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Abstract 
Nonstarch polysaccharides (NSP), in plant-based animal feed, are one of the major 

anti-nutritional factors which interfere with the digestion and absorption of the nutrients. 

Among NSP mannan occurs in the form of glucomannan and galactomannan and is widely 

present in plant-based feed sources like soybean meal, sesame meal, copra meal, palm kernel 

meal, guar gum meal, corn meal, canola meal and Corn distillers dried grain with solubles 

(DDGS)     Thus mannan is a part of most feed formulations. As monogastric animals 

including fish lack the digestive enzymes needed to degrade mannan, this results in decreased 

nutrient digestibility and poor growth performance. Studies on poultry and swine have shown 

that β-mannanase can hydrolyze mannans in plant-based feed, thus increasing mineral 

bioavailability and nutrient digestibility while also providing health beneficial prebiotics in 

the form of mannan oligosaccharides (MOS). Most of the commercial β-mannanase enzyme 

preparations are well suited to function in gut of poultry and swine. But the gastrointestinal 

tract environment of omnivore fish is different from other monogastric animals like pigs and 

poultry. This creates a need for a suitable enzyme candidate that can used as a fish feed 

additive and can function well in the unique gastrointestinal tract environment of fish. In 

order to produce β-mannanase with the properties suitable for feed applications in 

aquaculture, new enzymes with desired characteristics need to be isolated from novel strains. 

Without supplementation of plant-based feed with suitable enzyme that degrade 

hemicellulose fraction in feed, the replacement of fishmeal with plant-based protein sources 

would not be feasible in aquaculture. Therefore, the present study's goal was to identify and 

characterize a mannan-degrading microbial enzyme from a novel fungal strain that may be 

employed as a feed supplement in plant-based feeds in aquaculture. The study was conducted 

in three phases. 

 In the first phase, isolation of various fungal strains from soil samples obtained from 

different parts of Punjab was carried out. Among many different strains tested for mannanase 

production, one fungal strain turned out to be an efficient producer of β-mannanase enzyme. 

Molecular and phenotypic identification of this strain revealed it to be Aspergillus niger. The 

DNA sequence was submitted in NCBI with accession number MN239884 and the strain was 

designated as Aspergillus niger AD-01. Different parameters for maximum production of β-

mannanase from Aspergillus niger AD-01 were optimized. Optimum production of 

mannanase occurred at 30◦C, pH=5, substrate concentration=1% locust bean gum, nitrogen 
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source=yeast extract, days of incubation=5 days. When produced under optimized conditions, 

the specific activity of β-mannanase reached 12.49U/mg. After optimization of mannanase 

production its purification was carried out. Mannanase was purified in two steps. In the first 

step precipitation with ammonium sulphate was done and the enzyme was precipitated out. 

The precipitated enzyme was dialyzed against sodium phosphate buffer (PH=6) for overnight 

and then run through size exclusion Column containing sephadex gel G-75. The fractions 

containing highest activity of the enzyme were collected. The specific activity of purified 

enzyme reached 78.07 U/mg and it was purified by 6-fold with a percentage yield of 24%. 

Characterization of the enzyme revealed it to be a thermostable, low temperature active, 

weakly acidic and protease resistant enzyme. It’s optimum temperature and pH were 40◦C 

and 6, respectively. The enzyme exhibited considerable stability when incubated in buffers 

with pH ranging from 4-8. Mannanase isolated from Aspergillus niger AD-01showed good 

thermostability. The enzyme was very stable at 37ºC and it retained half of its activity at 

40◦C after 30 min but at 50ºC after 10 min incubation, its activity was reduced to mere 20%. 

The enzyme showed good resistance towards proteases and NaCl (1M and 2M) at 37◦C and 

pH=6.Mannanase enzyme did not lose its activity in presence of different metal except Ba2+ 

and Hg2+ where drastic reduction in activity was observed. Inhibition by Hg2+ suggests the 

presence of a crucial sulfhydryl group in the enzyme. This weakly acidic, protease resistant, 

low temperature active profile showed the potential of β-mannanase for use as a feed additive 

for agastric or omnivorous fish. 

A 90-day feeding experiment was conducted in the second phase to examine the 

potential positive effects of β-mannanase supplementation in the plant-based feed on 

intestinal and biochemical enzymes activity, growth performance, digestibility of nutrients, 

immunological response and hematological indices of common carp. The experiment was 

carried out in triplicate, and 225 carp fingerlings (weighing a total of 13.17 ±0.12 g) were 

placed in 15 fiberglass tanks (15 fish in each tank). Five groups of fish were created with 45 

fish in each group. The control group was provided with 35% basal crude protein diet and 

had 0 Ukg-1 diet of β-mannanase while Group A1 and A2 were supplemented with (500 and 

1000 Ukg-1 diet of) commercial mannanase enzyme and group B1 and B2 with (500 and 1000 

Ukg-1 diet of) isolated β-mannanase enzyme. Sampling was done at the end of the 90 day 

long feeding trial and it was observed that groups of fish that were supplemented with β-

mannanase enzyme in the feed had enhanced growth performance, survival rate, 

immunological indices (respiratory burst activity, lysozyme activity, immunoglobulin activity 
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and phagocytic index) and hematological indices (Hb, MCHC, white blood cells and red 

blood cells). The activity of biochemical indices including AST and ALT decreased in the 

experimental groups but a reverse trend was observed with  CHO and TG. The digestibility of 

different nutrients like fats, protein and carbohydrates also increased. Additionally, MyoD 

expression in muscles and TNF-α gene expression in muscles, intestine and liver was 

enhanced. The effect of mannanase supplementation on digestive enzymes was also 

investigated. The activity of all the digestive enzymes tested. i.e., cellulase, protease and 

amylase was increased significantly (P < 0.05) in treatment groups. Both sources of enzyme 

supplemented at two dosage levels had similar effect on different parameters of fish (P> 

0.05). 

In the third phase of the study the effect of β-mannanase supplementation on the 

intestinal health of common carp was investigated. For this the gene expression of crucial 

digestive and immune enzyme related genes and fish gut microbial diversity was studied. 

Again a 90-day feeding trial was run. The fish were divided into three groups: the control had 

35% basal crude protein diet with 0 Ukg-1 diet of mannanase and the experimental groups 

(A1 and A2) were provided with 500 and 1000 Ukg-1 diet of isolated β-mannanase. Sampling 

was done  at the end of the 90-day long feeding trial, and fish gut microbial diversity and the 

expression level of the selected  immune and digestive enzyme related genes was studied. For 

investigation of the effects of β-mannanase supplementation on gut microbiota, the V4 region 

of bacterial 16S rRNA and ITS region of fungal 18sRNA was amplified and sequenced. 

Shannon and Simpson index showed that the experimental groups of fish had greater 

microbial diversity in the gut than control group. Enhanced microbial diversity in the 

experimental groups is an indication of the health of the fish and positive effects of β-

mannanase supplementation in the diet. In the experimental groups Lactococcus, 

Lactobacillus, Lachnospira and Geotrichum increased and disease-causing opportunistic 

pathogens like Vibrio and Aeromonas were absent. Further evidence of beneficial effect of β-

mannanase supplementation was provided by enhanced gene expression of important 

digestive enzyme (Amy, Lip, Trp, FAS, FASB) related and immune related (SOD, Lys, IL-β, 

Def, Nk-lys) genes. 

Overall results indicated that the present study identified, isolated and characterized a 

stable, salt-tolerant, cold active extracellular endo-β-mannanase produced by Aspergillus 

Niger-AD-01, a new mannanase-producer. β-mannanase displayed good activity against 
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locust bean gum, guar gum, konjac powder and soybean meal. Furthermore, β-mannanase 

supplementation irrespective of microbial origin showed a beneficial effect on apparent 

digestibility coefficient of nutrients, the growth, body composition, intestinal enzyme 

activity, hemato-immunological indices, metabolic enzymes, and expression of genes related 

to growth and immunity in C. carpio. In addition, the supplementation of β-mannanase 

modulated the gut microbiota of C.carpio,  while certain beneficial microorganisms were 

plentiful, opportunistic pathogens were absent. Mannanase also upregulated the expression of 

key digestive and immune-related genes in the intestine. Based on these findings, 

supplementation of β-mannanase may be recommended as a feed additive for low-cost 

production of common carp. 
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Introduction 
Among different food producing sectors, aquaculture is the fastest growing one and 

has recently become global industry in many countries including Indonesia, US, and China 

(FAO, 2018) .It supports the food requirements of a large number of developing countries 

and reduces the burden on natural resources. Its contribution to world fish, mollusk and 

crustacean supply increased from 3.9% of total production in 1970 to 33% in 2005. This 

increase has averaged 9.2% every year since 1970. Aquaculture already contributes more 

than half of all seafood produced for human consumption worldwide, and this number is 

expected to  climb (FAO, 2020). 

World fish production rose to its highest level in 2016, when it reached 171 million 

tons, with aquaculture accounting for 47% of this figure. About 88% of the 171 million tons 

of overall fish production in 2016 has served direct human consumption, a proportion that has 

risen substantially over the last few decades(FAO, 2018). In 2016, the first combined sales 

volume of the aquacultural industry and the fishery was reported to be USD 362 billion of 

which USD 232 billion was from aquaculture production. Aquaculture has been responsible 

for the ongoing impressive growth in fish supply for human consumption with capture fish 

demand largely stagnant since the late 1980s. By 2025 we will be consuming the majority of 

seafood from aquaculture(FAO, 2018). 

Fish meal, a commercial product primarily composed of fish, is currently used to feed 

farmed fish in the aquaculture industry. It has been the choice protein source for aqua feeds 

because of its high protein content, high nutrient digestibility and a general lack of anti-

nutrients factors(Gatlin III et al., 2007). Whole fish such as menhaden, capelin or anchovy 

may be used in making fishmeal. Fishmeal can also be made from processing residue of 

salmon, herring, whiting or pollock. High in essential amino acids, fat content in fishmeal is 

4-20% while ash content ranges from11-23% (Ween et al., 2017). 

Recently the increasing demand of fishmeal, as aqua culture expands, is making its 

prices soar. As fishmeal is made from fish, trash fish such as menhaden anchoveta, and 

herring have been  depleted due to overexploitation (Oliva-Teles et al., 2015).Thus the 

increasing use of fishmeal in aquaculture is becoming a serious cause of concern. Not just 
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overexploitation of fish to make fishmeal is a cause of concern but there are a few other 

reasons that necessitate for the reduction in use of fishmeal. 

A prime reason is that it contains phosphorus more than a fish’s nutritional need, 

which when released into water bodies causes eutrophication. This stimulates unbridled 

growth of some  phytoplankton communities, especially cyanobacteria (Smith et al., 2006). 

Production of thick growth of  cyanobacteria that release foul odor (sometimes described as 

septic or fishy) is one of the most harmful aspect of eutrophication  because it deteriorate the 

quality of water and reduce its clarity (Dodds and Smith, 2016). Cyanobacterial blooms 

reduce penetration of light, thus affecting the efficiency of predators relying on light to chase 

and catch prey. In addition, these toxic overgrowth of cyanobacteria also limit growth of 

other plants or even cause them to die (Fitch and Kemker, 2014). 

It has been reported that elevated rates of photosynthesis conducted by cyanobacteria 

consumes all of the dissolved inorganic carbon thus causing the pH of water to get very high 

(Lehtiniemi et al., 2005).By impairing chemosensory abilities of the aquatic animals, elevated 

pH will ‘blind' species whose survival depends upon the   detection of chemical cues 

dissolved in water (Turner and Chislock, 2010). The death of these huge blooms of 

cyanobacteria consumes all the oxygen in the water as microbes begin their decomposition of 

the dead matter. This creates areas within the water bodies where the concentration of oxygen 

is alarmingly low. These areas of deficient oxygen are called dead zones because a lot of 

animals cannot survive in such deficient amount of oxygen. These dead zones are present in 

many fresh water bodies including great lakes of the Laurentian (Willis et al., 2011). Hypoxic 

events have also been observed to stretch over 245,000 square kilometers in marine coastal 

ecosystems along vast waterways rich in nutrients (e.g., the Gulf of Mexico and the 

Mississippi River and;  and the Susquehanna River and the Chesapeake Bay )(Diaz and 

Rosenberg, 2008). Eutrophication-induced anoxia and hypoxia appear to pose a threat to 

profitable industrial and recreational fisheries around the world. Unbridled growth of 

cyanobacteria is also harmful because they release toxic substances like microcystin and 

anatoxin-a(Bashir et al., 2020). 

For the past few decades these toxic blooms of cyanobacteria have degraded quality 

of water, damaged valuable and lucrative fisheries, and caused public health hazards. Among 
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these toxic Cyanobacteria,  Cylindrospermopsis,  Anabaena, Oscillatoria, Microcystis and 

Planktothrix are the most prominent species (Lee et al., 2017; Bashir et al., 2020). They 

become very competitive when phosphorus to nitrogen ratio is high, light is less and nutrient 

concentrations are very high (Paerl and Paul, 2012). Microcystis seem to dominate nutrient-

rich, freshwater environments. Domestic animals, birds, and even humans have been 

poisoned by harmful cyanobacteria blooms all over the world. First observation about the 

death of domestic livestock by harmful cyanobacteria was made as early as 1878 by 

Francis(Chorus and Welker, 2021). 

Fish meal is also a major source of metals such as lead, cadmium, mercury, and 

arsenic in fish feed (Adamse et al., 2017). While numerous studies have been conducted on 

metal concentrations in water and its effect on fish, there are few studies on dietary exposure 

in fish (Briffa et al., 2020). To determine how metals get distributed in the target tissue in 

fish, the exposure pathway whether it is diet or water is critical. Dietary metals gather in the 

intestine and then circulate to the liver through the portal system before reaching other organs 

(Adamse et al., 2017). However, when compared to other organs, dietary metals are more 

likely to get deposited in the liver. The deposition rate in muscles is very low and a long-term 

exposure is required. Organic varieties of metals and metalloids, such as arsenobetaine and 

methylmercury  are an exception, as they quickly penetrate the fish and readily settle in 

muscle tissue(Lie, 2008). 

Ingestion rate and dietary metal bioavailability are prominent factors that decide the 

degree of tissue toxicity following intake of metal-contaminated feed (Schlekat et al., 2005). 

Metal consumption is greater in juvenile fish (% of body weight per day) than in adult fish. 

The efficiency of assimilation of a metal that is present in diet can determined in many 

different ways (Bosch et al., 2016) .The composition of food is most important factor in 

determining the bioavailability, digestion and the discharge of metal from food in the 

gastrointestinal tract  (Lie, 2008). 

There’s considerable variation when it comes to determining the assimilation 

efficiency of a metal present in diet. The discharge of metal from feed components and its 

digestion in the intestinal tract, as well as bioavailability are highly affected by feed 

composition (Schlekat et al., 2005). The accumulation of a metal in the gut tract may be 
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influenced by organic ligands such as  proteins, and/or amino acids phytates(Bosch et al., 

2016). Interactions between different components of feed in commercial fish feeds that have 

vitamin and mineral supplementation for improving farmed fish quality and protection, can 

also affect metal absorption in the intestine(Lie, 2008). Once deposited in fish, metals like 

cadmium, mercury, lead and arsenic find their way from fish to humans as fish is an 

important source of protein and is consumed worldwide(Castro-González and Méndez-

Armenta, 2008).  

Trace metals are important for human health and help to deter illnesses and infections, 

but high concentrations of these elements can be dangerous to human health(Engwa et al., 

2019). Lead (Pb), for example, has been found to be carcinogenic as it negatively affects both 

the digestive and respiratory processes as well as immune systems (Jan et al., 2015). Children 

are especially vulnerable to the toxic effects of increased concentration of this metal, which 

impairs their nervous systems and intellect. Cadmium (Cd) is toxic to gonads and bones and 

amasses easily in the circulatory system such as heart, lungs and kidney (especially the renal 

cortex)(Borges et al., 2003; Shabecoff and Shabecoff, 2010).The International Agency for 

Research on Cancer and the National Toxicology Program have also acknowledged these 

dangers, and Cd has been identified as a group-1 carcinogen (Mannan et al., 2018). 

Due to the above-mentioned issues with fishmeal, the quest for sustainable options for 

aquaculture feeds has accelerated. Aside from fishmeal, animal by-products are also used as 

feed in aquaculture industry. Animal-byproducts are produced in poultry processing, meat- 

packaging and rendering industries(Gillund and Myhr, 2010). When these products are dried 

their protein content reaches to around 50-85%. It’s required that the protein in animal by 

products meet a specific standard which is usually a minimum pepsin digestibility level. 

Whole egg protein is used as a standard to evaluate protein quality content. It’s desired that 

animal by product meal should have essential amino acid compositions that is very close to 

whole egg protein. These products are rich in lysine, but poor in methionine and cysteine, 

usually regarded as restricting in dietary formulations(Miller, 2004). Following is a short 

explanation of different animal by-products. 

Meat Meal and Meat and Bone Meal. This kind of feed is obtained from dried tissues 

of mammals excluding horn, hooves, hair, manure, hide trimmings, and stomach 
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contents(Lovell, 1989). Meat meal has protein content of 51% whereas the level of protein in 

meat and bone meal is approximately 50%. As far as lipid content in both of these products is 

concerned it is 9.1-9.7%. The major difference between the two items is the amount of 

phosphorus, which is less than 4.4% in meat meal. The amount of calcium in meat and bone 

meal and bone meal usually ranges from 8.8 to 12%.Both products i.e., the meat and meat 

and bone meal are comparatively high in ash, about 27 and 31% respectively(Hardy, 2002). 

Blood meal is a dehydrated product that has been made from pure, fresh animal blood, 

free of contaminants and other materials (Lovell, 1989). Spray drying process is used to 

create the most common blood meal which involves vacuum evaporation at low temperature 

decreasing the moisture content to 70%.  Flash-drying and traditional drying in a cooker are 

two other methods for drying blood. The protein content in blood meal is 85% while  amount 

of lysine is  9–11 % with an availability of over 80 % (Hardy, 2002). 

Feather meal is a product created from chicken feathers when they are hydrolyzed in 

the presence of calcium hydroxide and then dried(Guillaume et al., 2001). It contains 80–85 

%protein, and the pepsin digestibility method requires that at least 75 % of the protein be 

digestible. However, because of it's low protein digestibility in fish, it is not commonly used 

in aquaculture (Hardy, 2002). 

 Poultry by-product meal is created by the waste resulting from the working of poultry 

processing plants, that is other than gizzard, feathers, and intestinal contents. The left-over 

product created after dressing the chickens is cleaned-up and then dried (Siddik et al., 

2019).  The ash content should not be more than 16 %, and the acid-insoluble ash must not be 

greater than 4%. The protein content in regular poultry by-product meal is about 58 % and 

the fat content 13%. Lower ash levels  and higher protein are  found in pet-food grade and 

low-ash poultry by-product meals than in regular poultry by-product meals(Hardy, 2002). 

Bone meal, along with a variety of other animal by-product meals, especially meat 

meal, can cause the spread of mad cow disease also called bovine spongiform encephalopathy 

(Jedrejek et al., 2016). Another justification to restrict animal by-product use in aquaculture is 

the potential accumulation of pesticides, harmful heavy metals and drug residues. Due to 

these reasons animal byproducts are not considered very good options.  
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Plant protein sources are increasingly being identified as viable options for replacing 

fish meal partly or entirely in aqua feeds, thus satisfying the growing demands of aquaculture 

industry (Daniel, 2018). Moreover, several investigators have explored the possibilities of 

using plant proteins to supplement fish meal completely or partly, with the aim of not only 

assessing the nutritional importance of plant products but also understanding their long-term 

impact on fish health.(Nguyen et al., 2009; Thompson et al., 2012; Khalifa et al., 2018).  

Blends of different plant meals like wheat, wheat gluten, soy concentrate, and corn 

gluten are used in commercial sector and they have far less levels of toxic metals (like 

mercury, arsenic, cadmium or lead) as compared to fishmeal (Hardy, 2010).In addition, they 

are cheaper and easily available. Thus, replacing fishmeal with plant-based products not only 

potentially reduce the amount of toxic metals in the feed but also prevents eutrophication. 

Soybean meal, canola meal, corn gluten meal and cereal concentrates like wheat and maize 

are most frequently used plant protein sources(Glencross et al., 2020). 

The most essential plant-based protein supplements are oilseed meals prepared from 

cake left behind after oil is extracted from soybeans, canola, cottonseeds, coconuts, peanuts 

and sunflower seeds(Kaur and Saxena, 2005). Oils may be extracted physically or with the 

help of solvents. Soybean meal is North America's most preferred oilseed protein. Protein 

content is 48% in dehulled soybean meal, while it is 44% in defatted soybean. To prepare 

Full-fat soybean meal, oil is not removed from raw soybeans. It is often used to feed trout and 

salmon(Ruiz et al., 2020). 

Corn gluten meal and Wheat gluten meal are plant derived proteins .These are high in 

protein content(60-75%) and are produced as a by-products during the production of  starch 

(Loy and Lundy, 2019). 

Wheat germ meal is mostly composed of wheat seed germ but also contains a little 

amount of bran and wheat middling. It is a byproduct that is produced during the milling of 

wheat (Brandolini and Hidalgo, 2012). The proximate composition of wheat germ meal 

changes according to milling techniques utilized. The protein content differs between 25% 

and 30%, whereas the fat percentage varies between 7 and 12 (Lim et al., 2008; Dapčević-

Hadnađev et al., 2018). 
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Another prominent group of plant-based protein supplement are distiller and 

brewery’s by-products. These items are made from the leftovers of liquor and beer 

productions(Lim et al., 2008). The fiber and protein content of these byproducts is relatively 

improved  because much of the starch in the original substance is fermented to alcohol and 

extracted (Westendorf and Wohlt, 2002). As a result of yeast synthesis, distillers' products are 

fortified with nucleotides and vitamins. 

The chief by-products of brewing are brewer’s yeast and brewer’s dried grains, which 

can also be used in the formulation of fish feed. Brewer's dried grains have a fiber content of 

13% and protein content of 27%(Lim et al., 2008). The protein content of brewer's dried 

yeast is 44 % with just 3 % fiber. Brewer grains are not often used in diets of fish because 

they are bulky and it is difficult to grind them to a uniform particle size. In certain diet 

formulas the binder is made from brewer’s yeast, but it is used rarely because it’s very 

expensive (Westendorf and Wohlt, 2002; Lim et al., 2008; Bell et al., 2019). 

Distillers' dried grains (a part left after removing the stillage), Distillers' dried soluble 

(a dried stillage fraction), and distillers' dried grains with solubles (a mixture of grain 

sediments and stillage), are the three major distilling by-products available(Lim et al., 2008). 

The concentration of protein in these products varies from 26 to 28 %, with dried grains 

having a  crude fiber content (9-11%) higher than dried solubles (4–5 %)(Welker et al., 

2014). 

Pulses such as peas, lentils and beans are a fourth group of plant protein products(Lim 

et al., 2008). While these items have protein concentration of 20–30%, their methionine 

levels are less than desirable, restricting their use in the formulation of fish diets. Air 

classification can concentrate the protein fraction, resulting in protein concentrates of 50–

60% protein (Daniel, 2018; Khazaei et al., 2019). 

Plant proteins can be good substituents to fish meal because they are cheaper and 

available easily (Castillo and Gatlin III, 2015). The carbohydrate part of plant-based feed 

ingredients though can provide cheap energy, but it is not well utilized by many species of 

fish when compared to proteins and fats. Furthermore, the quality, palatability and the 

amount of protein in plant-based feed stuffs is low as compared to fishmeal (Sinha et al., 

2011; Daniel, 2018). But the main issue with plant-based feed stuffs like soybean meal, corn 
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meal, canola meal, rapeseed meal is that they contain different antinational factors including 

protease inhibitors, tannins, allergens, saponins and non-starch polysaccharides (Samtiya et 

al., 2020). 

Among different anti-nutritional factors, non-starch polysaccharides (NSPs) have a 

major role in fish digestion. They are present in the cell wall of the plant and are composed of  

a diverse set of molecules made up mostly interconnected monomers of pentoses and 

hexoses, such as arabinose, glucose, galactose, mannose and xylose(Sinha et al., 2011; 

Castillo and Gatlin III, 2015).  

In monogastric animals, soluble NSPs may increase the viscosity of digesta and thus 

slow down its passage through the intestinal tract. On the other hand insoluble NSPs like 

hemicellulose and cellulose increase the viscosity of digesta (Johansen et al., 1996). Inclusion 

of soluble NSPs in fish diets slows stomach emptying, which can cause a delay in glucose 

absorption (Knudsen, 2001) and perhaps other nutrients. The addition of viscous cereal grains 

to the diet of African catfish lowered glucose and plasma cholesterol levels (Leenhouwers et 

al., 2007). Both plasma cholesterol levels and muscles were considerably reduced in common 

carp fed meals with sesbania endosperm (Hossain et al., 2001). 

Various authors have also documented a considerable reduction in the total levels of 

cholesterol  in the blood plasma of Atlantic salmon, yellow tail and rainbow trout  when they 

were fed soybean diets high in NSP (Sinha et al., 2011). Reduced cholesterol levels in the 

blood are likely linked to increased viscosity of digesta because it entraps bile salts in the 

stomach, as has been seen in rats given galactomannans rich diets (Moundras et al., 1997). 

In addition to increasing viscosity of the gut, the soluble NSPs also have an anti-

nutritive impact through altering the different functions of gastrointestinal tract. Visceral 

secretion of electrolytes, water, lipids and proteins is hampered by these factors (Sinha et al., 

2011). Bile acid secretion can be increased by non-starch polysaccharides, resulting in 

significant bile acid loss in the feces(Ikegami et al., 1990). In attempt to re-establish the 

balance,the liver may increase the production of bile acids from cholesterol, which can 

subsequently affect lipid and cholesterol absorption in the gut, resulting in reduced blood 

cholesterol levels(Hossain et al., 2001). 
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These effects might cause significant alterations in gut physiological dynamics, 

resulting in low nutrition absorption efficiency in the animal. Through their interactions with 

cholesterol, lipids and bile salts, non-starch polysaccharides may have an impact on lipid 

metabolism in the gut (Sinha et al., 2011). There have been no instances of NSPs directly 

inhibiting intestinal enzyme production, however binding to NSPs or limiting the access  of 

enzyme to the substrates may lower the activity of most enzymes (Pettersson and Åman, 

1989).Broiler chicks' digestive enzyme activity was affected by commercial NSP-

supplemented meals (Iji et al., 2001a). Chicks fed diets supplemented with alginic acid (low 

viscosity) had the greatest jejunal maltase and sucrase activity, whereas chicks fed a gum 

xanthan-supplemented diet (high viscosity) had the lowest enzyme activities.  

The consumption of a diet rich in NSP, changes the anatomy and physiology of the 

gut of monogastric animal, mainly by changing the digesta viscosities  (Sinha et al., 2011). In 

the small intestine the active process of cell turnover is controlled mainly by, cell movement 

along the crypt—villus axis, crypt-cell proliferation, cell sloughing and cell expulsion from 

the villus top through apoptosis. When high viscosity digesta is present in intestinal lumen it 

may lead to deterioration of villus and increase the rate of cell loss from the villus (Montagne 

et al., 2003). 

Because of the increased viscosity of digesta, it may take longer for it to travel 

through the digestive system, lowering the partial pressure of oxygen and thus favoring the 

proliferation of anaerobic bacteria (Choct, 1997). Albeit it is unclear if a quick change in the 

ecology of gut is harmful to nutrient utilization efficiency, the maintenance of health status of 

an animal is largely dependent on normal endogenous microbiota (Celi et al., 2017). The 

host's gut physiology benefits greatly from a healthy microbiome. The metabolism of organic 

substrates and nutrients are two of these advantages, in addition a healthy microbiome also 

contributes to the phenomena of colonization resistance(Sinha et al., 2011). 

  When the equilibrium of normal gut microbiota's is disturbed, disease causing 

microorganisms that have just arrived or were previously present but in small numbers grasp 

the opportunity to flourish and cause disease. Furthermore, the growth of some anaerobic 

organisms can result in the creation of toxins and the deconjugation of bile salts that are 

necessary to digest fats (Carre et al., 1995). 
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Presence of NSPs in the feed of monogastric animals, such as fish, have been shown to put 

off glucose absorption in the intestine. It was shown that feeding African catfish diets 

containing 400 grams of rye per kilogram of dry matter reduced glucose levels in plasma 

(Leenhouwers et al., 2007). When salmonid fish diet was supplemented with alginates and 

guar galactomannan ( as NSP sources), glucose availability was decreased considerably as  

compared to diets that were NSP free (Sinha et al., 2011). Feeding Atlantic salmon a defatted 

soybean meal diet containing high (100g/kg diet) NSP level resulted in significantly 

decreased intestinal maltase activity(Kraugerud et al., 2007). Only a few studies have been 

carried out to understand how NSP affects carbohydrate metabolism and absorption in fish. 

The addition of NSPs to a fish's diet has been shown to decrease the digestibility of 

amino acids. Increased Nitrogen secretion, either endogenously or via gut bacteria, is likely to 

be the cause of the reduction in nitrogen utilization efficiency following an NSP-rich 

meal(Sinha et al., 2011). According to Leenhouwers et al. (2006), adding soluble NSPs from 

guar gum to the African catfish diet (dry matter) at 40 and 80 g/kg significantly enhanced 

digesta viscosity in both distal and proximal gut.The apparent digestibility coefficient (ADC) 

of protein decreased in tandem with the rise in viscosity. Rainbow fish given 25–100 g of 

guar gum per kg diet have worse protein digestibilities(Storebakken, 1985).  

It has been demonstrated that increasing the amount of NSP in a monogastric animal's 

diet lowers lipid use. Increased digesta viscosity generated by an NSP-rich diet has been 

found to have a detrimental impact on emulsification and lipolysis (Pasquier et al., 1996).Bile 

salts may get entrapped in  NSP.This reduces their ability to solubilize lipids and, as a 

result,lipid absorption is affected (Sinha et al., 2011). In trout, NSPs rich feeds are thought to 

inhibit fat absorption  by interfering with micelle production in the gastrointestinal system 

(Øverland et al., 2009). Likewise, when soybean meal that contained NSPs at 100 g/kg, was 

fed to Atlantic salmon (Salmo solar) a similar response was observed(Aslaksen et al., 

2007).This is most likely due to cholesterol binding with bile salts in the intestine. Another 

probable cause for hypocholesterolaemia, according to Potter (1995), is an increase in 

excretion of  bile acid, which results in the establishment of a situation whereby cholesterol is 

'drawn' from the body. Metabolism of cholesterol in liver changes this condition to produce 

cholesterol for increased bile acid production(Sinha et al., 2011).  
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NSPs contain a number of components that negatively affect mineral absorption. The  

hydroxyl and carboxyl groups of phenolic substances, the carboxyl group in uronic acid,  and 

the surface hydroxyl in cellulose are all polysaccharide and lignin components that interact 

with minerals (Sinha et al., 2011; Castillo and Gatlin III, 2015). Furthermore, mineral 

absorption has been demonstrated to be hampered by NSP-induced digesta viscosity (Van der 

Klis et al., 1995). 

At present, the global production of cereal grains stands at 2790 million tonnes of 

legumes at 150 million tonnes, while the production of fibrous materials is approximately 115 

million tons (FAO, 2020). If the NSPs in these plant materials are managed carefully, this 

large amount of plant resources might be used as cheaper fish feed components. 

In legumes and cereal grains, NSPs mostly consist of arabinoxylan, cellulose and 

mannans. Mannan is often present in different fish feed ingredients like  palm kernel meal, 

soy bean meal, copra meal, sesame meal and guar gum meal (Hsiao et al., 2006). As mannan 

is a part of soybean meal which is a widely used feed ingredient throughout the world, thus 

mannan is present in most feed formulations. In addition to soybean, Corn distillers dried 

grain with solubles (DDGS) and canola are also often added to monogastric diets thus adding 

to the quantity of mannan in the feed (Hsiao et al., 2006). 

It has been reported in several studies that when mannan is present in animal feed, it 

can interfere with absorption of glucose in monogastric animals. The addition into salmon 

fish diets of guar galactomannan and alginates lead to a decreased supply of glucose in 

contrast to the control diet free from all these ingredients (Storebakken, 1985).Very few 

studies report the effect of mannan on glucose digestibility in fish, but significant amount of 

literature on mannan's effects on the digestion and metabolism of carbohydrates in swine is 

accessible (Sinha et al., 2011). 

Rainbird and Low(1986) indicated that the absorption rate of glucose in jejunum was 

decreased by half when guar gum was included in the basal diet of growing pigs. Similarly, 

the addition of 40g/kg guar gum into the semi-purified diets of pigs reduced glucose 

absorption by 25 % (Sambrook and Rainbird 1985). In addition, Nune and malmlof (1992) 

showed that when guar gum (60g/kg) was included in swine diet, the glucose level dropped to 
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41%, insulin-like growth factor (IGF-1) to 58%, gastric inhibitory polypeptide to 55% and 

glucagon to 41%. 

Feed ingredients containing mannan have been reported to show a detrimental effect 

on both growth performance and body composition. Hossein et al.(2001)  observed that both 

feed utilization and growth were significantly reduced in common carp fed on galactomannan 

rich sesbania seed. Similarly, in an another study it was observed that when rainbow trout 

was fed a diet that contained 10% guar gum, it resulted a decrease in dry matter, growth and 

fat contents.Similar observations have been made from work on chickens. Nunes and 

Malmlof observed that elevated content of mannan in pig diet caused reduction in growth and 

interference with secretions of both IGF-I and insulin (Nunes and Malmlöf, 1992).  

Mannan rich feed ingredients have been reported to increase viscosity of digesta 

(Sinha et al., 2011). This leads to ecological disturbance in the gut, reducing nutrient 

digestion and utilization. In a study carried out on rainbow trout fed guar gum supplemented 

diet, it was observed that digestibility of the nutrients was less compared to control. High 

viscosity of digesta was considered to be responsible for it(Storebakken, 1985). 

Similar observations were made in common carp. Inclusion in the traditional carp diet 

of galactomannan-rich sesbania seeds (Sesbania aculeate) increased intestinal viscosity and 

negatively affected dietary absorption and utilization of nutrients(Hossain et al., 2001). High 

digesta viscosity has also been reported to adversely affect growth performance in poultry. 

The direct association between increasing mannan levels and ileal digesta viscosity was 

observed by Lee et al(2003b) . It was observed that as the guar gum concentration was 

increased in feed, the viscosity of digesta also increased. The broiler chicken showed poor 

growth which was attributed to high mannan content in the diet. 

  Mannan in the feed can degraded by mannanases (Malgas et al., 2015). Mannases 

though absent in monogastric animals are generally present in plants and 

microorganisms(Srivastava and Kapoor, 2017). Mannases  are a kind of hemicellulase 

enzymes which randomly hydrolyze mannan chains into mannooligosachrides. These 

oligosaccharides can be further degraded by other hemicellulose degrading enzymes like α-

D-galactosidase, β-D-mannosidase and β-D-glucosidase to produce galactose, mannose and 

glucose respectively(Dhawan and Kaur, 2007; Srivastava and Kapoor, 2017). The extent of 
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hydrolysis is determined by distribution of substituents and degree of substitution(Chauhan et 

al., 2012).  

  Mannan in the feed can degraded by mannanases(Malgas et al., 2015). Mannanases 

though absent in monogastric animals are generally present in plants and 

microorganisms(Srivastava and Kapoor, 2017).Mannanases  are a kind of hemicellulase 

enzymes which randomly hydrolyze mannan chains into mannooligosachrides. These 

oligosaccharides can be further degraded by other hemicellulose degrading enzymes like α-

D-galactosidase, β-D-mannosidase and β-D-glucosidase to produce galactose, mannose and 

glucose respectively (Dhawan and Kaur, 2007; Srivastava and Kapoor, 2017). The extent of 

hydrolysis is determined by distribution of substituents and degree of substitution(Chauhan et 

al., 2012).  

Mannanases have been isolated from microorganisms, animals and plants(Kim et al., 

2013; Wang et al., 2016; Jana et al., 2018). Most of the commercial β-mannanases have been 

produced from microbes due to their higher stability, production within limited time and 

space, cost effectiveness and ease of genetic manipulation. This increases their market value 

and makes them suitable candidates for applications in industry. 

In the microbial world, numerous microbes possess the ability to degrade mannan 

efficiently. Among bacteria, most of the mannan degraders belong to the gram positive group 

such as Bacillus species(David et al., 2018). But there also some that belong to gram-negative 

group like Klebsiella Oxytoca that can efficiently hydrolyse mannan (Tuntrakool and 

Keawsompong, 2018). Competent mannan degraders among fungi are the members of genus 

Aspergillus while β-mannanases have also been isolated from Trichoderma sp. and 

Penicillium sp.(Agrawal et al., 2011; Blibech et al., 2011; Liu et al., 2020). Among 

actinomycetes group Streptomyces sp. and Nocardiopsis sp. have shown appreciable mannan 

degrading capability(Gohel and Singh, 2015; Pradeep et al., 2016). 

Considering sequences of amino acids, mannanases are classified into glycoside 

hydrolase (GH) families 5 and 26.Bacterial mannanases may be classified in GH5 or 26 but 

fungal are classified in GH5(Chauhan et al., 2012).Mannanases metabolize cell wall mannans 

and thus promote maturation, ripening and plant growth. They also generate energy 
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equivalents by hydrolyzing substrates and thus support microbial metabolism(Chauhan et al., 

2012; Srivastava and Kapoor, 2017). 

 

Mannanases belonging to separate GH families differ in their primary structures, but 

have a similar spatial arrangement, a (β/α)8-barrel protein fold and are clustered together in 

clan GH-A. They often have modular architecture, which includes carbohydrate binding 

modules,additional functional domains and catalytic domains (Songsiriritthigul et al., 2011; 

Srivastava and Kapoor, 2017). 

 

Site-directed mutagenesis and X-ray crystallographic studies in a broad variety of 

species have showed that β-mannanase needs a minimum of five substrate binding sites and a 

cleft shaped active site with nucleophile catalyst and a well conserved acid/base catalyst 

which are at a distance of 5.5 Å from each other for efficient hydrolysis of substrates(Tailford 

et al., 2009; Hekmat et al., 2010). 

 

Mannanase when supplemented in a plant-based diet degrades mannan into 

mannooligosaccharides which have several health beneficial effects. Prebiotics are not 

digested by the host animal but metabolized by lactobaccilus and Bifidobacterium (Pandey et 

al., 2015b; Markowiak and Śliżewska, 2017). Such bacteria are considered to be beneficial 

for growth and health of the host because they reduce the risk of pathogen proliferation or 

produce metabolites associated with health (Singh et al., 2018). 

 

For the past two decades, the frequent administration of antibiotics to livestock has 

been condemned due to destruction of microbial population in aquaculture ecosystem, the 

appearance of leftovers antibiotics in fish, and the impairment of immune response in aquatic 

animals(Ringø et al., 2010; Torrecillas et al., 2014). 

