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Abstract 

 

The goal of this master dissertation was to quantify several anti-nutritional effects in the water 

extract of 5 different protein sources. These protein sources are fish meal, corn gluten meal, peanut 

meal, soybean meal and wheat gluten meal. The 4 vegetable protein sources are currently being 

investigated as replacements for fish meal. The anti-nutritional factors quantified are indigestible 

oligosaccharides (raffinose and stachyose), phytic acid, saponins and alkaloids. In the future, feeding 

experiment are needed to link the presence of these anti-nutritional factors to palatability and to 

investigate the effect of the anti-nutritional factors of a particular protein source on the physiology of 

fish. 

 

Keywords: Anti-nutritional factors, indigestible oligosaccharides, tannins, phytic acid, saponins, 

alkaloids, fish meal, corn gluten meal, peanut meal, soybean meal, wheat gluten meal, water 

extraction 
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Chapter 1: General introduction 

 

Between 1960 and 2012, the world average per capita fish consumption increased from 9.9 kg to 

19.2 kg. According to the most recent estimations of the Food and Agriculture Organisation (FAO), 

human fish consumption will climb from its current level of 136.2 million tonnes to about 175 million 

tonnes by the year 2020. Global population growth and increased urbanization were the main 

incentives for that increase and are also believed to further advance fish production in the future 

(FAO, 2014). 

The share of aquaculture in the total world food fish production is 42% and with an annual growth 

rate of 6% , it is still one of the fastest growing food producing industries up to this day. In contrast, 

the total capture fisheries production has been relatively stable since the mid-1990s at 85-90 million 

tonnes. This is because, at a global scale, fluctuations in production by country, fishing area and 

species are buffered through opposite developments in different fisheries. The FAO, therefore, 

concludes that the maximum wild capture fisheries potential from the world’s oceans has probably 

been reached. In other words, commercial fisheries most likely will not be able to continue to meet 

the increasing demand for fish and aquaculture will become the main supplier in the future 

(Goldburg and Naylor, 2005; FAO, 2014).  

In order to sustain the growth of the aquaculture industry, large quantities of aquafeeds will be 

needed. Therefore, it is not surprising that the aquafeed industry, which produced 37.6 million ton in 

2013, is currently one of the fastest expanding agricultural industries in the world. Its annual growth 

rate is in excess of 30% (FAO, 2014). Good aquafeeds satisfy the needs of as many cultured species as 

possible and in general contain 30% to 55% of crude protein. The ideal protein source to be used in 

these feeds is fish meal. It has a high crude protein level (around 70%) with an ideal proportion of all 

10 indispensable amino acids that meet the requirements of most fish. Furthermore, it is highly 

palatable (Li et al., 2009).  

However the high dependence on FMR for the production of aquafeeds gives some problems. FMR 

production has been stabilizing around 5 million tonnes the last decade. In contrast, the demand for 

FMR has constantly increased, with elevated prices as a consequence (section 2.1.2.1) 

(indexmundi.com, 2014). Furthermore, to keep up with the increasing demand and rising prices, 

more FMR is being produced from fish by-products which previously were often discarded. This can 

negatively affect the composition and quality of the FMR. Higher ash levels, increased levels of small 

amino acids (glycine, proline and  hydroxyproline) and reduced crude protein levels are the result 

(Tacon, 2004; Tacon and Metian, 2008). According to recent estimates, about 35% of world FMR 

production was obtained from fish by-products in 2012 (FAO, 2014). 
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Feeds are the largest single operating cost in aquaculture productions, usually representing between 

40% and 70% of the costs (Ran et al., 2009). Given this and the information in the previous 

paragraph, it becomes clear that if the inclusion level of FMR in aquafeeds does not drop, the growth 

of the aquaculture industry will be slowed down. Efforts to reduce the use of FMR are therefore 

being made (Gatlin et al., 2007).  

In recent years, the percentage of FMR in compound feeds for aquaculture has slowly but surely 

been reduced. In the near future, FMR will be more and more used as a strategic ingredient at lower 

levels of inclusion and for specific critical life stages of the production cycle (FAO, 2014). Instead of 

FMR, alternative protein sources must be considered primary protein sources. Many alternative 

protein sources have been evaluated. In order for protein sources to be considered effective 

replacements, they must be economically competitive, capable of being produced in large quantities, 

contain balanced essential amino acid (EAA) profiles and proper crude protein levels. Furthermore 

they should not compromise the growth or health of the fish (Hardy, 2010). Alternative protein 

sources can be roughly put in 3 categories (Spiegel et al., 2013): 

 

 animal protein sources (e.g. meat meal, bone meal, blood meal, poultry by-product meal, 

hydrolysed feather meal); 

 plant protein sources (e.g. corn gluten meal, peanut meal, soybean meal and wheat gluten 

meal); 

 and novel protein sources (e.g. single cell protein, insect meal and duckweed). 

 

Animal by-product meals are only used as alternative protein sources in aqua-feeds in countries 

outside the European Union. In Europe only the use of non-ruminant blood meal is allowed, thus the 

focus lies more on plant protein sources. In this work some alternative plant protein sources were 

further investigated. 

A lot of different plant protein sources are currently being used in both terrestrial and aquatic feeds. 

These vegetable protein sources are attractive to nutritionist because, in general, they are cheaper, 

more readily available and easily accessible than animal protein sources (Gatlin et al., 2007). Also 

from an environmental point of view, plant protein sources can be interesting. Vegetable protein 

ingredients contain significantly less phosphorus than fish meal and the partial replacement of fish 

meal by vegetable ingredients could help reducing the phosphorus discharge (Kumar et al., 2012). 

Although the apparent protein and amino acid digestibility of plant protein is quite similar to that of 

FMR, they possess other characteristics that make them somewhat inferior. An important problem is 

that the EAA profiles of plant protein sources do not match the dietary requirements of carnivorous 

fish species as well as the EAA profile of FMR. This can lead to a reduction in growth performance 

and feed efficiency ratios (Anderson et al., 1992; Floreto et al., 2000).  For example,  corn gluten meal 
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and wheat gluten meal are known to be low in lysine and arginine, whereas SBMR, the most 

commonly used plant protein source in aquaculture diets, is low in lysine and methionine. In other 

words, To overcome this problem, a common practice is to mix several protein sources in a way that 

they give an amino acid profile which better supports normal fish growth (De Francesco et al., 2007).  

However, one of the major problems associated with the use of plant proteins in fish feed is the 

presence of anti-nutritional factors (ANFs) (Akande et al., 2010). Almost every plant-based alternate 

protein source has some sort of ANF present. These compounds are defined as substances that 

interfere in food utilization and affect the health and production of the animals (Francis, 2001). Many 

plant raw materials have been successfully used without impairing the feed quality. On the other 

hand, there have been numerous fish performance issues related to the use of plant proteins.  This is 

linked to the presence of those ANFs. For more information about the ANFs, here is referred to 

section 2.2. 

The objective of this work was to quantify some major classes of ANFs in the water extract of 4 plant 

protein sources. Proteins (protease inhibitors), indigestible carbohydrates (raffinose and stachyose), 

phytic acid, tannins, saponins and alkaloids were quantified in corn gluten meal, peanut meal, 

soybean meal and wheat gluten meal. The amount of anti-nutritionals in both the raw material and 

the water extract were determined and the percentage leakage of each class of anti-nutritional 

factor was calculated. In the future, it is the goal to investigate the physiological effect of these water 

extracts on fish and identify some components determining the palatability of the feeds true 

different feeding experiments. 
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Chapter 2: Literature review 

 

2.1 Five different protein sources 

2.1.1 Introduction 
 

In the next sections, a short description of the different protein sources used during the experiments 

is given. These included fish meal (FMR), corn gluten meal (CGMR), peanut meal (PMR), soybean 

meal (SBMR) and wheat gluten meal (WGMR). The description includes some figures to give an idea 

about production and use, the production process, the general nutritional composition and suitability 

for use in aquafeeds. 

 

2.1.2 Fish Meal 

2.1.2.1 Fish meal introduction 

 

FMR (Figure 1) has been used as a feed ingredient since the 19th century, first in the northern parts of 

Europe and now worldwide (Feedipedia.org, 2014). Global production has been stable for the past 2 

decades at around 5 million tonnes, with Peru and Chile being the main producers (FAO, 2014). 

Prices have risen continuously, from € 565/tonne 20 years ago to more than € 1,580/tonne 

nowadays (Indexmundi.com, 2014). A major portion (>60%) of FMR produced globally is used for 

aquaculture (En.engormix.com). FMR is the protein source still most frequently used in aquafeeds. 

Inclusion levels can range from 40% to 60% in feeds for marine fish to less than 5% in feeds for carp, 

catfish or tilapia (Tacon et al., 2008). However, in recent years much progress has been made 

towards the substitution of FMR by mixtures of different plant protein sources (Gatlin et al., 2007; 

Kumar et al., 2012). 

