a thinner muscularis decreases the rate of 
peristalsis and the length of time food remains in the small intestine 
is increased, thus increasing the time during which nutrients are ab‐
sorbed (Liu, Wu, Li, Duan, & Wen, 2018).

Digestive enzymes are the most important factor influencing 
nutrient utilization in the gastrointestinal tract, and they are used 
to evaluate digestive capacity (Ribeiro et al., 2008). In the present 
study, dietary bromelain did not significantly improve α‐amylase or 
trypsin activity, but it significantly enhanced that of pepsin and li‐
pase (Table 7). Additionally, dietary bromelain decreased the enzyme 
activity of ALP and LAB, but it had no significant effect on the AcP 
enzyme. No doubt, fish did not secrete the bromelain when feed 
supplemented with exogenous enzymes such as bromelain which 

TA B L E  7   Digestive enzyme activity of Sterlet fed experimental diets (mean ± SD)

  Initial

Dietary treatment

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

Alkaline phosphatase ALPa (IU/g) 52.20 ± 7.58c 72.72 ± 7.55a 63.54 ± 10.39b 51.42 ± 5.56c

Acid phosphatase AcPa (IU/g) 2.54 ± 0.30b 3.16 ± 0.64a 3.26 ± 0.54a 3.24 ± 0.69a

Leucine aminopeptidase LAPa (IU/g) 3.77 ± 0.92a 3.64 ± 0.40a 2.79 ± 0.35b 2.94 ± 0.39b

α‐amylasea (IU/g) 44.37 ± 11.29ab 53.70 ± 10.81a 41.98 ± 4.01ab 34.00 ± 10.06b

Trypsina (IU/g) 56.88 ± 15.34b 79.70 ± 2.72a 37.87 ± 7.33c 36.00 ± 12.58c

Lipasea (IU/g) 3.11 ± 0.53c 2.84 ± 0.79c 6.54 ± 2.11b 8.08 ± 2.46a

Pepsinb (IU/g) 6.80 ± 2.04c 35.45 ± 11.61b 64.94 ± 9.57a 61.94 ± 19.09a

Notes: Means followed by different letters in the same row are significantly different (p < 0.05).
1Enzyme activity in the anterior section of the gastrointestinal tract. 
2Pepsin activity in stomach. 

TA B L E  8   Influence of experimental diet on the non‐specific cellular and humoral defence mechanisms in Sterlet (mean ± SD)

 

Dietary treatments

Control B1 (9,000 U/kg) B2 (18,000 U/kg)

Non‐specific humoral immunity

Lysozyme activity (mg/L) 8.78 ± 2.00b 8.39 ± 2.10b 12.44 ± 3.05a

Ceruloplasmin (IU) 54.51 ± 2.91 53.08 ± 2.75 57.17 ± 5.15

Total protein level (g/L) 29.21 ± 4.02ab 26.67 ± 2.94b 31.12 ± 3.54a

Total immunoglobulin (Ig) level (g/L) 9.91 ± 1.77ab 9.05 ± 1.90b 11.85 ± 2.47a

Non‐specific cellular immunity

Metabolic activity of spleen macrophages 0.93 ± 0.22 0.71 ± 0.25 0.92 ± 0.49

Potential killing activity of spleen phagocytes 0.71 ± 0.19 0.74 ± 0.17 0.97 ± 0.34

Proliferative response of lymphocytes T stimulated by mitogen 
concanavalin A (ConA) and stimulation index (IS)

0.12 ± 0.02b (IS 0.89) 0.12 ± 0.01b (IS 1.15) 0.14 ± 0.01a (IS 1.71)

Proliferative response of lymphocytes B stimulated by 
lipopolysaccharide (LPS) and stimulation index (IS)

0.10 ± 0.01a (IS 0.73) 0.08 ± 0.01b (IS 0.11) 0.08 ± 0.01b (IS 1.02)