Alternatively, prebiotics, which modify intestinal conditions in order to favor some 

beneficial microorganisms, are more feasible in aquatic organisms. This has a positive impact 

on fish development and reduces the vulnerability of the  host's to disease (Dawood and 

Koshio, 2016). As several studies confirm that pathogenic microbes enter into body through 

gastrointestinal tract. The prebiotic ability of mannooligosaccharides and other fibers may be 
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beneficial to aquatic organisms in aquaculture industry, both for the promotion of robust 

intestinal health and for the suppression of potentially damaging bacteria. MOS is a complex 

of glucomannoproteins and its use is well documented in terrestrial animals(Ringø et al., 

2010; Torrecillas et al., 2014). In several recent studies, the impact of MOS on marine 

animals was examined.  

The mannose receptor (MR) is present on the surface of macrophages and it contains 

both microbial glycans and glycoproteins as natural ligands. It is also present in immature  

cultivated dendritic cells where it interacts withglycosylated antigens. Receptors like 

mammalian MRs are also present in Atlantic cod(Linehan et al., 2000). In addition, a C-type 

lectin with MR functionality in shrimp was discovered. Ligands containing mannose can also 

be linked to other receptors such as dectin-2 and  DC-SIGN which can activate 

leucocyte(Gazi and Martinez-Pomares, 2009; Zhao et al., 2009). Because mannose containing 

molecules may increase production of proinflammatory cytokines through induction of  

intracellular signalling, MOS can be beneficial for both fish and shellfish. Thus enzymes like 

β-mannanase which degrades complex mannan fibers into mannan oligosaccharides holds 

increasing importance(Ringø et al., 2010; Dawood and Ma, 2020). 

Addition of mannanase in the feed can be beneficial in a number of ways  e.g., it 

degrades mannan present in the cell wall and thus releases trapped nutrients. It also enhances 

villus height in duodenum and jejunum  thus surface  for better adsorption of nutrients is  

increased and it produces mannooligosaccharides that favor the growth of probiotics(Castillo 

and Gatlin III, 2015; Dawood and Ma, 2020). Mannanases have also been reported to reduce 

digesta viscosity. Mannanase that are active in a wide range of pH and are resistant to action 

of proteases like pepsin and  trypsin are desirable candidates in animal feed industry as 

biocatalysts(Dhawan and Kaur, 2007; Srivastava and Kapoor, 2017). Dawood et al.,(2019) 

have shown the potential of mannanses in animal feed by conducting experiments under 

simulated gastric conditions.Hemicell is widely used commercial mannanase enzyme 

produced by Bacillus lentus and marketed by  chemgen in USA. It is a potent mannanase that 

can eand is often used in poultry and pig feed. 
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 In the burgeoning aquaculture industry, which has to replace fishmeal (FM) with 

plant based proteins to maintain its sustainability, use of exogenous carbohydrase enzymes 

that can break the NSP in the plant cell walls, holds a lot of significance.  

 

In the past few decades, β-mannanases have been isolated from different sources, 

characterized and their effectiveness as an animal feed enzyme in pigs and poultry has been 

demonstrated. β-mannanase supplementation in diet especially in high fiber diets or low 

energy diet has been reported to benefits the animals in many different ways. 

β-Mannanase enhances growth and ileal digestible energy (IDE) and decreases 

digesta viscosity in broilers fed diets with varying levels of galactomannan (Latham et al., 

2018). The observed beneficial effects of β-mannanase are considered to be contingent upon 

concentration of dietary galactomannan. In a study carried out on turkeys β-mannanase 

supplementation had a beneficial effect on  morphology of jejunum mucosa (Ayoola et al., 

2015). The villus tip width increased by 36%, villus height/crypt depth by 32%, villus surface 

area by 34%, and base width by 22.5%. Besides improving gut morphology Ayoola et al., 

(2015) observed that β-mannanase supplementation also causes thinning of ileal mucin layer. 

Increased mucin secretions have been linked to proliferation of intestinal pathogens. Thus, a 

reduction in mucin secretions may reduce the risk of pathogen proliferation in the gut and 

help establish symbiotic enteric ecosystem. β-mannanase supplemented with a cocktail of 

enzymes has also shown to be beneficial. Govil et al.,(2017) observes that β-mannanase 

supplementation in combination with other carbohydrase enzymes shows significant 

improvement in feed conversion efficiency, weight gain and performance index in broilers. 

Copra meal is easily available in many parts of the world and can be a cheap 

alternative to commonly used feed ingredients like SBM and corn. But its reduced amino acid 

(AA) digestibility and low energy content can be a barrier to its frequent use. Kim et 

al.,(2017) demonstrate that copra meal if supplemented with β-mannanase (800 IU) can 

replace soybean meal and corn upto to 25% without negatively affecting the quality of pork 

and growth performance of pigs. El-Masry et al.,(2017) observes that addition of 5% guar 

meal (GM) in broiler diet has deleterious effect on growth performance. But with 

https://www.frontiersin.org/articles/10.3389/fbioe.2020.598630/full#B28
https://www.frontiersin.org/articles/10.3389/fbioe.2020.598630/full#B22
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supplemental β-mannanase GM can be used at 5% without adversely affecting blood 

biochemistry and growth. 

Very few studies have been conducted on β-mannanase supplementation in 

aquaculture. (Dawood and Ma, 2020). The present need is not only supplementation of 

mannanase in fish feed and study of its effects but also the discovery of enzymes that can 

work specifically in the physiochemical conditions of the fish gastrointestinal tract and 

efficiently break down an antinutritive agent like mannan in soybean meal (Adeola and 

Cowieson, 2011; Dawood and Ma, 2020). Thus, helping to improve nutrient utilization of 

plant-based feed. Mannanases isolated from Fungi usually have acidic pH that lie in the range 

of 2.4-6.0(Srivastava and Kapoor, 2017).An enzyme with acidic pH has huge potential to be 

used in aquaculture industry. Some of the fungal species like Trichoderma, Aspergillus and 

Penicillium are ideal candidates for mannanase production because these microorganisms are 

nontoxic and produce high level of enzyme(Nigam, 2013). 

Therefore, this study aimed to identify a potent β-mannanase producing strain that can 

produce β-mannanase with potential as a fish feed supplement. A local strain of Aspergillus 

nigerAD-01 was isolated and identified. Experiments were conducted to select the most 

appropriate physicochemical conditions leading to highest β-mannanase production. Then we 

explored the efficient purification and characterization process of β-mannanase enzyme. We 

also tested its potential as a feed supplement in simulated intestinal digestion conditions. 

Then we carried out trials to test its potential in real application, using  Cyprinus carpio as a 

model organism for omnivore fish.. In the first trial we assessed the effects of β-mannanase 

from two different microbial sources and its supplementation at two different levels, in pant-

based fish feed to investigate the effect on growth and different hemato-immunological 

indices of the fish. The second trial was carried out to gain a deeper understanding of the 

effect of mannanase on intestinal health and thus create novel data concerning key digestive 

and immune genes and fish gut microbiota.. 
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Preparation of media 

sterile Locust bean gum (LBG) agar was prepared by dissolving LBG=1g, NaNO3=1g, 

agar=15g, K2HPO4=1g, yeast extract=1g, MgSO4.7H2O=0.5g in 1 liter distilled water.0.080g 

of streptomycin was also added to eliminate bacterial contamination. 

 

Preparation of buffers 

To prepare 50 mM of Na₃ PO₃  buffer having pH=6.0, 0.6g of H4NaO5P and 0.18 g of 

Na2HPO4 · 7H2O were dissolved in water. 

 

Screening and Identification of Fungal strains 

To isolate those fungal sterains that may produce β-mannanase enzyme, soil samples from 

different garden areas of Punjab, Pakistan were collected. The samples were serially diluted 

in distilled water and plated on sterile LBG agar(Locust bean gum=1g, NaNO3=1g, agar=15g, 

K2HPO4=1g, yeast extract=1g, MgSO4.7H2O=0.5g in 1 liter distilled water.0.080g of 

streptomycin was also added to eliminate bacterial contamination)surface and incubated for 

3-4 days at 37±2°C.The morphological study of the isolates was carried out by making 

microscopic observations.For further study of the isolates they were maintained on PDA 

(Potato dextrose agar )slants. 

 

Secondary Screening 

The microorganisms obtained from primary screening were then cultured in  Erlenmeyer 

flasks containg liquid media composed of LBG=2%, K2HPO4=0.1% ,and 

MgSO4.7H2O=0.05% at pH=5.5.The flasks were then incubated on a rotary shaker at 30°C 

for 7 days. After seven days, the culture broth was centrifugated for 20 minutes at 12000 x g 

and the supernatant generated was used for enzyme assay. Out of six isolates tested,one 

isolate was observed to be a very effective producer of the β-mannanase. Following 

morphologic observation of this isolate it was designated as Aspergillus niger AD-01 . This 

Isolate was preserved in PDA slants for further production of β-mannanase enzyme. 
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Identification and Molecular characterization of selected β-mannanase producing 

fungal strain 

 The fungal strain that was the most potent producer of β-mannanase enzyme was 

observed phenotypically and morphologically. For molecular identification of the strain, 

DNA was extracted by using QIAamp® DNA Mini Kit.  

 Buffer sorbitol was prepared by mixing, 14 mM β-mercaptoethanol, 100 mM EDTA, 1M 

Sorbitol. 

 Buffers AW1 and AW2= These are Wash solutions that remove contaminants from DNA 

attached in column membranes. Buffer AW1 and AW2 were supplied as a concentrate. 

An appropriate amount (as indicated on the bottle) of 70 % ethanol was added. 

 Buffers ATL and AL: These are lysis solutions that break open cell membranes. These 

were stored at 25◦C and shaken thoroughly before use. 

Procedure 

1.  yeast culture was grown in YPD (yeast extract peptone dextrose) medium to an OD600 of 

10. 

2. 3ml of culture was harvested and then centrifuged at 5000x g for ten minutes. 

3.The pellet was resuspended in buffer sorbitol (600µl).Lyticase(200 U) was added and the 

solution was left to incubate for half an hour at 30◦C. 

4.The spheroplasts were pelleted by centrifuging at 5000 x g for five minutes. 

5.The spheroplasts were resuspended in 180 µl of buffer ATL(provided by QIAamp DNA 

Mini Kit). 

6.Proteinsae K(20 µl) was added.To ensure efficient lysis ,the microcentrifuge tube solution 

was left for overnight. 

7.The microcentrifuge tube(1.5 ml) was centrifuged briefly so as to remove drops present 

inside the lid. 

8.Buffer AL(200µl) was added to the sample and then mixed by vortaxing briefly for 

efficient mixing of buffer AL and sample to create a homogenous solution. The sample was 
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left to incubate for 10 minutes at 70◦C.The white precipitate that was formed by mixing 

buffer AL was dissolved after incubation at 70◦C.The microcentrifuge tune was again 

centrifuged briefly so as to remove drops present inside the lid. 

9.70% ethanol (200µl) was added to the sample and well mixed by vortexing for 15 seconds. 

Buffer AL,sample and ethanol were mixed well to create a homogenous solution. After well 

mixing, the microcentrifuge tube was centrifuged briefly to clean the inside of the lid from 

drops. 

10. The mixture from step 9 (including the precipitate) was carefully transferred to the 

QIAamp Mini spin (QMS) column (in a 2 ml collection tube) while making sure it does not 

wet the edges. The tube was centrifuged for one minute at 6000 x g with the cover closed. 

After that, the QMS column was inserted in a clean collecting tube (2 ml) and the filtrate-

containing tube was disposed off. After that, centrifugation at 6000 x g for one minute was 

conducted. 

The QMS column was gently opened, and Buffer AW1 was carefully introduced, making 

sure it did not wet the rim. The QMS column was then put in a clean collection tube (2 ml), 

and the filtrate collection tube was disposed off. 

11. The buffer AW2 was carefully put to the QMS column, making sure that it did not wet 

the sides. After closing the cover, the tube was centrifuged for three minutes  at 20,000 x g. 

12.The old tube holding the filtrate was removed and the QIAamp Mini spin column was put 

in a fresh collection tube (2 ml).After that, a one-minute centrifugation at 20,000 x g was 

done to eliminate the possibility of buffer AW2 carryover. 

 

13.The QMS column was then put in a clean microcentrifuge tube (1.5 ml), and the filtrate 

collecting tube was disposed off. AE buffer (100µ l) was inserted to the QMS column after it 

was carefully opened. After incubating it for one minute, the material was centrifuged at 6000 

x g for 1 minute. DNA was eluted and stored at -30°C. 

 

PCR amplification and sequencing 

PCR amplification and sequencing of 18s rRNA was carried out by Macrogen DNA 
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sequencing services USA. Mega 6 and NCBI-BLAST was used to examine the sequenced 

data. For phylogenetic analysis, comparison of the sequence was made with already available 

sequences in NCBI database.After molecular characterization DNA sequence was submitted 

in NCBI database. 

 

Enzyme assay 

For determination of β-mannanase activity 1%(W/V) locust bean gum (LBG) was used as 

substrate. An aliquot of 100μL of enzyme sample was mixed with 900μL of substrate solution 

in sodium phosphate buffer (pH6.0) for 20 minutes at 50°C.To stop the reaction 3,5-

dinitrosalicylic acid was added and the reaction mixture was subsequently boiled at 90°C for 

5 minutes in water bath. The reducing sugars released were measured at 540nm, using 

mannose as standard. Under standard assay conditions, the amount of enzyme that produced 

1μmole reducing sugars per minute was expressed as one unit of β-mannanase activity. 

 

Optimization of physicochemical conditions for β-mannanase production 

Different physicochemical conditions were optimized to gain maximum β-mannanase output. 

The governing parameters were modified in a stepwise manner. First of all, the effect of 

carbon source (commercial mannans such as  guar gum, LBG,Konjac powder and simple 

sugars, such as mannose, glucose, xylose and galactose) on enzyme production was 

investigated. Then other parameters such as the effect of temperature (20-60°C), pH(4.0-

8.0),substrate concentration(%) and various nitrogen soucres was explored. After 

optimization of all these parameters the effect of incubation time for production of β-

mannanase enzyme was studied. 

  

Purification of β-Mannanase Ammonium sulfate [(NH4)2SO4] Fractionation and Dialysis 

500ml of crude β-mannanase was taken and calculated amount of solid ammonium sulphate 

was slowly added to achieve various saturation levels(40-80%) with thorough shaking on 

magnetic stirrer at 4°C.The mixture was left  at 4°C overnight  and followed by centrifugation 

at 13000xg for 15min.Collected precipitates were suspended in 50ml of 50mM 

Na₃ PO₃(  pH= 6.0) buffer. The solution was dialyzed for 15 hours at 4°C against the same 

buffer.The buffer was changed three times. After dialysis β-mannanase activity and protein 
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content of each fraction was determined. 

 

Gel filtration or Size exclusion chromatography on Sephadex G-75 

Precipitated protein was applied to Gel filtration column(2.5,45.0cm) that was packed with 

Sephadex G-75. 0.5 ml of concentrated enzyme sample was loaded on top of the column. The 

enzyme was eluted using 50mM Tris HCL buffer (pH=8) at flow rate of 30ml/h and fractions 

with maximum specific activity were collected for further analysis. 

 

Estimation of molecular mass 

For estimation of molecular mass of β-mannanase enzyme,SDS-PAGE ( sodium dodecyl 

sulphate polyacrylamide gel electrophoresis ) according to Laemmeli (1970) was used. 

SDS-PAGE 

 Principle  

The polyacrylamide gel-based separation method is a typical method for electrophoresis-

based protein analysis. Sodium-Dodecyl-Sulfate-Polyacrylamide Gel Electrophoresis is 

another name for this technique (SDS-PAGE). Large molecules cannot migrate across 

polyacrylamide gels, whereas tiny (faster) molecules may. To employ this approach, the 

structure within the protein should first be deconstructed. Denaturation of the protein is 

caused by adding SDS and heating the sample. Irrespective of its isoelectric point, every 

protein gets a negative charge from SDS. 

When an electric field is provided to the negatively charged proteins, they will flow through 

the gel to the anode. When the mass of the proteins exceeds the size of the pores, the proteins 

meet resistance from the gel and become trapped in it. Through staining, the proteins become 

visible. The molecular mass of the bands representing the proteins may be determined, and 

the bands can then be further analyzed to establish which band stands for which protein. 

Because proteins only migrate in one direction along the gel, protein samples are fed into 

wells produced in the gel side by side. Within each lane generated under the wells, proteins 

are sorted by mass into bands. One lane is set aside for a marker, which is a commercially 
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available combination of proteins with predetermined molecular weights that may be used to 

determine the size of proteins of interest. 

Sample Preparation: 

 Sample buffer was added to the samples and mixed by flipping the tube. 

 The samples were heated for three minutes at 100◦C 

 The samples were centrifuged for 1 minute at 1500rpm at 4◦C and the resultant 

supernatant was used for SDS-PAGE. 

 Different solutions needed for SDS-PAGE were prepared according to table.1 and 

different buffers were prepared according to table.2 

Protocol 

 After adding APS and TEMED  to the  separation gel solution (table.3) the gel was 

poured into the SDS-PAGE apparatus quickly and carefully to avoid bubbles, leaving 

approximately 2 cm underneath the base of the comb for the stacking gel. 

 

 Isopropanol was poured over the gel to remove air bubbles and keep the polymerized 

gel from drying out. In 30 minutes, the separation gel polymerized completely. 

 After removing the isopropanol, any remaining residues were washed away with 

distilled water. 

 The stacking gel (4%) was prepared and the ingredients were mixed according to the 

table 4. 

 In the wells, combs were put. In 30 minutes, the stacking gel had completely 

polymerized. The spacer, binder clips and comb were removed from the gel assembly 

and the gel was positioned in the electrophoresis apparatus using binder clips. The 

electrophoresis buffer was loaded into the electrophoresis equipment' top and lower 

chambers. A syringe was used to remove air bubbles and tiny fragments of gel from 

the wells and beneath the gel. 

 The wells were filled with samples and molecular weight indicators. 

 The electrophoresis apparatus' gel assembly was removed. 
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 The power supply was turned on and the gel was run until the sample buffer dye 

(BPB) reached the bottom of the gel. 

 Using a spatula, the gel was scraped from the glass plates and prepared for further 

investigation. 

Staining & Destaining of the Gel 

1. The gel was placed in a small dish. 

2. A 20 mL staining solution was applied to the gel, which was then stained for 30 minutes 

while gently shaking it. 

3. The staining solution was then poured off and saved. 

4. A 5ml destaining solution was then applied, and the gel was gently shaken for one minute. 

5. The destaining solution was poured off and disposed. 

6.A destaining solution of 30 mL was added. 

7. The gel was gently shaken to remove the stain until it was no longer noticeably discolored. 

8. The destaining solution was poured off and thrown away once again. 

9. Deionized water was used to rinse the gel. Approximately 30 ml of deionized water was 

poured and gently shaken for 5 minutes to rinse. 

10. The gel was dried for 60 minutes at 60°C in a gel drier with a piece of Filter paper ( 

whatman) underneath and a sheet of Saran wrap over it. 

Characterization of Purified β-mannanase enzyme 

Characterization and stability studies of purified β-mannanase were carried out to gain an 

insight into the nature and possible applications of the enzyme. 

 

Determination of optimal pH and stability of β-mannanase 

The effect of pH on mannanase activity was investigated by incubating purified β-mannanase 

enzyme in Na₃ PO₃  buffers (pH ranging from=4.0-8.0) at 30°C.For investigation of pH 

stability, purified mannanase enzyme was preincubated in various  Na₃ PO₃ buffers(having 
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pH ranging from 4-8) at 30◦C for an hour.DNS procedure was immediately followed to 

determine residual acitivity. 

 

Determination of Optimal temperature and thermostability of β-mannanase 

The activity of purified mannanase enzyme was assayed at temperatures (ranging from 20-60 

◦C)and at pH=6.0 to investigate the effect of temperature on enzyme activity. For 

investigation of thermal stability purified β-mannanase was incubated for an hour without 

substrate at various temperatures(ranging from 20-60) and at pH=6.0.The residual activity 

was immediately determined by DNS method. 

 

Effect of different metal ions and inhibitors on β-mannanase activity 

 For determination of the effect of different metal 

ions( Cu2+,Mn2+,Mg2+,Ca2+ ,Co2+   ,Zn2+,Ni2+,Hg2+,Ba2+) and inhibtors (EDTA,N-

bromosuccinimide, β-mercaptoethanol, 1, 10-phenanthroline) on β-mannanase activity, the 

purified enzyme was incubated at 30°C for 60 minutes in the presence of 1mM of each ion or 

inhibitor in the reaction mixture using 50mM sodium phosphate buffer pH6.0. Then the 

residual activity was promptly measured by DNS method. 

Substrate specificity 

 For determination of substrate specificities of purified β-mannanase from Aspergillus niger 

AD-01, enzyme activities were assayed by DNS method towards soybean meal, coconut 

pulp, peanut shells, coffee beans, sugarcane bagasse, rice bran or 0.5%(w/v) of 

polysaccharides including locust bean gum(LBG), carboxy methyl cellulose(CMC) and oat 

spelt xylan. 

 

Effect of Trypsin and Proteinase K 

Resistance of β-mannanase to proteinases was determined by incubating β-mannanase 

enzyme for one hour at 37°C with trypsin (250 U mg−1, pH 7.0) or proteinase K (30 U 

mg−1, pH 7.0), at a ratio of 0.1:1 [mannanase to proteinase (w/w)]and the residual enzyme 

activity was measured in sodium phosphate buffer(pH6.0)at 50°C. 
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Potential assessment of β-mannanase enzyme as a feed additive for agastric fish 

 Simulated intestinal fluid containing 6.8mg/ml KH2PO4 and 10mg/ml trypsin at pH6.8, was 

prepared to determine the ability of β-mannanase to hydrolyze mannan in vitro. The reaction 

system (0.5U/ml) contained 2.5 U of β-mannanase enzyme,5.0 ml of SIF and 

2.0%(W/V)wheat bran, soybean meal, rapeseed meal or sun flower meal. The mixture was 

left to incubate at 20°C for 4,8 and 12 hours at constant agitation. A similar experiment 

without the purified enzyme was done as a control experiment. 

 

Statistical analysis 

 All experiments related to 𝛽�-mannanase activity were performed in triplicate and expressed 

as mean ± SD (standard deviation). Graph pad prism software 5 was used to carry out the 

statistical analysis and to compare different treatment groups. One way  analysis of variance 

(ANOVA) was used. 
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Table 1 : Preparation of Solutions for SDS-PAGE 

 

Ingredient Composition Quantity 

10%SDS SDS 10g 

With dd H2O the volume was 

brought to 100 ml 

 

10 % Ammonium 

Persulphate 

(APS) 

Ammonium per Sulphate 1g 

With ddH2O the final volume 

was brought to 10 ml 

 

Destaining solution MeOH 1000ml 

ddH2O 2700ml 

Acetic acid 300ml 

Staining solution ddH2O 227ml 

Acetic acid 46ml 

Coomassie brilliant-blue-

R250 

1.3g 

MeOH 227ml 
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Table 2 : Preparation of Buffers for SDS-PAGE 

Buffer Composition Quantity 

5 M Tris-HCL.pH 8.8 Tris base 18.15g 

dd H2O 50ml 

With cocn.Hcl pH was 

adjusted to 8.8.Final vol. was 

brought to 100 ml with dds 

H2O and stored at 4C 

 

 

0.5M Tris-HCL,pH 6.8 dd H2O 40ml 

Tris base 3g 

With conc.HCl pH was 

adjusted to 6.8.Final volume 

was brought to 50ml with 

distilled H2O. 

 

 

4 X sample loading buffer 0.5MTris HcL,pH 6.8 5ml 

10 sds 0.4ml 

mercaptoethanol 18ml 

Bromophenol blue 5mg 

Glycerol 

 

20ml 

1X Electrophoresis buffer Tris base 6g 

SDS 2g 

dd H2O 2L 

Glycine 28.8g 
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Table 3 : Stacking Gel Preparation for SDS-PAGE 

 

  Ingredient Quantity 

H2O  6.1 mL 

10 % SDS 100 µL 

Tris–HCl (0.5 M, pH 6.8)  2.5 mL 

10% Ammonium persulfate (APS)       100 µL 

TEMED  10 µL 

Acrylamide/bis (30%, 37.5:1) 1.3 mL 
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Table 4 : Separation Gel preparation for SDS 

 

Ingredient                                                                                   Quantity 

H2O               3.8 mL 

Tris–HCl (5 m, pH 8.8)                 2.6 mL 

TEMED               10 µL 

10 % SDS                100 µL 

Acrylamide/bis (30% 37.5:1;Merk)                                3.4mL 

10 % Ammonium persulfate (APS)    100 µL 
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Fish collection and management 

Healthy and active juvenile C.carpio were transferred from a local fish farm to 

Fisheries and Aquaculture Research Facility, Quaid-i-Azam University. Fish were transported 

by adopting the closed live hauling technique and after tempering, stocked in concrete 

raceways. Fish were acclimatized there for two weeks. During this period, carps were hand-

fed twice a day 35% CP control diet (Table.5) to apparent satiation. 

 

Preparation of diets 

The commercial β-mannanase (BMTr) a propriety Trichoderma reesei fermentation 

product, having enzyme activity 20,000Uml-1 product at 37ºC and pH 5.5 was supplied by 

YoutellBio, Bejing China while locally isolated β-mannanase (BMAn) having 78Uml-1 activity 

at 37ºC and pH 6.0 was isolated from Aspergillus niger AD-01 in our lab. The detailed 

procedure of isolation and purification has been reported earlier(Dawood et al., 2019). 

Ingredients for feed were procured from a feed mill (Oryza Organics, Pvt Ltd).   

A plant-based basal diet (35% CP) formulation containing soybean a major ingredient 

and its proximate composition are shown in Table 5. Five tested diets were prepared where β-

mannanase was added  in the basal diet at a dose of 0 units kg-1 diet (control), 500, and 1000 

units kg-1 diet BMTr (A1 and A2 respectively) and BMAn (B1 and B2) respectively. Briefly, all 

dry ingredients except vitamins and minerals premix were finely ground with the help of 

electric grinder (GCG289, Geepas electronics, Dubai). Afterward, to obtain 35% CP, mixed 

along with vitamin-mineral premix in a fixed ratio and thoroughly mixed by using locally 

made mixer. Subsequently, oil and water were added in ingredients and made dough. The 

dough was passed through meat grinder and resultant noodles were cut into small pellets. The 

pellets were air-dried at low temperatures. For β-mannanase supplementation, the required 

amount of enzyme (both commercial and isolated) was dissolved in distilled water, and 

sprayed on experimental diets, while the control diet was sprayed with the same amount of 

water used for spraying on experimental diets. Each group of feed was dried once again. The 

pellets were transferred to a Ziploc bag and stored in a refrigerator. Fortnightly, a new batch 

of feed was prepared.  
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Experimental design 

A bi-factorial feeding trial (3 β- mannanase dosage levels × 2 Enzyme sources) in a 

replicate of three was designed. Fish were weighed and 225 carps (C. carpio), mean body 

weight of 13.17±0.12g were selected at random and equally distributed into fifteen 250L 

circular fiberglass tanks (15 fish per tank with three replicates per treatment) at a stocking 

density of 1.5gL-1. Fish were acclimatized to laboratory conditions for three days. Afterward, 

tanks were divided at random into five groups and each group was provided their respective 

diet, i.e., control group fed β-mannanase free basal diet, A1 and A2 groups of fish received a 

basal diet supplemented with 500 and 1000 unit BMTr kg-1 diet respectively, while B1 and B2 

groups of fish provided basal diet enriched with 500 and 1000 unit BMAnkg-1 diet 

respectively. Fish were fed their respective diets twice a day (8:00 AM & 4:00 PM) for 12 

weeks. Initially, they were fed at 4% body weight per day, and fortnightly, fish of each group 

were weighed by using an electronic balance (Shimadzu BL2200H) and the feeding rate was 

adjusted accordingly. During the trial, the temperature (°C), dissolved oxygen (DO) level (mg 

L-1), and pH of water were checked daily by using the Hanna water testing instrument (HI-

9828; Inc. Woonsocket, USA). However, total ammonia was checked weekly. During the 

experimental period, the DO level ranged from 5.5 to 6.1 mg L-1 while temperature increased 

from 21.5 to 23.5°C. However, no noticeable variations in other parameters were observed, 

i.e., pH (7.2 ±0.52) and total ammonia (<0.5ppm). To maintain optimum water quality and for 

calculation of FCR, daily uneaten feed and feces of each tank were collected after 2hrs and 6 

hrs of feeding respectively with a partial change of water. Since all of the tanks were adjacent 

to one other and had a similar source of water, therefore the water quality parameters 

variation was negligible among all tanks. After 90 days, the feed was withheld for 24 hours 

before sampling. 

  

Nutrients digestibility  

 For estimating the apparent digestibility coefficient ofnutrients, inert indicator method 

was used. Briefly, after 60 days of experiment, fish were fed with diets having 0.5% chromic 

oxide (Cr2O3).For apparent digestibility coefficient (ADC) of nutrients, daily uneaten feed 
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and feces of each tank were collected through siphoning after 2hrs and 6 hrs of feeding 

respectively with partial change of water. The collected fecal samples of each group were 

filtered, dried at 60oC in a preheated oven and stored at 20oC. Fecal collection continued for 

30 days. For analysis, fecal samples of each group were pooled (10 days samples/pool thus 9 

samples/experimental group) dried in oven and homogenized by using a pestle and motor. 

Chemical analysis of feed and faces samples was performed by adopting AOAC (2000) 

procedure. For C.carpio, apparent digestibility coefficients of crude protein, crude fat, and 

carbohydrates of the experimental diets were determined by using the following equation. 

 

ADC (%) = 100-   % Cr in feed   ×    % nutrient in feces       × 100 

                                % Cr in feces     % nutrient in feed 

Percentage survival and Growth measurements 

On the day of sampling, fish of each tank were weighed collectively, counted their 

numbers and mean body weight of fish as well as the survival (%) (100 × Final number of 

fish / initial number of fish) of each group were determined.  Based on observed initial and 

final weight  of fish, the  growth  performance parameters  like specific growth rate (SGR= 

100 × ln (final body weight- Initial body weight)/ Total experimental days), percent weight 

gain (WG% = final body weight- initially body weight/ initial body weight × 100) and feed 

conversion ratio (FCR =  dry weight of  feed  consumed / wet weight gain ) of each group  

were calculated . 

 

Sample collection 

Thirty-six fish from each group (12 fish from each replicate) randomly captured and 

were anesthetized with buffered Tricaine methanesulfonate (MS-222, 0.10 gL-1).  The blood 

of 18 fish (6 fish per replicate) was drawn from caudal vein by using 3 ml sterile syringe. For 

collecting enough serum, blood from two fish was pooled in the same tube (3 samples/tank or 

9 samples /treatment group) and allowed to clot at room temperature.  Subsequently, the 

clotted blood was centrifuged (Kokusan, Ogawa Seiki Co., LTD, Tokyo, Japan) at 3000 rpm 

for 5 min and blood serum was collected in a new tube and saved at 4ºC until further 

analysis.  For hematological analysis, the blood of other 18 fish (6 fish/tank) was collected 

from caudal vein with 3 ml syringe previously rinsed with EDTA (2.7% solution) and 
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collected in EDTA tubes (Liuyang Sanli Medical Technology Development Co., LTD). 

Again,blood of two fish was pooled (3 blood samples from each replicate or 9 samples 

/treatment group).  

After being bled,6 fish per tank  were dissected at low temperature by following a standard 

aseptic procudre and their intestinal tracts were removed carefully.The gut of 6 fish/tank,pool 

of two(3 samples/tank or 9 samples/treatment group) were frozen quickly in liquid nitrogen 

and saved at-80◦C for later determination of intestinal enzyme activities. Similarly, the 

muscles of each group of fish after taking blood were saved for proximate composition.   

Moreover,for study of gene expression, the liver, muscle, and intestinal tissues of 3 fish per 

tank were preserved in RNA later and stored at −80°C. 

 

Chemical composition of muscle, Feed and Feces  

For chemical analysis of fish muscle, experimental diets and feces, samples were sent 

to accredited laboratory of Poultry Research Institute (PRI), where they analyzed by adopting 

standard protocol AOAC (2000).  

Briefly, for determination of ash content, incineration in a muffle furnace was carried at 

600◦C for 12 hours. For estimation of crude proetin (N x6.25) and crude fat, microkjeldahl 

apparatus and petroleum ether extraction method by soxhlet apparatus (Bligh and Dyer, 

1959)were used respectively.Oxygen bomb calorimeter  was used for determination of Gross 

energy and chromic oxide content in feces and experimental diets was determined after 

oxidation with perchloric reagent by using acid digestion method as described by Divakaran 

et al., (2002) through UV-VIS 2001 spectrophotometer. 

Intestinal enzyme activity 

The collected intestines were homogenized in 5 volumes (w/v) of chilled phosphate 

buffered saline (pH, 7.5) using hand-held homogenizer. Subsequently, the homogenate was 

centrifuged at 3000 × g for 10 min at low temperature (4ºC) and supernatant was collected in 

new tube and saved at -80ºC for subsequent intestinal enzymes analysis.  

 

Amylase activity 

For amylase assay, DNS(3,5 dinitrosallicylic acid)  method based on determination at 
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560nm of reducing sugars using maltose as standard was used(Bernfeld, 1955).  

0.5ml enzyme solution was mixed with equal amount of starch solution (1%) and was left to 

incubate at room temperature for 3-5 min. Afterward, 1 ml DNS reagent (prepared by mixing 

DNS=1g,  2M sodium hydroxide=20mL and  sodium potassium tartrate=30g and diluted to 

100 ml with distilled water) was added and was left to incubate on a preheated water bath for 

at least 5 minutes. The mixture was cooled and mixed with 10 mL reagent graded water. UV-

Visible spectrophotometer (Agilent, 8453, USA) was set at λ 450 nm and absorption of 

resultant solution was noted for estimating amylase activity.  One amylase unit was defined 

as the amount of enzyme in 1.0 ml solution that released1μg reducing sugar per min.  

 

Cellulase activity 

The production of reducing sugars as a result of cellulolytic activity was measured 

following DSN method.  For this, I ml each of enzyme solution and CMC solution (1%) was 

taken in 10 ml glass tube and mixed with 1 ml of 0.1M citrate buffer. The resultant solution 

was left to incubate at 50°C for half an hour. Afterward, 3.0 ml DNS reagent was added and 

again incubated at boiling point for 15 min. Subsequently, I ml of 40% sodium potassium 

tartarate was mixed and test tube having solution was cooled at room temperature. The UV-

Visible spectrophotometer (Agilent, 8453, USA) was set at λ 540 nm and reducing sugar i.e., 

glucose was measured for estimating the cellulolytic activity.One cellulase unit was defined 

as the amount of enzyme per ml solution that released 1 mg glucose per minute. 

Protease activity 

The protease activity was analysed by using casein as a substrate and L-tyrosine for 

the preparation of standard curve(Cupp-Enyard, 2008).For protease assay,100µl of enzyme 

extract was mixed with 0.65% of casein solution(5ml) and 110mM tricholoroacetic 

acid(5ml).The resultant solution was left to incubate at 37◦C for half an hour and then cooled 

at room temperature.Afterwards,the solution was filtered by Whatman filter 

paper.Subsequently, 2.0 ml filtrate was taken in separate clean 10 ml glass test tube and 

mixed with 5 ml Sodium Carbonate solution(500mM) and 1ml folin-Ciocalteau reagent 

(0.5mM) and heated for 30 min at 37ºC and then cooled down at room temperature. The UV-

Visible spectrophotometer (Agilent, 8453, USA) was set at λ 660 nm and absorption of 
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resultant solution was noted for calculating protease activity.One unit of enzyme activity was 

defined as the amount of enzyme required to liberate 1μg of tyrosine per ml filtrate under 

standard assay conditions. 

 

Hematological indices 

Hematological indices like WBCs(white blood cells),RBCs (red blood cells), MCV 

(Mean corpuscular volume), MCH (mean corpuscular hemoglobin), Hct (hematocrit), MCHC 

(Mean corpuscular hemoglobin concentration) and Hb (hemoglobin) were determined by 

using a pre-calibrated Hematology Analyzer (DxH 500, Beckman coulter).  

Immunological and blood metabolic indices 

Total serum proteins, immunoglobulin (IgM), aspartate aminotransferase (AST), and 

lysozyme activity was measured following the protocols used by Ullah et al. (2018) while 

protocol reported by Younus et al. (2020) was followed for the assessment of respiratory burst 

and phagocytic activity, from fresh heparinized blood. Cholesterol (CHO) and triglyceride 

(TG) assays were performed by adopting standard procedures as reported by Panigrahi et 

al.(2010). 

 

Total serum protein and IgM  level   

Total serum protein was analyzed by following Lowry’s method (1951), using bovine 

serum albumin (BSA) as a standard for the preparation of calibration curve and determination 

of protein concentrations. Stock solution of standard protein, i.e. bovine serum albumin was 

prepared by dissolving 1 mg BSA in 1ml distilled water (1mg/1ml) in test tube. Standards 

were prepared by diluting the stock solution i.e. (BSA ranged from 0.05 to 1 mg/ ml) with 

distilled water such that every solution would reach to 2 ml in test tube.  In each test tube 

2000 µl alkaline copper sulfate reagent was added and mixed well. Then these solutions were 

incubated for 10 minutes at room temperature. After that 200 µl Folin Ciocalteau solution 

was added in each tube and again incubated for 30 minutes. Finally, absorbance was 

measured at 660 nm. The absorbance against protein concentration was plotted to get a 

standard calibration curve. The absorbance of unknown sample was noted and concentration 
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of the unknown sample using the standard curve plot was determined.  

 

  For the determination of serum IgM level, Anderson and Siwicki (1995) procedure with 

some modification was adopted. Briefly, 0.1 ml each of serum and 12 % polyethylene glycol 

were mixed and the solution was incubated at ambient temperature under constant 

shaking(shaking incubator, ISS Innova 43)for 2 hrs.  Afterwards, the solution was centrifuged 

at 7000 rpm for 10 min and supernatant was separated. The protein concentration in the 

supernatant was determined by adopting Lowry’s method(Lowry et al., 1951) and IgM level 

was calculated by subtracting the IgM value from total serum protein. 

Lysozyme activity  

To determine the lysozyme activity,Anderson and Siwicki (1995) method reported by Ullah 

et al.(2018) was followed. Briefly serum (100µl) was taken with the help of micropipette in 

fresh test tube and mixed with 900 µl of 750 µg ml-1 Micrococcus lysodeikticus (Sigma, 

USA) suspended in saline phosphate buffer (pH 6.2)  solution. Bacteria were thoroughly 

mixed and the rate  of absorbance change was observed by using spectrophotometer set at 

450 nm. The reading was noted after 1 min intervals for 10 minutes. Lysozyme activity was 

measured by using lysozyme from hen egg white (Sigma-Aldrich) as a standard. 