 

 

Figure 1: Fish meal 
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Depending on the origin of the raw material, several types of FMR can be distinguished. The 3 major 

sources are (Yano et al, 2008): 

 

 small, bony and oily fish such as anchovy, horse mackerel, menhaden, capelin and herring 

(especially caught for the production of FMR); 

 by-catches from fisheries; 

 and trimmings and offal left over from fish processing. 

 

FRM obtained from fresh raw fish is considered to give the best quality (Feedipedia.org, 2014). 

 

2.1.2.2 Fish meal production process 

 

The production of FMR involves a series of manufacturing steps including cooking, pressing, drying 

and milling. Three major fractions can be obtained from the raw material. These fractions are the 

solids (fat-free), oil and water (Feedipedia.org, 2014).  

Firs the raw material is cooked, generally at around 85-90°C. Then, liquids are removed by pressing 

the cooked materials through a screw press, leaving a ‘dry’ press-cake. Subsequently, the liquid 

fraction is centrifuged to obtain the so called stick-water. The latter is further concentrated through 

mild evaporation. Finally, the press-cake and the concentrated stick water are mixed together and 

dried to get FMR with a moisture content around 8% (Feedipedia.org, 2014). 

 

2.1.2.3 Fish meal and suitability as ingredients for aquafeeds 

 

Some figures showing the chemical composition of FMR are given in Table 1. Of course, depending 

on the source, the nutritional composition can differ. 

  

Table 1: Chemical composition of FMR (Kumar et al., 2012) 

Protein Source Dry Matter (%) 
Crude Protein (% 

DM) 
Crude Fat (% 

DM) 
Ash (% DM) 

FMR 92 73 7 12 
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FMR of good quality has a crude protein level ranging from 60% to more than 70%.  The EAA profile is 

of excellent  quality for fish and shrimp (Li et al., 2009). The lysine and methionine levels are around 

5% and 2% respectively. The fat content lies around 10% and the ash content is generally lower than 

12%. FMR is also a source of Essential Fatty Acids (EFA), including EPA and DHA (Feedipedia.org, 

2014). 

No real ANFs are present in FMR. However, some harmful substances can occur, mainly as a 

consequence of inadequate processing and storage. For example, during the production process, 

highly degradable fish protein can be broken down to biogenic amines (e.g. histamines) or fatty acids 

can be oxidized (de Koning, 2001). Bacterial development, although low, should be avoided during 

the whole production process and during storage. Also chemical contamination (e.g. chlorinated 

hydrocarbons, lindane, PCBs, dioxins) can occur. This is due to the accumulation of those 

anthropogenic substances in the food chain (Erne and Rutqvist, 1979). 

 

2.1.3 Corn Gluten Meal 

2.1.3.1 Corn Gluten Meal introduction 

 

CGMR (Figure 3) (Zea Mays) is widely used in aquafeeds for salmon and several marine species such 

as European sea bass and gilthead sea bream (Feedipedia.org). Generally, inclusion levels are 

between 10% and 15% (Mundheim et al., 2013). The consumption of CGMR in feeds amounted to 

14.9 million tonnes in 2010.  Prices have risen from around € 190/tonne in 2005 to around € 

375/tonne in 2010. This is still only about 20% of the FMR price (Geoff, 2010). However, despite 

increased corn production,  CGMR production is staying relatively constant since ethanol is now 

more and more being produced in dry-mills, without CGMR as a by-product (Feedipedia.org, 2014). 

Both the biggest producer and consumer of CGMR is the USA (Indexmundi.com, 2014). 

 

Figure 2: Corn gluten meal 

 

Many different grades of CGMR can be distinguished. Based on the protein content, the 3 main types 

are (Feedipedia.org, 2014): 

 

 CGMR 60 (protein content = or >60%); 
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 corn gluten meal (protein content between 50% and 60%); 

 and corn gluten meal 50 (protein content <50%).  

 

Figure 3: Corn gluten meal 

 

2.1.3.2 Corn gluten meal production process 

 

CGMR is a by-product of the wet milling-process for the production of starch or ethanol.  In fact, this 

process generates 5 products: corn starch, corn germ oil, corn gluten meal, corn gluten feed and corn 

steep liquor (Feedipedia.org, 2014).  

The wet-milling process starts with the soaking of corn in a solution of water and sulphur dioxide at 

55°C for about 2 days. Sulphur dioxide prevents bacterial growth and helps in destroying bond 

between the gluten and starch. Due to absorption of water (moisture content from 15% to 45%), the 

kernels  swell which is called steeping.  Some nutrients diffuse to the liquid which is called steep 

liquor. After removal of the steep liquor, the germ is removed from the kernel to extract the oil. 

Then, the kernel hull is separated from the endosperm to remove fibre. Finally the endosperm 

containing starch and gluten is washed and centrifuged to separate the 2 fractions. Starch is further 

processed to produce corn sweeteners and other products. The gluten fraction is dewatered and 

dried (to a moisture content of around 10%) to give CGMR (Davis, 2001; Grigsby, 2010; 

Feedipedia.org, 2014).  

  

2.1.3.3 Corn gluten meal and suitability as ingredients for aquafeeds 

 

Table 2 gives an idea about the chemical composition of CGMR. 

 

Table 2: Chemical composition of CGMR (Kumar et al., 2012) 

Protein source Dry matter (%) 
Crude Protein (% 

DM) 
Fat (% DM) Ash (% DM) 

FMR 90 60 2 2 
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CGMR is a common ingredient of diets for aquaculture species such as rainbow trout, Nile tilapia and 

Atlantic salmon (Feedipedia.org, 2014). Commonly traded CGMR usually contains between 50% and 

60% of crude protein. Corn protein is highly digestible. Its protein have high methionine (around 

2.5% protein) and low lysine (around 1.5% protein) contents. Upper inclusion limits of 20-25% in 

feeds for salmon and marine fish are due to deficiency of lysine. The EAA profile is thus relatively 

unbalanced, making supplementation with soy or wheat protein (high in lysine) necessary (Davis, 

2001; Grigsby, 2010; Feedipedia.org, 2014). 

CGMR has moderate palatability. Known levels of ANFs are around 4 mg/g DM for tannins 

(Feedipedia.org, 2014).  

 

2.1.4 Peanut Meal 

2.1.4.1 Peanut meal introduction 

 

PMR (Figure 4) (Arachis hypogaea) is a by-product from the pressing or extraction of peanuts for oil. 

Whole or broken peanuts, which are not suitable for human consumption, are usually used 

(Feedipedia.org, 2014). The worldwide production of PMR for this year is estimated at 7.13 million 

tonnes. China and India are the main producers with 3.52 and 1.65 million tonnes respectively 

(Indexmundi.com, 2014). The price of PMR fluctuates around € 1,700/tonne, which is a bit less than 

half the price of FMR (Geoff, 2010). The quality is influenced by both the quantity of hulls in the meal 

and the extent of heating during the processing. Due to limited availability levels of inclusion in diets 

are generally 3-4% (Batal et al., 2005). 

 

 

Figure 4: Peanut meal 

 

2.1.4.2 Peanut meal production process 

 

PMR is obtained by grinding the cake, chips or flakes obtained by removal of most of the oil from 

peanut kernels by a mechanical or solvent extraction process. In addition, small amounts of hull are 

frequently added to PMR to provide a better texture. The ground material is usually roasted until a 

moisture content of about 10% is reached (Batal et al., 2005; Feedipedia.org; 2014). 
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2.1.4.3 Peanut meal and suitability as ingredients for aquafeeds 

 

The chemical composition of PMR is given in Table 3. The figures are averages found in literature 

(Feedipedia.org, 2014). 

 

Table 3: Chemical composition of PMR (Kumar et al., 2012) 

Protein source Dry matter (%) 
Crude Protein (% 

DM) 
Fat (% DM) Ash (% DM) 

FMR 93 55 2 6 

 

 

Good quality PMR will usually have a crude protein level of about  55% and crude fat between 1% 

and 7%. In contrast to SBMR, PMR is low in lysine (3.2 % protein) but is an excellent source of 

arginine (11.3 % protein). Also the sulphur-containing amino acids are deficient in PMR (Batal et al., 

2005). 

ANFs that can be found in PMR are aflatoxines produced by  fungi. Furthermore also phytic aicd, 

tannins and alkaloid occur (Kumar et al, 2012). 