Note: Means followed by different letters in the same row are significantly different (p < 0.05).
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have the same mode of action of proteases and trypsin may decrease 
the secretion of endogenous enzyme especially trypsin. This reason 
may be explained why the endogenous trypsin was decreased in fish 
diet supplemented with bromelain. The activities of the intestinal 
enzymes ALP and LAP are used as markers of enterocyte develop‐
ment (He et al., 2012; Kvåle, Mangor‐Jensen, Moren, Espe, & Hamre, 
2007). Digestive enzymes in animals are present in the gastrointesti‐
nal lumen and are associated with the intestinal epithelial cell brush‐
border membrane (Bakke, Glover, & Krogdahl, 2010). While digestive 
and metabolic functions of fish are clearly correlated with digestive 
and brush‐border enzyme activities (Hakim Uni, Hulata, & Harpaz, 
2006), no studies to date have evaluated the effect of bromelain on 
the activities of the digestive organs or those of the digestive and 
intestinal enzymes. Liu et al. (2018) showed that midgut and hindgut 
protease activity in Gibel carp were not affected by dietary supple‐
mentation with pure protease. In contrast, the activity of amylase in 
the intestine of Nile tilapia fed a diet supplemented with a mixture 
of enzymes (neutral protease, ß‐glucan and xylanase) increased in 
comparison with that in fish fed a control diet (Lin, Mai, & Tan, 2007).

No significant differences were detected in the lipid and moisture 
contents of whole Sterlet and fillets when the diet was supplemented 
with bromelain, but crude protein tended to decrease with increased 
bromelain supplementation. The decrease in protein content of fish, 
probably, the use of bromelain, affects the moisture level in fish. This 
body composition finding concurs with Song et al. (2017) who re‐
port that there were no differences in the dry matter, crude lipid or 
crude ash contents of shrimp fed diets supplemented with a protease 
complex; however, the crude protein content of whole shrimp was 
higher than that in shrimp fed diets not supplemented with the pro‐
tease complex. No significant differences were noted in any of the 
proximate composition parameters of Nile tilapia fed diets containing 
pineapple (Ananas comosus) (Inaolaji, 2011). Furthermore, the pres‐
ent study showed that micro‐ and macroelement deposition in fillets 
was slightly significantly lower. To date, no reports have indicated the 
effect of bromelain supplementation on mineral deposition in fish.

In fish, the non‐specific defence mechanism is more important 
than specific immune defence, because the latter requires a longer 
time for antibodies to build up and for activation (Anderson, 1992). 
Adding bromelain to the Sterlet diet in quantities of 20 g/kg enhanced 
all of the non‐specific humoral immunity parameters estimated, ex‐
cept for that of ceruloplasmin (Table 8). The same bromelain dose 
also increased the proliferative responses of T and B cells. Bromelain 
modulates the function of adhesion molecules on blood and endo‐
thelial cells, macrophages and natural killer cells, and it also regulates 
and activates various immune cells and their cytokine production 
(Maurer, 2001). Bromelain bolsters the immune system by increasing 
cytokine production, which are hormones produced by white blood 
cells to improve immunity. Several studies have established the abil‐
ity of bromelain to remove T‐cell CD44 molecules from lymphocytes 
(Amid, Ismail, & Arshad, 2015). Furthermore, total serum protein in 
fish is responsible for the innate immune response, and higher levels 
of this provide stronger responses (Sahu, Das, Mishra, Pradhan, & 
Sarangi, 2007). In this context, Choi et al. (2015) reports that levels of 

plasma total protein and total immunoglobulin (IgI) in common carp 
and mullet fed diets supplemented with a 2% of mixture of brome‐
lain and papain were significantly higher than that in fish fed control 
diets. It can be concluded from this study that the use of bromelain 
at level of 10 or 20  g/kg could improve the growth performance, 
feed utilization, non‐specific humoral and cell‐mediated immunity of 
Sterlet. However, further studies are recommended to confirm these 
interesting effects of the dietary bromelain.
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