Phagocytic activity  

 To determine phagocytic activity, heparinized blood (100µl) was mixed killed S.aureus(1 × 

107cells) suspended in saline phosphate buffer(pH=7.2)(Anderson and Siwicki, 1995).The 

mixture was left to incubate at room temperature for half an hour.Afterwards, a smear was 

prepared by transerfing the mixture(5µl) to a glass slide.The smear was air-dried,fixed in 

ethanol (95%) for five minutes and then air dried again and then dipped in Gimsa stain.From 

each smear a total of 100 phagocytic cells were read under the microscope and the number of 

phagocytic cells and phagocytosed bacteria were counted.Phagocytic activity(PA) and 

phagocytic index(PI) were measured by following formulas: 

PA = No.of phagocytic cells with ingested bacteriaNo. Of phagocytes x100 

PI = No.of engulfed bacteria/phagocytic cells 
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Alanine aminotransferase (ALT) 

ALT activity was measured by using alanine aminotransferase Activity Assay KIT MAK-

052(SIGMA-ALDRICH). Assay was performed by adopting standard procedure. Before use, 

all the reagents were left for a while at room temperature. Subsequently, Master reaction mix 

(1 ml) was prepared. It’s constituents were fluorescent peroxidase substrate(20µl), ALT 

Assay buffer (860µl), ALT  enzyme mix (20µl) and ALT substrate (100 µl). In the next step, 

serum sample(10µl) and ALT buffer (10µl 

) were added to 96 well microplate. Then, Master reaction mix(100µl) was added in each of 

standard, positive control and sample wells. The plate was placed on a horizontal 

shaker(VEVOR Orbital Rotator) so that the mixture in each well is mixed properly. After 

that, a measurement was taken and absorbance was read at 570nm  on a spectrophotometer 

(Agilent,8453,USA).Repeated measurements were taken after every 5 minutes for 4 times. 

The change in absorbance for initial and final reading for samples and positive control was 

measured. Activity of ALT was calculated and expressed as UL-1.One unit of ALT is defined 

as amount of enzyme  that generates 1.0 nmole of pyruvate per min. 

AST Activity 

AST activity was estimated by assaying  the rate of NADH oxidation, which is 

proportional to decrease in absorbance at 340nm over time.AST/GOT kit (AMEDA 

Laborodiagnostik GmbH Graz Austria) was used for measurement of  AST  activity. Briefly, 

100µl serum was taken in 2 mL Eppendorf tube and added 1000µl working reagents(910µl 

reagent A and 91µl reagent B).The mixture was mixed gently and incubated  for 1 min at 

30◦C.UV-Visible spectrophotometer (Agilent 8453,USA) was adjusted at λ 340nm and the 

absorbance was noted thrice after every 1 minute interval. The AST activity is denoted in UL-

1. 

Total Cholesterol 

Griner Diagnostic GmbH (Unter Gereuth, Bahlingen, Germany) was used for 

determination of total cholesterol. Briefly, serum sample (10 µl) was mixed with Reagent R 



DRSML Q
AU

                 Materials and Methods 
 
 

42 
 

(1ml) and was allowed to incubate for 5 minutes. Then absorbance at 500nm was measured 

by using Merck laboratory analyzer(MICRO-LAB 200,Germany).Total Cholesterol (CHO) 

was calculated by mg/dl. 

Triglycerides 

AMP diagnostic kit(AMEDA labordiagnostik GmbH,Germany) was used to measure 

serum Triglycerides(TG) level. For this, a small amount of serum sample (1 µl) was mixed 

with Reagent R(1ml) and left to incubate for 15 min at room temperature. The absorbance 

was read by using at 500 nm by using Merck laboratory analyzer(MICRO-LAB 

200,Germany).Triglyceride level was measured as mg/dl. 

Respiratory burst activity 

Briefly,heparinized blood(100µl) was placed in a microplate and mixed with 100µl of 0.2% 

of nitro blue tetrazolium(NBT) dye(Anderson and Siwicki, 1995).The mixture was left to 

incubate at room temperature for half an hour and then 0.05ml of this mixture was transfered 

to a glass tube containing 1ml of N-N di-ethyl methyl formamide solution and centrifuged for 

five minutes at 3000rpm.The supernatant’s absorbance was read at 540nm. 

 

Total RNA extraction and cDNA synthesis 

From each sample, the total RNA was extracted using buffer RLT (Qiagen, 

Mississauga, Canada) and 0.12M β-mercaptoethanol (Sigma). The extracted RNA was 

quantified at 260 nmand 280 nm (A260/A280) by using NanoDrop® ND-

1000Spectrophotomete, (Thermo Scientific, Wilmington, USA).The cDNA was synthesized 

via RevertAid First-strand cDNA synthesis kit (Thermo Fisher Scientific, Lithuania)by 

following manufacturer’s protocol. Briefly, RNA (1 µg) along with Random Hexamer 

primers, was incubated for 5min at 70°C followed by cooling for 10 min at room temperature, 

thus the primers anneal appropriately to RNA. Afterward, RT-buffer, dNTPs, RNAs inhibitor 

and RT enzyme were added to the mixture, and incubated for 5min at 25°C, then for 60 min at 

42°C, and finally at 95°C for 3 min in a thermal cycler (Master cycler, Gradient Eppendorf, 

USA). Immediately the resultant sample was stored at -20°C until further analysis. 
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QPCR-Conditions for Analysis of Gene Expression 

Housekeeping gene, β-actin was used to analyze the relative expression of the selected genes, 

i.e., MyoD in muscle and TNF-α gene in the intestine, liver, and muscle tissue of each group 

of fish.  The sequence of primers of reference gene and selected genes are shown in Table 6. 

The amplification of cDNA was performed on a LightCycler® 480 Instrument by using 

SYBR®Premix ExTaqTM kit (Takara Bio, Japan). The 20µl mixture was prepared by mixing 

1.0μl of the forward and reverse primers (10 mM), 10µl of SYBR Premix Ex Taq™, 1.0 μl of 

cDNA with 8µl ultra-pure water.  The thermal cycling conditions involved initial denaturation 

at 95°C for 10 min followed by 40 cycles at the same temperature, i.e., 95°C for 15s, then 

annealing at 56°C for 30s, and final extension at 72°C for 30s. 

For each sample qPCR was run two times with three replicates. Equation, %E = 10(− 

1/Slope) − 1 × 100 was used to determine the efficiency and validity of  qPCR primers 

(Radonićet et al. 2004).For relative gene expression, ΔΔCt method based on the expression of 

target gene relative to the expression of housekeeping gene (reference) was adopted by using 

IQ5 software (Bio-RAD). 

Statistical analysis 

All data have been expressed as mean± standard deviation (±SD). SPSS software 

(SPSS 18.0. Chicago, IL) was used to carry out all statistical procedures. Analysis of data was 

done by  two-way ANOVA followed by Fisher’s Post hoc LSD test to determine significant 

differences among experimental groups. Two-tailed T-test was used to compare the results of 

both enzymes at similar dosage level. The value P<0.05 was used as the criterion for 

statistical significance. 
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Table 5 : Formulation and proximate composition of 35% crude protein basal diet (% 

dry matter) 

 

Ingredients Quantity(g/100g) 

Fishmeal 

 

5 

Soybean meal 60 

Sunflower meal 10 

Wheat bran 8 

Rice bran 8.0 

Fish Oil 1 

Vitamin-mineral mixturea 3 

DCPb 4 

 

 

CMCc 1 

 

 

 

Proximate Composition (%)  

Crude Protein 34.36 

Crude Fat 12.90 

NFEd 42.12 

Chromium oxide 0.41 

Crude fibre 5.32 

Crude Ash 7.89 

Gross energy (KJ g-1) 21.08 
aComposition of vitamin-mineral mixture (quantity/kg): Vitamin A, 500, 000; Vitamin D3, 

820,000 IU; Vitamin K3,  800mg; Vitamin E,  6200mg ; Vitamin B2,  2500 mg; , Vitamin B6,  

1000 mg;  Vitamin B3,  15,100mg; L- lysine , 10,500mg 5; DL Methionine,50,500 mg; Choline 

chloride, 125,500 mg; Manganese, 30,000mg; , Copper , 1000mg; Zinc, 17,555mg; Iodine, 300 

mg; Cobalt, 50mg; Iron, 7500 mg.   
bDCP:Dicalcium phosphate.cCMC:Carboxyl mythyl cellulose 
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Table 6 : Primers used for expression of MyoD in muscle and TNF- α in muscle, liver 

and intestine of C. carpio 

 

 

 

 

 

 

 

 

 

 

 

Gene  Primer sequence ( 5′→ 3′) Accession 

number 

Reference 

TNF-α 

 

 

 

 

F GGTGATGGTGTCGAGGAGGAA  XM_019088899.1 (Hoseinifar et al., 

2017a) 
 R TGGAAAGACACCTGGCTGTA  XM_019088899.1 

Myo-D 

 

F TGCCTACTGTGGGCATGCAA    LN594833.1 (Kobiyama et al., 

1998) 
 R ACTCACTTCTGCTGATCTGC LN594833.1  

β-actin 

 

F AGAAGGACCACTTGCACTCA KX622693.1 (Duan et al., 2013) 

 R GATGCCAAATACTGCTCAATGT KX622693.1  
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Materials and Methods 

Ethics statement 

 All experimental procedures were approved by the Quaid-I-Azam University’s 

animal welfare committee in compliance with local legislation (BEC-FBS-67-QAU-2019). 

 

 Fish and Culture Conditions 

 Healthy Juvenile C.carpio with no sign of infection were bought from a commercial Fish 

farm and transferred to QAU Fisheries and Aquaculture research station. The fish were 

stocked in a concrete raceway and acclimatized for a week. Feeding was done twice a day to 

apparent satiation. 

 Preparation of diet 

A plant-based 35% crude protein diet was formulated (Table.5). All ingredients used for the 

preparation of feed were purchased from a local feed mill (Oryza Organics Pvt, Ltd). The 

locally isolated β-mannanase having 78U/ml activity at 37◦C and pH 6.0 was isolated from 

Aspergillus niger AD-01 in our lab. The detailed procedure of isolation and purification has 

been reported earlier (Dawood et al.2019). To obtain a 35% crude protein diet, all feed 

ingredients were mixed in a fixed ratio (Table. 5). Dry ingredients were made into the dough 

by mixing them with water and oil and then passed through a meat grinder. The resulting 

noodles were cut and air-dried at low temperatures. The prepared feed was divided into three 

dietary treatment groups (A1, A2, and control). For β-mannanase supplementation, the proper 

amount of enzyme was dissolved in distilled water and sprayed on treatment groups at the 

rate of 1000, 500, and 0 units/kg respectively. The feed was dried once again. The pellets 

were transferred to a Ziploc bag and stored in the refrigerator. 

 

 Experimental Design and Feeding Trial 

A completely randomized experiment was designed and conducted in replicates of four under 

controlled conditions. Fish having an initial weight of 12.32±0.11g were randomly selected 

and distributed into 12 circular fiberglass tanks (250L) at the rate of 1.5g/L (15 fish per tank). 

Each tank was well equipped with a heater and air stones connected to the air pump for 

maintaining the temperature at 22◦C and DO level at 5.5 ± 0.5 mg/L, respectively. To prevent 

the fish from jumping out, the top of each tank was covered with a net. After acclimatization 
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to experimental conditions for three days, fish were divided into three groups (A1, A2, and 

control). Subsequently, the feeding trial was started and fish in each group were fed their 

respective diet at 4% of body weight twice (8:00 am and 4:00 pm) a day (Inayat and Salim, 

2005). To maintain optimum water quality, one-third water of each tank was renewed daily. 

Furthermore, uneaten feed and feces were also removed. The feeding trial lasted for 12 

weeks. 

Sampling 

At the end of the 90-day feeding experiment, six fish from each tank were randomly sampled 

and anesthetized with Tricaine methanesulfonate (MS-222) solution prepared in NAHCO3 

buffer (0.10 gL-1).The fish were dissected at low temperature by following the standard 

aseptic method.  The whole intestine of each fish was dissected out carefully with sterile 

scissors and forceps, snap-frozen in liquid nitrogen, and stored at −80◦C for the study of gene 

expression and composition of intestinal microbiota. 

RNA extraction 

RNeasy mini kit (Qiagen, Mississauga, Canada) was used for RNA extraction. 

At room temperature, all of the RNA extraction processes were completed promptly. 

All the steps of centrifugation were carried out at 20-25◦C in regular microcentrifuge tubes. It 

was ensured that centrifuge does not cool below 20◦C. 

In all the steps the collection tubes used were of 2 ml except when mentioned otherwise. 

Steps taken before starting out: 

Before use, β-mercaptoethanol(β-ME) was  mixed with buffer RLT in such a way that for 

every 10µl of β-ME,1000µl of buffer RLT was included.The mixing was dispensed in a 

fumehood after wearing protective clothing. 

 Buffer RPE was delivered in a concentrated form. Before use, to make a functioning 

solution, 4 volumes of ethanol (96–100 percent) were added as per instructions of the 

manufacturer.  
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Procedure: 

1.The tissue sample was removed from storage. It was weighed and 30mg of tissue was 

selected for RNA extraction. 

2. The tissue was weighed and immediately immersed in liquid nitrogen before being 

thoroughly pulverized with a blunt object. The liquid was promptly decanted into a  

centrifuge tube that had been chilled. The liquid nitrogen vaporized but the tissue did not 

thaw.600µl of buffer RLT was added. The lysate was transferred with the help of a pipette to  

QIAshredder spin column which was positioned beforehand in a collection tube . The tube 

was then centrifuged at maximum speed for a time period of 3 minutes. 

4. using a pipette the supernatant was carefully shifted to a new microcentrifuge tube. Only 

this lysate was utilized in the next steps. 

5. 700µl of this sample was shifted to  an RNeasy spin (RNS) column that was put in a 2 ml 

collection tube. After careful closing of the tube, centrifugation at 10,000 rpm for a period of  

15 Seconds was carried out. The resulting flow through was disposed off and the collection 

tube was used again in the next step. 

6.700µl of  RW1 buffer was put into the RNS column. After careful closing of the tube, 

centrifugation at 10,000 rpm for a period of  15 Seconds was carried out  to wash up the spin 

column membrane. The resulting flow through was disposed off and the collection tube was 

used again in the next step. 

7.500µl of  RPE buffer was put into to RNS column. After careful closing of the tube, 

centrifugation at 10,000 rpm for a period of  15 Seconds was carried out  to wash up the spin 

column membrane. The resulting flow through was disposed off and the collection tube was 

used again in the next step. 

8. 500µl of buffer RPE was put into RNS column. After careful closing of the tube, 

centrifugation at 10,000 rpm for a period of  15 Seconds was carried out  to wash up the spin 

column membrane. Thus the membrane of the spin column was dried out after extended 

centrifugation. This ensured that during the elution of RNA no ethanol was present. As a 

result of leftover ethanol, subsequent processes may be hampered. 
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9. RNS column was positioned in a fresh collection tube  and the old one tube containing the 

flow through was thrown away. After closing the lid of the tube gently, centrifugation at max 

speed for a period of one minute was carried out to remove any likely remnants of RPE 

buffer, or if leftover flow through lingered on the rims of the RNS column after step 8. 

10. The RNS column was shifted to into a fresh collection tube(1.5 ml). The spin column 

membrane was immediately injected with 30–50 µl of RNAse-free water. After closing the 

lid of the tube gently, centrifugation at 10,000 rpm for a period of one minute was carried out 

to  elute the RNA. 

 

RNA clean up 

RNA was cleaned up by using RNeasy protect Mini kit (Qiagen inc., USA). 

At room temperature, all of the RNA extraction processes were completed promptly. 

All the steps of centrifugation  were carried out at 20-25C in  regular microcentrifuge tubes. 

It was ensured that centrifuge does not cool below 20C. 

Buffer RPE was delivered in a concentrated form. Before use, to make a functioning solution, 

4 volumes of ethanol (96–100 percent) were added as per instructions of the manufacturer.  

In all the steps the collection tubes used were of 2 ml except when mentioned otherwise. 

Procedure 

1.Using RNAse-free water, the sample volume was adjusted to 100µl. A 350 µl  volume of 

RLT buffer was added and thoroughly mixed. 

2. 250 µl ethanol (96–100%) was pipetted into the diluted RNA and stirred well. 

3. The sample having volume of 700 μl was shifted to an RNS column positioned in a 

collection tube. After careful closing of the tube, centrifugation at 10,000 rpm for a period of  

15 Seconds was carried out . After carrying out centrifugation, the RNS column was 

cautiously  taken out of the collection tube such that  there was no contact between column 

and flow-through. The collection tube was emptied thoroughly. The flow through was 
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disposed off, RNS column was positioned in the tube and the collection tube was used again 

in the next step. 

4. 500µl of buffer RPE was put in to RNS column. After closing the lid of the tube gently, 

centrifugation at 10,000 rpm for a period of 15 Sec was carried out to wash up the spin 

column membrane. After disposing off the flow through, the collection tube was used again 

in the next step. 

5.  RPE buffer having volume of 500 µl was put in RNS columnAfter careful closing of the 

tube, centrifugation at 10,000 rpm for a period of  15 Seconds was carried out  to wash up the 

spin column membrane. Thus the membrane of the spin column was dried out after extended 

centrifugation. This ensured that during the elution of RNA no ethanol was present.As a 

result of leftover ethanol, subsequent processes may be hampered. 

6.  RNS column was positioned in a fresh collection tube  and the old one with the flow 

through was thrown away. After closing the lid of the tube gently, centrifugation at max 

speed for a period of one minute was carried out to remove any likely remnants of RPE 

buffer, or if leftover flow-through lingers on the rims of RNS column after step 5.  

 

7.The RNS column was shifted to a fresh collection tube( 1.5 ml). The spin column 

membrane was immediately injected with 30–50 µl of RNAse-free water. After closing the 

lid of the tube gently, centrifugation at 10,000 rpm for a period of one minute was carried out 

to  elute the RNA. 

 

Gene Expression analysis 

After RNA extraction and purification,the quality of RNA was checked by using 1.0% 

agarose gel electrophoresis and RNA samples were quantified by spectrophotometry at 

260nm by using Nanodrop- 1000 spectrophotometer (Thermo Scientific, USA). For the 

synthesis of first-strand cDNA, total RNA (8.0 μg) was reverse transcribed by using 

Invitrogen SuperScriptTM IV Reverse Transcriptase kit (Thermo Fisher Scientific, USA), 

following the manufacturer’s instructions. Real-time RT-qPCR was run using an SYBR 

Premix ExTagTM II kit (TaKaRa, Japan) with a LightCyler 480 system. Specific primer 

sequences (listed in Table.7) of target genes were designed using the primer blast tool and 
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RT-qPCR was run by following the method reported by Duan et al. (2017) for investigation 

of the expression of digestion and immune-related genes including, Amy, Tryp, Lip, FAS, 

FASB, SOD, Lys, Def, NK-lys, and IL-β. For the calibration of the cDNA template and 

confirmation of successful reverse transcription, the β-actin gene of common carp was chosen 

as an internal control. 2─ΔΔCT comparative CT method was used to calculate relative gene 

expression, and shown as a fold change in expression, in comparison to the control group. 

 Fish gut microbiome Analysis 

Intestinal DNA was extracted from 3 fish per tank, using DNeasy PowerSoil®Kit (Qiagen 

Inc., USA) according to manufacturers’ instructions. The extracted DNA samples were 

qualitatively analyzed in 1.0% agarose gel electrophoresis and then quantity was determined 

at 260nm by using a Nanodrop 1000 spectrophotometer (Thermo Scientific, USA). To 

generate a DNA library, the extracted DNA samples were subjected to PCR. The v4 region of 

bacterial 16S rRNA gene and internal transcribed spacer (ITS) regions of fungal 18S rRNA 

gene were amplified by using 515F (GTGCCAGCMGCCGCGGTAA) /806R 

(GGACTACHVGGGTWTCTAAT) and ITS2 primer pairs (ITS-3F, 5′-

GCATCGATGAAGAACGCAGC-3′; ITS-4R, 5′-TCCTCCGCTTATTGATATGC-3′) 

respectively (Moncada et al., 2013; Walters et al., 2016). HotStarTaq Plus Master Mix Kit 

(QIAGEN, USA) was used to perform the PCR program. The PCR reaction conditions were 

initial denaturation at 95◦C for 5 min, followed by 27 cycles of denaturation at 95◦ C for 30s, 

55◦C for 30s, and 72◦C for 45s. The final step was carried out at 72◦C and lasted for 10 min-. 

For the determination of length differences, the PCR fragments were subjected to 2.0% 

agarose gel electrophoresis. A PCR purification kit (QIAquick PCR Purification Kit) was 

used to purify the target bands. The purified PCR product was pooled and subjected to 

sequencing by Macrogen, USA using Illumina Miseq platform according to the 

manufacturer’s instructions. The resulting sequences were processed and analyzed using the 

Bioinformatics package QIIME, version 2.0. For this, the raw data was imported into QIIME 

and the sequences for each sample were demultiplexed using the q2-cutadapt plugin. All the 

primer sequences and barcodes were removed. The sequences were also denoised and merged 

following the recommended protocol (Hall and Beiko, 2018). The resulting reads were 

clustered into operational taxonomic units (OTUs), defined at different similarity cut-off 
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levels. The taxonomic classification of the final OTUs was done by using BLAST against a 

curated database derived from RDPI, RDPII, and NCBI. 

 

Statistical analysis 

GraphPad prism5 software was used for statistical analysis. One-way analysis of variance 

 (ANOVA) followed by Bonferroni’s multiple range test was used to carry out a comparison 

among treatments. Microbial diversity was assessed among samples using OTUs, Simpson, 

and Shannon indices. Significance was set at P<0.05 
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Table 7 : Primer sequences used in this study1 

Primer Name Sequence (5’–3’ ) Accession number 

Lys-F ACGCTGTGATGTTGTCCGTA XM019104788 

Lys-R GTAGGCCGTGCACACATAGT 

SOD-F ACAGTTGTGAATCGGGCCAA XM019064760  

SOD-R GCAACGCCAGCAATATCGAG 

FAS-F ATTGCTCCAGCCCTTCTGTC XM019099327 

FAS-R ACGTGCTGATCCAACGTGAT 

FASB-F TATTCTCTGGCAGACGGCAC XM019107043  

FASB-R CTTTCCGTTGTCCTTGCGTG 

Amy-F CAACCCCGACTCTACCTGTG XM019081800 

Amy-R CGGAAGGCCACCATGTTTTT 

Lip-F GAAGGTCCACTTCTTCGGCA XM019064376  

Lip-R TTCCTTCTCGCCGTGGATTC 

Tryp-F ACCACTTTTGTGGTGGCTCT XM019110818  

Tryp-R ATGTTGTGCTCACCCAGACG 

Def-F TGTGGATATCGAGGGCTGTG NM001081555 

Def-R ACAGCACCTGTATCTTCGAG 

NK-lys-F GACCATCCGAATCCTGTGAGG XM019114515  

NK-lys-R TCATCTGTTTGTTCTCCGTTGC 

IL1-βF ACCAGCTGGATTTGTCAGAAG AB010701 

IL1-βR ACATACTGAATTGAACTTTG 
1Lys, lysozyme; SOD, superoxide dismutase; FAS, fatty acid synthase; Def, Defensin; FABP, 

fatty acid binding protein; Amy, amylase; Lip, lipase; Tryp, trypsin; Nk-lys, NK-lysin; IL1-β, 

interlukein1-β 

 

 

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1101642203
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1101603603
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1101641472
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1101602280
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1101611366
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Screening of the High 𝛽�-mannanase Activity Producing Strain 

 Six fungal strains that were active producers of β-mannanase and created colonies on 

mannan agar plate were selected for secondary screening. For this, these strains were grown 

in liquid media containing LBG as the only carbon source. Out of six isolates, one fungal 

strain proved to be a potent producer of β-mannanase enzyme. This strain was selected for 

further study and it was designated as Aspergillus niger AD-01. 

 

Identification and molecular characterization of selected β-mannanase producing fungal 

strain  

The selected strain was sub-cultured on LBG agar medium. At first the colonies were white, 

covered with feathery white aerial mycelia but as the culture matured, the colonies turned 

black and powdery. The back of the mature colony was buff colored (Fig. 1). Analysis of 18S 

rRNA sequence of the fungal isolate showed a homology of 98% with Aspergillus niger 

strains in NCBI database. The nucleotide sequence of the strain AD-01 was submitted in 

NCBI under accession number MN239884. 

 

Optimization of culture conditions for enhanced β-mannanase production 

Different parameters were optimized for maximum β-mannanase enzyme production: carbon 

source; pH; temperature; nitrogen source and time of incubation. 

Among different carbon sources investigated, highest production of β-mannanase enzyme 

was achieved when locust bean gum (LBG) was used as the only carbon source (Table.8). 

Simple sugars like glucose, mannose, xylose and galactose did not induce β-mannanase 

production.In addition, how different nitrogen sources  influence the production of β-

mannanase enzyme by Aspergillus niger AD-01 was also investigated. β-mannanase enzyme 

production increased considerably when organic sources of nitrogen were used, instead of 

inorganic ones (Table 9). 

In pH optimization studies, the effect of initial pH of the culture media on  β-mannanase 

enzyme production was studied in the range of 3-8.In the present study, maximum production 

of β-mannanase enzyme was reached when the pH of the production medium was 5(Fig.2). 

To study the effect of temperature on β-mannanase enzyme production, different fermentation 

temperatures ranging from 20-60°C were tested. Maximum β-mannanase enzyme production 
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was achieved when the temperature of the production medium was 30°C( Fig3). For substrate 

concentration,maximum production of β-mannanase was achieved when substrate 

concentration was 1% (Fig4). After optimizing all the other parameters, the effect of time of 

incubation on β-mannanase enzyme production was investigated. For this, β-mannanase 

enzyme production was carried out under optimized conditions for 9 days. Maximum 

production of the enzyme was achieved at day 5(Fig 5).The enzyme production increased 

from 4.160 U/mg of protein in the nonoptimized media to 12.49U/mg of protein in the 

optimized medium. So there was 3 fold increase in the production of β-mannanase enzyme by 

optimizing the media composition. 

Purification of 𝛽�-mannanase 

Crude β-mannanase enzyme produced on optimized culture parameters showed a specific 

activity of 12.49U/mg of total protein. The enzyme was purified by subjecting 500ml of 

fermentation liquid to ammonium sulphate precipitation and gel filtration chromatography. 

Different steps of purification like % yield, specific activity and purification fold are 

summarized in table (10).After multiple purification steps, β-mannanase enzyme was purified 

by 6 fold with 24% yield and the specific activity of β-mannanase, using LBG as sole carbon 

source reached 78.07U/mg. The purified β-mannanase was shown to be homogenous as 

examined by SDS-PAGE. 

Apparent Molecular mass of 𝛽�-mannanase 

The apparent molecular mass of β-mannanase enzyme was found to be ~45kDa (Fig.6) 

Characterization of β-mannanase 

Biochemical characterization and stability studies were carried out in order to have a brief 

insight into the nature and possible applications of the isolated β-mannanase enzyme.The 

effect of temperature, pH, metal ions, solvents, proteinases and NaCl on the residual activity 

of β-mannanase enzyme was investigated. 
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Optimal temperature and thermostability of β-mannanase 

The purified 𝛽�-mannanase was maximally active at 40oC (Fig .7) and showed >50% of the 

maximum activity at temperature 20oC and at 10oC the activity of ~ 20%. Figure. 8 shows the 

thermostability profile of β- mannanase enzyme. It is clear from Figure.8 that the enzyme is 

very stable at 37oC after 60 min incubation. Approximately 50% of activity was retained at 

40oC for 30min. The half-life of the enzyme was 30min at 40oC and only 10% of activity was 

retained after 10 minutes incubation at 50oC. 

Optimal pH and stability of β-mannanase 

β-mannanase enzyme purified from Aspergillus niger AD-01 has been found to be maximally 

active at pH 6.0 and retains more than 25% of its maximum activity between pH 5.0 and 8.0 

(Fig.9). The purified β-mannanase was found to have pH stability. It retained ~60% of its 

activity after incubating it in different buffers with pH ranging from 4-8 at 37°C for one 

hour(Fig.10) 

The Effect of Inhibitors and Metal Ions on 𝛽�-mannanase Stability 

Table 11. Shows the effects of different inhibtors and metal ions on β-mannanase activity.It 

was found that the activity increased considerably in presence of β-mercaptoethanol and 

decreased drastically in presence of SDS.EDTA which envelops metal ions extensively, 

however did not inhibit β-mannanase activity . Among the different metal ions investigated β-

mannanase activity was partially inhibited by Zn2+ and Co2+(retaining80-85%) and strongly 

inhibited by Ba2+, Pb2+ and Hg2+ (retaining <30% activity). 

Substrate Specificity of β-mannanase enzyme 

The purified β-mannanse enzyme  activity was investigated against different substrates like 

LBG, CMC and oat spelt xylan with a concentration of 0.5%(w/v) and natural substrates like 

soybean meal, coffee shells, peanut shells, sugarcane bagasse and rice bran with a 

concentration of 2%(w/v).The results are presented in Table 12.It was observed that among 

the different tested substrates β-mannanase enzyme showed highest activity towards LBG 

while no activity towards oat spelt xylan or carboxy methyl cellulose. Among the natural 



DRSML Q
AU

Results 
 
 

60 
 

substrates tested the enzyme showed highest activity towards coconut pulp followed by soy 

bean meal. 

Salt Tolerance 

 β-mannanase enzyme showed superior salt tolerance. It retained more than 80% of the 

activity in the presence of 0-4M NaCl (Fig.11). 

The purified β-mannanase enzyme when incubated with 1M or 2M NaCl at 37oC for one hour 

showed higher than 100% of its initial activity (Fig.12). 

Proteinase resistance 

 Purified β-mannanase enzyme was resistant to proteases. There was no loss of activity when 

incubated for 60 min at 37oC with trypsin and proteinase K. 

Potential assessment of β-Mannanase enzyme as a feed additive for agastric fish 

During the in vitro simulated intestinal digestion phase, 16.0-19.6,10.6-18.0,20.3-28.0 and 

28.3-31.6 μmol/ml reducing sugars were amassed in 4-12 hours using 2.0%(w/v) Sun flower 

meal, wheat bran, rape seed meal and Soybean meal as simulated feeds respectively (Fig.13). 

The use of β-mannanase prevents viscosity of digesta because Mannan in the simulated feeds 

was degraded which is indicated by the release of reducing sugars. 

. 
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Table 8 : Effect of different carbon sources on production of β-mannanase enzyme by 

Aspergillus niger-AD01 

 

 

Carbon Source (2% w/v) 

 

Maximum β-Mannanase activity (U/ml) 

 

Locust bean gum(LBG) 

 

3.245±0.46 

 

Guar gum 

 

2.234±0.62 

 

Konjac Powder 

 

1.831±0.15 

 

Glucose 

 

0.003±0.05 

 

Xylose 

 

0.004±0.00 

 

Mannose 

 

0.001±0.00 

 

Galactose 

 

±0.002±0.02 
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Table 9 : Effect of different nitrogen sources on production of β-mannanase enzyme 

using 1% locust bean gum 

 

 

Nitrogen Source 

(0.5% in the medium) 

 

 

Maximum β-Mannanase activity 

(U/ml) 

 

Ammonium Sulfate 

 

 

 

4.243±0.87 
 

Ammonium nitrate 

 

 

3.165±1.30 
 

Urea 

 

 

2.851±0.99 
 

Yeast extract 

 

5.628±1.03 

 

 

 

 

Sodium nitrate 

 

 

3.678±1.45 

  

Potassium nitrate 

 

4.031±0.87 
 

Peptone 

4.819±1.40 
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Table 10 : Different steps of purification and percentage yield of β-mannanase enzyme 

from Aspergillus niger AD-01 

 

 

Purification 

Stage 

 

β-Mannanase 

activity(U/ml) 

 

Total 

Protein(mg/ml) 

 

Specific 

Activity(U/mg) 

 

Purification 

fold 

 

% yield 

Crude 

enzyme 

extract 

 

8.12 0.65 12.49 1 100 

(NH4)₃ SO₃ 

precipitates 

19.97 0.54 36.98 2.96 83.07 

Purified 

enzyme 

12.18 0.156 78.07 6.25 24 
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Table 11 : Effect of different metal ions (10mM) and chemical reagents on the activity of 

purified enzyme 

 

Reagent  Relative Activity (%) 

None 100±6.5 

EDTA 118±12.5 

SDS 0.0 

Zn
2+

 81.2±4.5 

Co
2+

 85.3±6.7 

Ba
2+

 13.5±5.4 

Pb
2+

 21.8±8.3 

Mg
2+

 140.6±9.8 

Mn
2+

 35.6±1.6 

Cu
2+

 110.5±1.8 

Ca
2+

 107.4±3.4 

K
2+

 92.6±2.5 

β-Mercaptoethanol 160.5±1.5 

Ni
2+

 154.6±2.5 

Hg
2+

 15.7±3.5 
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Table 12 : . Effect of different substrates on β-mannanase activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Substrate  Concentration  Relative β-Mannanase 

activity(%) 

Locustbean 

Gum(LBG) 

0.5 100±0.4 

CMC 0.5 0 

Oat Spelt Xylan 0.5 0 

Soy bean meal 2 35.8±0.8 

Coffee Shells 2 21.3±3.2 

Coconut pulp 2 38.2±2.7 

Peanut shells 2 13.6±2.3 

Sugar cane bagasse 2 19.8±3.2 

Rice Bran 2 26.6±2.6 
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Figure 1:  selected β-mannanase producing fungal strain Aspergillus niger AD-01 
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Figure 2: Effect of pH on production of β-mannanase 
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Figure 3: Effect of temperature on production of β-mannanase 
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Figure 4 : Effect of substrate concentration on production of β-mannanase 
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Figure 5 : Effect of time on production of β-mannanase 
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Figure 6 :   SDS-PAGE analysis of purified β-mannanase enzyme. Lane M: protein 

molecular weight standard; Lane 1,2,3:  purified 𝛽�-mannanase 
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Figure 7 : Effect of temperature on activity of β-mannanase 
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Figure 8 : Effect of temperature on stability of mannanase 
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Figure 9 : Effect of pH on activity of β-mannanase 
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Figure 10 :  Effect of pH on stability of β-mannanase 
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Figure 11 : Effect of NaCl on activity of β-mannanase 
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Figure 12 :  Effect of NaCl on stability of β-mannanase 
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Figure 13 : Hydrolysis of 2.0%(w/v) substrates by the purified β-mannanase enzyme in simulated 
intestinal fluid.The error bars represent the means±SD(n=3) 
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Apparent digestibility of nutrients and digestible energy 

Exogenous enzyme β-mannanase addition showed significant effect on the apparent nutrient 

digestibility coefficients (ADC %) and digestible energy (Table 13). After 90 days 

experimental period, all groups of fish fed β-mannanase supplemented diet (A1, A2, B1, and 

B2) showed statistically similar (P> 0.05) but significantly higher (P<0.05) apparent nutrient 

digestibility coefficients of crude protein, crude fat and carbohydrates as compared to the 

control group of fish.Two-way ANOVA indicated significant effect of dosage level of β-

mannanase (P<0.05) while non-significant effect of enzyme source (P>0.05) on the 

digestibility of crude protein, fats, carbohydrates and digestible energy.  

Growth performance  

The initial body weights of carp in control group C and experimental groups A1, A2, 

B1, and B2 were considerably similar ((P>0.05). However, at the end of the feeding trial, fish 

in groups A1, A2, B1, and B2 gained statistically similar (P> 0.05) but significantly more 

weight (P<0.05) than fish in group C. Similarly, the specific growth rate (%) was also 

significantly higher in groups of fish reared on β-mannanase supplementation than in control 

group C (Table 14). FCR value of all β-mannanase supplemented groups was also similar and 

lower than the control group.  

Two-way ANOVA of all studied growth-related parameters, FCR and survival 

indicated significant difference (P< 0.05) among dosage levels, while non-significant 

difference (P> 0.05) among enzyme source, and the interaction between two variables 

(enzyme dosage × enzyme sources). However, all pairwise comparisons indicated statistically 

similar positive effects of both enzymes at both supplementation levels.  

Muscle proximate composition 

β-Mannanase supplemented diet showed a beneficial effect on the muscle 

composition of common carp (Table 15). We observed a significant increase in the protein 

and fat contents and a decrease in moisture (%) in the β-mannanase supplemented groups 

compared to a control group of fish. However, no significant difference was found in the ash 

content of the control and treatment groups. Again, two-way ANOVA showed significant 
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difference (P< 0.05) among dosage levels, a non-significant difference (P> 0.05) among 

sources of β-mannanase, and interaction between dosage levels and enzyme source (enzyme 

dosage × enzyme sources). However, all pairwise comparisons indicated statistically similar 

values of all proximate composition indices at both supplementation levels of both enzymes. 

Intestinal enzyme activity  

The activity of intestinal enzymes is an indication of digestion and absorption of the 

nutrients in the gastrointestinal tract. Here, supplementation of β-mannanase enhanced the 

intestinal enzyme activity of common carp (Table 16). After 90 days experimental period, all 

groups of fish fed β-mannanase supplemented diet (A1, A2, B1, and B2) showed statistically 

similar (P> 0.05) but significantly higher (P<0.05) amylase activity compared to the control 

group of fish. In comparison to amylase, the activity of protease, and cellulase increased with 

an increase in the dosage level of β-mannanase. Again, two-way ANOVA indicated an 

insignificant effect (P> 0.05) of enzyme source and interaction between dosage levels and 

enzyme source (enzyme dosage × enzyme sources) on intestinal enzyme activities. 

Effect of β-mannanase supplementation on hematological indices of carp 

β-mannanase also showed a significant effect on different hematological indices of 

carp. We found significantly higher (P<0.05) levels of WBC, RBC, Hb, HCT (%), and 

MCHC in the mannanase-fed groups than a control group (Table 17). However, MCH and 

MCV showed a significantly decreased level (P<0.05) in β-mannanase fed groups compared 

to a control group. Two-way ANOVA indicated an insignificant effect (P> 0.05) of enzyme 

source and interaction between dosage levels and enzyme source (enzyme dosage × enzyme 

sources) on all hematological indices of common carp. However, all pairwise comparisons 

indicated an almost similar positive effect of both enzymes on all hematological indices of 

common carp.  
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Effect of β-mannanase supplementation on immunological indices 

Immunological indices like lysozyme activity, respiratory burst activity, 

immunoglobulin, and phagocytic activity also showed a significant increase in response to β-

mannanase supplemented diets. Except for phagocytic activity and phagocytic index, all 

studied immunological indices showed similar levels in response to both sources of β-

mannanase and at both dosage levels. However, phagocytic activity and phagocytic index 

showed a dose-dependent increasing trend (P<0.05). Similarly, significant interaction 

(P<0.05) between source and dosage effect was also found only on phagocytic activity (Table 

18).  

Effect of β -mannanase on metabolic enzymes and cholesterol level 

β-mannanase supplemented diet also showed a significant effect on metabolic 

enzymes (Table 19). All groups of fish (A1, A2, B1, and B2) fed β -mannanase enriched diet 

showed a significant ((P<0.05) dose-dependent decrease in serum AST and ALT activity 

while increase in cholesterol (CHO) and TG levels compared to the control group.  

Two-way ANOVA indicated an insignificant effect (P> 0.05) of enzyme source and 

interaction between dosage levels and enzyme source (enzyme dosage × enzyme sources) on 

all hematological indices of common carp. However, all pairwise comparisons indicated an 

almost similar positive effect of both enzymes on both metabolic enzymes (AST and ALT 

activity) and serum cholesterol and triglyceride levels.  