 

2.1.5 Soybean Meal 

2.1.5.1 Soybean meal introduction  

 

SBMR (Glycine max) (Figure 5) is currently the most used protein source of vegetable origin in 

aquafeeds (Gatlin et al., 2007). Here, its high availability and good nutritional value play an important 

role. Moreover, soybeans have a reasonably good price, fluctuating around € 270 in 2013 

(Indexmundi.com, 2014). On a global scale, the production of SBMR has increased steadily the past 

few decades. According to figures of FAO, the global SBMR production for 2013 was about 270 

million tonnes, compared to 90 million tonnes 20 year ago. The main producers are the United States 

(35 million tonnes), China (33 million tonnes) and Argentina (25 tonnes) in 2010 (indexmundi.org, 

2014). Approximately 6.8 million tonnes of SBMR was used in aquafeeds in 2010 (Kumar et al., 2012). 
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Figure 5: Soybean meal 

 

2.1.5.2 Soybean meal production process 

 

SBMR is the by-product of the extraction of soybean oil. The production process  of SBMR involves 

multiple steps. First the whole soy beans are defatted, usually by extraction with a solvent such as 

hexane. Next, the defatted solids are flaked and toasted to remove water and residues of the 

extraction solvent. Toasting is also important to reduce the levels of some heat labile ANFs such as 

protein inhibitors (see section 2.2.1) and lectins. Finally the toasted flakes are ground into SBMR. The 

soybeans may have been dehulled prior to extraction, and the hulls may be added back at the end of 

the process (O'Quinn et al., 1997; Woodgate et al., 2004; Feedipedia.org, 2014). 

 

2.1.5.3 Soybean meal and suitability as ingredients for aquafeeds 

 

 

To get some sense of the nutritive value of SBMR, Table 4 gives averages found in literature 

(Feedipedia.org, 2014). These figures are for a high-protein SBMR produced from dehulled seeds. 

 

Table 4: Chemical composition of SBMR (Feedipedia.org, 2014) 

Protein source Dry matter (%) 
Crude Protein (% 

DM) 
Fat (% DM) Ash (% DM) 

FMR 88 54 2 7 

 

 

The crude protein content ranges between 45% and 55%, which is relatively low compared to FMR 

and other vegetable protein sources. Of the EAA, methionine content range is 0.5-0.9% and the 

lysine content range is 2.8-4%. This is very good compared to most cereal grains such as wheat and 

corn. However, the concentrations of cysteine and methionine are not optimal for monogastric 

animals and methionine supplementation is necessary (Feedipedia.org, 2014).  
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The main problem with the use of SBMR a replacement for FMR is the presence of relative high levels 

of ANFs. Protease inhibitors (PIs), phytates, lectins, saponins, phytoestrogens, antivitamins and 

allergens are all know to be present in varying degree (Francis et al., 2001; Gatlin et al., 2007; Kumar 

et al., 2012).  

A commonly observed adverse effect of the inclusion of SBMR in feeds for Atlantic salmon is 

enteritis, believed to be caused by soy saponins (Storebaken et al., 2000). SBMR also contains high 

phytate levels, which requires supplementation with inorganic sources of phosphorus in monogastric 

animals (Verlhac and Gabaudan, 2007). SBMR contains the phytoestrogen genistein (1 mg/g DM) 

(Feedipedia.org, 2014). Also the indigestible oligosachharides raffinose and stachyose are present 

which cannot be digested by monogastric animals (Parsons et al., 2000). Furthermore SBMR is a poor 

source of the B vitamins (Feedipedia.org, 2014). 

It has also been reported that the total replacement of FMR by SBMR dramatically reduces  the 

palatability of the feed (Thompson et al. 2008). 

 

2.1.6 Wheat Gluten Meal 

2.1.6.1 Wheat gluten meal introduction 

 

WGM (Figure 6) (Triticum spp.) is a viscoelastic protein-rich material that is produced as a co-product 

during the isolation of starch from wheat flour (Apper-Bossard et al., 2013). WGM is mainly used in 

the baking industry to improve the functional characteristics of flours. However, due to its 

viscoelastic characteristics, WGMR can act as a pellet binder in extruded fish feed to partially replace 

starch or indigestible binders (Storebaken et al., 2000). Prices currently are around € 1100/ tonne, 

making it one of the most expensive of the plant protein sources (Indexmundi.com, 2014). 

 

 
Figure 6: Wheat gluten meal 
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2.1.6.2 Wheat gluten meal production process 

 

 
The production of WGMR comprises several steps, starting with the milling of wheat grains. These 

grains are subsequently milled to get wheat flower. WGMR is obtained from that wheat flour by 

washing a dough preparation under water. During this washing step, soluble fibres and starch 

fractions are removed by centrifugation. The insoluble protein (gluten) fraction can be further 

divided into 2 fractions according to their solubility in aqueous alcohols. These fractions are soluble 

gliadins and insoluble glutenins, which occur in equal amounts. It are these protein fractions that give 

WGMR its specific viscoelastic properties (Day et al., 2006; Wieser, 2007). 

 

2.1.6.3 Wheat gluten meal and suitability for use in aquafeeds 

 

The average chemical composition WGMR is given in Table 5. 

 
Table 5: Chemical composition of WGMR (Kumar et al., 2012) 

Protein source Dry matter (%) 
Crude Protein (% 

DM) 
Fat (% DM) Ash (% DM) 

FMR 94 85 2 1 

 
 
The crude protein content of WGMR is usually >80%, which is higher than for FM. The protein is 

highly digestible. However of the EAA, lysine is deficient (1.5% protein). Besides the low amount of 

lysine, WGMR contains a relatively high concentration of sulphur-containing amino acids (Kumar et 

al., 2012). 

 

Action of ANFs was not observed when WGMR was used as FMR replacement (Tusche et al., 2012). 

Growth performance and feed efficiency are not changed significantly when up to 50% of FM is 

replaced with WGM in the diet of salmon, trout, and sea bream. When compared with SBMR, WGMR 

does not damage gut structure in Atlantic salmon (Rodehutscord et al., 1995; Storebakken et al., 

2000; Tibaldi et al., 2011). 
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2.2 Anti-nutritional factors 

2.2.1 Anti-nutritional factors introduction 
 

Almost every plant species produces metabolites that are considered as anti-nutritional factors 

(ANFs). In plants, these secondary metabolites are believed to function as defence mechanisms 

against predation and adverse growth conditions (Francis et al., 2001). The concentrations of ANFs in 

plant protein sources vary in function of plant species, cultivar and processing method (Kumar et al., 

2012). When ingested, ANFs can influence a wide variety of physiological processes which include 

reduction of nutrient intake, digestion, absorption and overall utilization of feeds. They themselves, 

or through the action of their breakdown products, interfere with the utilisation of other nutrients 

and affect the health of the animal (Akande et al., 2010). Other ANFs are toxic themselves or cause 

other adverse effects such as impaired reproductive function, repressed immune system and an anti-

coagulant effect (Ilsley et al., 2005). As a result, these anti-nutrients put a significant constraint on 

the use of plant protein sources in feeds. They can only be used if adequately and effectively 

processed.  

The major ANFs are trypsin inhibitors, other PIs, phytic acid (PA) (complexes phosphorus and makes 

it unavailable), phytoestrogens (eg. daidzein and genistein which can disrupt fish reproduction), 

alkaloids (affect feed palatability because of their bitter taste, glucosinolates (affect appetite and 

disrupt the synthesis of thyroid hormones), lectins or haemagglutinins, glycoproteins (bind to 

carbohydrates, interfere with nutrient absorption and cause inflammatory phenomena), phenolic 

compounds (eg. gossypol and tannins that inhibit digestive enzymes), oligosaccharides (eg. raffinose 

and stachyose which are not digestible due to lack of α-glucosidase in the digestive tract of fish), 

toxic amino acids and saponins (palatability and damage to intestinal wall), cyanogenic glycosides, 

oxalates (prevent calcium absorption). An overview of the ANFs, based on their physiological effect, 

can be found in Table 6. However, the exact mechanism of operation of these substances is not 

always known (Francis, 2001; Gatlin et al., 2007; Kumar et al., 2012). 
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Table 6: Anti-nutritional factors grouped based on their physiological effect 

Anti-nutritional factor group Examples 

Factors affecting protein utilisation and digestion PIs, tannins, lectins 

Factors affecting mineral utilisation 
Phytates, gossypol, oxalates, 

glucosinolates 

Anti-vitamins tannins 

Miscellaneous factors 

Mycotoxins, mimosine, cyanogens, 

alkaloids, phytoestrogens, saponins, 

oligosaccharides, antigenic proteins 

 

 

2.2.2 Anti-nutritional factors and processing 
 

If plant materials are going to be used as ingredients in aquafeeds, processing is needed to insure 

adequate reduction or elimination of these ANFs. Different procedures to reduce the amount of anti-

nutrients already exist (Kumar, 1992). The most commonly used treatment used for feed ingredients 

of vegetable origin is heat processing. Heat labile and heat stable ANF are given in Table 7 (Pusztai 

and Grant, 1998; Smith et al., 2013). 