Gene expression 

The β-mannanase supplemented diet showed a significant positive effect on MyoD 

and TNF-α gene expression in different tissues of C. carpio fingerlings. Result indicated 

significantly higher expression of the MyoD gene in the muscle of C. carpio fed diets 

supplemented with the enzyme (Fig. 14). Two tail tests indicated significantly higher MyoD 

expression in the muscle of B1 group (fed BMAnat the rate of500 units kg-1 diet), however at 

higher dosage level i.e., 1000 units kg-1 diet, both enzymes showed a statistically similar 

effect. Similarly, TNF-α gene in the muscle, intestine and liver of groups of fish fed β-

mannanase supplemented diet also showed significantly higher expression (Fig. 15,16,17) 
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compared to a control group of fish. The pairwise comparison indicated that at higher dosage 

level (1000 units kg-1 diet) both enzymes showed statistically similar effect, i.e., higher 

expression of TNF-α gene in the muscle, liver, and intestine of C. carpio however, at lower 

dosage level (500 units kg-1 diet), both enzymes (BMAn and BMTr) showed a variable effect in 

different tissues. 
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Table 13 : Effect of β-mannanase supplemented diets on apparent digestibility of major 

nutrients and digestible energy of common carp 

 

Treatment 

groups 

Crude 

protein 

Crude fats Carbohydrates Energy Digestible 

Energy 

(KJ g-1)  

Control 70.76c 73.6c 64.01c 68.16c 14.08c 

A1 73.95a 77.9ab 67.58ab 72.98ab 15.66a 

A2 72.98ab 76.78ab 66.1b 71.07b 14.83b 

B1 71.8b 76.1b 67.36ab 71.98ab 15.2ab 

B2 73.50ab 78.54a 68.45a 73.06a 15.31ab 

Two-way ANOVA P-values     

Enzyme source 0.345 0.972 0.200 0.416 0.876 

Dosage level 0.031 0.001 0.001 0.001 0.001 

Interaction 0.118 0.052 0.119 0.357 0.265 

Values are mean ±SD from triplicate groups of fish (n=6) where the values within a column without 

a common superscript differ (p<0.05). A1 and A2 designate 500 and 1000 units kg-1 diet of 

commercial β-mannanase while B1 and B2 designate 500 and 1000 units kg-1 diet of isolated β-

mannanase enzyme respectively. Control group contains 0 units kg-1 diet of β-mannanase.  
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Table 14 : Effect of β-mannanase supplemented diets on growth performance of C. carpio 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment 

groups 

 

 

 

Initial 

Body 

Weight 

(g) 

 

 

Final 

Body 

Weight 

(g) 

 

 

%Weight 

Gain 

 

 

Specific 

Growth 

Rate 

(%/day) 

 

 

Net Weight 

Gain 

FCR Survival 

(%) 

Control 13.22±0.28a 40.7 

±1.00c 

207.87±5.36b 1.25±0.03c 26.85±1.12c 

 

2.35±03a 96.3±2.08b 
A1 13.19±0.36a 46.62±1.9b 

 

253.49±14.72a 1.39±0.04b 33.43±1.88b 

 

1.9±0.19b 100±0.0a 
A2 13.62±0.15a 49.08±2.6a 

 

260.16±15.97a 1.42±0.04a 35.45±2.50b 

 

1.88±0.11b 99.1±1.16a 

B1 13.35±0.28a 51.44±2.9a 

 

285.68±29.86aa 1.49±0.08a 38.09±3.24a 

 

1.86±0.11b 99.2±1.5a 
B2 13.05±0.20a 48.1±1.57a 268.53±10.53a 1.44±0.02a 35.05±1.47b 

 

1.83±0.12b 98.6±1.65a 

Two-way ANOVA P-values    

Source 0.205 0.104 0.111 0.167 0.737 0.408 
Dosage 0.001 0.649 0.001 0.000 0.000 0.004 
Source × Dosage  0.062 0.313 0.223 0.097 0.969 0.817 
Values are mean ±SD from triplicate groups of fish (n=9) where the values within a column without a common 

superscript differ (p<0.05). A1 and A2 designate 500 and 1000 units kg-1 diet of commercial β-mannanase while B1 and B2 

designate 500 and 1000 units kg-1 diet of isolated β-mannanase enzyme respectively. Control group contains 0 units kg-1 diet of β-

mannanase.  
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Table 15 : Effect of β-mannanase supplemented diet on the proximate composition of 

muscle of C. carpio 

 

 

 

 

 

 

 

 

 

 

 

Treatment 

groups 

Moisture 

 (%) 

Protein content 

(%) 

Fat contents 

(%) 

Ash 

 (%) 

Control 77.18±0.87a  13.70±0.74b 4.07±1.12b 2.76±0.25a 

A1 72.08±1.79b  16.24±0.91a  5.95±0.54a 2.43±0.46a 

A2 73.15±1.45b  16.95±0.73a  6.85±0.82a 2.32±0.50a 

B1 72.81±1.35b   15.98±1.49a 6.10±1.27a 2.36±0.70a 

B2 73.70±1.41b 16.55±1.2a 6.07±0.80a 2.57±0.64a 

Two-way ANOVA P-values 

Source 0.245 0.470 0.374 0.677 

Dosage 0.000 0.000 0.000 0.087 

Source × Dosage 0.695 0.862 0.242 0.619 

Values are mean ±SD from triplicate groups of fish (n=9) where the values within a column without a 

common superscript differ (p<0.05). A1 and A2 designate 500 and 1000 units kg-1 diet of commercial β-

mannanase while B1 and B2 designate 500 and 1000 units kg-1 diet of isolated β-mannanase enzyme respectively. 

Control group contains 0 units kg-1 diet of β-mannanase. 
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Table 16 : Effect of β-mannanase on intestinal enzyme activity in C. carpio 

 

 

 

Treatment Groups Cellulase Protease Amylase 

Control 0.426±0.16c 

 

0.34 ±0.09c 

 

0.47±0.17b 

 
A1 1.63±0.24b 

 

1.15± 0.13b 

 

1.37±0.27a 

 
A2 2.23±0.20a 

 

1.29± 0.14a 

 

1.45±0.23a 

 
B1 1.83±0.16b 

 

1.22±0.11b 

 

1.32±0.21a 

 
B2 

 

 

2.33±0.27a 

 

1.43±0.20a 

 

1.53±0.21a 

 
Two-way ANOVA-P values 

Source 0.230 0.114 0.905 
Dosage 0.0001 0.0001 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.0001 
Source × Dosage 0.302 0.443 0.924 

*  Values are mean ±SD from triplicate groups of fish (n=9) where the values within a column without 

a common superscript differ (p<0.05). A1 and A2 designate 500 and 1000 units kg-1 diet of commercial β-

mannanase while B1 and B2 designate 500 and 1000 units kg-1 diet of isolated β-mannanase enzyme 

respectively. Control group contains 0 units kg-1 diet of β-mannanase. 
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Table 17 : Effect of β-mannanase on hematological indices of C. carpio 

 

 

 

 

 

 

 

 

 

 

 

* Values are mean ±SD from triplicate groups of fish (n=9) where the values within a column without a common superscript differ (p<0.05). A1 and A2 

designate 500 and 1000 units kg-1 diet of commercial β-mannanase while B1 and B2 designate 500 and 1000 units kg-1 diet of isolated mannanase enzyme respectively. 

Control group contains 0 units kg-1 diet of β-mannanase. 

Treatment Groups 

 

 

 

 

 

RBC (106μL) 

 

 

 

WBC(103μL) 

 

 

 

 

Hb(g/dL) 

 

 

 

 

HCT(%) 

 

 

 

 

MCV(10-15L) MCH MCHC 

Control 1.56±0.12c 142.2±1.21c 5.14±0.12c 19.3±1.42c 201.66±7.09a 33.74±1.98a 14.72±0.85c 

A1 1.94±0.06b 184.06±3.8a 8.07±0.22a 25.59±2.58b 145.32±9.51c 26.18±1.85bc 18.79±1.96b 

A2 2.08±0.13a 181.9±2.95a 7.71±0.33b 27.02±2.3b 

 

176.15±4.47b 25.7±2.25c 21.26±1.4a 

B1 1.92±0.10b 178.2±4.45b 

 

7.65±0.24b 

 

29.59±2.15a 174.6±10.01b 25.93±2.65c 18.46±0.58b 

B2 1.88±0.10b 185.1±4.6a 8.23±0.66a 24.94±2.77b 180.12±6.44b 27.36±2.85b 19.86±1.15b 

 Two-way ANOVA P-values 
Source 0.270 0.265 0.844 0.239 0.006 0.413 0.104 

Dosage 0.001 0.001 0.001 0.001 0.0244 0.001 0.001 
Source× dosage 0.396 0.001 0.094 0.001 0.0042 0.336 0.238 
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Table 18 : Effect of β-mannanase supplementation on immunological indices of C. carpio 

 

* Values are mean ±SD from triplicate groups of fish (n=9) where the values within a column without a common superscript differ (p<0.05). A1 and A2 

designate 500 and 1000 units kg-1 diet of commercial β-mannanase while B1 and B2 designate 500 and 1000 units kg-1 diet of isolated β-mannanase enzyme respectively. 

Control group contains 0 units  kg-1 diet of β-mannanase.

Treatment 

Groups 

 

Total serum 

Protein g/dl) 

Globulin 

(mgml-1) 

Lysozyme 

Activity (µg/ml) 

 

Respiratory burst 

Activity 

 

Phagocytic 

activity (%) 

Phagocytic 

index 

Control 2.91±0.24b 17.82±0.46b 1.93±0.25b 

 

0.28±0.04b 

 

23.45±1.0d 1.38±0.25c 

A1 3.71±0.21a 26.6 ±2.57a 3.29±0.20a 

 

0.72±0.03a 

 

57.82±1.93c 2.19±0.187b 
A2 3.90±0.22a 25.3±2.17a 3.22±0.37a 

 

0.81±0.03a 

 

64.53±1.36a 2.45±0.32a 

B1 3.76±0.188a 24.72±2.70a 3.13±0.33a 

 

0.78±0.07a 

 

61.87±1.33b 2.28±0.414b 

B2 3.62±0.36a 25.53±2.41a 3.63±0.27a 

 

0.74±0.08a 

 

63.71±0.97a 2.35±0.37a 

Two-way ANOVA p-values 

 

 

Source 0.304 .307 0.103 0.972 0.006 0.934 

Dosage 0.001 0.001 0.001 0.001 0.001 0.001 

Source × Dosage 0.230 0.373 0.410 0.021 0.001 0.645 
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Table 19 : Effect of β-mannanase on blood metabolic indices of C. carpio 

 

* Values are mean ±SD from triplicate groups of fish (n=9) where the values within a column without 

a common superscript differ (p<0.05). A1 and A2 designate 500 and 1000 units kg-1 diet of commercial β-

mannanase while B1 and B2 designate 500 and 1000 units kg-1 diet of isolated β-mannanase enzyme 

respectively. Control group contains 0 units kg-1 diet of β-mannanase.  

 

 

 

 

 

 

 

Treatme

nt 

Groups 

 

 

 

ALT(UL
-1) 

 

AST(UL−

1) 

CHO(mgdL−1) TG(mgd

L−1) 

Control 25.73±0.

88a 

63.26±1.8

8a 

10.9±0.8

3c 

16.02±1.2
c A1 19.04±0.

65b 

48.21±0.9

2b 

11.27±1.

02b 

16.9±0.98
b A2 17.82±1.

05c 

46.29±1.1

1c 

12.75±0.

89a 

17.8±1.06
a B1  

18.13±1.

0bc 

48.66±0.9

0b 

11.53±0.

94b 

17.4±0.74
ab B2 18.86±0.

85b 

47.60±1.9

6bc 

 

13.04±0.

90a 

18.2±0.95
a Two-way ANOVA P-value    

Enzyme 

Source 

0.877 0.175 0.574 0.297 

Enzyme 

Dosage  

              0.001               0.001 0.001 0.001 

Source × 

Dosage  

0.02 0.446 0.922 0.750 
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Table 20 : Proximate composition of faeces (% dry matter) 

 

Treatment 

groups  

Crude 

protein 

Crude 

fat 

NFE Chromium 

oxide 

Crude 

fibre 

Crude 

Ash 

Gross energy 

(KJ g-1) 

Control 29.3 9.0 44.34 0.60 8.85 9.11 18.95 

A1 27.5 8.15 42.62 0.64 9.5 9.91 18.28 

A2 28.1 8.3 43.4 0.68 9.3 9.89 18.08 

B1 27.9 8.29 42.73 0.68 9.21 9.78 18.12 

B2 28.2 8.06 42.05 0.69 9.7 9.98 18.37 

Values are mean ±SD from triplicate groups of fish (n=9) where the values within a column without a 
common superscript differ (p<0.05). A1 and A2 designate 500 and 1000 units kg-1 diet of commercial 
β-mannanase while B1 and B2 designate 500 and 1000 units kg-1 diet of isolated β-mannanase enzyme 
respectively. Control group contains 0 units kg-1 diet of β-mannanase. 
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Figure 14 : MyoD gene expression in the muscle of C.carpio fingerlings after 90 days of 

feeding β-mannanase supplemented diet. The bar shows the values as average ± SD, n =9. 

ANOVA followed by LSD post hoc test represent comparisons between groups, while T-test 

compares the results of both enzymes (BMTr and BMAn) at similar dosage level.  ns = non 

significant , * = P< 0.05. BMTr = fermentation product of Trichoderma reesei .  BMAn = 

fermentation product of Aspergillus niger  
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Figure 15 : TNF-α gene expression in the muscle of C.carpio fingerlings after 90 

days of feeding β-mannanase supplemented diet. The bar shows the values as average ± SD, 

n =9. ANOVA followed by LSD post hoc test represent comparisons between groups, while 

T-test compares the results of both enzymes (BMTr and BMAn) at similar dosage level.  ns = 

non significant , * = P< 0.05. BMTr = fermentation product of Trichoderma reesei .  BMAn = 

fermentation product of Aspergillus niger  

 

 

 

 

 

 

 

 

 



DRSML Q
AU

Results 
 
 

94 
 

 

 
 

 

 

Figure 16 : TNF-α gene expression in the intestine of C.carpio fingerlings after 90 

days of feeding β-mannanase supplemented diet. The bar shows the values as average ± SD, 

n =9. ANOVA followed by LSD post hoc test represent comparisons between groups, while 

T-test compares the results of both enzymes (BMTr and BMAn) at similar dosage level. ns = 

non significant , * = P< 0.05. BMTr = fermentation product of Trichoderma reesei .  BMAn = 

fermentation product of Aspergillus niger  
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Figure 17:  TNF-α gene expression in the liver of C.carpio fingerlings after 90 days 

feeding of β-mannanase supplemented diet. The bar shows the values as average ± SD, n =9. 

ANOVA followed by LSD post hoc test represent comparisons between groups, 

, while T-test compares the results of both enzymes (BMTr and BMAn) at similar dosage level.  
ns = non significant, MTr = fermentation product of Trichoderma reesei .  BMAn = 
fermentation product of Aspergillus niger  
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Expression levels of intestine immunity-related genes 

The relative expression of immune-related genes, including NK-lys, Def, IL1-β, Lys and 

SOD increased in both treatment groups A1 and A2 compared to the control group (P<0.05) 

(Fig.1). However, there was no significant difference between antioxidant-related genes 

(SOD, Lys) between treatment groupA1 and groupA2 (P > 0.05). However, the expression of 

the mucosal immunity-related gene (IL1-β) and antimicrobial genes (Def, NK-lys) increased 

in a dose-dependent manner and thus was highest in the A2 group (P<0.05). 

 

 Expression levels of intestine digestion-related genes 

The relative expression level of all the five genes related to digestion of nutrients, including 

Amy, Lip Tryp, FAS, and FABP was increased in the treatment groups (A1 and A2) as 

compared to control (P<0.05) (Fig.2). The highest expression level of all the five genes was 

detected in group A2. There was a significant difference (P< 0.05) between the expression 

level of the genes Amy and FAS in group A2 as compared to group A1. But no significant 

differences were observed in the expression level of Tryp, Lip, and FABP genes between 

groups A1 and A2 (P > 0.05). 

 Fish gut microbial analysis 

Richness and diversity 

 

DNA was extracted from 3 fish per tank (12 per treatment group). However, a few samples 

showed poor PCR amplification and thus were discarded, leaving 10 samples per treatment 

group for Illumina Miseq sequencing. After optimization and filtration of the raw data, a total 

of 2,524,849 high-quality sequencing reads were obtained from 60 samples with an average 

of 42,080 per sample. The total number of observed OTUs ranged from 81 to 169. Diversity 

analysis in terms of Simpson (alpha diversity) and Shannon (beta diversity) indices was 

increased in the treatment groups (A1 and A2) compared to control (Table 21). 

 Genera and phyla performances 

Six phyla were detected in the control group: Proteobacteria (81.05%), Actinobacteria 

(12.6%), Bacteroidetes (4.21%), Firmicutes (1.03%), Planctomycetes (0.68%), and 

Chlamydia (0.0034%). Dominating bacterial genera were Pseudomonas (74.27%), 
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Streptomyces (9.08%), Desulfobulbus (1.78%) and Haliobacteriovorax (0.8%) (Fig.20). The 

control group showed five fungal phyla: Ascomycota (3.02%), Basidiomycota (96.28%) 

Glomeromycota (0.0085%), Neocallimastogomycota (0.0064%) and Cryptomycota 

(0.002%). Dominating fungal genera were Debaryomyces (80.23%) Cryptococcus (5.25%) 

and  Malassezia (3.98%)(Fig.21) 

Metagenomic analysis revealed that A1 group had 7 phyla Proteobacteria (91.7%), 

Firmicutes (3.06%), Actinobacteria (2.88%) Cyanobacteria (0.95%), Planctomyces (0.78%) 

Bacteroidetes (0.0456%) and Spirochete (0.0031%). At the genus level, dominating bacteria 

were Achromobacter (60.03%) Klebsiella (28.2%) and Lactococcus (3.02%) (Fig.22). 

Dominating fungal phyla in group A1 were Ascomycota (80.06%), Basidiomycota (19.02%) 

and Cryptomycota (0.0056%)(Fig.3b). Dominating fungal genera were Galactomyces 

(42.75%) Geotrichum (26.31%) and Cryptococus (16.78%). However, group A2 was 

represented by six phyla Proteobacteria (96.08%), Firmicutes (3.29%), Fusobacteria 

(0.0078%), Actinobacteria (0.0051%), Planctomycetes (0.0044%) and Bacteroidetes 

(0.0034%). Dominating bacterial genera were Pseudomonas (81.56%), Serratia (11.23%) 

Lactobacillus (1.50%),  Lachnospira (1.34%) and Bacillus (0.45%) (Fig.4a). Among fungal 

phyla three phyla were dominant Ascomycota (97.05%) Basidiomycota (2.08%) and 

Glomeromycota (0.08%). Dominating fungal genera were 

Galactomyces(76.78%)Geotrichum (9.97%) Knufia (2.76%) and Debaryomyces (1.73%) 

(Fig.23) 
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Table 21 : Diversity measure of intestine microbial used in the study 

 

 

Treatment 

Groups 

 

            No. of OTUs 

 

Shannon index 

 

Simpson index 

 

Bacteria 

 

Fungi 

 

Bacteria 

 

Fungi 

 

Bacteria 

 

Fungi 

 

A1 

 

141.67±10.69a 

 

81.26±10.71b 

 

1.14a 

 

1.24a 

 

0.54a 

 

0.60a 
 

A2 

 

169.16±28.30a 

 

98.33±22.47b 

 

1.37a 

 

1.49a 

 

0.65a 

 

0.72a 
 

Control 

 

150.81±13.79a 

 

160.48±12.02a 

 

0.66b 

 

0.53b 

 

0.21b 

 

0.54a 

Vertical bars represent the mean± SE (N = 3). Data marked with different superscripts have 

significant differences (P < 0.05) among treatments. 
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Figure 18 : Expression level of immunity-related genes in the intestine of common carp fed 

control and two different doses (500 &1000 units/kg-1 diet) of β-mannanase supplemented 

diet for 90 days. The reference gene is β-actin. Each bar represent data as mean± SE (N = 3). 

Bars marked with different letters have significant differences (P < 0.05). 
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Figure 19 : Expression level of digestion related genes in the intestine of common carp fed 

control and two different doses (500 &1000 units kg-1 diet) of β-mannanase for 90 days. The 

reference gene is β-actin. Vertical bars represent the mean± SE (N = 3). Bars marked with 

different letters have significant differences (P < 0.05) among groups. 
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Figure 20 : Taxonomic composition of bacterial communities at phylum level   
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Figure 21 : Taxonomic composition  of fungal communities at phylum level 
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Figure 22 : Taxonomic composition of bacterial communities at genus 
level 
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Figure 23: Taxonomic composition of fungal communities at genus level 
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Discussion 

In recent years, one of the most important areas of investigation in aquaculture  has been the 

substitution of fishmeal with less expensive alternatives in order to increase the expansion of 

the global aquaculture sector and assure its sustainability. Feedstuffs rich in plant proteins can 

be affordable replacements for fishmeal (Castillo and Gatlin III, 2015).But most plant-based 

feedstuffs contain anti-nutritional components like non-starch polysaccharides (NSP), phytin 

and protease inhibitors.These can  adversely affect the intake of nutrients and fish health 

(Popova and Mihaylova, 2019). 

Hydrothermal treatments, such as extrusion have been used to improve plant protein 

digestibility, and fractionation of crops have been carried out to reduce antinutritional 

components and enhance the concentration of protein. While these practices have shown to 

enhance the digestibility of energy and protein in a range of plant-based protein products, 

many constituents still have poor digestibility due to a shortage of enzymes required to break 

open the rigid cell wall  surrounding these nutrients (Sinha et al., 2011; Glencross et al., 

2012).In cereals and legumes, the cell wall consists mainly of cellulose, arabinoxylans, 

hemicellulose and  minor quantities of β-glucan elements. When supplemented in the feed, 

NSP-degrading enzymes bring about hydrolysis of NSP. This breaks down the cell wall, 

enabling water hydration and accessibility to digestive enzymes like amylases and proteases. 

This improves nutrient uptake and the digestibility of substrates that are contained within the 

confines of cellwall (Castillo and Gatlin III, 2015). 

Exogenous enzymes are currently utilized frequently worldwide after being 

thoroughly researched in swine and poultry, to increase the digestion of nutrients in plant-

rich feed products. These enzymes are used to suppress the negative effects of phytic acid and 

nonstarch polysacchrides while enhancing phosphorus and carbohydrate bioavailability 

(Adeola and Cowieson, 2011). Utilizing phytase to increase the absorption of phosphorus 

from plant-rich feed ingredients has become relatively widespread in aquaculture (Lemos and 

Tacon, 2017). 

However, carbohydrase enzymes have not been widely used in aquaculture diets, 
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necessitating more research on carbohydrases better suited to the aquaculture industry 

(Castillo and Gatlin III, 2015). Animal feed enzyme expertise is a vibrant field of study and 

development, and it's reasonable to believe new enzymes more suited to the environment of 

an animal's GI tract will be developed. These advancements will help to increase the 

efficiency and efficacy of enzyme supplementation in real-life settings (Adeola and 

Cowieson, 2011). 

 

Carbohydrases are the enzymes that break down high molecular weight polymeric 

carbohydrates (Castillo and Gatlin III, 2015).A notable carbohydrase enzyme is β-mannanase  

which can breakdown mannan, a kind of NSP found in a variety of plant-based feed 

ingredients.  If supplimented in feed, this enzyme breaks down high molecular weight 

mannan and may enhance nutritional digestibility in fish (Sinha et al., 2011). 

Here, In the present study research was focused on isolation and characterization of a 

mannanase enzyme from a novel fungal strain, that could be used in aquaculture industry. 

Experimental trials were also carried out to test its potential as a feed additive in real 

applications.  

For isolation of β-mannanase, soil samples were collected from different areas of 

Punjab and fungal strains were screened for mannanase activity. Among different strains 

isolated and screened Aspergillus niger proved to be a potent producer of mannanase (Kote et 

al.,2009; Youssef et al., 2006). The strain was molecularly characterized and its gene 

sequence submitted in NCBI and named as Aspergillus niger AD-01(Fig.1). 

 

Fungal strain A.niger AD-01 produced 4.160 U/mg titer of β-mannanase under non-

optimized conditions in submerged fermentation. Optimization of various parameters, viz. 

carbon source; pH; temperature; nitrogen source and time of incubation was carried out. 

Among different carbon sources tested, maximum production of β-mannanase enzyme was 

achieved when locust bean gum (LBG) was used as sole carbon source (Table.8). This proves 

that LBG is the best inducer of β-mannanase production from Aspergillus niger AD-01. 1% 

LBG produced maximum production of enzyme (3.245U/ml) followed by guar gum 
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(2.234U/ml). similar results were reported by other investigators while using commercial 

mannans for production of β-mannanase (McCutchen et al., 1996; Ademark et al., 1998; 

Odetallah et al., 2002). 

The increased production of β-mannanase from LBG could be due to increased 

concentration of mannan present in LBG as compared to other sources. Konjac glucomannan 

has a 1:1.6 of mannose to glucose ratio (Kato and Matsuda, 1969) guar gum has a 1:2 

galactose to mannose ratio, and locust bean gum has a 1:4 galactose to mannose ratio 

(Lawrence, 1973). This shows that LBG has the highest mannan content which might be the 

reason that maximum production of β-mannanase was achieved when LBG was used. Simple 

sugars like glucose, mannose, xylose and galactose did not induce β-mannanase production 

which might be due to repression of catabolite as seen for Aspergillus sp.  (Haltrich et al., 

1996; de Vries and Visser, 2001). Consequently, no evidence of enzyme synthesis was 

observed. 

The impact of various nitrogen sources on Aspergillus niger AD-01's production of β 

-mannanase enzyme was also examined (Table.9). When organic nitrogen sources were 

employed instead of inorganic nitrogen sources, the synthesis of β-mannanase enzyme was 

significantly increased. This may be due to presence of carbohydrates and vitamins in 

addition to amino acids present in organic sources that the enhanced production of 

mannanase enzyme occurred.   When yeast extract was employed as a nitrogen source, the 

highest output of β-mannanase enzyme was produced, followed by peptone. This is 

consistent with the findings of other investigators (Kote et al., 2009; Chantorn et al., 2013). In 

pH optimization studies, the effect of initial pH of the culture media on the production of β-

mannanase enzyme was studied in the range of 3-8 (Fig.2). Highest mannanase production 

was observed when the pH of the production medium was 5. Similarly, Kote & Patil (2009) 

obtained optimum β-mannanase enzyme production from Aspergillus niger gr when the pH 

of the fermentation medium was 5. Mohammad et al. (2011) obtained maximum production 

of β-mannanase enzyme at pH 5.5. 

To investigate how temperature influences β-mannanase production, different 

fermentation temperatures (ranging from 20-60°C) were tested (Fig.3). Highest β-mannanase 
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enzyme production was achieved when the temperature of the production medium was 

30°C.Other investigators also observed maximum production of β-mannanase enzyme at 30°C 

(Youssef et al., 2006; Chantorn et al., 2013). Kote et al. (2009) however observed maximum 

β-mannanase enzyme production at 37°C.Rashid et al.(2011) obtained maximum β-

mannanase enzyme production by Aspergillus terreus at 31°C. 

Substrate concentration was also optimized. Highest production of β-mannanase was 

observed when the substrate concentration was 1% (Fig.4). After optimizing all the other 

parameters, the effect of time of incubation on β-mannanase enzyme production was 

investigated. For this, the production of β-mannanase enzyme was carried out under 

optimized conditions for 9 days (Fig.5). Maximum production of the enzyme was achieved at 

day 5.This is similar to the results reported in other studies (Kote et al., 2009). After day 5 the 

production of β-mannanase enzyme was greatly reduced which could be due to depletion of 

nutrients in the fermentation medium. The enzyme production increased from 4.160 U/mg of 

protein in the non-optimized media to 12.49U/mg of protein in the optimized medium 

(Table.10). So there was 3 fold increase in the production of β-mannanase enzyme by 

optimizing the media composition.  

The enzyme was then purified by subjecting the fermentation liquid to ammonium 

sulphate precipitation and gel filtration chromatography. After multiple purification steps, β-

mannanase enzyme was purified by 6 fold with 24% yield and the specific activity of β-

mannanase, using LBG as sole carbon source reached 78.07U/mg (Table.10). After column 

chromatography, the enzyme yield rose dramatically, possibly due to the elimination of an 

inhibitor from the enzyme sample. 

The main issue at large scale production of mannanase is the low stability and activity 

of mannanase, resulting in increased cost for enzyme production. There are some mannanases 

produced from bacterial genera of bacillus like streptomyces and Cellulosimicrobium that 

show appreciable specific activity as high as 2000U/mg against LBG. But most mannanases 

produced from wild bacteria have shown low activity. Flavobacterium sp. has specific 

activity of 2U/mg (Zakaria et al., 1998). Paenibacillus cookie has specific activity of 10U/mg 

(Yin et al., 2012). W. viridescens LB37 has been reported to have  the specific activity of 
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63.53U/mg (Adiguzel et al., 2016).In Bacillus sp. the specific activity reached 32U/mg 

(Akino T,1988).This shows that β-mannanase isolated from A.niger AD-01 has higher 

specific activity (78U/mg) as compared to mannanases isolated from other wild strains of 

microorganisms.   

 In this study, characterization of β-mannanase reveals that the enzyme is a low 

temperature active, low molecular mass, weekly acidic, NaCl, and protease-tolerant β-

mannanase. 

The apparent molecular mass of β-mannanase enzyme was found to be ~45kDa (Fig. 

6), which is less than most of the reported molecular masses of β-mannanase enzyme from 

Aspergillus species. The molecular mass of β-mannanase isolated from Aspergillus oryzae 

has been reported to be 110 kDa,from Aspergillus niger gr 66 kDa, from Aspergillus terreus 

FBCC1369 to be 49 kDa, and from Aspergillus sulphureus 48 kDa (Regalado et al., 2000; 

Chen et al., 2007; Naganagouda et al., 2009; Soni et al., 2016). Due to low molecular mass of 

β-mannanase enzyme isolated from Aspergillus niger AD-01, it has more ability to 

depolymerize mannan because it can penetrate the lignocellulosic systems more efficiently. 

The majority of fungal β-mannanases that have been studied so far show optimum 

activity in the acidic (4.0-5.0) pH range (Van Zyl et al., 2010; Srivastava and Kapoor, 

2017).β-mannanase enzyme purified from Aspergillus niger AD-01 has been found to be 

maximally active at pH 6.0 (Fig.9). From the literature it is evident that most of the β-

mannanases from Aspergillus species have optimum pH that lies in the acidic range. β-

Mannanase enzyme purified from A.oryzae, A.awamori, A.niger, A.tamarii, A.fumigatus, 

A.aculeatus, A.terrus and A. sulphureus had an optimum pH of 6.0, 3.0, 3.0, 4.5, 4.5, 5.0, 7.5, 

2.4 respectively (Civas et al., 1984; Christgau et al., 1994; Regalado et al., 2000; Puchart et 

al., 2004; Chen et al., 2007; Hung et al., 2007). Therefore, the purified enzyme can be 

considered as a weekly acidic or neutral enzyme, making it suitable to be used a feed 

supplement for agastric fish which has a digestive system with a pH value of 6.8–7.3. 

The optimal temperature for β-mannanase in the present study was 40 °C (Fig.7), 

comparable to that reported for Aspergillus oryzae (40 °C) β-mannanase but lower than most 

other Aspergilli viz. A. awamori (80◦C), A. tamari (60◦C), A. niger (50◦C),  A. sulphureus 
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(50◦C), A. fumigatus(60◦C), A. terrus (55◦C), and A. aculeatus (70◦C) (Civas et al., 1984; 

Kofod et al., 1994; Ademark et al., 1998; Regalado et al., 2000; Chen et al., 2007; Huang et 

al., 2007). Compared with the optimal temperatures obtained for 𝛽-mannanase purified from 

different Aspergillus species mentioned above, 𝛽-mannanase of AD-01 showed a pronounced 

activity at lower temperatures. In the present study, the isolated β-mannanase enzyme had 

half-life of 30 min at 40◦C and only 10% of activity was retained after 10 minutes incubation 

at 50◦C (Fig.8). Similarly the thermotolerant Aspergillus fumigatus β-mannanases (MANI and 

MANII) were  inactivated quickly when the temperature rose above 60◦C(Puchart et al., 

2004). 

The gene encoding cold-active β-mannanase most likely originated in one of three 

ways. First, it is likely that the cold-active nature of enzymes is more prevalent in mesophilic 

organisms than previously theorized. Other than mannanase AD-01, there are several 

instances of enzymes that are cold-active in nature but have been procured from mesophilic 

species. During the evaluation of the catalytic characteristics of an enzyme from mesophilic 

species, a heightened activity at relatively low temperature is usually surprising. Similar was 

the case with a lipase enzyme from Candida albicans  that has a low sequence similarity to 

reported lipases from psychrophilic species yet had a temperature optimum of 15°C (Lan et 

al., 2011). Another example is Staphylococcus epidermidis lipase, which was isolated from a 

vehicle servicing area and has an optimum temperature of 25°C.Monroe et al., (2014) 

described another fascinating situation in which the cold-active features of Arabidopsis β-

amylase-3 were surmised from the fact that this enzyme showed more activity at night than β-

amylase-1, which had the reverse behavior. Both amylase-3 and amylase-1 were 

overexpressed and extracted from E. coli, revealing that they have distinct temperature 

adaptations. When compared to β-amylase-1, β-amylase-3 had reduced optimal temperature, 

and thermal stability but higher residual activity at low temperatures. 

Second, the gene might have come from a mannolytic psychrophilic species by lateral 

transfer; nevertheless, it appears that such a transfer would be unusual. Third, mannanase-

AD-01 might have a marine origin, with the mannanase-AD-01 gene representing a vestigial 

gene that has not fully evolved, or it may have been lost from most Aspergillus species due to 
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its low activity in a purely mesophilic environment, It is solely found in the A.niger-AD-01 

specie as was previously shown. 

Enzymes should be active in the presence of additional additives or compounds that 

are required for the reactions to take place.  Organic solvents are frequently used, whether 

pure or in combination with other solvents. To gain some understanding of the nature of cold-

active enzymes, their residual enzymatic activity is evaluated in the presence of different 

inhibitors and additives (Santiago et al., 2016). 

In the present study, β-mannanase was strongly inhibited by Ba2+Pb2+and 

Hg2+(retaining <30% activity) (Table.11). Inhibition of purified enzyme by Hg2+suggests that 

β-mannanase from A.niger AD-01 contains an essential sulfhydryl group. Enzyme activity is 

usually inhibited by ions such as Hg2+ because they react with sulfhydryl groups (Krajewska, 

2008; Du et al., 2012). Similar to our results, β-mannanase from Bacillus sp. was strongly 

inhibited by Pb2+(Cheng et al., 2016) and β-mannanase from Biospora sp. was strongly 

inhibited by Hg2+ (Luo et al., 2009).This suggests that 𝛽-mannanase from Aspergillus niger 

AD-01 should not be contaminated by Pb2+and Hg2+.β-mannanase activity was found to be 

considerably enhanced by presence of β-mercaptoethanol and EDTA but strongly inhibited 

by SDS. As is the case in the present study, β-mercaptoethanol has recently been reported to 

enhance enzyme activity for certain enzymes (Sharma and Satyanarayana, 2013)  . 

The findings of substrate specificity experiment showed that A. niger AD-01   β-

mannanase exhibits highest activity toward locust bean gum (defined as 100 %) followed by 

coconut pulp (38.2%) and oat spelt xylan (35.8%) (Table. 12). In comparison, the β-

mannanase from Reinkea sp. KIT-Y010 showed no activity towards guar gum or LBG but 

could hydrolyze linear mannans (konjac gum) effectively (Hakamada et al., 2014). 

Mannanase from Aspergillus niger AD-01 showed no activity towards oat spelt xylan or 

carboxy methyl cellulose (CMC) (Table.12). This indicated that β-mannanase from 

Aspergillus nigerAD-01 was free from cellulase activity (towards CMC) and xylanase 

activity (towards oat spelt xylan). Similar results were obtained when activity of β-

mannanase isolated from philophora sp. p13 and Bispora sp. MEY-1 was tested against 

LBG, CMC and oat spelt xylan (Luo et al., 2009; Zhao et al., 2010). β-mannanase isolated 
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from Penicillium Pinophilum C1 also showed no activity towards CMC-Na, birchwood xylan 

or p-nitrophenyl-β-D-mannopyranoside(Cai et al., 2011).Among the natural substrates tested 

the enzyme showed highest activity towards coconut pulp followed by soy bean meal. Similar 

results have been reported in another study with an A.niger strain that produced maximum 

production of the β-mannanase in the medium containing 2% (w/v) of coconut pulp among 

tested carbon sources (coconut pulp, soybean meal, date seeds, sucrose, mannose, fructose, 

glucose, carob pods, Rabbit feed)(Youssef et al., 2006). 

Mannan is often present in different plant-based feed ingredients like soybean meal, 

sesame meal, copra meal, palm kernel meal, guar gum meal and corn meal. As mannan is a 

part of soybean meal which is a widely used feed ingredient throughout the world, thus 

mannan is present in most feed formulations(Van Zyl et al., 2010). In addition to soybean, 

Corn distillers dried grain with solubles (DDGS) and canola are also often added to 

monogastric diets thus adding to the quantity of mannan in the feed (Noblet et al., 2012). 

Studies on monogastric nutrition have found that mannan present in plant-based feed 

negatively affects animal growth performance and act as a strong antinutritive agent. Mannan 

present in the feed has been reported to put off glucose absorption in the diets of monogastric 

animals. Supplemenation of salmonid fish diet with guar galactomannan and alginates led to 

a reduced availability of glucose, as compared to control diet which was free of both of these 

ingredients (Storebakken, 1985). Very few investigators have assessed the effect of mannan 

on glucose digestibility in fish, but considerable literature is available about the effect of 

mannan on carbohydrate digestion and metabolism in swine. Rainbird and Low (1986) 

reported that when guar gum was included in the basal diet of growing swine, the rate of 

glucose absorption in the jejunum dropped to half. Similarly, 40g/kg guar gum inclusion to 

the semi purified diets of pigs resulted in a 25% reduction in glucose absorption (Sambrook 

and Rainbird, 1985). According to Nunes and Malmlof (1992) when guar gum was added at 

the rate of 60 g/kg to the diets of pigs, it caused the decrease in  stomach inhibitory 

polypeptide by 55%, insulin production dropped by 30%, the insulin-like growth factor-1 

(IGF-1) was reduced by 58% and glucagon by 41%. 

Mannan-containing feed ingredients have been reported in several studies to 

negatively affect body composition and growth. Supplemenation of feed with sesbania 



DRSML Q
AU

 

Discussion 

 
 

114 
 

endosperm that is a mannan rich feed ingredient, at different rates (7.2%, 10.8% and 14.4% ) 

significantly decreased feed utilization  and growth in C.carpio (Hossain et al., 2001). In 

another study conducted on rainbow trout, feeding 10% guar gum diet significantly reduced 

growth, fat content and dry matter in the tissues (Storebakken, 1985). This is also known 

from work on chickens (Latham et al., 2018).Nunes and Malmlof (1992) reported that the 

high level of mannan in swine diet negatively affected growth performance and interfered 

with IGF-I and insulin secretion. 