 

Table 7: Anti-nutritional factors groups according to their sensitivity for heat 

Anti-nutritional factor group Examples 

Heat stable 

Condensed tannins, PA, lectins, saponins, 

*oligosaccharides, antigenic proteins, 

phytoestrogens, phenolic compounds, alkaloids, 

glucsosinolates 

Heat labile PIs, cyanogens, mimosine 

Rmk.: *Oligosaccharide become somewhat more digestible after a heat treatment 

 

When the anti-nutritional factors are mainly present in the seed hull, dehulling allows to eliminate 

part or the corresponding substance. Other  processing techniques used to reduce the levels of ANFs 

are water extraction, seed crop selection and addition of supplements to the feed (e.g. phytase to 

reduce the dietary  effect of PA) (Cao et al., 2007).  
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When resorting to treatment methods, it is also important to take note of potential unintended 

adverse effects on the nutritional quality of the feed material,. For example,  an inadequate heat 

treatment can alter the chemical nature of proteins and carbohydrates, reducing their digestibility 

(Luo and Shi, 2012). 

 

2.2.3 Anti-nutritional factors and their effect on fish 
 

Being an ANF is not an intrinsic characteristic of a compound but depends upon the digestive process 

of the ingesting organism. For example, trypsin inhibitors, which are ANFs for monogastric animals, 

do not have adverse effects in ruminants. This is because, in the latter, trypsin inhibitors are 

degraded in the rumen (Phillipson, 1986).  

In general, Fish are more sensitive to these substances than terrestrial animals and between different 

fish species there is a lot of variation in sensitivity. Tilapia species, for example, seem to be more 

tolerant than carp to the presence of antiutrients in general. Feeding experiments using purified 

individual ANFs are needed to determine the threshold limits that will not affect the productivity of 

common culture fish (Gatlin et al., 2007). 

Another important factor to be considered is the interactions between various ANFs. For example, 

saponin–tannin (D’Mello et al., 1991), tannin–lectin (Fish and Thompson, 1991) and tannin–cyanogen 

(D’Mello et al., 1991) interactions have all been shown to result in a reduction of the individual 

toxicity of the ANFs.  

An overview of the different ANFs found in each plant protein source, used in this work, is given in 

Table 8. These specific ANFs  and their main effect on fish are discussed in the next sections. 

 

Table 8: Overview of ANFs occurring in CGMR, PMR, SBMR and WGMR (Francis et al., 2001; Gatlin et al, 2007) 

Plant protein source Anti-nutritional factors 

CGMR PA, tannins, lysine limitations 

PMR 
Lectins, trypsin inhibitors, PA, oxalates, aflatoxin, 

oligosaccharides 

SBMR 

PIs, lectins, PA, saponins, phytoestrogens, 

antivitamins, allergens, methionine limitation, 

oligosaccharides 

 

WGMR Expensive, lysine limitation 
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2.2.4 Protein (serine proteases) 

2.2.4.1 Protein (serine proteases) introduction 

 

An enzyme inhibitor is defined as any substance that reduces the measured rate of an enzyme-

catalysed reaction. Most often, these substances are protein themselves. PIs are widespread and 

occur in many plant-derived ingredients that could be used in fish feed, particularly the legumes (Fan 

and Guo-Jiang, 2005). 

Digestive proteases can be classified into 4 major groups (Guo-Jiang, 2005): 

 serine proteases (e.g. trypsin and chymotrypsin); 

 cysteine proteases (e.g. catepsin); 

 metalloproteases (e.g. some aminopeptidases); 

 and acid proteases (e.g. pepsin and gastricin). 

 

Serine proteases will be further discussed. Trypsin and chymotrypsin are enzymes that are involved 

in digestion of humans and animals. They are responsible for the  breakdown of many different 

dietary proteins. Serine proteases  inhibit the action of these proteins, as such interfering with the 

digestion process leading to its ant-nutritional effect and reduced growth performance.  

Most plant materials contain serine inhibitors. Especially soybean is known to contain trypsin 

inhibitors. Also commercially sold soybean products, including SBMR often contain this type of 

protein inhibitors. More specific, soybean contains two types of serine proteases. There is the 

relative heat- and acid-sensitive Kunitz soybean trypsin inhibitor and the more stable Bowman-Birk 

PI. One molecule of the Kunitz inhibiro blocks either one trypsin or one chymotrypsin molecule, while 

one molecule of the Bowman-Birk inhibitor blocks either two trypsin or chymotrypsin molecule or 

one trypsin and one chymotrypsin molecule at the same time (Norton, 1991). The average level of  

PIs in SBMR is 4 mg/g (Synder and Kwon, 1987). 

 

2.2.4.2 Protein (serine proteases) and processing 

 

It has been shown that a moist heat treatment at a temperature of 120°C for 15 to 30 minutes 

almost completely destroys the PIs. 

 

2.2.4.3 Protein (serine proteases) and their anti-nutritional effect 
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Digestion of protein in the stomach of fish is done by the action of pepsin, helped by the acid 

environment. When the chyme arrives at the intestine, several proteases secreted by the pancreas 

continue the hydrolysis. The most important proteases acting within the intestine belong to the 

group of serine proteases (Munilla-Morán and Saborido-Rey 1996; Alarcón et al. 1999). Their potency 

as anti-nutritional factor depends on both their origin and the target enzyme (El-Sayed et al., 2000). 

Studies showed that most cultured fish species are not sensitive to levels of trypsin inhibitors below 5 

mg/g. In other words, as this level is higher than the level of trypsin inhibitor usually found in 

commercially sold plant derived products (e.g. SBMR) soybean products, the effect of trypsin 

inhibitors in fish diets may be less significant than other ANFs.  

 

2.2.5 Indigestible oligosaccharides 

2.2.5.1 Introduction indigestible oligosaccharides 

 

Oligosaccharides are a group of compounds that belong to the sugars. These polymeric molecules 

can be found in all living organisms and occur in either free or combined form. They usually consist of 

2-10 monosaccharides connected by glycosidic bonds. Based on the monosaccharide(s) and the type 

of glycosidic bond(s), oligosaccharides can be subdivided further. Starch oligosaccharides are 

composed of α-D-glucopyranosyl units linked by α-1,4 and/or α-1,6 bonds. Oligosaccharides 

containing only α-1,4 glucosidic bonds are called malto-oligosaccharides. Those compound 

containing both α-1,4 and α-1,6 glucosidic linkages are called branched-oligosaccharides (Nakakuki, 

2002). 

The main oligosaccharides in SBMR are sucrose (6–7%), raffinose (1–2%) and stachyose (5–6%). The 

level of total oligosaccharides in SBMR lies around 15%, of which more or less one third is water 

soluble. Of the ones that are indigestible, stachyose and raffinose are the most abundant (Gatlin et 

al., 2007). The chemical structure of stachyose and raffinose is given in Figure 7 and Figure 8 

respectively. 
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Figure 7: Chemical structure of stachyose 

 

 

 

 

 

 
 
 

 
Figure 8: Chemical structure of raffinose 

 

Stachyose is the major soluble carbohydrate in seeds of a number of important crop species, 

including cereals and legumes. Stachyose is naturally found in numerous vegetables (e.g. green 

beans, soybeans and other beans) and plants (Peterbauer et al., 1999).Both raffinose and stachyose, 

are members of the raffinose family of oligosaccharides. The sugars of this series consist of α-1,6-

linked chains of D-galactose attached to the 6-glucosyl position of sucrose. They are synthesized in 

leaves, roots and tubers where they function as major storage and transport sugar. Furthermore, 

stachyose has anti-freezing properties, protecting plants against frost (Dey, Harborne and Bonner, 

1997). 

 

2.2.5.2 Indigestible oligosaccharides and processing 

 

Preferably, when using plant derived protein sources, it would be desirable to have a product in 

which the oligosaccharide component(s) has been altered or removed completely. Fermentation, by 

either bacterial or fungal organisms (Refstie et al., 2006), may be used to reduce the negative effects 

of indigestible oligosaccharides on nutrient digestibility and growth performance in fish. Also a heat 

treatment makes oligosaccharides become somewhat more digestible, but not significantly (Francis 

et al., 2001). 
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2.2.5.3 Indigestible oligosaccharides and their anti-nutritional effect 

 

Most research concerning indigestible oligosaccharides has been conducted on humans. The data 

available for fish feed is much more limited. Most of the experiment were conducted with soybean  

and its derived products,  including SBMR. Those experiments showed that indigestible 

oligosaccharides have some unwanted physiological effects when incorporated in the fish diet 

(Bakke, 2011). 

Indigestible oligosaccharides have long been considered as undesirable indigestible factors that 

promote flatulence. Both raffinose and stachyose are considered ANFs because their fermentation in 

the gut of monogastric animals causes discomfort (flatulence), inducing stress in the animals (Saini, 

1989; Hagely, Palmquist and Bilyeu, 2013). Oligosaccharides also increase the viscosity of the chime n 

the digestive tract, interfering with the absorption of other nutrients (Refstie et al., 1998; Sahlstrom 

et al., 2005). 

In general, it can be stated that the oligosaccharides negatively affect the nutrient utilization of the 

feed. For example in salmon and rainbow trout, the removal of oligosaccharides from SBM 

significantly improved the utilization of other nutrients (Murai et al., 1987; Arnesen et al., 1989; 

Murai et al., 1989). Other experiments showed that in fact it were the soluble carbohydrates, 

extracted with alcohol from SBM, that lowered the digestibility of lipids, protein and minerals 

(Arnesen et al., 1989, Refstie et al., 1998; Nishizawa-Yokoi, Yabuta and Shigeoka, 2008). 

According to (Arnesen et al., 1989) the sensitivity to oligosaccharide is highly dependent on fish 

species. It was observed that rainbow trout tolerates higher levels of oligosaccharide then Atlantic 

salmon. 

 

2.2.6 Phytic acid 

2.2.6.1 Introduction phytic acid 

 

PA (hexaphosphate of myo-inositol), also known as phytate when in salt form (mixed salts of Ca, Mg 

and K), is the main storage molecule of phosphorus in many plant tissues. It is especially abundant in 

the bran of cereal grains and in seeds (Makkar et al., 2007; Wu et al., 2009), normally constituting 

between 1-5% (Graf and Eaton, 1990). Generally in grains, 90% of the PA is presents in the aleurone 

layer, the remaining 10% is localized in the embryo (Dost and Tokul, 2005). However, the distribution 

of PA varies according to its source. For example, in corn nearly 90% of the phytate is found in the 

germ, while in rice and wheat most is found in the pericarp and in the aleurone layers (O’Dell et al., 

1972). The main biological function of PA is a storage depot of phosphorus, which is used both during 

dormancy and seed germination. Secondly, its unique iron-chelating properties reduce iron-catalysed 

oxidative reactions which helps in the preservation of seeds (Graf and Eaton, 1990). Furthermore it 
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functions as a store of cations and high energy phophoryl groups (Kumar et al., 2012). The chemical 

structure of PA is shown in Figure 9. The systematic name is 1,2,3,4,5,6-hexakis 

dihydrogenphosphate myo-inositol. 

 

 

Figure 9: Chemical structure of PA 

 

The concentration of phytate and phytase in the feedstuffs varies considerably. Phytate constitutes 

between 0.7% and 2% of most cereal grains and oilseeds (Francis et al, 2001). Phytate is evidently 

also a common component of plant-derived fish feeds. 

 

2.2.6.2 Phytic acid and processing 

 

The commercial use of phytases from microbial origin in aquafeeds  is also being investigated. 

Supplementation of phytate-containing diets with the enzyme phytase neutralised the negative 

effects of phytate. True phosphorous availability to rainbow trout from various plant foodstuffs, 

which ranged between 9.7% and 48.4%, significantly increased to 46.2% to 75.6% on 

supplementation with phytase (Riche and Brown, 1996). Use of phytase reduces phosphorous loaded 

to the aquatic environment via the fish faeces (Kumar et al., 2012). 

A diet high in PA (25.8 g/kg) caused a significant reduction of the growth rate of Chinook salmon 

(Richardson et al., 1985). The addition of minerals such as Zn (0.35-0.4 g/kg) has been shown to be 

partially capable of counteracting the negative effects of dietary phytate. 

Low-phytate soybeans are under development but their productivity is still poor (Waldroup et al., 

2008). 
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2.2.6.3 Phytic acid and its anti-nutritional effect 

 

In human nutrition, PA is a commonly used additive because of its antioxidant properties which make 

it a versatile food preservative (Dost & Tokul, 2006). However, in animal nutrition, phytate has been 

described mainly as an ANF. In general, fish  fed with a diet high in PA show a lowered growth 

performance. The latter can be attributed to various factors such as a reduced bio-availability of 

minerals, impaired protein digestibility caused by formation of PA–protein complexes and depressed 

absorption of nutrients due to damage to the pyloric cecal region of the intestine (Swick and Ivey, 

1992). For example, Spinelli et al. (1983) observed decreased growth rates in rainbow trout fed a diet 

containing 5 g/kg synthetic PA. Similar studies with chinook salmon and carp show the same results 

(Richardson et al., 1985; Hossain and Jauncey, 1993). Also for PA, the sensitivity is species 

dependant. Salmonids seem to be able to tolerate dietary levels of phytate in the range of 5–6 g/kg, 

while carp appears to be sensitive to these levels. It seems to be advisable to maintain the level of 

phytates below 5 g/kg in fish feeds. 

A major concern about the presence of phytate in aquafeeds the negative effect on the overall 

growth performance due to its interference with mineral uptake. Phytate chelates with di- and 

trivalent mineral ions such as Ca2+, Mg2 +), Zn2+, Cu2+ and Fe3+ preventing their availability for fish 

growth (Duffus and Duffus, 1991) Francis et al., 2001; Denstadli et al., 2006; Fredlund et al., 2006). PA 

was also reported to interact with other compounds. Formation of complexes with protein and 

carbohydrate (starch) reduce their bioavailability and digestion (Makkar et al., 2007). For instance, 

the formation of PA–carbohydrate complex influences digestion rate of starch (Thompson, 1986). 

PA–protein complex will inhibit digestive enzymes (Spinelli et al., 1983).  

Kaushik (2005). Fish are able to absorb phosphorus directly from the water. Nevertheless, the main 

provider of phosphorus is the diet since absorption via the water is believed to be very low (Kaushik, 

2005). Within plant based feeds 50–80% of the phosphorus occurs in the form of the calcium or 

magnesium salt of PA (Ravindran et al., 1995). This organic form of phosphorus must first be 

hydrolysed within the gastro-intestinal tract by the enzyme phytase to inositol and phosphoric acid 

before it can be utilized and absorbed by the animal. For monogastric animals, this form of 

phosphorous is not available because they lack the enzyme phytase in their digestive tract (Wu et al., 

2009). When phosphorous is deficient, it not only affects hard tissues such as bone and cartilage, but 

also has a negative influence on various aspects of the intermediate metabolism. where it is 

responsible for rickets, leading to skeletal malformation. Therefore, optimizing the dietary inclusion 

level is critical at all times (Sugiura et al., 2004). 
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2.2.7 Tannins 

2.2.7.1 Tannins introduction 

 

Tannins are secondary metabolites widely occurring in plants. They belong to the polyphenolic  

compounds and usually contain a large number of hydroxyl and/or carboxyl groups. Tannins are fairly 

water soluble and have a molecular weight greater than 500. In many species of plants, they play a 

role in protection from predation and in plant growth regulation. In many crops, especially legumes, 

significant quantities of tannins are present. For example sorghum (containing around 5% condensed 

tannins) and sunflower seed meal (containing 1.2-2.7% chlorogenic acid).The average level of tannins 

expressed as tannic acid equivalents in PMR is 0.5 g/kg DM and in SBMR 6.9 g/kg DM (Feedipedia, 

2014). 

There are 2 major groups of tannins that can be found (Akande, 2010): 

 

 Hydrolysable tannins (polyphenolic acid base unit e.g. gallic acid, Figure 10) 

 Condensed tannins (flavone base unit; Figure 11) 

 

 

 

Figure 10: Chemical structure of gallic acid 

 

Figure 11: Chemical structure of flavone 

 

Hydrolysable tannins are hydrolyzed by weak acids or weak bases to produce sugar residues and 

phenolic acids (Akande, 2010). 

 

2.2.7.2 Tannins and processing 

 

Several methods for the removal of condensed tannins exist. These include dehulling of seeds in 

order to remove the tannin-rich outer layer, treatment with alkali including ferrous sulphate, or 

treatment of tannin-containing feeds with oxidising agents. Also tannin complexing agents can be 

used. For example polyethylene glycol can form complexes with tannnins and helps in the 
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breakdown of existing protein-tannin complexes, thus mitigating the negative effect of tannins on 

animals (Makkar et al., 1995b; Makkar and Becker, 1996; Reddy, 2001).  

Physical methods like soaking and drying  and heat treatment can also be used to reduce the level of 

tannins (Reddy, 2001). The reduction of tannin content in sesame seed meal from 20 to 10 g/kg has 

been observed after fermentation with lactic acid bacteria (Nuttaporn and Naiyatat, 2009). 

 

2.2.7.3 Tannins and their anti-nutritional effects 

 

The anti-nutritional effects of tannins can be ascribed to their ability to complex and precipitate a 

range of organic molecules (protein, amino acids, alkaloids and vitamins) and minerals. Not a lot of 

data is available about toxicity of tannins within aquafeeds. The concentration of condensed tannins 

above 4% has been reported to be toxic for ruminants (Waghorn et al., 1990). In higher animals, 

tannins have been found to interfere with digestion through their interaction with digestive enzymes 

such as trypsin and amylase (Helsper et al. 1993). Not only digestive enzymes, but also dietary 

protein are precipitated to form les digestible complexes. Furthermore, these complexes often taste 

bitter, reducing feed palatability and thus feed intake. Tannins also reduce the absorption of vitamin 

B12 (Akande, 2010). 