 

Presence of mannan in the diet has been reported to increase the viscosity of digesta 

(Lee et al., 2003b; Latham et al., 2018). High viscosity not only increases the residence time 

of digesta within the gut, but volatile fatty acid (VFA) production is also increased. Thus, the 

gut ecosystem is altered and the nutrient digestion and animal performance is reduced (Choct 

et al., 1996). In a study conducted on rainbow trout, poor nutrient digestibility with addition 

of guar gum was attributed to high viscosity of digesta (Storebakken, 1985). Similar 

observations have been made in common carp. Inclusion of galactomannan-rich sesbania 

seeds in the feed of common carp has been reported to increase intestinal viscosity, thereby 

negatively affecting nutrient absorption and utilization (Hossain et al., 2001). Highly viscous 

digesta also negatively affects the performance of poultry. Lee et al.,(2003b) observed a 

direct relationship between concentration of guar gum and digesta viscosity. As the guar germ 

concentration increased, the digesta viscosity also increased. For the control diet containing 

0% guar germ, the observed ileal viscosity was 0.92 ± 0.21 cP. For 5.0% inclusion of guar 

germ, viscosity increased to 2.08 ± 0.67 cP, and for 7.0% guar germ concentration, viscosity 

reached 5.05 ± 1.41 cP. High viscosity caused by mannan content in guar germ was thought 

to be responsible for the poor performance of broiler chicken observed in the study. 

 

The use of β-mannanase prevents viscosity of digesta and depression in growth 

because mannanase degrades mannan into mannooligosaccharides (Lee et al., 2003a; von 

Freiesleben et al., 2016). In the present study, mannan in the simulated feeds was degraded 

which is indicated by the release of reducing sugars during the simulated intestinal digestion 

phase in vitro (Fig.13). 
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Mannooligosaccharides (MOS) are a kind of prebiotics. Prebiotics are non-digestible 

carbohydrates that certain microorganisms, including Bifidobacterium, lachnospira, 

Lactococcus utilize as food source. These beneficial microorganisms or probiotics limit the 

spread of pathogens and enhance the production of beneficial compounds, which in turn are 

utilized by host for its own development and well-being (Dawood and Koshio, 2010). Some 

of the beneficial compounds produced by these bacteria are referred to as short chain fatty 

acids (SCFAs). SCFAs have frequently been reported as beneficial for colon health 

(McLoughlin et al., 2017). Prebiotics are also defined as carbohydrates entities that consist 

of monosaccharides, oligosaccharides, and polysaccharides depending on their molecular size 

or degree (the number of monosaccharide units) of polymerization (Ringo et al.,2010). 

 

Dietary fiber is the sum of all lignin and polysaccharides which are left undigested by 

the GI tract's endogenous digestive enzymes. They can be divided into three categories: 

mixed (e.g. bran), insoluble (like cellulose), and water soluble (like inulin and oligofructose). 

The composition and activity of the GI tract's native microbiota are thought to be positively 

impacted by fermentable carbohydrates, which are regarded as being the most promising in 

this regard (Ringo etal.,2010).  However, compared to the advancements made in the creation 

of prebiotics for land animals, study and implementation of orally delivered prebiotics in fish 

and shellfish production is still in its infancy. 

For the past two decades farmers have been routinely using antibiotics to increase 

growth performance of fish and protect it from diseases. This use of antibiotics has become a 

source of concern and has been highly criticized because utilization of antibiotics involves a 

lot of danger (Cabello, 2004). The major concerns are that the routine use of antibiotics will 

produce antibiotics resistant bacteria, and the antibiotics fed to fish may leave residues in the 

digestive system of fish which may find its way to humans who consume the fish (Defoirdt et 

al.,2007). Because antibiotics are usually targeted against not only pathogenic 

microorganisms but all kinds of microorganisms, this may in turn lead to suppression of 

immune system and destruction of most of the microbial population in the gut. Thus, instead 
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of feeding antibiotics, probiotics have been preferred and have received a lot of attention 

from aquaculture industry (Merrifield and Carnevali, 2014)  

Regarding the utilization of probiotics in the aquatic environment, numerous reports 

have been published (Zheng et al.,2017; wang et al.,2010; Ullah et al.,2018). However, the 

widespread use of probiotics in aquaculture industry has been restricted because probiotics 

are costly, difficult to administer in extruded diets, can potentially harm the environment, the 

labels on the bottles may not actually contain the desired microorganisms, may not be safe as 

feed supplement as some pathogenic bacteria may enter the body and the regulatory issues 

can be very hard to overcome (Ringo et al.,2010). 

Instead, it seems more practical to alter the gut microbiota in aquatic animals by using 

prebiotics that change the gastrointestinal environment to favor the beneficial species of 

microorganisms over other. This may lead to better growth performance of fish increased, 

resistance to pathogens and illness because beneficial gut microbiota boost the immune 

system. However, knowledge of the value of prebiotics in the fish gut has only developed in 

the last two decades. This is evidenced by the fact that in 1995 the first study about effects of 

prebiotics was published (Markowiak and Śliżewska, 2017). Ringo et al., (2010) summarized 

many different kinds of prebiotics in their paper. These include: mannooligosaccharides, 

fructoologosacchride, xylooligosaccharides, inulin, galactooligosaccharide, arabinoxylan 

oligosaccharides. Among these many different types of prebiotics a lot of research has been 

done on mannooligosaccharides and they have proven to be beneficial for the health of many 

monogastric animals (Torrecillas et al.,2012; Yilmaz et al.,2007; Zhang et al.,2012). This is 

why the enzyme that is suitable to gastrointestinal environment of fish and degrades mannan 

into mannooligosaccharides in the fish gut holds a lot of significance. Invitro test with 

simulated intestinal fluid (Fig.13) shows that β-mannanase isolated in the present study is 

capable of degrading mannan and thus creation of mannanoligosacchrides that can act as 

prebiotics in fish gut and favor the growth of beneficial microorganisms. This skips the step 

of oral administration of probiotics. 

β-mannanase AD-01 isolated and characterized in the present study is a cold active 

enzyme. This conveys several benefits to the enzyme. Due to flexibility of structure and 
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alterations in the active site for better binding of  substrate, cold-active enzymes exhibit 

greater catalytic activity at low temperatures than mesophilic enzymes (Santiago et al., 

2016).When compared to thermophilic and mesophilic rivals, cold-active enzymes, according 

to research exhibit various distinct properties. Reduced hydrophobicity of core, greater 

hydrophobicity of surface and glycine residue content, fewer disulphide bridges, electrostatic 

interactions and proline residues and enhanced loop structure development are among these 

(Feller and Gerday, 2003; Margesin et al., 2008; Santiago et al., 2016). Because of these 

enzymes their catalytic efficiency is higher at low or ambient temperatures than thermophilic 

and mesophilic rivals, they can save money by reducing energy consumption (Bakermans et 

al., 2011). Another benefit of cold active enzymes is that they avoid bacterial contamination 

and undesired chemical side reactions that might occur at elevated temperatures (Margesin et 

al., 2008; Kuddus and Ramteke, 2012; De Gobba et al., 2014). Due to these reasons, cold-

active enzymes find applications in many industrial fields. 

 

Cold-active enzymes are especially desirable for food processing because of their 

improved catalytic activity at temperatures that minimize degradation and changes in taste 

and nutritional content. Cold-active proteases and lipases can reduce production expenditure 

by replacing rennet and speeding up the maturation of cheese that ripens very slowly 

and requires special low moisture and temperature conditions (Yu et al., 2011). Cold-

active proteases can also be employed to tenderize and enhance the flavor of frozen meat 

products, as well as to remove unwanted tissues from shellfish, such as the intestine and 

descaling and removal of fish skin, (Margesin, 2009; Joshi and Satyanarayana, 2013). In 

vegetable and fruit processing industries breakdown of pectin molecules in fruit and 

vegetables can be accomplished at low temperature via pectin-degrading enzymes such as 

pectate lyases and polygalactouronases, as well as the debranching activities of different 

hemicellulases(Margesin, 2009). 

 

Cold-active galactosidases working at a neutral pH can help lactose-intolerant 

consumers digest dairy products more easily while simultaneously boosting sweetness at low 

temperatures. Cold-active galactosidases with acidic pH can decrease waste and enhance the 

practical usefulness of whey by generating sugary syrups which can be used as sweetening 
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agents in many different products of food and feed industry (Cieśliński et al., 2016; 

Mangiagalli and Lotti, 2021). Transglycosylation activities of cold-active galactosidases have 

been discovered, including lactose breakdown and the simultaneous production of 

oligosaccharides. Galactooligosaccharides can be used as supplement in prebiotic foods (as 

an ingredient in dairy product or directly in milk) to increase the growth of probiotics. People 

struggling with weight issues or diabetics can also use them as a low-calorie substitute for 

sugar, because they are resistant to digestion in the human gut (Mangiagalli and Lotti, 2021). 

 

In baking, during dough preparation and processing, low temperature active 

biocatalysts including lipases, xylanases and amylases can bring about hydrolysis of 

the  gluten, hemicellulose, starch, and free sulfhydryl groups at temperatures that are much 

lower than 35°C. The combined action of these biocatalysts can make the dough more elastic 

and manageable, which increases volume and improves structure of the loaf (Kuddus, 2018; 

Raveendran et al., 2018; Al-Maqtari et al., 2019). Recently yet another advantage of cold-

active enzymes was discovered when a family 8 xylanase was shown to be hugely successful 

in baking and delivered a greater loaf volume when compared to a well-known commercial 

mesophilic enzyme preparation (Collins et al., 2006). 

 

Cold-active enzymes, which have strong catalytic activity at ambient and low 

temperatures, are also beneficial to the drug industry. The growing demand for medications 

that are enantiomerically pure has spurred the usage of biocatalysts in organic synthesis 

(Margesin, 2009; Truppo, 2017). Because low moisture settings promote biosynthesis of 

hydrolase and transesterification reactions, as well as many substrates’ solubility which are 

participating in biocatalytic conversions, enzymes used in several organic synthesis 

operations are required to be able to function effectively in both nonaqueous  and 

aqueous/organic solvents (Schoemaker et al., 2003; Kaul and Asano, 2012) .  

 

Cold-active enzymes' flexible design may be particularly useful when they are utilized 

in solvents that make thermophilic and mesophilic enzymes inoperative, such solvents seems 

to interfere with activation energy by increasing it many fold but reducing the conformational 

maneuverability that is needed for catalysis (Margesin, 2009; Santiago et al., 2016; Al-
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Maqtari et al., 2019). A Candida antarctica heat-labile lipase has already been used for 

alteration of polysaccharide desymetrization of complicated pharmacological intermediates, 

and alcohol and amine resolution, among other things(Suen et al., 2004). 

 

In the cosmetics industry, cold-active enzymes play a crucial role. They can increase 

the biotransformation of flavoring and scented ingredients (Trytek and Fiedurek, 2005; 

Margesin, 2009). Proteinases that work at room temperature could be beneficial. Topical gels 

are used to treat skin scarring,  wound healing and infection (Barrett et al., 2012). 

 

Although the standard ethanol manufacturing process is greatly refined, it is 

expensive in terms of  cost and energy because high levels of heat and a special equipment is 

required. This reduces  the output of biorefineries (Galbe and Zacchi, 2002; Hossain et al., 

2017). According to some studies, the energy required for traditional cooking is 10–20 

percent of the fuel value of ethanol produced. To overcome this issue, enzyme businesses 

have been partnering with researchers to create a low energy ethanol manufacturing 

technology that utilizes hydrolysis of starch which is raw. This is commonly referred to as 

cold hydrolysis. This approach efficiently bypasses  the stage that requires costly equipment 

and energy demanding cooking step (Das et al., 2021; Karimi et al., 2021). 

The STARGENTM series of fungal enzyme products from Genencor include different 

carbohydrases that can hydrolyze raw starch at 32°C in a concurrent fermentation and 

saccharification step. The combined action of these  biocatalysts quickens the pace of the 

constant release of fermentable sugars from pulverized starch, which yeast consumes directly, 

resulting to more economical ethanol generation process (Margesin, 2009).Broin Companies 

has teamed up with Novozymes, another industrial enzyme company, to develop Broin's 

BPXTM technology. This is a cold hydrolysis process which uses microbial enzymes to 

effectively convert starch to simple sugars without the use of heat (Margesin, 2009; Singh et 

al., 2016). 

 

Besides considerable energy savings, incorporating the raw starch hydrolysis process 

into production of ethanol has a number of other advantages, including higher ethanol yields, 
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fewer undesirable byproducts, lower plant emissions and waste, and lower capital costs 

(Bušić et al., 2018; Formann et al., 2020). 

 

 Furthermore, by continuously removing glucose and maltose during the fermentation 

process, SSF procedures result in higher enzyme efficiencies, which would otherwise 

cause end-product inhibition. To compensate for the lower specificity and activity associated 

with the cold hydrolysis stage, large enzyme concentrations are now required. This leads to 

skyrocketing of cost of production.  Given their high activity at low temperatures which 

is ideal for processing, cold-active carbohydrases may allow for a decrease in loading of 

enzymes and thus demonstrate to be a practical and cheaper substitute to the present usage of 

mesophilic biocatalysts (Lin and Tanaka 2006). Cold-active glucoamylases and amylases 

may allow for a reduction in biocatalyst loading and thus prove to be a cheaper but efficient 

alternative to the current use of mesophilic  enzymes (Santiago et al., 2016). 

 

In the aquaculture industry, cold active enzymes hold considerable promise (Joseph et 

al., 2008; Boyd et al., 2020). Because of the pH of the digestive system of some aquatic 

organisms like grass carp and common carp and  temperature of the water (Kapoor et al., 

1976; Smith, 1980) . It is required that the enzyme used as fish feed additive should have 

neautral pH adaptivity and low temperature activity. Because secretory proteases are found in 

the gastrointestinal tract of monogastric animals, the enzyme needs to have good resistance 

against them (Sriket, 2014). Thus for an enzyme to be a good candidate as a feed additive for 

carp it should be resistant to proteases, be active at low temperature and nuetral pH 

conditions. Additionally, because of the typical sea salinity (3.5 percent, w/v), the use of 

biocatalysts in marine product aquaculture requires that the enzymes should have good  salt 

tolerance. 

 

Though cold active enzymes hold a lot of promise in aquaculture industry their 

potential has not been exploited like the other industries previously mentioned. In the present 

study, β-mannanase enzyme exhibited good salt tolerance and was resistant to proteinase. 

After treatment with trypsin and proteinase K for 60 minutes at 37°C, it exhibited no loss of 

activity. These properties point to mannanase's potential as a low-temperature-active β-
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mannanase in marine and freshwater aquaculture applications as well as low-temperature 

operations. Furthermore, production from A.niger makes it even more suitable candidate in 

animal feed. 

Experts from WHO, EFSA and FAO have repeatedly assessed and approved A. niger 

enzyme preparations, as well as the organism itself (Schuster et al., 2002; EFSA Panel on 

Food Contact Materials et al., 2019; EFSA Panel on Food Contact Materials et al., 2021). 

According to the FDA opinion letters from 1960s, cellulase, amylase, amyloglucosidase, 

glucose oxidase, catalase , pectinase and lipase from A. niger can be 'generally regarded as 

safe' (GRAS) if good manufacturing procedures are followed throughout the process (Singh 

et al., 2016). Godfrey and Reichelt (1983) claimed GRAS certification for protease and 

galactosidase from A. niger in addition to these enzymes. The FDA has also authorized 

cellulase and carbohydrase from A. niger as a secondary direct food additive for use in clam 

and shrimp processing (Subpart et al.). 

Thus, the present study isolated and characterized an extracellular endo-β-mannanase 

enzyme generated by Aspergillus niger-AD01, a new mannanase-producer. This enzyme has 

good thermostability, is active at neutral pH and low temperature and resistant to salt and 

proteases. In addition, this enzyme displayed good activity against LBG, guar gum and 

konjac powder. The enzyme's broad working temperature and pH range, high activity 

particularly at low temperatures, salt tolerance, and resistance to proteases imply that it may 

have potential for use as a feed supplement in plant-based diets for omnivorous fish in 

aquaculture.  

Many cold active enzymes have been reported in the last decade, with the majority 

claiming industrial use. Only a few, on the other hand, conducted a brief trial in a practical 

setting. These are 1). A thermostable β-galactosidase enzyme expressed both as inclusion 

bodies and soluble protein. The active inclusion bodies were then directly used for conversion 

of lactose.2) A galactosidase from Lactococcus lactis with appreciable activity at relatively 

low temperatures and a bioconversion rate of 98% for hydrolysis of lactose. 3)A cold-active  

and acidic pectin methylesterase enzyme PE8F46, isolated from Penicillium chrysogenum 

and effectively expressed in Pichia pastoris. In comparison to a commercial enzyme 
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complex, this enzyme considerably improved the hardness of pineapple juice when combined 

with calcium lactate. 4) Polygalacturonase, Endo-PG I, has been proven to lower papaya juice 

viscosity by 17.6% while increasing its transmittance by 59 %.5) a glycogen splitting enzyme 

(RmGBE) isolated from Rhizomucor miehei, a thermophilic fungus, has been shown to have 

superior cold adapted features. When added to wheat bread it caused an appreciable rise 

(28%) in specific volume and reduction (38%) in firmness of crumb.6) A galactosidase 

enzyme that showed remarkable ability to change RBC of blood type B into O (Balabanova 

et al., 2010; Tu et al., 2013; Dong et al., 2014; Pan et al., 2014; Wu et al., 2014). 

In the present study the isolated β-mannanase enzyme was tested for its potential for 

use as a feed additive, not only in vitro but also in vivo. Conducting trials may help in rapid 

development of a feed additive or biocatalyst. In addition, it sheds light on the actual 

potential of enzyme to act as a biocatalyst in industrial applications.  

 

For in vivo testing, β-mannanase (to minimize the NSP especially a mannan-

associated problem) was supplemented in a plant-based diet to common carp.After 90 day 

feeding trial, a significant positive effect of the exogenous enzyme on the growth, immunity, 

and muscle proximate composition of fish was observed. Additionally, the comparative 

efficiency of β-mannanase isolated from two different fungal species was also evaulated and 

it was found that the efficiency of β-mannanase locally isolated from Aspergillus niger AD-

01 (BMAn) was comparable to the commercial β-mannanase (BMTr) a propriety Trichoderma 

reesei fermentation product. 

Although extensive literature reveals the beneficial effects of β-mannanase 

supplemented diets on different organisms, e.g., pigs (Pettey et al., 2002; Lv et al., 2013) , 

poultry (Jackson et al., 2004b; Li et al., 2010; Zangeneh and Torki, 2011a; Cho and Kim, 

2013), yet scarce literature on fish (Yiğit et al., 2014; Chen et al., 2016b) is available to 

compare results of the present study. A significant and comparable increase in weight gain 

(%) and specific growth rate of C. carpio at both dosage levels (500 and 1000 units kg-1 diet) 

of β-mannanase compared to a control group (Table.14) was also observed. The up-

regulation of Myo-D gene in the muscle (Fig.14) also indicated the positive effect of β-

mannanase supplementation on the growth performance of carp. Like the results of the 
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present study, Chen et al. (2016b) also observed similar beneficial effects on weight gain and 

specific growth rate of tilapia. The findings of the current sudy are also in agreement with 

many studies on organisms other than fish. Many investigators reported a positive effect of 

mannanase supplementation on growth of broilers, pigs, toms and fish. Lee at al.,(2003b) 

reported that dietary supplementation of mannanase to broiler chicken removed growth 

depression, improved FCR and reduced high ileal viscosity that resulted from feeding 

different fractions (2.5 and 5.0%) of guar hull.  This indicated that growth and digesta 

viscosity were inversely related. Latham et al.,(2018) also observed that increasing the 

concentration of guar gum in the diet of broilers increased intestinal viscosity and depressed 

body weight during the starter and grower phase. The negative effects were however reversed 

by supplementation with mannanase.Similarly, in another study the inclusion of different 

levels (0.5,1.0 and 2.0%) of guar gum negatively affected broiler body weight 

(BW)(Daskiran et al., 2004). The reduction in BW was especially severe at 2% inclusion of 

guar gum. The BW of all chicks was restored to control values with supplemental mannanase 

except for chicks fed 2% guar gum. Supplementation with β-mannanase improved weight 

gain even in chicks fed 2% guar gum, but the depression in growth was so great that the 

negative effects were not completely reversed with mannanase addition in the diet.  This 

indicates that the amount of fiber in the diet should be monitored along with the dosage of 

enzyme. 

 

In a dose response study, Jackson et al., (2004a) observed a significant increase in 

feed efficiency (3.5 to 3.8%) and weight gain (3.9 to 4.8%) in broilers fed corn-SBM-based 

diets supplemented with β-mannanase at 80 or 110MU/ton. However, inclusion of mannanase 

at the level of 55000U/kg in the feed caused no significant improvement in growth 

performance of broilers. 

 

Conversely, some workers did not find the effect of corn-SBM-based β- mannanase 

supplemented diet on body weight gain and feed conversion of broiler chicken (Kong et al., 

2011). Similarly, Yigit et al. (2014) also did not find a significant increase in the specific 

growth rate of trout in a 12-week trial in response to a soybean meal (44%) based diet 

supplemented with β-mannanase and other carbohydrases. The discrepancy in the results may 
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be related to many factors including temperature, age, species, mannan contents in feed 

ingredients, and dosage levels of β-mannanase (Sinha et al., 2011). It is well documented that 

the efficiency of a dietary enzyme decreases as the water temperature falls and increases with 

an increase in temperature towards optimum range (Forster et al., 1999; Vandenberg et al., 

2012).  

In addition to growth rate, a positive effect of β- mannanase on the FCR of C. carpio 

(Table.14) was also observed.  The result of the present study is in agreement with literature 

that revealed improved FCR of tilapia (Chen et al., 2016b) and broilers (Daskiran et al., 2004; 

Jackson et al., 2004a) in response to β-mannanase supplemented feed. The improved growth 

performance and FCR observed here and reported by others may be anticipated with an 

improvement in energy metabolism with the digestion of mannan or via degradation of 

mannan in feed to mannan oligosaccharides (MOS) and the utilization of these 

oligosaccharides as prebiotic by gut microbiota (Chen et al., 2016b; Gainza and Romero, 

2020).Similarly, the role of MOS in the colonization of beneficial intestinal microbiota and 

its effects on gut morphology, growth, FCR, innate immunity parameters and stress tolerance 

have been reported by many investigators. 

 

Torrecillas et al. (2007) evaluated the effects of MOS included at two different levels 

(2 and 4%) in the diet of European sea bass (Dicentrarchus labrax) growth, feed 

consumption, immunological state, and infection susceptibility to Vibrio alginolyticus. 

Growth was greatly enhanced in fish fed MOS-supplemented diets at both tested 

concentrations. The researchers speculated  that the better absorption of amino acids could be 

the reason for improved growth as   was reported previously in chicken (Iji et al., 2001b). The 

researchers also discovered that at 4%  inclusion level, dietary MOS greatly increased the 

phagocytic activity of kidney macrophages but this impact was dramatically diminished at 

2%. Dietary MOS supplementation considerably reduced the number of fish afflicted by 

Vibrio alginolyticus during a 21-day challenge test. 

 

Yilmaz et al., (2007) assessed  the effects of MOS supplementation on  rainbow 

trout’s body composition, growth, foregut histology, and liver. MOS was included in the fish 

diet at four levels: 0 (control) to 4.5 g kg-1 with 1.5 g kg-1 increments. Overall, fish fed a diet 
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augmented with 1.5 g kg-1 had better growth results. The intestinal villous folds of fish that 

were given either 1.5 or 3.0 g kg-1 of mannanoligosacchrides were greater in length than those 

of fish that were fed 4.5 g kg-1 or control.  At any dose, MOS exhibited no adverse effects on 

the morphology of intestine. 

 

Dimitroglou et al., (2008) discovered greater surface area of absorption, as well as 

larger microvilli density and length, in rainbow trout that were fed 0.2% MOS for 56 days. 

Rodrigues-Estrada et al., (2008) studied the effects of MOS (4g Kg-1) on rainbow trout 

development, immunological indices, and Vibrio anguillarum susceptibility. MOS boosted 

hemolytic activity, growth, phagocytic activity, survival and mucosa weight of rainbow trout 

when challenged with Vibrio anguillarum. Ghasemian and Jahanian (2016) reported several 

beneficial effects of MOS supplementation in laying hens. In comparison to control, MOS 

supplementation at 1–1.5 g kg-1 increased egg mass in the experimental groups. MOS 

supplementation also boosted antibody titers against bronchitis disease viruses and infectious 

Newcastle virus. In addition, they found that inclusion of MOS in the diet enhanced the crude 

protein and dry matter digestibility coefficients. In comparison to experimental groups, the 

ileal population of Salmonella was higher in control birds. Supplemental MOS at a dose of 1 

g kg-1 reduced the number of E.coli and total bacteria found in the ileum. The authors 

concluded that, dietary MOS supplementation, especially at doses of 1 and 1.5 g kg-1, might 

improve feed conversion efficiency and production performance in lying hens. 

 

Fish lack endogenous enzymes required for the hydrolysis of NSP (Sinha et al., 

2011), therefore indigestible dietary NSPs could not be used as the source of energy. It is well 

established that the viscous nature of most of the NSPs including mannan in feedstuff 

increases the viscosity of digesta, thus negatively affecting the residence time of digesta in 

the digestive tract, the interaction of digestive enzymes with the substrate, and absorption of 

nutrients (Amirkolaie et al., 2005; Sinha et al., 2011). Here, significantly improved 

digestibility of crude protein and crude fat and energy utilization (Table.13) may indicate that 

mannanase can relieve the negative effect of NSP by hydrolyzing the mannan. Several 

scientists studied the effect of exogenous enzymes supplementation on different organisms 

and suggested that dietary carbohydrase take off the nutrient encapsulating effect, 
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consequently enhancing the availability of nutrients to the endogenous enzymes and 

improving the digestibility of nutrients and environment for the intestinal microbes 

(Cowieson and Ravindran, 2008; Cozannet et al., 2017).Other researchers also investigated 

the effects of β-mannanase on digestibility of nutrients. Their findings support the results of 

the present study. Lv et al.(2013) reported an enhanced digestibility of CP, DM, NDF, 

calcium, and phosphorus by supplementing mannanase in growing pigs. Sundu and Kumar 

(2006) observed that dietary β-mannanase increased the lipid and protein digestibility in 

broilers fed different levels of copra meal. This increase in nutrient digestibility with 

supplementation of mannanase was attributed to the breakage of the cell wall, allowing the 

digestive enzymes to better access their substrate. Knudson et al. (1997) found that protein 

and lipids are enclosed within the endosperm cell wall and this prevents their digestion and 

absorption. Studies have shown that supplementation of mannanase not only results in 

improved digestibility of protein, lipid, or DM but also calcium and phosphorus (Lv et al., 

2013). As phytate and minerals are bound to the cell wall, breakage of the cell wall releases 

them and leads to better bioavailability of minerals (Adeola & Cowieson, 2011).The 

digestibility of phosphorus and calcium was however not investigated in this study. 

 

In the present study, the observed significant increase in protein and fat contents of 

muscle in mannanase supplemented groups may indicate the beneficial effect of the 

exogenous enzyme on the digestibility, absorption, and availability of nutrients (Table.15). 

The higher moisture % and lower contents of lipid and protein in the control group of fish 

may be because of the binding of mannan to water in the gut and formation of viscous fluid, 

which prevent the contact of enzymes with substrate and the formation of micelles, required 

for the absorption of lipid (Sinha et al., 2011; Castillo and Gatlin III, 2015) thus affecting the 

digestibility and availability of nutrients for synthesis and deposition rate in the muscles. No 

available study shows the effect of mannanase on muscle composition, however, Hossain et 

al.(2001) reported a decrease in whole-body  fat and gross energy contents and an increase in 

whole-body moisture of tilapia with an increase in sesbania endosperm (having high contents 

of storage mannan and other NSP) in feed. However, some workers did not observe the effect 

of mannanase supplementation on carcass composition and whole-body composition of 

rainbow trout (Farhangi and Carter, 2007; Yiğit et al., 2014), which may be due to low 
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temperature. It is well established that enzyme activity is enhanced at higher water 

temperatures rather than low water temperatures (Forster et al., 1999; Vandenberg et al., 

2012).  

In the current study, the increased levels of AST and ALT and decreased levels of 

CHO and TG in a control group, while opposing trend in the mannanase supplemented 

groups (Table.19) also showed the negative effect of a plant-based diet and ameliorating 

effect of exogenous enzyme supplement. Like the results of the present study, Chen et 

al.(2016a) also reported a lower level of serum AST and ALT in tilapia fed β-mannanase 

supplemented diet, however they did not observe any significant effect on blood cholesterol, 

glucose, and HDL contents. Literature reveals reduced lipid absorption and 

hypocholesterolemic effect of NSP containing plant-based diet and the variable response of 

β-mannanase supplementation in different vertebrates. For instance broiler chicken fed 

hemicell enzyme (containing a higher amount of β-mannanase) supplemented corn/soybean-

based diets, and laying hens fed β-mannanase supplemented plant-based diet (Zangeneh and 

Torki, 2011a) had not shown any significant effect on CHO, TG, and very low density 

lipoprotein (VLDL) of fish. However, decreased serum LDL-cholesterol level in response to 

β-mannanase in broiler was reported by Cho and Kim (2013). In the present study, dose-

dependent increased in serum CHO and TG levels may indicate the increase in absorption of 

fat and CHO due to a decrease in the viscosity of digesta. Inconsistency in results could be 

related to the ratio of supplementation level of β-mannanase to the amount of mannan in feed 

(Azarfar, 2013).  

Hematological indices are a key tool in assessing the changes in physiology and 

health of fish (Table.17). In the current study, the improved blood indices like HB, Hct, 

RBCs, and MCHC in response to exogenous enzymes may also indicate the better health 

status of fish. There’s no comparable study on the effect of mannanase on the hematology of 

fish except Zamini et al. (2014) who observed no significant effect on hematological indices 

of Caspian salmon. However, Andrew et al. (2009b) reported the modulation of 

hematological indices in response to dietary MOS. The variation in the results can be 

attributed to the dosage level of mannanase, water temperature, or fish species. 
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The ability of a fish to digest food is influenced by the activity of its digestive 

enzymes, thus digestive enzyme activity determines the nutritional value of the feed. In the 

present study, a significant increase in intestinal enzymes (cellulase, protease, and amylase) 

activities of fish supplied with mannanase enzyme, as compared to a control (Table.16) was 

observed. Numerous studies have demonstrated that adding exogenous enzymes to feed can 

boost the release of endogenous enzymes (Lin et al., 2007; Zhou et al., 2013). Like our 

results, higher activity of amylase was reported in tilapia fed plant-based mannanase 

supplemented diet (Chen et al., 2016b) and in L. rohita when fed non-gelatinized diet 

supplemented with exogenous carbohydrase enzyme (Kumar et al., 2006). Moreover, other 

investigators reported improved activity of amylase, trypsin, and lipase in chicken(Almirall 

and Esteve-Garcia, 1995) and pigs(Jensen-Waern et al., 1998)fed barley-based diets. 

Although up till now, no study indicated the direct inhibitory effect of NSP including mannan 

on intestinal enzyme synthesis but suggested the restricted interaction of enzymes to 

substrates (Sinha et al., 2011). Thus, the increased activities of intestinal enzymes observed 

here and reported by others could be due to the release of the inhibitory effects of NSP on 

digestive enzymes by hydrolysis of NSP or may also be due to the release of enzymes from 

gut microbiota that flourishes in the presence of MOS (end product of mannan degradation).   

 

In the present study, a positive effect of mannanase supplementation on the non-

specific immunity of fish i.e., a significant increase in IgM level, total serum protein, 

lysozyme activity, respiratory burst activity, and phagocytic activity of fish (Table.18) was 

also observed. Similar enhancement of the immune response has been reported by many 

investigators in tilapia(Chen et al., 2016b)  and broilers (Zou et al., 2006; Li et al., 2010), and 

suggested the indirect stimulation of immune response from the hydrolytic product of 

mannan i.e., MOS. Generally, MOS act as a prebiotic, block the colonization of pathogen in 

the GI tract by binding with mannose-specific type-I fimbriae, encourage the growth of 

beneficial microorganisms like Bifidobacterium,lactococcus and Lactobacillus species and 

trigger the immune system by activation of pattern recognition receptors and 

protein(Torrecillas et al., 2014). Many researchers reported the positive effects of MOS 

administration on the immune-related indices in different finfish species e.g., rainbow trout 

(Rodriguez et al., 2009), L. rohita (Andrews et al., 2009a), P. olivaceus (Ye et al., 2011) red 
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drum (Buentello et al., 2010), Dicentrarchus labrax (Torrecillas et al., 2012), Japanese 

flounder (Ye et al., 2011), shellfish e.g., crustaceans(Zhang et al., 2012), sea cucumber (Gu et 

al., 2011) and other vertebrates, e.g., broilers (Rehman et al., 2020) and pigs (Halas and 

Nochta, 2012).  

Here, an enhanced expression of TNF-α gene in the intestine, liver and muscle of all 

the groups of C. carpio fed mannanase supplemented diet (Fig.15-17) was also observed. In 

the present study, TNF-α was elected because it is a pleiotropic cytokine  produced 

predominantly by macrophages and plays a crucial role in the innate immune response, 

regulation of homeostasis, hematopoiesis and survival of lymphocytes (Sakai et al., 2020). 

There is no comparable study that indicated the regulation of TNF- α gene in fish following 

mannanase supplementation. However, many investigators reported a significant increase in 

the mRNA level of this gene in Nile tilapia (Pirarat et al., 2006; Al-Deriny et al., 2020) and 

common carp (Hoseinifar et al., 2017b) fed probiotics (Spirulina platensis, Bacillus 

amyloliquefaciens and Lactobacillus rhamnosus) and    prebiotics (galacto-, 

fructooligosaccharide and inulin)  supplemented diets respectively. The observed higher 

expression of TNF-α gene in present study may indicate the  resistance of fish to 

infection(Idriss and Naismith, 2000). 

There seems a direct link between enhanced level of TNF-α gene expression in the 

present study and increased respiratory burst activity and phagocytosis. Several studies have 

reported that Fish leucocytes' phagocytic activity is enhanced by the TNF-α protein (Zou et 

al., 2003; Garcia-Castillo et al., 2004; Grayfer et al., 2008). It has been demonstrated that 

TNF-α boosts survival of  macrophages and restricts the proliferation of bacteria in diseased 

macrophages of M. marinum infected zebrafish (Clay et al., 2008). The researchers arrived at 

the conclusion that an increase in the formation of reactive oxygen species (ROS) seemed to 

be linked to bactericidal action . (Roca and Ramakrishnan, 2013; Lu et al., 2015).Another 

research study found that endothelial cells supernatants that were treated with TNF-α can 

enhance migration of leucocytes and respiratory burst activity in carp(Forlenza et al., 2009). 

Normally circulating leukocytes have a restricted NADPH oxidase response to 

chemoattractant stimulation and phagocytosis. A number of pro-inflammatory stimuli, 
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including  1) tumor necrosis factor-α 2) granulocyte-macrophage colony-stimulating factor , 

and 3) bacterial lipopolysaccharide (LPS) enhance the phagocytes’ respiratory burst activity 

(Ward et al., 2000; El‐ Benna et al., 2016; Nguyen et al., 2017). This enhancement of 

respiratory burst activity response is called priming. Priming increases the ability of 

leukocytes to destroy microbes by increasing their respiratory burst activity. The processes 

that prime leukocytes aren't completely understood (Ward et al., 2000) 

Thus, in short β-mannanase supplementation irrespective of microbial origin showed 

a beneficial effect on apparent digestibility coefficient of  nutrients , the growth, body 

composition, intestinal enzyme activity, hemato-immunological indices, metabolic enzymes, 

and expression of genes related to immunity and growth in C. carpio (Table.13-19). 

However, to gain even deeper understanding of the effect of mannanase on common carp, 

another trial (extending 90 days) was conducted to study the effect of mannanase on intestinal 

health. 

For a long time, the digestive tract especially large intestine has been considered to be 

a microbial hotspot. A good interaction between microbiota and the host animal has 

beneficial effect on GIT (Míguez et al., 2016; Yang and Xu, 2018).Gut contains the highest 

number of microorganisms, with many parts that have diverse profiles of microbes and 

environmental conditions. The microbial community in the gut takes part in many different 

processes, which include vitamin and nutrient synthesis, fermentation of complex long chain 

carbohydrates, immune system homeostasis, defense from pathogens and physiological 

metabolism in distal tissues or organs(Han et al., 2018; Li et al., 2020). 

In order to survive in the gut, the gut microbiota need to adapt to the environmental 

constraints present in the gut. Among these are the metabolic pathways that they have to 

utilize, such as those enforced by anaerobicity. In the gastrointestinal environment, sulfate 

reduction and fermentation of dietary carbohydrates can provide energy (Thursby and Juge, 

2017).The microbial contact  with intestinal mucosa, as well as indirect "cross-talk" between 

the microbial metabolites and host, are all important in the gut's growth, development, and 

physiologic equilibrium(Pan et al., 2019; Azad et al., 2020). 
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Recent research has found that gut microbiota are strongly affected by nutrition, and it 

is now considered a viable strategy for regulating any imbalance in microbial ecosystem 

(Donaldson et al., 2016; Lallès, 2016). According to several studies, the ability of gut 

microbiota to digest simple carbohydrates determines the profile of the microbiota in the 

gastrointestinal tract, demonstrating that the microbiota has adapted to the nutrients available 

in the small intestine (Zoetendal et al., 2012). Furthermore, many microorganisms present in 

the gut produce the enzymes and metabolic pathways required for the digestion of 

nondigestible and complex proteins and carbohydrates. 

In addition, microorganisms are required by host to produce key vitamins such as 

vitamin K. Microbes are also needed for successful intake of several minerals such as iron, 

magnesium and calcium. Several studies have reported that microorganisms play important 

role in biotransformation of bile acid. After the fermentation cycle, short-chain fatty acids are 

produced, which supply energy to colonocytes. SCFA can also enhance intestinal epithelial 

cell proliferation and differentiation in vivo, as well as antimicrobial peptide synthesis and 

mucin secretions (Chang and Lin, 2016; Wang et al., 2017). Because of this, altering the gut 

microbiota has gained popularity as a method for improving the host's health, warding off 

illness and infection, and creating much needed energy and vitamins, the former of which 

might be crucial in physiological signaling pathways (Azad et al., 2020). In addition, 

studying how a feed additive affects the gut microbiota profile provides valuable information 

regarding the health of the host organism. Furthermore, studying the effect of a feed additive 

on different growth, immune and metabolic parameters without investigating its effect on 

microbiota of the animal is insufficient information. Thus, in the present study, mannanase 

enzyme was supplemented at two different doses to common carp and its effect on key 

digestive and immune genes as well as its gut microbiota was studied. Supplementation of 

mannanase enzyme in plant-based fish feed influenced the gut microbiota, immune and 

digestion-related genes in C.carpio. Illumina Miseq sequencing of gut microbiota of carp fed 

different doses of mannanase enzyme showed that supplementation with the enzyme altered 

its intestinal microbiota composition. 

The metagenomic analysis showed Protobacteria and Firmicutes as dominant bacteria 
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in the gut of C.carpio of all groups (Fig.20). These bacteria make up the dominant phyla in 

the gut of most fish. It has been reported that Firmicute bacteria provide a good measure of 

intestinal health status. For example, Lactococcus, Bacillus, and Lactobacillus can not only 

provide protection against pathogen-induced intestinal function disruption but can also 

prevent inflammatory cytokines from being produced (Zheng et al., 2017), while 

Lachnospiraceae has been reported to take part in the fermentation of carbohydrates and 

production of short-chain fatty acids (SCFAs) and gasses (H2 and CO2) (Duncan et al., 

2007). In the present study, dietary mannanase supplementation increased the growth of 

beneficial bacteria of phylum Firmicutes like Bacillus, Lactobacillus, and Lachnospira in 

both treatment groups (Fig.22). 

 

Beneficial microorganisms, sometimes referred to as probiotics, are defined as living 

microorganisms that benefit the host's health when given in the adequate quantity. (Pandey et 

al., 2015a). Fish have been given a variety of microorganisms as possible probiotics including 

yeasts,bacteria,bacteriophages and microalgae (Egerton et al., 2018). The genera  Bacillus, 

Lactococcus, Shewanella, are among the most commonly studied probiotics (Hagi et al., 

2004; Merrifield and Carnevali, 2014; Egerton et al., 2018). 

 Carnevali et al., (2017)compiled a list of 61 papers that looked at the delivery of 

probiotics to teleosts in a recent review. Many investigators have reported enhanced growth 

rates and immunological status regulation in connection with gut microbial composition 

alteration (Bagheri et al., 2008; Huang et al., 2014; Tapia-Paniagua et al., 2014; Cordero et 

al., 2015). Most research to date has been done on larvae and juveniles, and it has been 

shown to have positive effects on the cells in mucus layer of the intestine and to stimulate the 

innate immune response. (Cerezuela et al., 2011; Abid et al., 2013).  

 

In the present study, some opportunistic pathogens like Aeromonas, Desulfobulbus 

and  Desulfovibrio were not observed in the mannanase supplemented groups (Fig.22). 

Desulfobulbus and Desulfovibrio are the chief sulfate-reducing bacteria and are ubiquitously 

present in both animals and humans (Ichiishi et al., 2010). The H2S gas produced by these 

sulfate-reducing bacteria can damage the intestine epithelial cells. Thus, their absence in the 

treatment groups may indicate a reduced risk of opportunistic pathogen invasion in C.carpio. 
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Bacterial diseases like Vibriosis are a major constraint affecting the sustainability and 

production of the aquaculture industry(Abdelaziz et al., 2017; Haenen, 2017). Vibriosis is a 

practically lethal bacterial disease that is caused by the Vibrio bacterium (Chen et al., 2000). 

Vibrio bacteria belong to gram-negative group of bacteria found in marine and estuarine 

environments (Austin et al., 2007). They can be found floating freely in the water column,  in 

combination with a host or a biofilm (Thompson et al., 2004). The number of Vibrio species 

discovered is rapidly increasing, and eleven of them have been connected to human ailments 

due to their potential to cause skin infections and gastrointestinal issues(Andrews, 2004; 

Novriadi, 2016). 

 

Vibriosis has received  considerable  attention in the aquaculture industry, as it has 

become a major limiting factor and cause of death in aquafarming systems throughout 

the world. According to a reliable source, vibriosis has wiped out over 48 distinct species of 

marine fish in more than 14 countries (Austin et al., 2007). Vibriosis, for example, has 

resulted in a 30% drop in eel populations in Denmark.Vibriosis has been linked to major 

financial losses and other consequences in the aquaculture industry (Novriadi, 2016). 

 

Vibrio anguillarum was the sole Vibrio species connected to fish disease until 1980 

(Egidius, 1987). In recent years, several novel fish infections caused by this genus have been 

discovered, including the Characterization of different vibrio strains isolated from shrimp in 

a Rio Grande do Norte hatchery  (Natal-Area, Brazil), where significant mortalities were 

observed at the time(Vanmaele et al., 2015). Severe  necrosis of  hepatopancreatic tissue and 

mass fatalities in farmed penaeid shrimp have also been related to the 69 kb plasmid pVPA3-

1 identified in Vibrio parahaemolyticus (Han et al., 2015). This disease condition, also known 

as early mortality syndrome, has wreaked havoc on the shrimp aquaculture industry in 

both Central America and asia, resulting in losses of more than $1 billion(Zorriehzahra and 

Banaederakhshan, 2015). 

 

In order to manage the devasting effects of vibriosis in aquaculture, antibiotic-

medicated food is fed to diseased fish, and antibiotics are administered orally to all the fish 

that share cages or tanks (Defoirdt et al., 2007; Pridgeon and Klesius, 2012). However, due to 
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the development of antibiotic resistance in pathogens as a result of the regular use of 

antimicrobial chemicals, these treatments may be ineffectual. Another issue caused by 

unfettered antibiotic usage is the presence of leftover antibiotics in commercial products of  

aquaculture, which has resulted in human toxicity and allergy(Cabello, 2004). Because of the 

presence of antibiotic residues in farmed fish products, nations that want to import fish may 

reject them (Novriadi, 2016). 

 

Data recently gathered by US,EU, Japanese and Austrailian authorities revealed that 

2,400 export consignments of Vietnamese fishery products were turned down by US 

authorities (from 2002 to 2010), 422 shipments were refused by EU authorities, and 464 and 

206 Vietnamese shipments were refused market entry by Japanese and Australian authorities, 

respectively (from 2003 to 2010) (Novriadi, 2016). Thus antibiotic usage resulted in a 

significant drop in output as well as a loss of competitiveness in the export market. 

 

Comabtibg vibrosis without using antibiotics is the current challenge of aquaculture 

industry .In the present study, Vibrio spp. was not found in both the treatment groups which 

might be due to supplementation of feed with a carbohydrase enzyme-like β-mannanase that 

reduces the residence time of digesta in the gut of fish. An increase in residence time of 

digesta has been associated with the decrease in oxygen tension which may favor the growth 

of opportunistic pathogens like Vibrio and Aeromonas (Sinha et al., 2011). However, 

supplementation with carbohydrase enzyme reverses these effects and may prevent 

opportunistic pathogens to invade. Interestingly, Vibrio spp. was not found in the control 

group. The absence of Vibrio might be due to the presence of Halobacteriovorax that might 

suppress its growth(Williams et al., 2016). This phenomenon needs to be investigated further.  

 

Metagenomic analysis of 18S rRNA of fish gut microbiota showed an abundance of 

Geotrichum spp. in both the treatment groups (Fig.23). Geotrichum is a part of normal human 

flora and infections from Geotrichum in animals are rare (Carter and Cole Jr, 2012). It has 

been reported that Geotrichum has broad-spectrum antibacterial activity against pathogenic 

microorganisms such as E. coli, S. aureus, and Micrococcus spp.(Mefteh et al., 2017). 

Geotrichum has been used as a probiotic in fish feed and its beneficial effects on growth, 
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immunity, and resistance against disease have been demonstrated in different studies (Amir et 

al., 2018; Ghori et al., 2018). 

 

An enhanced expression level of genes related to key immune enzymes including, 

Lys, SOD, NK-lys, Def, and IL1-β in the present study also indicated the positive effect of 

dietary β- mannanase supplementation (Fig.18). The beneficial effects of dietary 

carbohydrase enzymes including xylanase and mannanase on the immunity of fish have been 

reported in other studies (Chen et al., 2016a; Saputra et al., 2016). However, no study has 

reported mannanase effect on the expression of immune-related genes. β-mannanase enzyme 

when supplied in the feed hydrolyses the mannan into manno-oligosachrides (MOS), which 

act as prebiotics (Ringø and Olsen, 1999; Huang et al., 2003). Many investigators have 

reported modulation of gut microbiota by MOS i.e., favoring the growth of certain bacteria 

while inhibiting proliferation of others (Wang et al., 2018; Zheng et al., 2018).  The increased 

expression level of immunity-related genes in the present study might be due to changes in 

gut microbiota composition of C.carpio. Several studies have reported the causal link 

between gut microbiota and immune gene expression(Rupnik et al., 2009; Nie et al., 2017). 

Good evidence of this causal relationship has been provided by a study conducted on a mouse 

infected with Clostridium difficile (Rupnik et al.2009). It seems that some factors caused by 

specific gut microorganisms might influence the immune gene expression of the host, which 

in turn plays an important role in resistance towards disease in an animal (Nie et al., 2017).  

 

According to some investigators, SCFAs generated by beneficial bacteria such as 

Bacillus, Lactobacillus and Lachnospira can enter a bacterial pathogen through its  cell wall, 

expel its protons, impair the metabolism of cells, and ultimately cause death of the organism 

(De Schryver et al., 2010; Simonyte Sjodin et al., 2016; McLoughlin et al., 2017).These 

mechanisms reveal that mannanase may have played a role in not only improving the host 

immunity by a selective proliferation of beneficial microorganisms in the treatment groups 

but also contributed towards restricting the growth of the pathogenic microbes by increasing 

the SCFAs concentration in the intestines of C.carpio.The results of the present study are 

supported by other studies. Upadhaya et al.,(2016) observed that mannanase supplementation 

decreased coliform population and also tended to reduce ammonia emissions. Bortoluzzi and 
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Fernandes (2019)observed that β-mannanase supplementation  altered the diversity and 

composition of gut microbiota of broilers either subjected or not subjected to coccidiosis 

challenge. Regardless of the presence of Eimeria spp. in broiler chicken, dietary mannanase 

modulated the gut microbiota and led to an increase in the beneficial groups such as 

Akkermansia, Ruminococcaceae and reduction of Bacteroidetes, which is related to poor feed 

efficiency in broiler chickens. 

 

β-Mannanase supplementation in the present study, also led to an enhanced expression 

level of genes related to digestive enzymes including Lip, Amy, Tryp, FAS and FABP in both 

the treatment groups compared to control (Fig.19). Similar results have been reported by 

other investigators supplementing other carbohydrase enzymes to different fish species.Zhou 

et al., (2013) report that supplementation of cellulase enzyme in the duckweed-based diet 

increased the digestive enzyme activities of grass carp (Ctenopharyngodon idella). An 

increase in the intestinal enzyme activities following supplementation of feed with xylanase 

in Jian carp (Cyprinus carpio var. Jian)  has also been reported (Jiang et al., 2014). This 

shows that exogenous enzyme supplementation can promote the production of endogenous 

enzymes. The consumption of a diet rich in NSP, changes the anatomy and physiology of the 

gut of the monogastric animal, mainly by changing the digesta viscosities. This leads to an 

increased residence time of digesta which may alter the pH of the intestine and disturb the 

microbial ecology within the gut(Sinha et al., 2011). Supplementation with β-mannanase may 

reverse these negative effects. In addition, the prebiotics (MOS) produced as a result of 

mannanase action promote selective growth of beneficial microorganisms(Markowiak and 

Śliżewska, 2017; Zhang et al., 2021). These beneficial microorganisms or probiotics have 

been linked to enhanced digestive enzyme activity. In a study reported by Yang and 

Chen(2005)  lipase, Isomaltase and  sucrase activities in rats fed with a high dose of synbiotic 

were observed to be increased. The reasons for the enhanced enzyme activity was attributed 

to the healthy gastro-intestinal microbial ecology or to modified bacterial enzyme secretions. 

 

 

For Arbor Acres broilers fed with NJ0516 Bacillus coagulans, Wang and Gu(2010) 

observed that there was a significant increase in activity of amylase enzyme as compared to 
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control group. Similarly, Hu et al.,(2018) reported that activities of amylase in the small and 

large intestines of piglets administered by probiotic bacillus were substantially higher than 

those of the piglets fed diets supplemented with antibiotics.  

 

 Increase in enzyme activities of maltase, sucrase and lactase were also observed in 

jejuna mucosa of pigs when pigs were fed with diet supplemented with Bacillus(Hu et al., 

2018). Similar observations were made when probiotic Streptococcus thermophilus and 

Lactobacillus bulgaricus were fed to rats, an increase both in lactase and sucrase activity was 

observed in the intestinal mucosa (Southcott et al., 2008).              .  

The probiotic Lactobacillus Rhamnosus GG was found to greatly enhance the lactase 

and  sucrase  activites in BALB/C mice (Goyal et al., 2013). Sankar et al.,(2017) report 

increased alkaline protease activity in O. Mossambicus when administered with bacillus 

alone or with another probiotic micrococcus (P<0.005).It was observed that whether the 

probiotic was administered for 14 days or 28 days, it had significant effect on enzyme 

activity. Thus, the enhanced gene expression of digestion-related genes Amy, Lip, Tryp in the 

present study might be due to these beneficial bacteria.  

 

Probiotics also help to boost SCFAs synthesis. The preservation of cellular function 

and homeostasis depends on the synthesis of fatty acids (De Carvalho and Caramujo, 2018). 

Fatty acids whether produced by host or gut microbiota are kept as a reserve of energy and 

consumed when needed (Laplante and Sabatini, 2009). By promoting the growth of beneficial 

gut microbiota, dietary mannanase may enhance the intestinal SCFAs content of C.carpio. 

The significant increase in treatment groups of expression levels of the genes FAS and FABP  

might be linked to enhanced production of SCFAs by beneficial microorganisms. This shows 

that mannanase may have a role in C.carpio fatty acid production, specifically SCFAs. 

 

In broilers, supplementation with xylanases and to some extent cellulases have shown 

good results, while in a soybean-based diet, pectinases and mannanases have been effective 

(Sinha et al.2011). The positive effects of dietary mannanase supplementation on growth 

performance of broilers (Zangeneh and Torki, 2011b; Cho and Kim, 2013) swine(Yoon et al., 
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2010) and turkeys (Jackson et al., 2008) have been reported in several studies.Chen et 

al.,(2016)  reported that mannanase addition in fish feed is beneficial for the growth of tilapia. 

It seems that the significant increase in growth performance observed in the present study 

was due to improved digestion and availability of nutrients, which is supported by our results 

related to enhanced digestion-related gene expression. However higher dietary mannanase 

concentrations, on the other hand, did not provide improved results. Microbial mannanase 

can be an excellent feed additive in terms of economic feasibility, and its optimal dosage for 

C.carpio health and performance regulation under the current study is 500U/kg. 
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Conclusion  

 

In modern aquaculture, alternatives are required to substitute fishmeal with other 

easily available cheap raw materials since it is the present need of  aquaculture industry to be 

sustainable in regards to energy usage, feed cost, and environmental effect. Enzyme usage in 

the feed industry is based on its effectiveness, safety, and cost, which is in line with the 

demands of a production system that uses less resources. The addition of carbohydrase 

enzymes to fish feed can increase the growth performance of farmed fish by degrading the 

hemicullolose fraction in the plant cellwall and thus enhancing the absorption 

and  digestion  of nutrients in plant-based feeds. 

 

Over the past few decades, the use of β-mannanases in the anmal feed sector has 

progressively increased.The expansion in aquaculture industry and need for cheap plant-

based feedstuffs has necessitated the search for mannanase enzyme that can work in the 

unique gastrointestinal environment of fish. The present study identified, isolated and 

characterized an enzyme that showed good thermostability, salt tolerance, resistance to 

proteases, appreciable activity at low temperature and neutral pH. This enzyme is the 

extracellular endo-β-mannanase produced by Aspergillus Niger-AD01, a new mannanase-

producer.In addition the enzyme displayed good activity against mannan rich substrates 

including locust bean gum, guar gum, konjac powder and soybean meal. The enzyme's broad 

working temperature range, high activity particularly at low temperatures, tolerance towards 

salt and proteases, and broad range of working pH make it a suitable candidate for use as a 

feed supplement in plant-based diets for agastric fish in aquaculture. The enzyme showed its 

potential as a feed additive during simulated intestinal digestion phase. Feeding trials were 

run to test its potential in real applications. It was observed that β-mannanase 

supplementation irrespective of microbial origin showed a beneficial effect on apparent 

digestibility coefficient of nutrients, the growth, body composition, intestinal enzyme 

activity, hemato-immunological indices, metabolic enzymes, and expression of genes related 

to immunity and growth of C. Carpio. In addition, the supplementation of β-mannanase 

modulated the gut microbiota of  C.carpio,  while certain beneficial microorganisms were 

plentiful, opportunistic pathogens were absent. Mannanase also enhanced the expression of 
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key genes related immune and  digetion enzymes in the gut of fish. Based on these findings, 

mannanase supplementation may be proposed for improving carp production on inexpensive 

feed, i.e., plant-based diet which can act as a substitute for fishmeal and its optimal dosage 

for C.carpio health and growth performance regulation under the current study is 500U/kg.
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Future Prospects 

Carp dietary enzyme usage has shown results that are comparable to those of 

probiotics and prebiotics in aquaculture. In aquaculture, all three of them function as 

alternatives to chemicals and antibiotics, providing significant advantages in terms of greater 

health, growth, and survival rates as well as the production of seafood that is safe for 

consumers. Modern biological agents may improve the two crucial aspects of farming of 

carp; resistance to disease and growth performance while utilizing cheap plant-based feeds. 

This will satisfy the needs of sustainable aquaculture development. Without the use of 

functional feed additives, intensive and large-scale carp aquaculture would fail. 

The fundamental causes of the growth-promoting benefits of dietary enzyme 

supplementation are still under investigation in carp aquaculture and require additional 

studies. 

The mechanisms underlying the immunity of gut mucosa enhanced by dietary 

supplementation of enzyme needs be thoroughly studied (e.g., employing 

immunohistochemistry, gene expression, and proteomics). In order to comprehend the 

mechanisms of action better, future research on dietary enzyme supplementation should 

utilize advanced biotechnological tools like Quorum sensing, various staining techniques, 

transmission electron microscopy, scanning electron microscopy, and high throughput 

genome technologies. 

Even though dietary carbohydrase enzymes may have positive impacts on different 

growth parameters and immunity of fish in carp aquaculture, little is known about how these 

feed additives affect carp at different phases of its life. Future studies must conduct in-depth 

investigation to ascertain the impact of various enzyme supplementation at different phases of 

carp growth. 

The present study uses culture-independent molecular approaches to examine the 

nutritional impact of a carbohydrase enzyme and the resultant production of prebiotics in carp 

gut microbiome. Further such studies are required to create more data about this important 

aspect of feed supplementation. 
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The preparation of the feed is crucial in creating an environment where dietary 

enzyme can work effectively on the hosts. The application of enzymes can be done as feed 

supplements or water additives. Therefore, it is essential to comprehend the proper 

circumstances (temperature and amount of time) for storage and preparation of diet. 

New strategies have strived to enhance and optimize the enzyme activity and thus the 

aggressiveness of the enzymes toward the desired substrate has been increased. At the 

moment, enzymes added to commercial feeds are unable to endure the harshness of the feed 

processing methods, including pelleting or processing at temperatures above 95 °C. To 

prevent the damage caused to delicate protein structure of the enzyme from high processing 

temperature, exogenous feed enzymes can be mixed with a suitable oil and then sprayed on 

to feeds. Some feed enzymes have been given a protective covering that is mostly made of 

lipids in order to protect it during feed processing. Improving coating agents is one method 

that can now a days be utilized to enhance thermostability of enzymes. A desirable coating 

should have both ease of disintegration in the gastrointestinal tract during digestion and 

stability and durability throughout the process of feed production and preparation. Other 

strategies include discovering enzymes that are naturally thermostable, for instance from 

thermophilic bacteria, or engineering the enzyme to make it more thermostable.  

Advances in protein engineering has brought forth new opportunities to introduce 

predesigned changes to create customized carbohydrases having the desirable properties. 

However, in engineering of feed enzymes a few challenges lie ahead: (1) It must be 

considered that enhancing the thermostability of an enzyme often decreases its overall 

flexibility, therefore the produced enzyme will likely have lower catalytic efficiency; (2) 

Before the engineered enzymes can be used in food and feed sector, there’s need to 

investigate how these designed proteins interact with biological systems; (3) The paucity of 

general rules in prioritization of enzymatic properties must be improved while selection of 

appropriate methods is also a difficult issue in bioengineering of enzymes. Collection of 

successful studies in feed enzyme engineering should provide suitable guidelines; (4) The 

quest for an ideal carbohydrase enzyme that can be used as a feed additive is ongoing even 

after many research efforts, while the de novo design of highly optimized industrial feed  

remains still elusive. In order to develop an advance method to engineer an enzyme 
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containing highly desirable characteristics there's need to enhance the understanding of the 

relationship existing between function and structure of the enzyme. Once these advanced 

methods are developed, designed enzymes will be easier to manufacture and industrialize.  

 

Exogenous dietary enzymes will also function differently in various fish species due 

to the variation in their gastrointestinal system. Fish without stomachs have neutral or slightly 

alkaline digestive environments, such as those in the cyprinidae family. The pH of the 

digestive system is lower in gastric fishes, even reaching 1.4 in Tilapia nilotica, as a result of 

gastric acid production. Thus, an exogenous enzyme's acid-base tolerance affects how it will 

be digested and consumed by the fish. There's need for the production of enzymes with 

altered amino acid structures that are more intrinsically acid-base tolerant or the exploration 

of such enzymes in natural environments. Additionally, specificity of an enzyme is the 

capacity to select a precise substrate among a collection of compounds that are identical. The 

complementarity of the conformational and structural properties of the enzyme and substrate 

serves as the basis for the specificity, which is basically a molecular recognition process. 

Different levels of substrate selectivity are displayed by enzymes for example., lactase, which 

can only bring about hydrolysis of the beta-glycosidic bond present in lactose sugar to yield 

glucose and galactose units, and maltase, which is limited to acting only on the beta-

glycosidic bond situated between two molecules of glucose in maltose sugar. Trypsin, is a 

serine proteolytic enzyme and is usually present in the gastrointestinal tract, has the ability to 

bring about hydrolysis of peptide bonds in which basic amino acids like histidine, lysine, or 

serine provide an amino group. Thus, the effectiveness of exogenous enzyme employed in 

aquaculture feeds should be evaluated based on the specificity of the enzyme to its substrate 

present in feed.  

The digestive tract contains inhibitors for exogenous enzymes, which may severely 

limit their potential actions. For instance, the protease released by fish may hydrolyze foreign 

enzymes or feed additives. To solve this issue and increase the effectiveness of exogenous 

enzymes, a reliable delivery mechanism must be created. Enzymes, medicines, and other 

substances are delivered more effectively in the medical area with the help of a variety of 
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polymeric substances and lipids. A few researchers have created a successful controlled 

delivery method based on chitosan nanoencapsulation for improving the effectiveness of 

exogenous dietary enzymes in fish digestive tract. But with carbohydrases such efforts are 

few and far in between and there is a need for more research in this area. 

The ingredients that make up feed include crude lipid, crude carbohydrates, crude 

protein, some inorganic salts, and other constituents. Therefore, it has been hypothesized that 

utilizing a combined mixture of exogenous enzymes rather than a single enzyme might be 

more advantageous. Research has shown that, this assumption has not proven to be accurate. 

In several instances, adding a mixture of enzymes to feed had no appreciable impact on fish 

growth metrics, FCR, or nutrient digestibility. While in other instances, feeding fish a variety 

of carbohydrases resulted in significantly increased growth performance and immunity as 

compared to what can be achieved with a single enzyme. Therefore, to maximize the 

combined efficiency of enzymes, it is crucial to understand how enzymes cooperate to 

hydrolyze their unique substrates. This suggests that the creation of a mixture of enzymes that 

work together and degrade the target substrates will benefit from a better grasp of the 

substrates present in aquafeeds. 

 

Finally, a principal obstacle in the marketing of enzymatic processes is the cheap, 

large scale production of dietary enzymes. To realize this goal, strategies need to be 

discovered which help facilitate the cheap production of bulk feed enzymes. It is hoped that 

in the near future, newer methods for simple and affordable production of carbohydrases, 

which can effectively meet the requirements of different industries will be discovered. 



DRSML Q
AU

 

References 

 

 

145 
 

References 
 

Abdelaziz, M., Ibrahem, M.D., Ibrahim, M.A., Abu-Elala, N.M., Abdel-moneam, D.A., 2017. 

Monitoring of different vibrio species affecting marine fishes in Lake Qarun and Gulf of 

Suez: Phenotypic and molecular characterization. The Egyptian Journal of Aquatic Research 

43, 141-146. 

Adamse, P., Van der Fels-Klerx, H., de Jong, J., 2017. Cadmium, lead, mercury and arsenic in 

animal feed and feed materials–trend analysis of monitoring results. Food Additives & 

Contaminants: Part A 34, 1298-1311. 

Ademark, P., Varga, A., Medve, J., Harjunpää, V., Drakenberg, T., Tjerneld, F., Stålbrand, H., 

1998. Softwood hemicellulose-degrading enzymes from Aspergillus niger: purification and 

properties of a β-mannanase. Journal of Biotechnology 63, 199-210. 

Adeola, O., Cowieson, A., 2011. Board-invited review: opportunities and challenges in using 

exogenous enzymes to improve nonruminant animal production. Journal of animal science 

89, 3189-3218. 

Adiguzel, G., Sonmez, Z., Adiguzel, A., Nadaroglu, H., 2016. Purification and 

characterization of a thermostable endo-beta-1, 4 mannanase from Weissella viridescens 

LB37 and its application in fruit juice clarification. European Food Research and Technology 

242, 769-776. 

Agrawal, P., Verma, D., Daniell, H., 2011. Expression of Trichoderma reesei β-mannanase in 

tobacco chloroplasts and its utilization in lignocellulosic woody biomass hydrolysis. PloS one 

6, e29302. 

Al-Deriny, S.H., Dawood, M.A., Abou Zaid, A.A., Wael, F., Paray, B.A., Van Doan, H., 

Mohamed, R.A., 2020. The synergistic effects of Spirulina platensis and Bacillus 

amyloliquefaciens on the growth performance, intestinal histomorphology, and immune 

response of Nile tilapia (Oreochromis niloticus). Aquaculture Reports 17, 100390. 



DRSML Q
AU

 

References 

 

 

146 
 

Al-Maqtari, Q.A., Waleed, A., Mahdi, A.A., 2019. Cold-active enzymes and their applications 

in industrial fields-A review. Int. J. Res. Agric. Sci 6, 2348-3997. 

ali Zamini, A., Kanani, H.G., azam Esmaeili, A., Ramezani, S., Zoriezahra, S.J., 2014. Effects 

of two dietary exogenous multi-enzyme supplementation, Natuzyme® and beta-mannanase 

(Hemicell®), on growth and blood parameters of Caspian salmon (Salmo trutta caspius). 

Comparative Clinical Pathology 23, 187-192. 

Almirall, M., Esteve-Garcia, E., 1995. In vitro stability of a β-glucanase preparation from 

Trichoderma longibrachiatum and its effect in a barley based diet fed to broiler chicks. 

Animal feed science and technology 54, 149-158. 

Amir, I., Zuberi, A., Imran, M., Ullah, S., 2018. Evaluation of yeast and bacterial based 

probiotics for early rearing of Labeo rohita (Hamilton, 1822). Aquaculture Research 49, 

3856-3863. 

Amirkolaie, A.K., Leenhouwers, J.I., Verreth, J.A., Schrama, J.W., 2005. Type of dietary fibre 

(soluble versus insoluble) influences digestion, faeces characteristics and faecal waste 

production in Nile tilapia (Oreochromis niloticus L.). Aquaculture research 36, 1157-1166. 

Anderson, D., Siwicki, A., 1995. Basic hematology and serology for fish health programs. 

Andrews, L., 2004. Strategies to control Vibrios in molluscan shellfish. Food Protection 

Trends 24. 

Andrews, S., Sahu, N., Pal, A., Kumar, S., 2009a. Haematological modulation and growth of 

Labeo rohita fingerlings: Effect of dietary mannan oligosaccharide, yeast extract, protein 

hydrolysate and chlorella. Aquaculture Research 41, 61-69. 

Andrews, S.R., Sahu, N.P., Pal, A.K., Kumar, S., 2009b. Haematological modulation and 

growth of Labeo rohita fingerlings: effect of dietary mannan oligosaccharide, yeast extract, 

protein hydrolysate and chlorella. Aquaculture Research 41, 61-69. 

AOAC, 2000. Official Methods of Analysis. Gaithersburg, MD, USA. 

Aslaksen, M., Kraugerud, O., Penn, M., Svihus, B., Denstadli, V., Jørgensen, H., Hillestad, 



DRSML Q
AU

 

References 

 

 

147 
 

M., Krogdahl, Å., Storebakken, T., 2007. Screening of nutrient digestibilities and intestinal 

pathologies in Atlantic salmon (Salmo salar) fed diets with legumes, oilseeds, or cereals. 

Aquaculture 272, 541-555. 

Austin, B., Austin, D.A., Munn, C., 2007. Bacterial fish pathogens: disease of farmed and 

wild fish. Springer. 

Ayoola, A.A., Malheiros, R.D., Grimes, J.L., Ferket, P.R., 2015. Effect of dietary exogenous 

enzyme supplementation on enteric mucosal morphological development and adherent mucin 

thickness in Turkeys. Frontiers in veterinary science 2, 45. 

Azad, M.A., Gao, J., Ma, J., Li, T., Tan, B., Huang, X., Yin, J., 2020. Opportunities of 

prebiotics for the intestinal health of monogastric animals. Animal Nutrition 6, 379-388. 

Azarfar, A., 2013. Effect of hemicell enzyme on the performance, growth parameter, some 

blood factors and ileal digestibility of broiler chickens fed corn/soybean-based diets. Journal 

of Cell and Animal Biology 7, 85-91. 

Bagheri, T., Hedayati, S.A., Yavari, V., Alizade, M., Farzanfar, A., 2008. Growth, survival and 

gut microbial load of rainbow trout (Onchorhynchus mykiss) fry given diet supplemented 

with probiotic during the two months of first feeding. Turkish Journal of Fisheries and 

Aquatic Sciences 8, 43-48. 

Bakermans, C., Bergholz, P.W., Rodrigues, D.F., Vishnivetskaya, T.A., Ayala₃de l₃ Río, H.L., 

Tiedje, J.M., 2011. Genomic and expression analyses of cold₃ adapted microorganisms. Polar 

microbiology: life in a deep freeze, 126-155. 

Balabanova, L.A., Bakunina, I.Y., Nedashkovskaya, O.I., Makarenkova, I.D., Zaporozhets, 

T.S., Besednova, N.N., Zvyagintseva, T.N., Rasskazov, V.A., 2010. Molecular 

characterization and therapeutic potential of a marine bacterium Pseudoalteromonas sp. 

KMM 701 α-galactosidase. Marine biotechnology 12, 111-120. 

Barrett, A.J., Woessner, J.F., Rawlings, N.D., 2012. Handbook of Proteolytic Enzymes, 

Volume 1. Elsevier. 



DRSML Q
AU

 

References 

 

 

148 
 

Bashir, I., Lone, F., Bhat, R.A., Mir, S.A., Dar, Z.A., Dar, S.A., 2020. Concerns and threats of 

contamination on aquatic ecosystems, Bioremediation and Biotechnology, Springer, pp. 1-26. 

Bell, J., Farquhar, J., McDowell, M., 2019. Distillery by-products, livestock feed and bio-

energy use in Scotland. A Review commissioned under the Scottish Government RESAS 

Policy Underpinning: Special Economic Studie, SRUC. 

Bernfeld, P., 1955. Amylases, alpha and beta. Methods in enzymology I, 149-158. 

Blibech, M., Ellouz Ghorbel, R., Chaari, F., Dammak, I., Bhiri, F., Neifar, M., Ellouz 

Chaabouni, S., 2011. Improved mannanase production from Penicillium occitanis by fed-

batch fermentation using acacia seeds. ISRN microbiology 2011. 

Bligh, E.G., Dyer, W.J., 1959. A rapid method of total lipid extraction and purification. 

Canadian journal of biochemistry and physiology 37, 911-917. 

Borges, D.L.G., da Veiga, M.A.M.S., Frescura, V.L.A., Welz, B., Curtius, A.J., 2003. Cloud-

point extraction for the determination of Cd, Pb and Pd in blood by electrothermal atomic 

absorption spectrometry, using Ir or Ru as permanent modifiers. Journal of Analytical Atomic 

Spectrometry 18, 501-507. 

Bortoluzzi, C., Scapini, L., Ribeiro, M., Pivetta, M., Buzim, R., Fernandes, J., 2019. Effects 

of β-mannanase supplementation on the intestinal microbiota composition of broiler chickens 

challenged with a coccidiosis vaccine. Livestock Science 228, 187-194. 

Bosch, A.C., O'Neill, B., Sigge, G.O., Kerwath, S.E., Hoffman, L.C., 2016. Heavy metals in 

marine fish meat and consumer health: a review. Journal of the Science of Food and 

Agriculture 96, 32-48. 

Boyd, C.E., D'Abramo, L.R., Glencross, B.D., Huyben, D.C., Juarez, L.M., Lockwood, G.S., 

McNevin, A.A., Tacon, A.G., Teletchea, F., Tomasso Jr, J.R., 2020. Achieving sustainable 

aquaculture: Historical and current perspectives and future needs and challenges. Journal of 

the World Aquaculture Society 51, 578-633. 

Brandolini, A., Hidalgo, A., 2012. Wheat germ: not only a by-product. International journal 



DRSML Q
AU

 

References 

 

 

149 
 

of food sciences and nutrition 63, 71-74. 

Briffa, J., Sinagra, E., Blundell, R., 2020. Heavy metal pollution in the environment and their 

toxicological effects on humans. Heliyon 6, e04691. 

Buentello, J.A., Neill, W.H., Gatlin, I., Delbert M, 2010. Effects of dietary prebiotics on the 

growth, feed efficiency and non₃s pecific immunity of juvenile red drum sciaenops ocellatus 

fed soybean₃b ased diets. Aquaculture Research 41, 411-418. 

Bušić, A., Marđetko, N., Kundas, S., Morzak, G., Belskaya, H., Ivančić Šantek, M., Komes, 

D., Novak, S., Šantek, B., 2018. Bioethanol production from renewable raw materials and its 

separation and purification: a review. Food technology and biotechnology 56, 289-311. 

Cabello, F.C., 2004. Antibiotics and aquaculture in Chile: implications for human and animal 

health. Revista medica de Chile 132, 1001-1006. 

Cai, H., Shi, P., Luo, H., Bai, Y., Huang, H., Yang, P., Yao, B., 2011. Acidic β-mannanase 

from Penicillium pinophilum C1: cloning, characterization and assessment of its potential for 

animal feed application. Journal of bioscience and bioengineering 112, 551-557. 

Carnevali, A., Sacconi, R., Corbelli, E., Tomasso, L., Querques, L., Zerbini, G., Scorcia, V., 

Bandello, F., Querques, G., 2017. Optical coherence tomography angiography analysis of 

retinal vascular plexuses and choriocapillaris in patients with type 1 diabetes without diabetic 

retinopathy. Acta diabetologica 54, 695-702. 

Carre, B., Gomez, J., Chagneau, A., 1995. Contribution of oligosaccharide and 

polysaccharide digestion, and excreta losses of lactic acid and short chain fatty acids, to 

dietary metabolisable energy values in broiler chickens and adult cockerels. British Poultry 

Science 36, 611-630. 

Carter, G.R., Cole Jr, J.R., 2012. Diagnostic procedure in veterinary bacteriology and 

mycology. Academic Press. 

Castillo, S., Gatlin III, D.M., 2015. Dietary supplementation of exogenous carbohydrase 

enzymes in fish nutrition: a review. Aquaculture 435, 286-292. 



DRSML Q
AU

 

References 

 

 

150 
 

Castro-González, M., Méndez-Armenta, M., 2008. Heavy metals: Implications associated to 

fish consumption. Environmental toxicology and pharmacology 26, 263-271. 

Celi, P., Cowieson, A., Fru-Nji, F., Steinert, R., Kluenter, A.-M., Verlhac, V., 2017. 

Gastrointestinal functionality in animal nutrition and health: new opportunities for sustainable 

animal production. Animal Feed Science and Technology 234, 88-100. 

Chang, C., Lin, H., 2016. Dysbiosis in gastrointestinal disorders. Best practice & research 

Clinical gastroenterology 30, 3-15. 

Chantorn, S.T., Buengsrisawat, K., Pokaseam, A., Sombat, T., Dangpram, P., Jantawon, K., 

Nitisinprasert, S., 2013. Optimization of extracellular mannanase production from 

Penicillium oxalicum KUB-SN2-1 and application for hydrolysis property. J Sci Technol 35, 

17-22. 

Chauhan, P.S., Puri, N., Sharma, P., Gupta, N., 2012. Mannanases: microbial sources, 

production, properties and potential biotechnological applications. Applied microbiology and 

biotechnology 93, 1817-1830. 

Chen, F.-R., Liu, P.-C., Lee, K.-K., 2000. Lethal attribute of serine protease secreted by 

Vibrio alginolyticus strains in kuruma prawn Penaeus japonicus. Zeitschrift für 

Naturforschung C 55, 94-99. 

Chen, W., Lin, S., Li, F., Mao, S., 2016a. Effects of dietary mannanase on growth, 

metabolism and non₃s pecific immunity of Tilapia (Oreochromis niloticus). Aquaculture 

Research 47, 2835-2843. 

Chen, W., Lin, S., Li, F., Mao, S., 2016b. Effects of dietary mannanase on growth, 

metabolism and non₃s pecific immunity of Tilapia (Oreochromis niloticus). Aquaculture 

research 47, 2835-2843. 

Chen, X., Cao, Y., Ding, Y., Lu, W., Li, D., 2007. Cloning, functional expression and 

characterization of Aspergillus sulphureus β-mannanase in Pichia pastoris. Journal of 

biotechnology 128, 452-461. 



DRSML Q
AU

 

References 

 

 

151 
 

Cheng, L., Duan, S., Feng, X., Zheng, K., Yang, Q., Liu, Z., 2016. Purification and 

characterization of a thermostable β-mannanase from Bacillus subtilis BE-91: potential 

application in inflammatory diseases. BioMed research international 2016. 

Cho, J., Kim, I., 2013. Effects of beta-mannanase supplementation in combination with low 

and high energy dense diets for growing and finishing broilers. Livestock science 154, 137-

143. 

Choct, M., 1997. Feed non-starch polysaccharides: chemical structures and nutritional 

significance. Feed milling international 191, 13-26. 

Choct, M., Hughes, R.J., Wang, J., Bedford, M., Morgan, A., Annison, G., 1996. Increased 

small intestinal fermentation is partly responsible for the anti₃nut ritive activity of non₃

starch polysaccharides in chickens. British poultry science 37, 609-621. 

Chorus, I., Welker, M., 2021. Toxic cyanobacteria in water: a guide to their public health 

consequences, monitoring and management. Taylor & Francis. 

Christgau, S., Kauppinen, S., Vind, J., Kofod, L.V., Dalbøge, H., 1994. Expression cloning, 

purification and characterization of a beta-1, 4-mannanase from Aspergillus aculeatus. 

Biochemistry and molecular biology international 33, 917-925. 

Cieśliński, H., Wanarska, M., Pawlak-Szukalska, A., Krajewska, E., Wicka, M., Kur, J., 2016. 