The 2 types , hydrolysable and condensed tannins, differ in their anti-nutritional effects. The 

condensed tannins in general are more efficient in reducing the overall digestibility of the feed. 

Hydrolysable tannins  are easily degraded (hydrolysed) in biological systems and form smaller 

compounds that can enter the blood stream and with time cause toxicity to the organs such as liver 

and kidney. A practical example to show the difference between the 2 types of tannins is  given next. 

The addition of 2% quebracho tannin (condensed tannin) to the diet of common carp showed no 

effect on growth. In contrast, the same level of addition of the hydrolysable tannic acid led to 

rejection of feed after 28 days of feeding (Becker and Makkar, 1999). 

Tannins can also interact with other ANFs. A study conducted by Fish and Thompson (2001) showed 

that lectins together with tannins counteracted the inhibitory action of tannins on the digestive 

enzyme amylase. 

Some experiment to study the effect of tannins on fish have been done. These all revealed that a lot 

of differences in tolerances of different fish species exist. Also the differences in the structure of the 

tannins leads to different interactions with other components in the diet. 
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 2.2.8 Saponins 

2.2.8.1 Introduction saponins 

 

Saponins are secondary metabolites that are present in many different plant orders, families and 

species. Nutrient-rich tissues of higher plants such as roots, tubers and seeds are particularly 

abundant in saponins. They are also found in many commonly used vegetables such as beans, 

spinach, tomatoes, potatoes and garlic (Sparg et al., 2004; Hostettmann and Marston, 2005; Vincken 

et al., 2007). The bark of the South American soap tree (Quillaja saponaria) is one of the richest 

sources. Also some marine invertebrates produce saponins (Van Dyck et al., 2010). Their biological 

function is believed to be protective agents against insect damage and growth of bacteria and fungi 

(Tava and Odoardi, 1991; Sparg et al. , 2004). The content of saponins  in plants can vary greatly, 

ranging from 0.1% to 30%, and is dependent on plant organ, cultivar, age and geographical location 

(Sparg et al., 2004). In various legume seeds, their level lies between 18 and 41 mg per kg and 67 mg 

per kg in defatted roasted soybean flour (D'Mello, Duffus and Duffus, 1991). The saponin content of 

SBMR typically ranges from 0.43% to 0.83% (Goda et al., 2002). 

Saponins belong to the chemical class of the glycosides and distinguish themselves from other 

glycosides by acting soap-like in water and forming stable foams. Therefore, the name of this group 

of compounds is derived from the latin word ‘sapo’, which means soap (Vincken et al, 2007). These 

soap-like characteristics are attributed to the fact that  saponins both contain hydrophilic and 

lipophilic functional groups. The lipophilic part of the molecule is the aglycone skeleton and the 

hydrophilic part is the carbohydrate side chain(s). Based on the nature of their aglycone skeleton, 

saponins can be further subdivided into 3 groups (Hostettmann and Marston, 2005; Makkar et al., 

2007; Vincken et al., 2007): 

 

 Steroidal saponins (almost exclusively present in monocotyledonous angiosperms); 

 triterpenoid saponins (most common and mainly present in dicotyledonous 

angiosperms); 

 and steroid alkaloid glycosides (not very common). 

 

In steroidal and triterpenoid saponins, the aglycone is respectively a C27-steroid and a C30-

triterpenoid. The glycon of saponins is mostly glucose or galactose (Vincken et al., 2007). The saponin 

without the carbohydrate sidechain(s) is called sapogenin. In cultivated crops the triterpenoid 

saponins are generally predominant, while steroid saponins are common in plants used as herbs or 

for their health-promoting properties (D'Mello et al., 1991). For example, because of the structural 

relationship of steroidal saponins with sex hormones, some saponins (e.g. Asparagus racemous) are 

phytoestrogens and are used in medicine (Ashajyothi et al., 2009). 
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2.2.8.2 saponins and processing 

 

As saponins are relatively heat stable, they are also present in many plant-derived alternative protein 

sources (Kyriazakis and Whittemore, 2006). Because of the high solubility of most saponins in water, 

aqueous extraction would remove most saponins from feed ingredients and this could be 

recommended for removing saponins provided it does not otherwise affect the nutritional quality of 

the material. 

 

2.2.8.3 Saponins and their anti-nutritional effects 

 

As their structure knows a great variability, saponins with a lot of different properties exist. Some of 

these characteristics are advantages. For example, saponins of oat and spinach have proven to 

enhance the absorption of nutrients and aid in the digestion of animals by decreasing the viscosity of 

the food mass in the intestine.  Many saponins have also an adjuvant effect and are frequently used 

in veterinary vaccines in low doses (Rajput et al., 2007). However many saponins have characteristics 

that are unwanted if they occur in feeds. This last statement is especially true for monogastric and 

cold-blooded animals. In the next paragraphs the most important of those characteristics as can be 

found in literature are presented. 

Many saponins taste bitter and so reduce the palatability of the plant material (Vincken et al., 2007). 

Furthermore, saponins have often toxic characteristics and many of them are commonly used as fish 

poisons (e.g. mahua oil cake) (Francis et al., 2002). When present in the water, the respiratory 

epithelium of the gills is damaged. For example, tea seed cake, containing about 7–8% saponins, 

when added to water at a dose of 100 ppm resulted in the death of tilapia within 5 to 6 hours 

(Hongkanarat et al., 2011).  However, saponin levels in the water below 1 g/kg do not affect the 

growth  performance of common aquaculture fish (Francis et al., 2001).  

When saponins are injected in the blood stream, they have the ability to rupture erythrocytes. Their 

soap-like characteristics allow them to interact with the sterols of the erythrocyte membrane. 

Consequently, the membrane bursts and the increased permeability causes loss of haemoglobin 

(Baumann et al., 2000). Also dietary intake of saponins can cause problems. These include 

impairment of the digestion of protein, probably by the formation of saponin–protein complexes, 

and decreased uptake of vitamins and minerals in the gut (Potter et al., 1993). Some saponins readily 

increase the permeability of small intestinal mucosal cells and inhibit active nutrient transport, 

although different saponins might differ in effectiveness.  According to Chen et al. (2011), a diet 

containing saponins at levels exceeding 3.2g per kg damages the gut lining of Japanese flounder 

(Paralichthys olivaceus). This leads to a decrease in feeding efficiency and a significant decrease in 

weight gain, probably by the detergent action of saponins. Important however is that this effect is 

highly variably depending on both fish species and origin of the saponins. Dietary saponins from 
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different plants were found to reduce weight gain in salmonid fish (Bureau et al., 1998). Feeding 

saponin from Quillaja (0.30% of the diet) to Chinook salmon and rainbow trout caused a reduction in 

weight gain ad significant intestinal damage. In common carp however the same plant saponins seem 

to stimulate growth (Francis et al., 2001).  

The biological activity of saponins can also be counter clocked by the presence of other anti-

nutritional factors. Makar et al. (2007) reported that the simultaneous consumption of  saponin and 

tannin resulted in the loss of their individual toxicity in rats. 

 

2.2.9 Alkaloids 

2.2.9.1 Alkaloids introduction 

 

Alkaloids are secondary metabolites found in plants and animals. Alkaloids are generally defined as 

basic substances which contain one or more nitrogen atoms, usually in combination as part of a cyclic 

system (Harborne, 1991). Alkaloids are often divided into the following 5 major groups (Wikipedia, 

2014): 

 

 true alkaloids (contain nitrogen in the heterocycle and originate from amino acids); 

 protoalkaloids (contain nitrogen and originate from amino acids); 

 polyamide alkaloids (derivatives of putrescine, spermidine, and spermine); 

 peptide and cyclopeptide alkaloids; 

 and pseudalkaloids (alkaloid-like compounds that do not originate from amino acids). 

 

 

In true alkaloids, the position of nitrogen in the carbon ring varies with different alkaloids in different 

plant families (Raffauf, 1996). Over 21,000 alkaloids are identified and isolated from plants, 

constituting the largest group of nitrogen-containing secondary metabolites (Fatturosso & 

Taglialatela, 2007). However, the distribution of alkaloids in plant, microbial and animal species 

is limited (Robert and Wink (1998). The major source in the plant kingdom are flowering plants. 

Different tissues of same plants may contain different alkaloids. High level of alkaloids mainly 

occur in root, bark, seed and leaves of a plant (Hartmann, 1991). 

 

2.2.9.2 Alkaloids and processing 

 

Aqueous Extraction removes alkaloids from some materials. 
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2.2.9.3 Alkaloid and and their anti-nutritional effects 

 

Because of the high chemical diversity of the alkaloids, it is not possible to generalize the effect 

of the presence of alkaloids in feeds. In nature alkaloids are considered to play  an important 

role in plant-animal interactions. They can act both as attractants or as deterrent. For example, 

some alkaloids attract insect to promote pollination of plants. Other alkaloids, e.g. quinine, 

possess high level of bitterness and thus are feeding deterrents reducing palatability (Roberts, 

1998). 