Cold-active β-galactosidases: sources, biochemical properties and their biotechnological 

potential, Biotechnology of Extremophiles:, Springer, pp. 445-469. 

Civas, A., Eberhard, R., Le Dizet, P., Petek, F., 1984. Glycosidases induced in Aspergillus 

tamarii. Secreted α-D-galactosidase and β-D-mannanase. Biochemical Journal 219, 857-863. 

Clay, H., Volkman, H.E., Ramakrishnan, L., 2008. Tumor necrosis factor signaling mediates 

resistance to mycobacteria by inhibiting bacterial growth and macrophage death. Immunity 

29, 283-294. 

Collins, T., Hoyoux, A., Dutron, A., Georis, J., Genot, B., Dauvrin, T., Arnaut, F., Gerday, C., 

Feller, G., 2006. Use of glycoside hydrolase family 8 xylanases in baking. Journal of Cereal 



DRSML Q
AU

 

References 

 

 

152 
 

Science 43, 79-84. 

Cordero, H., Guardiola, F.A., Tapia-Paniagua, S.T., Cuesta, A., Meseguer, J., Balebona, M.C., 

Moriñigo, M.Á., Esteban, M.Á., 2015. Modulation of immunity and gut microbiota after 

dietary administration of alginate encapsulated Shewanella putrefaciens Pdp11 to gilthead 

seabream (Sparus aurata L.). Fish & Shellfish Immunology 45, 608-618. 

Cowieson, A., Ravindran, V., 2008. Effect of exogenous enzymes in maize-based diets 

varying in nutrient density for young broilers: growth performance and digestibility of 

energy, minerals and amino acids. British poultry science 49, 37-44. 

Cozannet, P., Kidd, M.T., Neto, R.M., Geraert, P.-A., 2017. Next-generation non-starch 

polysaccharide-degrading, multi-carbohydrase complex rich in xylanase and 

arabinofuranosidase to enhance broiler feed digestibility. Poultry Science 96, 2743-2750. 

Cupp-Enyard, C., 2008. Sigma's non-specific protease activity assay-casein as a substrate. 

JoVE (Journal of Visualized Experiments), e899. 

Daniel, N., 2018. A review on replacing fish meal in aqua feeds using plant protein sources. 

International Journal of Fisheries and Aquatic Studies 6, 164-179. 

Dapčević-Hadnađev, T., Hadnađev, M., Pojić, M., 2018. The healthy components of cereal 

by-products and their functional properties, Sustainable recovery and reutilization of cereal 

processing by-products, Elsevier, pp. 27-61. 

Das, N., Jena, P.K., Padhi, D., Kumar Mohanty, M., Sahoo, G., 2021. A comprehensive 

review of characterization, pretreatment and its applications on different lignocellulosic 

biomass for bioethanol production. Biomass Conversion and Biorefinery, 1-25. 

Daskiran, M., Teeter, R., Fodge, D., Hsiao, H., 2004. An evaluation of endo-β-D-mannanase 

(Hemicell) effects on broiler performance and energy use in diets varying in β-mannan 

content. Poultry Science 83, 662-668. 

David, A., Chauhan, P.S., Kumar, A., Angural, S., Kumar, D., Puri, N., Gupta, N., 2018. 

Coproduction of protease and mannanase from Bacillus nealsonii PN-11 in solid state 



DRSML Q
AU

 

References 

 

 

153 
 

fermentation and their combined application as detergent additives. International journal of 

biological macromolecules 108, 1176-1184. 

Dawood, A., Ma, K., 2020. Applications of Microbial β-Mannanases. Frontiers in 

Bioengineering and Biotechnology 8. 

Dawood, A., Zuberi, A., Ma, K., Imran, M., Ahmed, M., 2019. Production, purification and 

characterization of a thermostable -Mannanase from Aspergillus niger AD-01: potential 

application in aquaculture. International Journal of Biosciences 15, 314-327. 

Dawood, M.A., Koshio, S., 2016. Recent advances in the role of probiotics and prebiotics in 

carp aquaculture: a review. Aquaculture 454, 243-251. 

De Carvalho, C.C., Caramujo, M.J., 2018. The various roles of fatty acids. Molecules 23, 

2583. 

De Gobba, C., Tompa, G., Otte, J., 2014. Bioactive peptides from caseins released by cold 

active proteolytic enzymes from Arsukibacterium ikkense. Food chemistry 165, 205-215. 

De Schryver, P., Sinha, A.K., Kunwar, P.S., Baruah, K., Verstraete, W., Boon, N., De Boeck, 

G., Bossier, P., 2010. Poly-β-hydroxybutyrate (PHB) increases growth performance and 

intestinal bacterial range-weighted richness in juvenile European sea bass, Dicentrarchus 

labrax. Applied microbiology and biotechnology 86, 1535-1541. 

de Vries, R.P., Visser, J., 2001. Aspergillus enzymes involved in degradation of plant cell wall 

polysaccharides. Microbiol. Mol. Biol. Rev. 65, 497-522. 

Defoirdt, T., Boon, N., Sorgeloos, P., Verstraete, W., Bossier, P., 2007. Alternatives to 

antibiotics to control bacterial infections: luminescent vibriosis in aquaculture as an example. 

Trends in biotechnology 25, 472-479. 

Dhawan, S., Kaur, J., 2007. Microbial mannanases: an overview of production and 

applications. Critical reviews in biotechnology 27, 197-216. 

Diaz, R.J., Rosenberg, R., 2008. Spreading dead zones and consequences for marine 



DRSML Q
AU

 

References 

 

 

154 
 

ecosystems. science 321, 926-929. 

Dimitroglou, A., 2008. The effect of dietary mannan oligosaccharides on the intestinal 

histology of rainbow trout (Oncorhynchus mykiss). Comp. Biochem. Physiol. Mol. Integ. 

Phys., A 150, S63. 

Divakaran, S., Obaldo, L.G., Forster, I.P., 2002. Note on the methods for determination of 

chromic oxide in shrimp feeds. Journal of agricultural and food chemistry 50, 464-467. 

Dodds, W.K., Smith, V.H., 2016. Nitrogen, phosphorus, and eutrophication in streams. Inland 

Waters 6, 155-164. 

Donaldson, G.P., Lee, S.M., Mazmanian, S.K., 2016. Gut biogeography of the bacterial 

microbiota. Nature Reviews Microbiology 14, 20-32. 

Dong, Q., Yan, X., Zheng, M., Yang, Z., 2014. Characterization of an extremely thermostable 

but cold-adaptive β-galactosidase from the hyperthermophilic archaeon Pyrococcus furiosus 

for use as a recombinant aggregation for batch lactose degradation at high temperature. 

Journal of bioscience and bioengineering 117, 706-710. 

Du, N., Chen, M., Liu, Z., Sheng, L., Xu, H., Chen, S., 2012. Kinetics and mechanism of jack 

bean urease inhibition by Hg 2+. Chemistry Central Journal 6, 1-7. 

Duan, D., Sun, Z., Jia, S., Chen, Y., Feng, X., Lu, Q., 2013. Characterization and expression 

analysis of common carp Cyprinus carpio TLR5M. DNA Cell Biol 32, 611-620. 

Duan, Y., Zhang, Y., Dong, H., Wang, Y., Zheng, X., Zhang, J., 2017. Effect of dietary 

Clostridium butyricum on growth, intestine health status and resistance to ammonia stress in 

Pacific white shrimp Litopenaeus vannamei. Fish & shellfish immunology 65, 25-33. 

Duncan, S.H., Louis, P., Flint, H.J., 2007. Cultivable bacterial diversity from the human 

colon. Letters in applied microbiology 44, 343-350. 

EFSA Panel on Food Contact Materials, E., Aids, P., Lambré, C., Barat Baviera, J.M., 

Bolognesi, C., Cocconcelli, P.S., Crebelli, R., Gott, D.M., Grob, K., Lampi, E., Mengelers, 



DRSML Q
AU

 

References 

 

 

155 
 

M., 2021. Safety evaluation of the food enzyme catalase from the genetically modified 

Aspergillus niger strain DP₃Az w58. EFSA Journal 19, e06787. 

EFSA Panel on Food Contact Materials, E., Aids, P., Silano, V., Barat Baviera, J.M., 

Bolognesi, C., Brüschweiler, B.J., Cocconcelli, P.S., Crebelli, R., Gott, D.M., Grob, K., 

Lampi, E., 2019. Safety evaluation of the food enzyme triacylglycerol lipase from Aspergillus 

niger (strain LFS). EFSA Journal 17, e05630. 

Egerton, S., Culloty, S., Whooley, J., Stanton, C., Ross, R.P., 2018. The gut microbiota of 

marine fish. Frontiers in microbiology 9, 873. 

Egidius, E., 1987. Vibriosis: pathogenicity and pathology. A review. Aquaculture 67, 15-28. 

El-Masry, K.N., Ragaa, N.M., Tony, M.A., El-Banna, R., 2017. Effect of dietary inclusion of 

guar meal with or without β-mannanase supplementation on broiler performance and 

immunity. Pak. J. Nutr. 16, 341-350. 

El₃B enna, J., Hurtado₃Ne delec, M., Marzaioli, V., Marie, J.C., Gougerot₃ Pocidalo, M.A., 

Dang, P.M.C., 2016. Priming of the neutrophil respiratory burst: role in host defense and 

inflammation. Immunological reviews 273, 180-193. 

Engwa, G.A., Ferdinand, P.U., Nwalo, F.N., Unachukwu, M.N., 2019. Mechanism and health 

effects of heavy metal toxicity in humans. Poisoning in the modern world-new tricks for an 

old dog 10. 

FAO, 2018. World food and agriculture. FAO Rome Italy. 

FAO, 2020. The State of World Fisheries and Aquaculture Sustainability in action. Rome. 

Farhangi, M., Carter, C.G., 2007. Effect of enzyme supplementation to dehulled lupin₃base d 

diets on growth, feed efficiency, nutrient digestibility and carcass composition of rainbow 

trout, Oncorhynchus mykiss (Walbaum). Aquaculture Research 38, 1274-1282. 

Feller, G., Gerday, C., 2003. Psychrophilic enzymes: hot topics in cold adaptation. Nature 

reviews microbiology 1, 200-208. 



DRSML Q
AU

 

References 

 

 

156 
 

Fitch, K., Kemker, C., 2014. Algae, Phytoplankton and Chlorophyll. Fundamentals of 

Environmental Measurements. Fondriest Environ. Inc. 

Forlenza, M., Magez, S., Scharsack, J.P., Westphal, A., Savelkoul, H.F., Wiegertjes, G.F., 

2009. Receptor-mediated and lectin-like activities of carp (Cyprinus carpio) TNF-α. The 

Journal of Immunology 183, 5319-5332. 

Formann, S., Hahn, A., Janke, L., Stinner, W., Sträuber, H., Logroño, W., Nikolausz, M., 

2020. Beyond sugar and ethanol production: value generation opportunities through 

sugarcane residues. Frontiers in Energy Research 8, 267. 

Forster, I., Higgs, D.A., Dosanjh, B.S., Rowshandeli, M., Parr, J., 1999. Potential for dietary 

phytase to improve the nutritive value of canola protein concentrate and decrease phosphorus 

output in rainbow trout (Oncorhynchus mykiss) held in 11 C fresh water. Aquaculture 179, 

109-125. 

Gainza, O., Romero, J., 2020. Effect of mannan oligosaccharides on the microbiota and 

productivity parameters of Litopenaeus vannamei shrimp under intensive cultivation in 

Ecuador. Scientific Reports 10, 2719. 

Galbe, M., Zacchi, G., 2002. A review of the production of ethanol from softwood. Applied 

microbiology and biotechnology 59, 618-628. 

Garcia-Castillo, J., Chaves-Pozo, E., Olivares, P., Pelegin, P., Meseguer, J., Mulero, V., 2004. 

The tumor necrosis factor α of the bony fish seabream exhibits the in vivo proinflammatory 

and proliferative activities of its mammalian counterparts, yet it functions in a species-

specific manner. Cellular and Molecular Life Sciences CMLS 61, 1331-1340. 

Gatlin III, D.M., Barrows, F.T., Brown, P., Dabrowski, K., Gaylord, T.G., Hardy, R.W., 

Herman, E., Hu, G., Krogdahl, Å., Nelson, R., 2007. Expanding the utilization of sustainable 

plant products in aquafeeds: a review. Aquaculture research 38, 551-579. 

Gazi, U., Martinez-Pomares, L., 2009. Influence of the mannose receptor in host immune 

responses. Immunobiology 214, 554-561. 



DRSML Q
AU

 

References 

 

 

157 
 

Ghasemian, M., Jahanian, R., 2016. Dietary mannan-oligosaccharides supplementation could 

affect performance, immunocompetence, serum lipid metabolites, intestinal bacterial 

populations, and ileal nutrient digestibility in aged laying hens. Animal Feed Science and 

Technology 213, 81-89. 

Ghori, I., Tabassum, M., Ahmad, T., Zuberi, A., Imran, M., 2018. Geotrichum candidum 

enhanced the Enterococcus faecium impact in improving physiology, and health of Labeo 

rohita (Hamilton, 1822) by modulating gut microbiome under mimic aquaculture conditions. 

Turkish Journal of Fisheries and Aquatic Sciences 18, 1255-1267. 

Gillund, F., Myhr, A.I., 2010. Perspectives on salmon feed: a deliberative assessment of 

several alternative feed resources. Journal of agricultural and environmental ethics 23, 527-

550. 

Glencross, B., Rutherford, N., Bourne, N., 2012. The influence of various starch and non-

starch polysaccharides on the digestibility of diets fed to rainbow trout (Oncorhynchus 

mykiss). Aquaculture 356, 141-146. 

Glencross, B.D., Baily, J., Berntssen, M.H., Hardy, R., MacKenzie, S., Tocher, D.R., 2020. 

Risk assessment of the use of alternative animal and plant raw material resources in 

aquaculture feeds. Reviews in Aquaculture 12, 703-758. 

Godfrey, T., Reichelt, J., 1983. Industrial enzymology: the applications of enzymes in 

industry. MacMillan. 

Gohel, S., Singh, S., 2015. Thermodynamics of a Ca2+-dependent highly thermostable 

alkaline protease from a haloalkliphilic actinomycete. International journal of biological 

macromolecules 72, 421-429. 

Govil, K., Nayak, S., Baghel, R., Patil, A., Malapure, C., Thakur, D., 2017. Performance of 

broiler chicken fed multicarbohydrases supplemented low energy diet. Veterinary world 10, 

727. 

Goyal, N., Rishi, P., Shukla, G., 2013. Lactobacillus rhamnosus GG antagonizes Giardia 



DRSML Q
AU

 

References 

 

 

158 
 

intestinalis induced oxidative stress and intestinal disaccharidases: an experimental study. 

World Journal of Microbiology and Biotechnology 29, 1049-1057. 

Grayfer, L., Walsh, J.G., Belosevic, M., 2008. Characterization and functional analysis of 

goldfish (Carassius auratus L.) tumor necrosis factor-alpha. Developmental & Comparative 

Immunology 32, 532-543. 

Gu, M., Ma, H., Mai, K., Zhang, W., Bai, N., Wang, X., 2011. Effects of dietary β-glucan, 

mannan oligosaccharide and their combinations on growth performance, immunity and 

resistance against Vibrio splendidus of sea cucumber, Apostichopus japonicus. Fish & 

shellfish immunology 31, 303-309. 

Guillaume, J., Kaushik, S., Bergot, P., Metailler, R., 2001. Nutrition and feeding of fish and 

crustaceans. Springer Science & Business Media. 

Haenen, O., 2017. Major bacterial diseases affecting aquaculture, Aquatic AMR Workshop, 

Mangalore, India, pp. 10-11. 

Hagi, T., Tanaka, D., Iwamura, Y., Hoshino, T., 2004. Diversity and seasonal changes in lactic 

acid bacteria in the intestinal tract of cultured freshwater fish. Aquaculture 234, 335-346. 

Hakamada, Y., Ohkubo, Y., Ohashi, S., 2014. Purification and characterization of β-

mannanase from Reinekea sp. KIT-YO10 with transglycosylation activity. Bioscience, 

biotechnology, and biochemistry 78, 722-728. 

Halas, V., Nochta, I., 2012. Mannan oligosaccharides in nursery pig nutrition and their 

potential mode of action. Animals 2, 261-274. 

Hall, M., Beiko, R.G., 2018. 16S rRNA gene analysis with QIIME2, Microbiome analysis, 

Springer, pp. 113-129. 

Haltrich, D., Nidetzky, B., Kulbe, K.D., Steiner, W., Župančič, S., 1996. Production of fungal 

xylanases. Bioresource Technology 58, 137-161. 

Han, H., Li, Y., Fang, J., Liu, G., Yin, J., Li, T., Yin, Y., 2018. Gut microbiota and type 1 



DRSML Q
AU

 

References 

 

 

159 
 

diabetes. International Journal of Molecular Sciences 19, 995. 

Han, J.E., Tang, K.F., Tran, L.H., Lightner, D.V., 2015. Photorhabdus insect-related (Pir) 

toxin-like genes in a plasmid of Vibrio parahaemolyticus, the causative agent of acute 

hepatopancreatic necrosis disease (AHPND) of shrimp. Diseases of aquatic organisms 113, 

33-40. 

Hardy, R., 2002. Fish nutrition. Elsevier. 

Hardy, R.W., 2010. Utilization of plant proteins in fish diets: effects of global demand and 

supplies of fishmeal. Aquaculture Research 41, 770-776. 

Hekmat, O., Lo Leggio, L., Rosengren, A., Kamarauskaite, J., Kolenova, K., Stalbrand, H., 

2010. Rational engineering of mannosyl binding in the distal glycone subsites of 

Cellulomonas fimi endo-β-1, 4-mannanase: mannosyl binding promoted at subsite− 2 and 

demoted at subsite− 3. Biochemistry 49, 4884-4896. 

Hoseinifar, S.H., Ahmadi, A., Khalili, M., Raeisi, M., Van Doan, H., Caipang, C.M., 2017a. 

The study of antioxidant enzymes and immune-related genes expression in common carp 

(Cyprinus carpio) fingerlings fed different prebiotics. Aquaculture Research 48, 5447-5454. 

Hoseinifar, S.H., Ahmadi, A., Khalili, M., Raeisi, M., Van Doan, H., Caipang, C.M., 2017b. 

The study of antioxidant enzymes and immune₃ related genes expression in common carp 

(Cyprinus carpio) fingerlings fed different prebiotics. Aquaculture Research 48, 5447-5454. 

Hossain, M., Focken, U., Becker, K., 2001. Galactomannan-rich endosperm of Sesbania 

(Sesbania aculeata) seeds responsible for retardation of growth and feed utilisation in 

common carp, Cyprinus carpio L. Aquaculture 203, 121-132. 

Hossain, N., Zaini, J.H., Mahlia, T., 2017. A review of bioethanol production from plant-

based waste biomass by yeast fermentation. International Journal of Technology. 

Hsiao, H.-Y., Anderson, D., Dale, N., 2006. Levels of β-mannan in soybean meal. Poultry 

Science 85, 1430-1432. 



DRSML Q
AU

 

References 

 

 

160 
 

Hu, S., Cao, X., Wu, Y., Mei, X., Xu, H., Wang, Y., Zhang, X., Gong, L., Li, W., 2018. Effects 

of probiotic Bacillus as an alternative of antibiotics on digestive enzymes activity and 

intestinal integrity of piglets. Frontiers in microbiology 9, 2427. 

Huang, J.-B., Wu, Y.-C., Chi, S.-C., 2014. Dietary supplementation of Pediococcus 

pentosaceus enhances innate immunity, physiological health and resistance to Vibrio 

anguillarum in orange-spotted grouper (Epinephelus coioides). Fish & shellfish immunology 

39, 196-205. 

Huang, S., Wang, C., Zhang, G., Ma, L., 2007. Construction of a double functional 

recombinant strain of Pichia pastoris co-expressing phytase and mannanase and the 

enzymatic analyses. Wei sheng wu xue bao= Acta microbiologica Sinica 47, 280-284. 

Huang, X., Liu, X., Xu, F., 2003. The effect of β-mannanase on growth performance of 

growing pigs. Feed Res 2003, 29-31. 

Hung, L., Truc, L., Huy, H., 2007. Case study on the use of farm-made feeds and 

commercially formulated pellets for pangasiid catfish culture in the Mekong Delta, Viet Nam. 

FAO Fisheries Technical Paper 497, 363. 

Ichiishi, S., Tanaka, K., Nakao, K., Izumi, K., Mikamo, H., Watanabe, K., 2010. First 

isolation of Desulfovibrio from the human vaginal flora. Anaerobe 16, 229-233. 

Idriss, H.T., Naismith, J.H., 2000. TNFα and the TNF receptor superfamily: Structure₃

function relationship (s). Microscopy research and technique 50, 184-195. 

Iji, P., Saki, A., Tivey, D., 2001a. Intestinal development and body growth of broiler chicks 

on diets supplemented with non-starch polysaccharides. Animal Feed Science and 

Technology 89, 175-188. 

Iji, P.A., Saki, A.A., Tivey, D.R., 2001b. Intestinal structure and function of broiler chickens 

on diets supplemented with a mannan-oligosaccharide. Journal of the Science of Food and 

Agriculture 81, 1186-1192. 

Ikegami, S., Tsuchihashi, F., Harada, H., Tsuchihashi, N., Nishide, E., Innami, S., 1990. 



DRSML Q
AU

 

References 

 

 

161 
 

Effect of viscous indigestible polysaccharides on pancreatic-biliary secretion and digestive 

organs in rats. The Journal of nutrition 120, 353-360. 

Inayat, L., Salim, M., 2005. Feed conversion ratio of major carp, Cirrhinus mrigala 

fingerlings fed on soybean meal, maize and maize gluten. Pak. Vet. J 25, 13-16. 

Jackson, M., Geronian, K., Knox, A., McNab, J., McCartney, E., 2004a. A dose-response 

study with the feed enzyme beta-mannanase in broilers provided with corn-soybean meal 

based diets in the absence of antibiotic growth promoters. Poultry Science 83, 1992-1996. 

Jackson, M., Hsiao, H., Anderson, D., James, R., Fodge, D., McNaughton, J., 2004b. Effect 

of β-mannanase (Hemicell®) in commercial broilers with two calcium and phosphorus 

feeding regimes. 1. Live performance and body weight uniformity. Poultry Science 83, 1790. 

Jackson, M., Stephens, K., Mathis, G., 2008. The effect of B-Mannanase (Hemicell Feed 

Enzyme) and high levels of distillers dried grains on turkey hen performance, Poultry 

Science, POULTRY SCIENCE ASSOC INC 1111 N DUNLAP AVE, SAVOY, IL 61874-9604 

USA, pp. 65-66. 

Jan, A.T., Azam, M., Siddiqui, K., Ali, A., Choi, I., Haq, Q.M., 2015. Heavy metals and 

human health: mechanistic insight into toxicity and counter defense system of antioxidants. 

International journal of molecular sciences 16, 29592-29630. 

Jana, U.K., Suryawanshi, R.K., Prajapati, B.P., Soni, H., Kango, N., 2018. Production 

optimization and characterization of mannooligosaccharide generating β-mannanase from 

Aspergillus oryzae. Bioresource technology 268, 308-314. 

Jedrejek, D., Lević, J., Wallace, J., Oleszek, W., 2016. Animal by-products for feed: 

characteristics, European regulatory framework, and potential impacts on human and animal 

health and the environment. 

Jensen-Waern, M., Melin, L., Lindberg, R., Johannisson, A., Petersson, L., Wallgren, P., 1998. 

Dietary zinc oxide in weaned pigs — effects on performance, tissue concentrations, 

morphology, neutrophil functions and faecal microflora. Research in Veterinary Science 64, 



DRSML Q
AU

 

References 

 

 

162 
 

225-231. 

Jiang, T.T., Feng, L., Liu, Y., Jiang, W.D., Jiang, J., Li, S.H., Tang, L., Kuang, S.Y., Zhou, 

X.Q., 2014. Effects of exogenous xylanase supplementation in plant protein₃enr iched diets 

on growth performance, intestinal enzyme activities and microflora of juvenile Jian carp (C 

yprinus carpio var. Jian). Aquaculture nutrition 20, 632-645. 

Johansen, H.N., Knudsen, K.B., Sandström, B., Skjøth, F., 1996. Effects of varying content of 

soluble dietary fibre from wheat flour and oat milling fractions on gastric emptying in pigs. 

British journal of nutrition 75, 339-351. 

Joseph, B., Ramteke, P.W., Thomas, G., 2008. Cold active microbial lipases: some hot issues 

and recent developments. Biotechnology advances 26, 457-470. 

Joshi, S., Satyanarayana, T., 2013. Biotechnology of cold-active proteases. Biology 2, 755-

783. 

Kapoor, B.G., Smit, H., Verighina, I., 1976. The alimentary canal and digestion in teleosts. 

Advances in marine biology 13, 109-239. 

Karimi, S., Karri, R.R., Tavakkoli Yaraki, M., Koduru, J.R., 2021. Processes and separation 

technologies for the production of fuel-grade bioethanol: a review. Environmental Chemistry 

Letters 19, 2873-2890. 

Kato, K., Matsuda, K., 1969. Studies on the chemical structure of konjac mannan: part I. 

Isolation and characterization of oligosaccharides from the partial acid hydrolyzate of the 

mannan. Agricultural and Biological Chemistry 33, 1446-1453. 

Kaul, P., Asano, Y., 2012. Strategies for discovery and improvement of enzyme function: state 

of the art and opportunities. Microbial Biotechnology 5, 18-33. 

Kaur, V., Saxena, P., 2005. Incorporation of maize gluten in supplementary feed and its 

impact on growth and flesh quality of some carps. Aquaculture international 13, 555-573. 

Khalifa, N., Belal, I., El₃T arabily, K., Tariq, S., Kassab, A., 2018. Evaluation of replacing 



DRSML Q
AU

 

References 

 

 

163 
 

fish meal with corn protein concentrate in Nile tilapia Oreochromis niloticus fingerlings 

commercial diet. Aquaculture Nutrition 24, 143-152. 

Khazaei, H., Subedi, M., Nickerson, M., Martínez-Villaluenga, C., Frias, J., Vandenberg, A., 

2019. Seed protein of lentils: Current status, progress, and food applications. Foods 8, 391. 

Kim, H., Nam, S., Jeong, J., Fang, L., Yoo, H., Yoo, S., Hong, J., Son, S., Ha, S., Kim, Y., 

2017. Various levels of copra meal supplementation with β-Mannanase on growth 

performance, blood profile, nutrient digestibility, pork quality and economical analysis in 

growing-finishing pigs. Journal of Animal Science and Technology 59, 19. 

Kim, M.-K., An, Y.J., Jeong, C.-S., Song, J.M., Kang, M.H., Lee, Y.-H., Cha, S.-S., 2013. 

Expression at 279 K, purification, crystallization and preliminary X-ray crystallographic 

analysis of a novel cold-active β-1, 4-d-mannanase from the Antarctic springtail Cryptopygus 

antarcticus. Acta Crystallographica Section F: Structural Biology and Crystallization 

Communications 69, 1007-1010. 

Knudsen, K.B., 2001. The nutritional significance of “dietary fibre” analysis. Animal feed 

science and technology 90, 3-20. 

Kobiyama, A., Nihei, Y., Hirayama, Y., Kikuchi, K., Suetake, H., Johnston, I.A., Watabe, S., 

1998. Molecular cloning and developmental expression patterns of the MyoD and MEF2 

families of muscle transcription factors in the carp. The Journal of experimental biology 201, 

2801-2813. 

Kofod, L.V., Kauppinen, S., Christgau, S., Andersen, L.N., Heldt-Hansen, H.P., Dörreich, K., 

Dalbøge, H., 1994. Cloning and characterization of two structurally and functionally 

divergent rhamnogalacturonases from Aspergillus aculeatus. Journal of Biological Chemistry 

269, 29182-29189. 

Kong, C., Lee, J., Adeola, O., 2011. Supplementation of β-mannanase to starter and grower 

diets for broilers. Canadian journal of animal science 91, 389-397. 

Kote, N.V., Patil, A.G.G., Mulimani, V., 2009. Optimization of the production of 



DRSML Q
AU

 

References 

 

 

164 
 

thermostable endo-β-1, 4 mannanases from a newly isolated Aspergillus niger gr and 

Aspergillus flavus gr. Applied biochemistry and biotechnology 152, 213-223. 

Krajewska, B., 2008. Mono-(Ag, Hg) and di-(Cu, Hg) valent metal ions effects on the activity 

of jack bean urease. Probing the modes of metal binding to the enzyme. Journal of enzyme 

inhibition and medicinal chemistry 23, 535-542. 

Kraugerud, O.F., Penn, M., Storebakken, T., Refstie, S., Krogdahl, Å., Svihus, B., 2007. 

Nutrient digestibilities and gut function in Atlantic salmon (Salmo salar) fed diets with 

cellulose or non-starch polysaccharides from soy. Aquaculture 273, 96-107. 

Kuddus, M., 2018. Cold-active enzymes in food biotechnology: An updated mini review. 

Journal of Applied Biology and Biotechnology 6, 5-3. 

Kuddus, M., Ramteke, P.W., 2012. Recent developments in production and biotechnological 

applications of cold-active microbial proteases. Critical reviews in microbiology 38, 330-338. 

Kumar, S., Sahu, N.P., Pal, A.K., Choudhury, D., Mukherjee, S.C., 2006. Studies on 

digestibility and digestive enzyme activities in Labeo rohita (Hamilton) juveniles: effect of 

microbial α-amylase supplementation in non-gelatinized or gelatinized corn-based diet at two 

protein levels. Fish Physiology and Biochemistry 32, 209-220. 

Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly of the head of 

bacteriophage T4. nature 227, 680-685. 

Lallès, J.-P., 2016. Microbiota-host interplay at the gut epithelial level, health and nutrition. 

Journal of Animal Science and Biotechnology 7, 1-8. 

Lan, D.-M., Yang, N., Wang, W.-K., Shen, Y.-F., Yang, B., Wang, Y.-H., 2011. A novel cold-

active lipase from Candida albicans: cloning, expression and characterization of the 

recombinant enzyme. International Journal of Molecular Sciences 12, 3950-3965. 

Laplante, M., Sabatini, D.M., 2009. mTOR signaling at a glance. Journal of cell science 122, 

3589-3594. 



DRSML Q
AU

 

References 

 

 

165 
 

Latham, R., Williams, M., Walters, H., Carter, B., Lee, J., 2018. Efficacy of β-mannanase on 

broiler growth performance and energy utilization in the presence of increasing dietary 

galactomannan. Poultry science 97, 549-556. 

Lawrence, A.A., 1973. Edible gums and related substances. 

Lee, J., Bailey, C., Cartwright, A., 2003a. Beta-mannanase ameliorates viscosity-associated 

depression of growth in broiler chickens fed guar germ and hull fractions. Poultry science 82, 

1925-1931. 

Lee, J., Bailey, C., Cartwright, A., 2003b. β-mannanase ameliorates viscosity-associated 

depression of growth in broiler chickens fed guar germ and hull fractions. Poultry science 82, 

1925-1931. 

Lee, J., Lee, S., Jiang, X., 2017. Cyanobacterial toxins in freshwater and food: important 

sources of exposure to humans. Annual review of food science and technology 8, 281-304. 

Leenhouwers, J., Adjei₃ Boateng, D., Verreth, J., Schrama, J., 2006. Digesta viscosity, 

nutrient digestibility and organ weights in African catfish (Clarias gariepinus) fed diets 

supplemented with different levels of a soluble non₃s tarch polysaccharide. Aquaculture 

Nutrition 12, 111-116. 

Leenhouwers, J.I., ter Veld, M., Verreth, J.A., Schrama, J.W., 2007. Digesta characteristiscs 

and performance of African catfish (Clarias gariepinus) fed cereal grains that differ in 

viscosity. Aquaculture 264, 330-341. 

Lehtiniemi, M., Engström-Öst, J., Viitasalo, M., 2005. Turbidity decreases anti-predator 

behaviour in pike larvae, Esox lucius. Environmental Biology of Fishes 73, 1-8. 

Lemos, D., Tacon, A.G., 2017. Use of phytases in fish and shrimp feeds: a review. Reviews in 

Aquaculture 9, 266-282. 

Li, Y., Chen, X., Chen, Y., Li, Z., Cao, Y., 2010. Effects of β-mannanase expressed by Pichia 

pastoris in corn–soybean meal diets on broiler performance, nutrient digestibility, energy 

utilization and immunoglobulin levels. Animal Feed Science and Technology 159, 59-67. 



DRSML Q
AU

 

References 

 

 

166 
 

Li, Y., Ma, J., Yao, K., Su, W., Tan, B., Wu, X., Huang, X., Li, T., Yin, Y., Tosini, G., 2020. 

Circadian rhythms and obesity: Timekeeping governs lipid metabolism. Journal of pineal 

research 69, e12682. 

Lie, Ø., 2008. Improving farmed fish quality and safety. Elsevier. 

Lim, C., Webster, C.D., Lee, C.-S., 2008. Alternative protein sources in aquaculture diets. 

Haworth Press New York. 

Lin, S., Mai, K., Tan, B., 2007. Effects of exogenous enzyme supplementation in diets on 

growth and feed utilization in tilapia, Oreochromis niloticus x O. aureus. Aquaculture 

research 38, 1645-1653. 

Linehan, S.A., Martínez-Pomares, L., Gordon, S., 2000. Macrophage lectins in host defence. 

Microbes and infection 2, 279-288. 

Liu, Z., Ning, C., Yuan, M., Yang, S., Wei, X., Xiao, M., Fu, X., Zhu, C., Mou, H., 2020. 

High-level expression of a thermophilic and acidophilic β-mannanase from Aspergillus 

kawachii IFO 4308 with significant potential in mannooligosaccharide preparation. 

Bioresource technology 295, 122257. 

Lovell, T., 1989. Nutrition and feeding of fish. Springer. 

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein measurement with the 

Folin phenol reagent. Journal of biological chemistry 193, 265-275. 

Loy, D., Lundy, E., 2019. Nutritional properties and feeding value of corn and its coproducts, 

Corn, Elsevier, pp. 633-659. 

Lu, X.-J., Chen, Q., Yang, G.-J., Chen, J., 2015. The TNFα converting enzyme (TACE) from 

ayu (Plecoglossus altivelis) exhibits TNFα shedding activity. Molecular Immunology 63, 

497-504. 

Luo, H., Wang, Y., Wang, H., Yang, J., Yang, Y., Huang, H., Yang, P., Bai, Y., Shi, P., Fan, Y., 

2009. A novel highly acidic β-mannanase from the acidophilic fungus Bispora sp. MEY-1: 



DRSML Q
AU

 

References 

 

 

167 
 

gene cloning and overexpression in Pichia pastoris. Applied microbiology and biotechnology 

82, 453-461. 

Lv, J., Chen, Y., Guo, X., Piao, X., Cao, Y., Dong, B., 2013. Effects of supplementation of β-

mannanase in corn-soybean meal diets on performance and nutrient digestibility in growing 

pigs. Asian-Australasian journal of animal sciences 26, 579. 

Malgas, S., van Dyk, J.S., Pletschke, B.I., 2015. A review of the enzymatic hydrolysis of 

mannans and synergistic interactions between β-mannanase, β-mannosidase and α-

galactosidase. World journal of microbiology and biotechnology 31, 1167-1175. 

Mangiagalli, M., Lotti, M., 2021. Cold-active β-galactosidases: insight into cold adaptation 

mechanisms and biotechnological exploitation. Marine Drugs 19, 43. 

Mannan, M.A., Hossain, M.S., Sarker, M.A.-A., Hossain, M.M., Chandra, L., Haque, A.H., 

Kudrat-E-Zahan, M., 2018. Bioaccumulation of toxic heavy metals in fish after feeding with 

synthetic feed: A potential health risk in Bangladesh. J Nutr 8, 1000728. 

Margesin, R., 2009. Cold-active enzymes as new tools in biotechnology. Eolss Publishers 

Paris, France. 

Margesin, R., Schinner, F., Marx, J.-C., Gerday, C., 2008. Psychrophiles: from biodiversity to 

biotechnology. Springer. 

Markowiak, P., Śliżewska, K., 2017. Effects of probiotics, prebiotics, and synbiotics on 

human health. Nutrients 9, 1021. 

McCutchen, C.M., Duffaud, G.D., Leduc, P., Petersen, A.R., Tayal, A., Khan, S.A., Kelly, 

R.M., 1996. Characterization of extremely thermostable enzymatic breakers (α₃1, 6₃

galactosidase and β₃1, 4₃m annanase) from the hyperthermophilic bacterium Thermotoga 

neapolitana 5068 for hydrolysis of guar gum. Biotechnology and Bioengineering 52, 332-

339. 

McLoughlin, R.F., Berthon, B.S., Jensen, M.E., Baines, K.J., Wood, L.G., 2017. Short-chain 

fatty acids, prebiotics, synbiotics, and systemic inflammation: a systematic review and meta-



DRSML Q
AU

 

References 

 

 

168 
 

analysis. The American journal of clinical nutrition 106, 930-945. 

Mefteh, F.B., Daoud, A., Chenari Bouket, A., Alenezi, F.N., Luptakova, L., Rateb, M.E., 

Kadri, A., Gharsallah, N., Belbahri, L., 2017. Fungal root microbiome from healthy and 

brittle leaf diseased date palm trees (Phoenix dactylifera L.) reveals a hidden untapped 

arsenal of antibacterial and broad spectrum antifungal secondary metabolites. Frontiers in 

microbiology 8, 307. 

Merrifield, D.L., Carnevali, O., 2014. Probiotic modulation of the gut microbiota of fish. 

Aquaculture nutrition: Gut health, probiotics and prebiotics, 185-222. 

Míguez, B., Gómez, B., Gullón, P., Gullón, B., Alonso, J.L., 2016. Pectic oligosaccharides 

and other emerging prebiotics. Probiotics and prebiotics in human nutrition and health, 301-

330. 

Miller, E., 2004. Protein nutrition requirements of farmed livestock and dietary supply, 

Protein sources for the animal feed industry, expert consultation and workshop, Bangkok, 

Food and Agriculture Organization of the United Nations Rome, pp. 29-76. 

Mohamad, S.N., Ramanan, R.N., Mohamad, R., Ariff, A.B., 2011. Improved mannan-

degrading enzymes’ production by Aspergillus niger through medium optimization. New 

biotechnology 28, 146-152. 

Moncada, P.A., Budvytiene, I., Ho, D.Y., Deresinski, S.C., Montoya, J.G., Banaei, N., 2013. 

Utility of DNA sequencing for direct identification of invasive fungi from fresh and formalin-

fixed specimens. American journal of clinical pathology 140, 203-208. 

Monroe, J.D., Storm, A.R., Badley, E.M., Lehman, M.D., Platt, S.M., Saunders, L.K., 

Schmitz, J.M., Torres, C.E., 2014. β-Amylase1 and β-amylase3 are plastidic starch hydrolases 

in Arabidopsis that seem to be adapted for different thermal, pH, and stress conditions. Plant 

Physiology 166, 1748-1763. 

Montagne, L., Pluske, J., Hampson, D., 2003. A review of interactions between dietary fibre 

and the intestinal mucosa, and their consequences on digestive health in young non-ruminant 



DRSML Q
AU

 

References 

 

 

169 
 

animals. Animal feed science and technology 108, 95-117. 