The effect of alkaloids on fish needs to be further investigated.  
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Chapter 3: Materials and methods 

 

3.1 Acquisition of the 5 different protein sources 
 

FMR, CGMR, PMR, SBMR and WGMR were provided by the company Qingdao Great Seven Bio-tech 

Ltd., located in Qingdao, Shandong, China. All assays mentioned in this work were carried out on 

both the meals and the water extracts of those materials. The latter were produced according to the 

procedure described in section 3.2. 

3.2 Preparation of the water extracts 

3.2.1 Reagents needed for the preparation of the water extracts 
 

 Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany) 

 

3.2.2 Method used for the preparation of the water extracts 
 

Before conducting the actual anti-nutritional assays, freeze dried powders were obtained according 

to the following procedure. 

FMR, CGMR, PMR, SBMR and WGMR were ground with a mixer (Eeastech Electronics, Aisite) to get 

meals of a more uniform particle size. Then, from each meal, a water-soluble extract was prepared 

by incubating the material in Milli-Q water. The ratio meal to water was 1/5 (w/w). The suspension 

was put in a glass beaker and stirred for 2 hours using a magnetic stirrer (MS7-H550 pro, Dragon 

Laboratory Instruments Ltd.) set at 1000 rpm and 22°C. Subsequently, the suspension was 

transferred to plastic tubes and centrifuged (Biofuge Stratos, Heraeus/Thermo Scientific) at 4000 x g 

for 10 minutes at 4°C. Thereafter, the supernatant was filtered using a 0.45 µm syringe-driven filter 

(MILLEX-HP Filter Unit 0.45 µm, Merck Millipore Ltd.) and frozen at -80°C. Finally the frozen 

supernatant was lyophilized (Christ Alpha 1-4 LD Freeze Dryer, Fisher Bioblock Scientific) and the 

powders obtained were stored at -20°C until further analysis.  

All further assays were performed using the freeze dried powders obtained by the procedure 

described above. To allocate some meaning to the result of those assays , it was necessary to know 

exactly how much freeze dried powder each extraction yielded. Therefore, for each protein source, 6 

independent extractions were performed and the theoretical percentage recovery was calculated to 



40 
 

eliminate errors that occurred due to losses. For each of those 6 extractions, a 5 ml sample of filtered 

supernatant was collected in a pre-weighed tube. After freeze drying, the tube was weighed again 

and the weight difference gave the amount of water solubles in 5 ml extract. As for each extraction 

100 g of raw material and 500 ml of water was used, the theoretical percentage of recovery was 

calculated using the following equation: 

 

%R = (A – B) x 100 

With: 

%R = Theoretical percentage of recovery (%) 

A = Weight of tube + freeze dried powder of 5 ml extract (g) 

B = Weight of tube (g) 

 

To compare the amount of anti-nutritionals in the freeze dried powders and the raw materials, the 

average percentage recovery was used. 

 

3.3 Determination of the moisture content 

3.3.1 Method used for the determination of the moisture content 
 

For the determination of the moisture content in both the meals and the freeze dried powders of the 

water extracts, the official AOAC method 934.01 for determination of moisture in animal feeds was 

used (Cunniff and Horwitz, 2000). On an analytical balance (Analytical balance BSA 1245-CW, 

Satorius), 2 g material was weighed and transferred to a preweighed aluminium cup. The cups were 

then placed in an drying oven (Blue Pard drying oven DHG-9140A, Shangai Yiheng Instruments Co. 

Ltd.) at 105°C for 12 hours. After drying, the cups were allowed to cool in a desiccator and then were 

weighed again on the analytical balance. 

The moisture content of the sample was calculated using the following equation: 

 

%W = A – B / B x 100 
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With: 

%W = Percentage of moisture in the sample (%) 

A = Weight of wet sample (g) 

B = Weight of dry sample (g) 

 

All samples were analysed in triplicate and the average moisture contents were used to express the 

results obtained for the anti-nutritional assays on DM. 

 

3.4 Identification of the proteins 

3.4.1 Quantification of the protein content using the Bradford assay 
 

Loading protein samples on the polyacrylamide gels (section 3.4.3.1) required standardization of the 

protein concentration in each sample. Thus, before performing the SDS-PAGE assay, the protein 

concentration of the water extracts was estimated using the Bradford assay (Bradford, 1976). 

 

3.4.1.1 Reagents needed for the quantification of the protein content 

 

 Bovine Serum Albumin (BSA) (Sigma-Aldrich, Saint-Louis, United States) 

 

 Bradford reagent 1 l: 

o Coomassie Brilliant Blue G-250 (Sangon Biotechnology, Shangai, China) 50 mg 

o Methanol (Sinopharm Group Co. Ltd., Beijing, China) 50 ml 

o 85% (w/v) phosphoric acid (Sinopharm Group Co. Ltd., Beijing, China) 100 ml 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany) end volume of 1 l 

 

 Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany) 

 

3.4.1.2 Method used for the quantification of the protein content 

 

First, the Bradford reagent was prepared. This was done by dissolving 50 mg of Coomassie Brilliant 

Blue G-250 in 50 ml of methanol. Then 100 ml 85% (w/v) phosphoric acid was added slowly to 850 ml 

of Milli-Q water. Finally the methanol dye solution was combined with the water acid solution and 
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stored in a dark bottle at 4°C. To remove any precipitates, this solution was filtered (MILLEX-HP Filter 

Unit 0.45 µm, Merck Millipore Ltd.) right before use.  

Next, a series of 13 dilutions of the protein standard BSA was prepared in order to model a standard 

curve. The concentration of BSA in these standard solutions was 0.0, 2.5, 5.0, 10.0, 20.0, 30.0, 40.0, 

50.0, 60.0, 70.0, 80.0, 90.0 and 100.0 µg/ml respectively.  

Subsequently, the protein samples were prepared. For this, 3 mg of freeze dried powder of each 

protein source was carefully weighed on an analytical balance (Analytical balance BSA 1245-CW, 

Satorius) and dissolved in 500 µl of Milli-Q water.  

For the actual assay, 30 µl of  each standard and the 5 protein samples was transferred to an 

appropriately labelled test tube. Also 1 blank with 30 µl of Milli-Q water was used. To each of the 

tubes, 1.5 ml of the Bradford reagent was added. The tubes were then vortexed and incubated at 

room temperature for at least 5 minutes. Finally the absorbance at 595 nm was measured using a 

spectrophotometer (Ultraspec 2100 Pro, Amersham Biosciences). The protein samples were assayed 

in duplicate and the average protein content was estimated using the standard curve. 

 

3.4.2 Protein sample preparation for SDS-PAGE 
 

The quality of the samples has a great influence on the results obtained after performing the gel 

protein separation. Therefore, sample preparation is of the utmost importance. It involves the 

extraction and solubilisation of proteins free from contaminants. Furthermore during the sample 

preparation the protein concentrations is standardized. 

 

3.4.2.1 Reagents used for the protein sample preparation 

 

 Protein precipitation solution 100 ml: 

o Trichloroacetic acid (Sinopharm Group Co. Ltd., Beijing, China) 20 g 

o Dithiothreitol (DTT) (Sinopharm Group Co. Ltd., Beijing, China)  0.2 g 

o Acetone (Sinopharm Group Co. Ltd., Beijing, China)   end volume of 100 ml 

 

 Wash solution 100 ml: 

o DTT (Sinopharm Group Co. Ltd., Beijing, China)    0.2 g 

o Acetone (Sinopharm Group Co. Ltd., Beijing, China)   end volume of 100 ml 

 

 2X SDS-PAGE sample buffer 8 ml: 

o 0.5 M Tris-HCl, pH 6.8 (Sangon Biotechnology, Shangai, China)  1.0 ml 
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o Glycerol (Sinopharm Group Co. Ltd., Beijing, China)   2.0 ml 

o 1.0% bromophenol blue (Sangon Biotechnology, Shangai, China) 0.08 ml 

o 10% SDS (Sangon Biotechnology, Shangai, China)   1.6 ml 

o Milli -Q water (Merck Millipore Ltd., Darmstadt, Germany)  2.92 ml 

Rmk.: This buffer was stored as 1-2 ml aliquots at -70°C and DTT was added (3%) immediately 

before use. 

 

3.4.2.2 Method used for the protein sample preparation 

 

The freeze dried powders of the water extracts were first handled to isolate the proteins and thus 

consequently get rid of interfering substances such as carbohydrates. For this, 0.5 g of freeze dried 

powder was weighed on an analytical balance (Analytical balance BSA 1245-CW, Satorius) and 

solubilised in 5 ml of protein precipitation solution. This mixture was incubated for 1 hour at -20°C. 