Moundras, C., Behr, S.R., Remesy, C., Demigne, C., 1997. Fecal losses of sterols and bile 

acids induced by feeding rats guar gum are due to greater pool size and liver bile acid 

secretion. The Journal of nutrition 127, 1068-1076. 

Naganagouda, K., Salimath, P., Mulimani, V., 2009. Purification and characterization of 

endo-β-1, 4 mannanase from Aspergillus niger gr for application in food processing industry. 

J Microbiol Biotechnol 19, 1184-1190. 

Nguyen, G.T., Green, E.R., Mecsas, J., 2017. Neutrophils to the ROScue: mechanisms of 

NADPH oxidase activation and bacterial resistance. Frontiers in cellular and infection 

microbiology, 373. 

Nguyen, T.N., Davis, D.A., Saoud, I.P., 2009. Evaluation of alternative protein sources to 

replace fish meal in practical diets for juvenile tilapia, Oreochromis spp. Journal of the World 

Aquaculture Society 40, 113-121. 

Nie, L., Zhou, Q.-J., Qiao, Y., Chen, J., 2017. Interplay between the gut microbiota and 

immune responses of ayu (Plecoglossus altivelis) during Vibrio anguillarum infection. Fish & 

shellfish immunology 68, 479-487. 

Nigam, P.S., 2013. Microbial enzymes with special characteristics for biotechnological 

applications. Biomolecules 3, 597-611. 

Noblet, J., Cozannet, P., Skiba, F., 2012. Nutritional value and utilization of wheat dried 

distillers grain with solubles in pigs and poultry, FAO. 

Novriadi, R., 2016. Vibriosis in aquaculture. Omni-Akuatika 12. 

Nunes, C.S., Malmlöf, K., 1992. Effects of guar gum and cellulose on glucose absorption, 

hormonal release and hepatic metabolism in the pig. British Journal of Nutrition 68, 693-700. 

Odetallah, N., Ferket, P., Grimes, J., McNaughton, J., 2002. Effect of mannan-endo-1, 4-beta-

mannosidase on the growth performance of turkeys fed diets containing 44 and 48% crude 



DRSML Q
AU

 

References 

 

 

170 
 

protein soybean meal. Poultry science 81, 1322-1331. 

Oliva-Teles, A., Enes, P., Peres, H., 2015. Replacing fishmeal and fish oil in industrial 

aquafeeds for carnivorous fish, Feed and Feeding Practices in Aquaculture, Elsevier, pp. 203-

233. 

Øverland, M., Sørensen, M., Storebakken, T., Penn, M., Krogdahl, Å., Skrede, A., 2009. Pea 

protein concentrate substituting fish meal or soybean meal in diets for Atlantic salmon (Salmo 

salar)—effect on growth performance, nutrient digestibility, carcass composition, gut health, 

and physical feed quality. Aquaculture 288, 305-311. 

Paerl, H.W., Paul, V.J., 2012. Climate change: links to global expansion of harmful 

cyanobacteria. Water research 46, 1349-1363. 

Pan, J., Yin, J., Zhang, K., Xie, P., Ding, H., Huang, X., Blachier, F., Kong, X., 2019. Dietary 

xylo-oligosaccharide supplementation alters gut microbial composition and activity in pigs 

according to age and dose. Amb Express 9, 1-10. 

Pan, X., Tu, T., Wang, L., Luo, H., Ma, R., Shi, P., Meng, K., Yao, B., 2014. A novel low-

temperature-active pectin methylesterase from Penicillium chrysogenum F46 with high 

efficiency in fruit firming. Food chemistry 162, 229-234. 

Pandey, K., Naik, S., Vakil, B., 2015a. Probiotics, prebiotics and synbiotics-a review. J Food 

Sci Technol 52, 7577-7587. 

Pandey, K.R., Naik, S.R., Vakil, B.V., 2015b. Probiotics, prebiotics and synbiotics-a review. J 

Food Sci Technol 52, 7577-7587. 

Panigrahi, A., Kiron, V., Satoh, S., Watanabe, T., 2010. Probiotic bacteria Lactobacillus 

rhamnosus influences the blood profile in rainbow trout Oncorhynchus mykiss (Walbaum). 

Fish physiology and biochemistry 36, 969-977. 

Pasquier, B., Armand, M., Castelain, C., Guillon, F., Borel, P., Lafont, H., Lairon, D., 1996. 

Emulsification and lipolysis of triacylglycerols are altered by viscous soluble dietary fibres in 

acidic gastric medium in vitro. Biochemical Journal 314, 269-275. 



DRSML Q
AU

 

References 

 

 

171 
 

Pettersson, D., Åman, P., 1989. Enzyme supplementation of a poultry diet containing rye and 

wheat. British journal of Nutrition 62, 139-149. 

Pettey, L., Carter, S., Senne, B., Shriver, J., 2002. Effects of beta-mannanase addition to corn-

soybean meal diets on growth performance, carcass traits, and nutrient digestibility of 

weanling and growing-finishing pigs. Journal of animal science 80, 1012-1019. 

Pirarat, N., Kobayashi, T., Katagiri, T., Maita, M., Endo, M., 2006. Protective effects and 

mechanisms of a probiotic bacterium Lactobacillus rhamnosus against experimental 

Edwardsiella tarda infection in tilapia (Oreochromis niloticus). Veterinary immunology and 

immunopathology 113, 339-347. 

Popova, A., Mihaylova, D., 2019. Antinutrients in plant-based foods: A review. The Open 

Biotechnology Journal 13. 

Potter, S.M., 1995. Overview of proposed mechanisms for the hypocholesterolemic effect of 

soy. The Journal of nutrition 125, 606S-611S. 

Pradeep, G., Cho, S.S., Choi, Y.H., Choi, Y.S., Jee, J.-P., Seong, C.N., Yoo, J.C., 2016. An 

extremely alkaline mannanase from Streptomyces sp. CS428 hydrolyzes galactomannan 

producing series of mannooligosaccharides. World Journal of Microbiology and 

Biotechnology 32, 84. 

Pridgeon, J.W., Klesius, P.H., 2012. Major bacterial diseases in aquaculture and their vaccine 

development. Anim. Sci. Rev 7, 1-16. 

Puchart, V., Vršanská, M., Svoboda, P., Pohl, J., Ögel, Z.B., Biely, P., 2004. Purification and 

characterization of two forms of endo-β-1, 4-mannanase from a thermotolerant fungus, 

Aspergillus fumigatus IMI 385708 (formerly Thermomyces lanuginosus IMI 158749). 

Biochimica et Biophysica Acta (BBA)-General Subjects 1674, 239-250. 

Rainbird, A.L., Low, A., 1986. Effect of guar gum on gastric emptying in growing pigs. 

British Journal of Nutrition 55, 87-98. 

Rashid, J.I.A., Samat, N., Yusoff, W.M.W., 2011. Optimization of temperature, moisture 



DRSML Q
AU

 

References 

 

 

172 
 

content and inoculum size in solid state fermentation to enhance mannanase production by 

Aspergillus terreus SUK-1 using RSM. Pak J Biol Sci 14, 533-539. 

Raveendran, S., Parameswaran, B., Ummalyma, S.B., Abraham, A., Mathew, A.K., 

Madhavan, A., Rebello, S., Pandey, A., 2018. Applications of microbial enzymes in food 

industry. Food technology and biotechnology 56, 16. 

Regalado, C., García₃ Almendárez, B.E., Venegas₃B arrera, L.M., Téllez₃ Jurado, A., 

Rodríguez₃S errano, G., Huerta₃Oc hoa, S., Whitaker, J.R., 2000. Production, partial 

purification and properties of β₃m annanases obtained by solid substrate fermentation of 

spent soluble coffee wastes and copra paste using Aspergillus oryzae and Aspergillus niger. 

Journal of the Science of Food and Agriculture 80, 1343-1350. 

Rehman, A., Arif, M., Sajjad, N., Al-Ghadi, M., Alagawany, M., Abd El-Hack, M., Alhimaidi, 

A., Elnesr, S., Almutairi, B., Amran, R., 2020. Dietary effect of probiotics and prebiotics on 

broiler performance, carcass, and immunity. Poultry Science 99, 6946-6953. 

Ringø, E., Olsen, R., 1999. The effect of diet on aerobic bacterial flora associated with 

intestine of Arctic charr (Salvelinus alpinus L.). Journal of Applied Microbiology 86, 22-28. 

Ringø, E., Olsen, R., Gifstad, T., Dalmo, R., Amlund, H., Hemre, G.I., Bakke, A., 2010. 

Prebiotics in aquaculture: a review. Aquaculture Nutrition 16, 117-136. 

Roca, F.J., Ramakrishnan, L., 2013. TNF dually mediates resistance and susceptibility to 

mycobacteria via mitochondrial reactive oxygen species. Cell 153, 521-534. 

Rodrigues-Estrada, U., Satoh, S., Haga, Y., Fushimi, H., Sweetman, J., 2008. Studies of the 

effects of mannan-oligosaccharides, Enterococcus faecalis, and poly hydrobutyric acid as 

immune stimulant and growth promoting ingredients in rainbow trout diets, 5th World 

Fisheries Congress, Yokohama, Japan, October, pp. 20-25. 

Rodriguez, U., Satoh, S., Haga, Y., Fushimi, H., Sweetman, J., 2009. Effects of Single and 

Combined Supplementation of Enterococcus faecalis, Mannan Oligosaccharide and 

Polyhydroxybutyrate Acid on Growth Performance and Immune Response of Rainbow Trout 



DRSML Q
AU

 

References 

 

 

173 
 

Oncorhynchus mykiss. Aquaculture Science 57, 609-614. 

Ruiz, N., Parsons, C., Stein, H., Coon, C., Eys, J., Miles, R., 2020. A review: 100 years of 

soybean meal. ADM. 

Rupnik, M., Wilcox, M.H., Gerding, D.N., 2009. Clostridium difficile infection: new 

developments in epidemiology and pathogenesis. Nature Reviews Microbiology 7, 526. 

Sakai, M., Hikima, J.-i., Kono, T., 2020. Fish cytokines: current research and applications. 

Fisheries Science, 1-9. 

Sambrook, I.E., Rainbird, A.L., 1985. The effect of guar gum and level and source of dietary 

fat on glucose tolerance in growing pigs. British Journal of Nutrition 54, 27-35. 

Samtiya, M., Aluko, R.E., Dhewa, T., 2020. Plant food anti-nutritional factors and their 

reduction strategies: An overview. Food Production, Processing and Nutrition 2, 1-14. 

Sankar, H., Philip, B., Philip, R., Singh, I., 2017. Effect of probiotics on digestive enzyme 

activities and growth of cichlids, Etroplus suratensis (Pearl spot) and Oreochromis 

mossambicus (Tilapia). Aquaculture Nutrition 23, 852-864. 

Santiago, M., Ramírez-Sarmiento, C.A., Zamora, R.A., Parra, L.P., 2016. Discovery, 

molecular mechanisms, and industrial applications of cold-active enzymes. Frontiers in 

microbiology 7, 1408. 

Saputra, F., Shiu, Y.-L., Chen, Y.-C., Puspitasari, A.W., Danata, R.H., Liu, C.-H., Hu, S.-Y., 

2016. Dietary supplementation with xylanase-expressing B. áamyloliquefaciens R8 improves 

growth performance and enhances immunity against Aeromonas hydrophila in Nile tilapia 

(Oreochromis niloticus). Fish & shellfish immunology 58, 397-405. 

Schlekat, C., Kidd, K., Adams, W., Baird, D., Farag, A., Maltby, L., Stewart, A., 2005. Toxic 

effects of dietborne metals: field studies. Toxicity of Dietborne Metals to aquatic organisms 

(Meyer, J., Adams, WJ, Brix, KV, Luoma, SN, Mount, DR, Stubblefield, WA and Wood, CM, 

ed.), SETAC Press, Pensacola, USA. 

Schoemaker, H.E., Mink, D., Wubbolts, M.G., 2003. Dispelling the myths--biocatalysis in 



DRSML Q
AU

 

References 

 

 

174 
 

industrial synthesis. Science 299, 1694-1697. 

Schuster, E., Dunn-Coleman, N., Frisvad, J., Van Dijck, P., 2002. On the safety of Aspergillus 

niger–a review. Applied microbiology and biotechnology 59, 426-435. 

Shabecoff, P., Shabecoff, A., 2010. Poisoned for Profit: How Toxins Are Making Our 

Children Chronically Ill. Chelsea Green Publishing. 

Sharma, A., Satyanarayana, T., 2013. Comparative genomics of Bacillus species and its 

relevance in industrial microbiology. Genomics insights 6, GEI. S12732. 

Siddik, M.A., Chungu, P., Fotedar, R., Howieson, J., 2019. Bioprocessed poultry by-product 

meals on growth, gut health and fatty acid synthesis of juvenile barramundi, Lates calcarifer 

(Bloch). Plos one 14, e0215025. 

Simonyte Sjodin, K., Vidman, L., Ryden, P., Christina, E., 2016. A phylogenomic view of 

ecological specialization in the lachnospiraceae, a family of digestive tract-associated 

bacteria. Genome Biol. Evol 6, 703-713. 

Singh, R., Kumar, M., Mittal, A., Mehta, P.K., 2016. Microbial enzymes: industrial progress 

in 21st century. 3 Biotech 6, 1-15. 

Singh, S., Ghosh, A., Goyal, A., 2018. Manno-oligosaccharides as prebiotic-valued products 

from agro-waste, Biosynthetic Technology and Environmental Challenges, Springer, pp. 205-

221. 

Sinha, A.K., Kumar, V., Makkar, H.P., De Boeck, G., Becker, K., 2011. Non-starch 

polysaccharides and their role in fish nutrition–A review. Food Chemistry 127, 1409-1426. 

Smith, L., 1980. Digestion in teleost fishes. Fish feeds technology AO/UNDP Aquaculture 

Development and Coordination Programme. Rome, 3-18. 

Smith, V.H., Joye, S.B., Howarth, R.W., 2006. Eutrophication of freshwater and marine 

ecosystems. Limnology and oceanography 51, 351-355. 

Songsiriritthigul, C., Lapboonrueng, S., Roytrakul, S., Haltrich, D., Yamabhai, M., 2011. 



DRSML Q
AU

 

References 

 

 

175 
 

Crystallization and preliminary crystallographic analysis of β-mannanase from Bacillus 

licheniformis. Acta Crystallographica Section F: Structural Biology and Crystallization 

Communications 67, 217-220. 

Soni, H., Rawat, H.K., Pletschke, B.I., Kango, N., 2016. Purification and characterization of 

β-mannanase from Aspergillus terreus and its applicability in depolymerization of mannans 

and saccharification of lignocellulosic biomass. 3 Biotech 6, 136. 

Southcott, E., Tooley, K., Howarth, G., Davidson, G., Butler, R., 2008. Yoghurts containing 

probiotics reduce disruption of the small intestinal barrier in methotrexate-treated rats. 

Digestive diseases and sciences 53, 1837. 

Sriket, C., 2014. Proteases in fish and shellfish: Role on muscle softening and prevention. 

International Food Research Journal 21, 433. 

Srivastava, P.K., Kapoor, M., 2017. Production, properties, and applications of endo-β-

mannanases. Biotechnology advances 35, 1-19. 

Storebakken, T., 1985. Binders in fish feeds: I. Effect of alginate and guar gum on growth, 

digestibility, feed intake and passage through the gastrointestinal tract of rainbow trout. 

Aquaculture 47, 11-26. 

Subpart, A., Subpart, D., Adjuvants, C., Food and Drug Administration, HHS Pt. 178. 

Suen, W.C., Zhang, N., Xiao, L., Madison, V., Zaks, A., 2004. Improved activity and 

thermostability of Candida antarctica lipase B by DNA family shuffling. Protein Engineering 

Design and Selection 17, 133-140. 

Tailford, L.E., Ducros, V.M.-A., Flint, J.E., Roberts, S.M., Morland, C., Zechel, D.L., Smith, 

N., Bjornvad, M.E., Borchert, T.V., Wilson, K.S., 2009. Understanding how diverse β-

mannanases recognize heterogeneous substrates. Biochemistry 48, 7009-7018. 

Tapia-Paniagua, S., Lobo, C., Moreno-Ventas, X., de la Banda, I.G., Moriñigo, M.A., 

Balebona, M.C., 2014. Probiotic supplementation influences the diversity of the intestinal 

microbiota during early stages of farmed Senegalese sole (Solea senegalensis, Kaup 1858). 



DRSML Q
AU

 

References 

 

 

176 
 

Marine Biotechnology 16, 716-728. 

Thompson, F.L., Iida, T., Swings, J., 2004. Biodiversity of vibrios. Microbiology and 

molecular biology reviews 68, 403-431. 

Thompson, K.R., Velasquez, A., Patterson, J.T., Metts, L.S., Webster, C.D., Brady, Y.J., 

Gannam, A.L., Twibell, R.G., Ostrand, S.L., 2012. Evaluation of plant and animal protein 

sources as partial or total replacement of fish meal in diets for Nile tilapia fry and juvenile 

stages. North American Journal of Aquaculture 74, 365-375. 

Thursby, E., Juge, N., 2017. Introduction to the human gut microbiota. Biochemical Journal 

474, 1823-1836. 

Torrecillas, S., Makol, A., Caballero, M., Montero, D., Robaina, L., Real, F., Sweetman, J., 

Tort, L., Izquierdo, M., 2007. Immune stimulation and improved infection resistance in 

European sea bass (Dicentrarchus labrax) fed mannan oligosaccharides. Fish & Shellfish 

Immunology 23, 969-981. 

Torrecillas, S., Makol, A., Caballero, M.J., Montero, D., Dhanasiri, A., Sweetman, J., 

Izquierdo, M., 2012. Effects on mortality and stress response in European sea bass, 

Dicentrarchus labrax (L.), fed mannan oligosaccharides (MOS) after Vibrio anguillarum 

exposure. Journal of fish diseases 35, 591-602. 

Torrecillas, S., Montero, D., Izquierdo, M., 2014. Improved health and growth of fish fed 

mannan oligosaccharides: potential mode of action. Fish & shellfish immunology 36, 525-

544. 

Truppo, M.D., 2017. Biocatalysis in the pharmaceutical industry: the need for speed. ACS 

Medicinal Chemistry Letters 8, 476-480. 

Trytek, M., Fiedurek, J., 2005. A novel psychrotrophic fungus, Mortierella minutissima, for 

D-limonene biotransformation. Biotechnology letters 27, 149-153. 

Tu, T., Meng, K., Bai, Y., Shi, P., Luo, H., Wang, Y., Yang, P., Zhang, Y., Zhang, W., Yao, B., 

2013. High-yield production of a low-temperature-active polygalacturonase for papaya juice 



DRSML Q
AU

 

References 

 

 

177 
 

clarification. Food chemistry 141, 2974-2981. 

Tuntrakool, P., Keawsompong, S., 2018. Kinetic properties analysis of beta-mannanase from 

Klebsiella oxytoca KUB-CW2-3 expressed in Escherichia coli. Protein expression and 

purification 146, 23-26. 

Turner, A.M., Chislock, M.F., 2010. Blinded by the stink: nutrient enrichment impairs the 

perception of predation risk by freshwater snails. Ecological Applications 20, 2089-2095. 

Ullah, A., Zuberi, A., Ahmad, M., Shah, A.B., Younus, N., Ullah, S., Khattak, M.N.K., 2018. 

Dietary administration of the commercially available probiotics enhanced the survival, 

growth, and innate immune responses in Mori (Cirrhinus mrigala) in a natural earthen 

polyculture system. Fish & shellfish immunology 72, 266-272. 

Upadhaya, S.D., Park, J.W., Lee, J.H., Kim, I.H., 2016. Efficacy of β-mannanase 

supplementation to corn–soya bean meal-based diets on growth performance, nutrient 

digestibility, blood urea nitrogen, faecal coliform and lactic acid bacteria and faecal noxious 

gas emission in growing pigs. Archives of animal nutrition 70, 33-43. 

Van der Klis, J., Kwakernaak, C., De Wit, W., 1995. Effects of endoxylanase addition to 

wheat-based diets on physico-chemical chyme conditions and mineral absorption in broilers. 

Animal Feed Science and Technology 51, 15-27. 

Van Zyl, W.H., Rose, S.H., Trollope, K., Görgens, J.F., 2010. Fungal β-mannanases: mannan 

hydrolysis, heterologous production and biotechnological applications. Process Biochemistry 

45, 1203-1213. 

Vandenberg, G., Scott, S., De La Noüe, J., 2012. Factors affecting nutrient digestibility in 

rainbow trout (Oncorhynchus mykiss) fed a plant protein–based diet supplemented with 

microbial phytase. Aquaculture nutrition 18, 369-379. 

Vanmaele, S., Defoirdt, T., Cleenwerck, I., De Vos, P., Bossier, P., 2015. Characterization of 

the virulence of Harveyi clade vibrios isolated from a shrimp hatchery in vitro and in vivo, in 

a brine shrimp (Artemia franciscana) model system. Aquaculture 435, 28-32. 



DRSML Q
AU

 

References 

 

 

178 
 

von Freiesleben, P., Spodsberg, N., Blicher, T.H., Anderson, L., Jørgensen, H., Stålbrand, H., 

Meyer, A.S., Krogh, K.B., 2016. An Aspergillus nidulans GH26 endo-β-mannanase with a 

novel degradation pattern on highly substituted galactomannans. Enzyme and microbial 

technology 83, 68-77. 

Walters, W., Hyde, E.R., Berg-Lyons, D., Ackermann, G., Humphrey, G., Parada, A., Gilbert, 

J.A., Jansson, J.K., Caporaso, J.G., Fuhrman, J.A., 2016. Improved bacterial 16S rRNA gene 

(V4 and V4-5) and fungal internal transcribed spacer marker gene primers for microbial 

community surveys. Msystems 1, e00009-00015. 

Wang, C., Zhang, J., Wang, Y., Niu, C., Ma, R., Wang, Y., Bai, Y., Luo, H., Yao, B., 2016. 

Biochemical characterization of an acidophilic β-mannanase from Gloeophyllum trabeum 

CBS900. 73 with significant transglycosylation activity and feed digesting ability. Food 

chemistry 197, 474-481. 

Wang, H., Zhang, X., Wang, S., Li, H., Lu, Z., Shi, J., Xu, Z., 2018. Mannan-oligosaccharide 

modulates the obesity and gut microbiota in high-fat diet-fed mice. Food & function 9, 3916-

3929. 

Wang, S., Zhang, P., Kong, X., Xie, S., Li, Q., Li, Z., Zhou, Z., 2017. Delicate changes of 

bioapatite mineral in pig femur with addition of dietary xylooligosaccharide: Evidences from 

Raman spectroscopy and ICP. Animal Science Journal 88, 1820-1826. 

Wang, Y., Gu, Q., 2010. Effect of probiotic on growth performance and digestive enzyme 

activity of Arbor Acres broilers. Research in veterinary science 89, 163-167. 

Ward, R.A., Nakamura, M., McLeish, K.R., 2000. Priming of the neutrophil respiratory burst 

involves p38 mitogen-activated protein kinase-dependent exocytosis of flavocytochrome b 

558-containing granules. Journal of Biological Chemistry 275, 36713-36719. 

Ween, O., Stangeland, J.K., Fylling, T.S., Aas, G.H., 2017. Nutritional and functional 

properties of fishmeal produced from fresh by-products of cod (Gadus morhua L.) and saithe 

(Pollachius virens). Heliyon 3, e00343. 



DRSML Q
AU

 

References 

 

 

179 
 

Welker, T.L., Lim, C., Barrows, F.T., Liu, K., 2014. Use of distiller's dried grains with 

solubles (DDGS) in rainbow trout feeds. Animal Feed Science and Technology 195, 47-57. 

Westendorf, M.L., Wohlt, J.E., 2002. Brewing by-products: Their use as animal feeds. 

Veterinary Clinics: Food Animal Practice 18, 233-252. 

Williams, H.N., Lymperopoulou, D.S., Athar, R., Chauhan, A., Dickerson, T.L., Chen, H., 

Laws, E., Berhane, T.-K., Flowers, A.R., Bradley, N., 2016. Halobacteriovorax, an 

underestimated predator on bacteria: potential impact relative to viruses on bacterial 

mortality. The ISME journal 10, 491-499. 

Willis, V.C., Gizinski, A.M., Banda, N.K., Causey, C.P., Knuckley, B., Cordova, K.N., Luo, 

Y., Levitt, B., Glogowska, M., Chandra, P., 2011. N-α-benzoyl-N5-(2-chloro-1-iminoethyl)-

L-ornithine amide, a protein arginine deiminase inhibitor, reduces the severity of murine 

collagen-induced arthritis. The Journal of Immunology 186, 4396-4404. 

Wu, S., Liu, Y., Yan, Q., Jiang, Z., 2014. Gene cloning, functional expression and 

characterisation of a novel glycogen branching enzyme from Rhizomucor miehei and its 

application in wheat breadmaking. Food chemistry 159, 85-94. 

Yang, J., Xu, Y., 2018. Functional carbohydrate polymers: Prebiotics, Polymers for food 

applications, Springer, pp. 651-691. 

Yang, S.-C., Chen, J.-Y., Shang, H.-F., Cheng, T.-Y., Tsou, S.C., Chen, J.-R., 2005. Effect of 

synbiotics on intestinal microflora and digestive enzyme activities in rats. World Journal of 

Gastroenterology 11, 7413. 

Ye, J.D., Wang, K., Li, F.D., Sun, Y.Z., 2011. Single or combined effects of fructo₃ and 

mannan oligosaccharide supplements and Bacillus clausii on the growth, feed utilization, 

body composition, digestive enzyme activity, innate immune response and lipid metabolism 

of the Japanese flounder Paralichthys olivaceus. Aquaculture nutrition 17, e902-e911. 

Yiğit, N.O., Koca, S.B., Didinen, B.I., Diler, I., 2014. Effect of β-mannanase and α-

Galactosidase supplementation to soybean meal based diets on growth, feed efficiency and 



DRSML Q
AU

 

References 

 

 

180 
 

nutrient digestibility of rainbow trout, Oncorhynchus mykiss (Walbaum). Asian-Australasian 

journal of animal sciences 27, 700. 

Yilmaz, E., Genc, M., GENÇ, E., 2007. Effects of dietary mannan oligosaccharides on 

growth, body composition, and intestine and liver histology of rainbow trout, Oncorhynchus 

mykiss. Israeli Journal of Aquaculture-Bamidgeh 59. 

Yin, L.-J., Tai, H.-M., Jiang, S.-T., 2012. Characterization of mannanase from a novel 

mannanase-producing bacterium. Journal of agricultural and food chemistry 60, 6425-6431. 

Yoon, S., Yang, Y., Shinde, P., Choi, J., Kim, J., Kim, Y., Yun, K., Jo, J., Lee, J., Ohh, S., 

2010. Effects of mannanase and distillers dried grain with solubles on growth performance, 

nutrient digestibility, and carcass characteristics of grower-finisher pigs. Journal of animal 

science 88, 181-191. 

Younus, N., Zuberi, A., Mahmoood, T., Akram, W., Ahmad, M., 2020. Comparative effects of 

dietary micro-and nano-scale chitosan on the growth performance, non-specific immunity, 

and resistance of silver carp Hypophthalmichthys molitrix against Staphylococcus aureus 

infection. Aquaculture International 28, 2363-2378. 

Youssef, A.S., El-Naggar, M., El Assar, S., Beltagy, E.A., 2006. Optimization of cultural 

conditions for β-mannanase production by a local Aspergillus niger isolate. International 

Journal of Agriculture and Biology 8, 539-545. 

Yu, Y., Li, H.-R., Zeng, Y.-X., Chen, B., 2011. Bacterial diversity and bioprospecting for 

cold-active hydrolytic enzymes from culturable bacteria associated with sediment from Nella 

Fjord, Eastern Antarctica. Marine drugs 9, 184-195. 

Zakaria, M.M., Ashiuchi, M., Yamamoto, S., Yagi, T., 1998. Optimization for β-mannanase 

production of a psychrophilic bacterium, Flavobacterium sp. Bioscience, biotechnology, and 

biochemistry 62, 655-660. 

Zangeneh, S., Torki, M., 2011a. Effects of b-mannanase supplementing of olive pulp included 

diet on performance of laying hens, egg quality characteristics, humoral and cellular immune 



DRSML Q
AU

 

References 

 

 

181 
 

response and blood parameters. Global Vet 7, 391-398. 

Zangeneh, S., Torki, M., 2011b. Effects of β-mannanase supplementing of olive pulp 

included diet on performance of laying hens, egg quality characteristics, humoral and cellular 

immune response and blood parameters. Global Vet 7, 391-398. 

Zhang, J., Liu, Y., Tian, L., Yang, H., Liang, G., Xu, D., 2012. Effects of dietary mannan 

oligosaccharide on growth performance, gut morphology and stress tolerance of juvenile 

Pacific white shrimp, Litopenaeus vannamei. Fish & shellfish immunology 33, 1027-1032. 

Zhang, R., Li, X.-Y., Cen, X.-L., Gao, Q.-H., Zhang, M., Li, K.-Y., Wu, Q., Mu, Y.-L., Tang, 

X.-H., Zhou, J.-P., 2021. Enzymatic preparation of manno-oligosaccharides from locust bean 

gum and palm kernel cake, and investigations into its prebiotic activity. Electronic Journal of 

Biotechnology 49, 64-71. 

Zhao, J., Shi, P., Luo, H., Yang, P., Zhao, H., Bai, Y., Huang, H., Wang, H., Yao, B., 2010. An 

acidophilic and acid-stable β-mannanase from Phialophora sp. P13 with high mannan 

hydrolysis activity under simulated gastric conditions. Journal of agricultural and food 

chemistry 58, 3184-3190. 

Zhao, Z.-Y., Yin, Z.-X., Xu, X.-P., Weng, S.-P., Rao, X.-Y., Dai, Z.-X., Luo, Y.-W., Yang, G., 

Li, Z.-S., Guan, H.-J., 2009. A novel C-type lectin from the shrimp Litopenaeus vannamei 

possesses anti-white spot syndrome virus activity. Journal of virology 83, 347-356. 

Zheng, J., Li, H., Zhang, X., Jiang, M., Luo, C., Lu, Z., Xu, Z., Shi, J., 2018. Prebiotic 

mannan-oligosaccharides augment the hypoglycemic effects of metformin in correlation with 

modulating gut microbiota. Journal of agricultural and food chemistry 66, 5821-5831. 

Zheng, X., Duan, Y., Dong, H., Zhang, J., 2017. Effects of dietary Lactobacillus plantarum in 

different treatments on growth performance and immune gene expression of white shrimp 

Litopenaeus vannamei under normal condition and stress of acute low salinity. Fish & 

shellfish immunology 62, 195-201. 

Zhou, Y., Yuan, X., Liang, X.-F., Fang, L., Li, J., Guo, X., Bai, X., He, S., 2013. 



DRSML Q
AU

 

References 

 

 

182 
 

Enhancement of growth and intestinal flora in grass carp: the effect of exogenous cellulase. 

Aquaculture 416, 1-7. 

Zoetendal, E.G., Raes, J., Van Den Bogert, B., Arumugam, M., Booijink, C.C., Troost, F.J., 

Bork, P., Wels, M., De Vos, W.M., Kleerebezem, M., 2012. The human small intestinal 

microbiota is driven by rapid uptake and conversion of simple carbohydrates. The ISME 

journal 6, 1415-1426. 

Zorriehzahra, M., Banaederakhshan, R., 2015. Early mortality syndrome (EMS) as new 

emerging threat in shrimp industry. Adv. Anim. Vet. Sci 3, 64-72. 

Zou, J., Peddie, S., Scapigliati, G., Zhang, Y., Bols, N., Ellis, A., Secombes, C.J., 2003. 

Functional characterisation of the recombinant tumor necrosis factors in rainbow trout, 

Oncorhynchus mykiss. Developmental & Comparative Immunology 27, 813-822. 

Zou, X., Qiao, X., Xu, Z., 2006. Effect of β-mannanase (Hemicell) on growth performance 

and immunity of broilers. Poultry science 85, 2176-2179. 

 



DRSML Q
AU

2 

7 

Turnillo Originality Report 

Impact of p-Mannanase from indigenous fungal Isolates on growth, metabolism and tu~tin 
immunity of omnivore fish by Aneesa Dawood . 

From PhD (PhD DRSML) 

• Processed on 28-0ec-2022 09:15 PKT 
• 10: 1987020318 
• Word Count: 34230 

Similarity Index 
16% 
Similarity by Source 

Internet Sources: 
9% 

Publications: 
12% 

Student Papers: 
3% 

sources: 

1% match (publications) 

i:SYm2r. Yikas, ~ Jatropha meal and Rfolein isolate as a protein source in aquafeedM
, Universitat 

Hohenheim,..2Q11. 

r ., l 1% match (Imrana Amir, Amina Zuberi, Muhammad Karnran. Muhammad Imran, Mahmood 
~ ul Hassan Murtaza. MEvaluation of commercial application of dietary encapsulated probiotic 

(Geotrichum candidum QAUGC01): Effect on growth and Immunological Indices of rohu 
(Labeo rohlta , Hamilton 1822) in semi-intensive culture system", Fish & Shellfish Immunology, 
2019) 

ImranaAmir, Amina Zuberi, Muhammad Kamran, Muhammad Imran, Mahmood ul Hassan Murtaza, 
"Eyaluation of commercial application of dieta[y~psulaled probiQljc (Geotrjchum candidum 
QAUGCOl ); Effect on growth and immunQlogical indices of rohu (Labeo [ohita, Hamilton 1822) in 
semi-intensive cul ture sy~, Fish & Shellfish Immuoology,-'..Q.19: 

< 1 % match (Internet from 02-Apr-2019) 

hllps:/II ink,sRIinger.com/article/1 0 , 1 007%2Fs 12223-0 14-0316-4 

< 1% match (Internet from 30-Aug-2022) 

h11ps;//Ijok,sruiDge[,coro/article/l Q, 1 OOlls 1 04 99-020-00595-0?code=2d365a4e-3378-4ed7 -
82b4-ae6894283bf6&error=cookies not sup~ 

< 1% match (Internet from 25-Mar-2019) 

hllps:/IJiok,sPIiOger,com/contenVQdfl1 0.1 007%2Es 11356-Q15-4971-z,QQf 

< 1% match (Internet from 05-Nov-2021) [ 6J 
!illps ;/11 in k ,sRIinger.com/articie/1 0, 1 007/s 1358Q-020-Q0294-y.?code= 181 a89c8-d8ca-4ae4- J 
8545-f16aQ727e597&error-cookies not sup~ v' 

[i] < 1 % match (Internet from 09-Jan-2020) 

hllps:/IJiok,sRliager,comlarticie/1 0, 1 007%2Fs11274-Q08-9915-z 

< 1% match (Internet from 25-Aug-2022) 

I 
~V 

y' 
V 



DRSML Q
AU

Plant-based β-mannanase supplemented diet modulates the gut microbiota and up-
regulates the expression of immunity and digestion-related genes in Cyprinus carpio
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ABSTRACT
Microbiota is an integral component of the intestinal tract and plays a significant role in health status of
fish. However, diet and feeding habits are the key factors affecting the intestinal microbiota. Here, a 90-
day feeding trial was conducted to investigate the effects of a plant-based β-mannanase supplemented
diet on the growth, gut microbiome, and mRNA level of key digestion and immunity-related genes of
common carp (Cyprinus carpio). Fish were evenly distributed in 3 groups: control, A1 and A2, and fed
35% CP supplemented with β-mannanase at the rate of 0, 500, and 1000 units/kg diet respectively. At
the end of the feeding trial, the intestinal microbiota was profiled by sequencing the v4 region of
bacterial 16S rRNA and internal transcribed spacer (ITS) regions of fungal 18S rRNA. Results indicated
improved growth performance, changes in richness and diversity of intestinal microbiota and up-
regulation of intestinal digestion (Amy, Lip, Tryp, FAS, FABP), and immunity-related (SOD, NK-lys, Def,
Lys, IL1-β) genes of A1 and A2 groups of fish as compared to control. This study first time
demonstrates that β-mannanase in a plant-based diet could improve the intestinal health of C. carpio
via modulation of gut microbiota and up-regulation of host digestion and immunity-related genes.
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1. Introduction

In aquaculture feeds, fishmeal is the most prevalent and best
source of protein. It has a high content of crude protein (65–
72%), as well as all the ten necessary amino acids, essential
fatty acids, some vitamins, and minerals (Tacon et al. 2009;
Samaddar et al. 2015). However, for the past decade due to
growing demand for fish meal in both livestock and aquacul-
ture industry as well as a drop in its worldwide production
and supply has made fish meal the most costly source of
protein for fish feeds (El Sayed 1998). Furthermore, fishmeal
contains significantly more phosphorus than is required for
optimal fish development, resulting in the discharge of
excess phosphorus into the environment causing eutrophica-
tion (Kalhoro et al. 2018). Because of these issues, replacing
fishmeal with alternative sources of protein that function as
well as or nearly as well as fishmeal is the current priority in
the aquaculture industry.

At present, among different alternatives to fish meal, plant-
based feedstuffs appear to be readily available and least
expensive. Currently, worldwide cereal grain production is at
2790 million tonnes, legume production is at 150 million
tonnes, and fibrous material production is about 115 million
tons (FAO 2020). Although the carbohydrate content of
grains and legumes provides a cheap source of energy for
fish, most fish species do not use it as efficiently as protein
and lipids (Turchini et al. 2019). Furthermore, plant-based
feeds such as rapeseed meal, soybean meal, corn glutton
meal, root tuber meal, sunflower meal, and legume seeds

have some anti-nutritional factors such as protease inhibitors,
tannins, saponins, phytates, lectins, and non-starch polysac-
charide (NSP), which negatively affect digestion and fish
growth (Francis et al. 2001).

Non-starch polysaccharides (NSP) are one of the major anti-
nutritional compounds in plant-based feed, which are present
in the cell wall as complex carbohydrates. They are responsible
for increasing digesta viscosity, changes in morphology and
physiology of the intestine, and alteration of the intestinal
microbiota (Chen et al. 2016). However, it has not been
reported that NSP directly inhibits digestive enzymes, but
their activities might be affected due to increased digesta vis-
cosity caused by NSP in the feed, thus restricting the enzyme
to access the substrate (Sinha et al. 2011).

Among NSP mannan appear in the form of Glucomannan
and Galactomannan. Mannan present in soybean meal, cotton-
seed meal, rapeseed meal, and corn gluten meal has shown to
be a strong anti-nutritive factor in various monogastric animals
and fish species (Wu et al. 2005). Therefore, there is an increas-
ing interest in the exploration of feed additives that could neu-
tralize the anti-nutritional effects of mannan in the feed. Recent
studies have shown that β-Mannanase can hydrolyze mannan
present in the feed to manno-oligosaccharides (MOS), which
act as prebiotics (Huang et al. 2003; Wu et al. 2005). For
instance, the positive effects of dietary β-mannanase sup-
plementation on growth performance and biological function-
ing of turkeys (Odetallah et al. 2002) laying hens (Jackson et al.
1999) broilers (Mussini et al. 2011), and swine (Pettey et al.
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