Occasionally, the solution was agitated. After incubation, the solution was centrifuged at -20°C for 15 

min at 35,000 x g (Hitachi CR21GII high-speed refrigerated centrifuge, Himac). The supernatant was 

discarded and the pellet was redissolved in 2 ml of wash solution. Again, an incubation period of 15 

minutes at -20°C followed. This step was repeated until the added wash solution was completely 

clear. Subsequently, the clear suspension was transferred to a shallow glass shell and covered with 

perforated parafilm. The shell was put into an desiccator and a vacuum was applied until the pellet 

was dry.  

Next, 3 mg of sample powder was mixed with 1 ml of 1X SDS-PAGE buffer in a microfuge tube and 

incubated for 30 min at room temperature. The solution was vortexed from time to time and then 

centrifuged at 4°C for 15 min at 16,000 x g (Centrifuge 5424R, Eppendorf). The supernatant was 

collected and heated for 3 min at 95°C (Thermomixer R Dry Block Heating and Cooling Shaker, 

Eppendorf). Finally the solution was cooled to room temperature and total protein content was 

quantified using the Bradford assay (section 3.4.1). 

 

3.4.3 Separation of the protein using SDS-PAGE 

3.4.3.1 Reagents needed for the separation of the protein 

 

 5x Tris-glycine buffer 100 ml: 

o Tris (Sangon Biotechnology, Shangai, China)    1.51 g 

o Glycine (Sangon Biotechnology, Shangai, China)    9.40 g 

o 10% SDS (Sangon Biotechnology, Shangai, China)   5.00 ml 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  end volume of 100 ml 
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 Polyacrylamide gels 0.7 mm thickness: 

10 ml of 15% resolving gel (The solution was first prepared without adding ammonium persulfate 

and TEMED) 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  2.30 ml 

o 30% acrylamide mix (Sangon Biotechnology, Shangai, China)  5.00 ml 

o 1.5 M Tris-HCl, pH 8.8 (Sangon Biotechnology, Shangai, China)  2.50 ml 

o 10% SDS (Sangon Biotechnology, Shangai, China)   0.10 ml 

o 10% ammonium persulfate (Sangon Biotechnology, Shangai, China) 0.10 ml 

o TEMED  (Sangon Biotechnology, Shangai, China)    4.00 µl 

2 ml of 5% stacking gel (The solution was first prepared without adding ammonium persulfate 

and TEMED) 

o Milli-Q water        1.40 ml 

o 30% acrylamide mix (Sangon Biotechnology, Shangai, China)  0.33 ml 

o 1.0 M Tris-HCl, pH 6.8 (Sangon Biotechnology, Shangai, China)  0.25 ml 

o 10% SDS (Sangon Biotechnology, Shangai, China)   0.02 ml 

o 10% ammonium persulfate (Sangon Biotechnology, Shangai, China) 0.02 ml 

o TEMED  (Sangon Biotechnology, Shangai, China)    2.00 µl 

 

 Fixing solution 100 ml: 

o Acetic acid (Sinopharm Group Co. Ltd., Beijing, China)   7 ml (7%) 

o Methanol (Sinopharm Group Co. Ltd., Beijing, China)   40 ml (40%) 

o Milli-Q water  (Merck Millipore Ltd., Darmstadt, Germany)  53 ml (53%) 

 

 Colloidal Coomassie G-250 staining 100 ml: 

o Coomassie Blue G-250 (Sinopharm Group Co. Ltd., Beijing, China) 0.12 g 

o Ammonium sulphate (Sinopharm Group Co. Ltd., Beijing, China) 10 g 

o Phosphoric acid  (Sinopharm Group Co. Ltd., Beijing, China)  10 ml 

o Methanol (Sinopharm Group Co. Ltd., Beijing, China)   20 ml 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  end volume of 100 ml 

 

 Ethanol (Sinopharm Group Co. Ltd., Beijing, China) 

 

 Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany) 
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3.4.3.2 Method used for the separation of the protein 

 

The standardized protein extracts were separated by SDS-PAGE on a Biorad Protean II system. The 

gels were first handcast with a 5% polyacrylamide stacking gel and a 15% resolving gel according to 

the method described by Laemmli (1970). 

First, the polyacrylamide gelds were cast. For this the Protean II system (Biorad) was assembled using 

0.7 mm spacers. The 10% ammonium persulfate and TEMED were added to the gel recipe to start the 

polymerisation of acrylamide (section 3.4.3.1). The resolving gel-solution was quickly pipetted 

between the assembled glass plates. Then, ethanol was poured on top of the resolving gel to 

produce a straight edge. The gel was allowed to polymerize for about 45 minutes. Subsequently, the 

ethanol was rinsed of with Milli-Q water and the gel edge was dried prior to pouring the stacking gel. 

To the stacking gel solution, 10% ammonium persulfate and TEMED were added and the new 

solution was quickly pipetted onto the resolving gel. Finally, the well comb was placed into the 

stacking gel and the latter was allowed to polymerize for 45 minutes. The gels were stored at 4°C 

until use. 

Using the result from the Bradford assay (section 3.4.1), the protein content in the samples was 

adjusted to 3 µg of protein per 10 µl using the SDS-Page loading buffer. The samples were vortexed 

and heated at 95°C for 2 minutes (Thermomixer R Dry Block Heating and Cooling Shaker, Eppendorf) 

and then immediately cooled on ice.  

The gel plates were placed in the holding cassette and the upper chamber was filled with 1x Tris-

glycine gel buffer. Into each sample well 10 µl of sample was pipetted carefully. In one lane 10 µl of 

Benchmark Prestained Ladder (Invitrogen 10748-010) was loaded. The lower chamber was then filled 

with 1x Tris-glycine gel buffer and the system was run at 200 V for 55 minutes. 

After the protein separation, the gels were fixed, stained and destained according to the method of 

Candiano et al. (2004). The gel were put in the fixing solution for about 30 minutes. The fixing 

solution was decanted and the gel was rinsed with Milli-Q water. Then, the staining solution was 

added and the gel was soaked for about 12 hours under continuous agitation. Finally the gels were 

put in Milli-Q water. The latter was frequently changed until the background was satisfyingly clear. 

 

3.4.4 Identification of the protein by  HPLC 

3.4.4.1 Method used for the identification of the protein 

 

The identification of protein was, due to the high cost for analysis, restricted to the samples of FM 

and SBM. The samples were separated by HPLC and protein were identified using mass spectroscopy 



46 
 

(LTQ-Orbitrap mass spectrometer, Thermo Electron). The analysis was conducted by Fitgene 

Biotechnology Co. Ltd., located in Shandong, China. 

3.5 Quantification of oligosaccharides 

3.5.1 Method used for the quantification of oligosaccharides 
 

For the determination of oligosaccharides an appeal was made to Fitgene Biotechnology Co. Ltd., 

located in Shandong, China. Three oligosaccharides were quantified. These were the digestible 

sucrose and the indigestible stachyose and raffinose. The latter are known to occur in SBMR in 

relative high quantities,namely sucrose (6–7%), raffinose (1–2%) and stachyose (5–6%) (Gatlin et al., 

2007). As the cost per sample was high, only those believed to contain the indigestible 

oligosaccharides in significant quantities were send for analysis. More specifically, these were SBMR, 

SBM, PM and CGM. Each sample was only analysed once, so the result (section 4.4) is the actual 

measured value of 1 sample and not the average as for the other assays. 

 

3.6 Quantification of phytic acid 

3.6.1 Reagents needed for the quantification of phytic acid 
 

 Modified Wade reagent 1 l: 

o FeCl3·6H2O (Sinopharm Group Co. Ltd., Beijing, China)   0.3 g 

o Sulfosalicyclic acid (Sinopharm Group Co. Ltd., Beijing, China)  3 g 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  end volume of 1 l 

 

 Na-salt of phytic acid (Sigma-Aldrich, Saint-Louis, United States) 

   

 Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany) 

 

 2.4 % HCl-solution (Sinopharm Group Co. Ltd., Beijing, China) 

 

3.6.2 Method used for the quantification of phytic acid 
 

The method used for the detection of PA is based on the one described by Latta and Eskin (1980) and 

modified by Gao et al. (2007). The latter proposed a new, reproducible and efficient PA assay in 
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which the determination is based on the discoloration of the pink Fe(III)-sulfosalicyclate complex 

(Wade reagent) by PA due to formation of a an Fe-phytate precipitate. 

For each of the 5 protein sources, both the raw meal and the water extract were analysed for their 

PA content. Each sample was analysed in triplicate and the average and standard deviation were 

calculated. The followed protocol is described below. 

First a series of 6 dilutions of the Na-salt of PA (Figure 12) was prepared in order to model a standard 

curve. The dilutions contained 0, 20, 40, 60, 80 and 10 µg of the Na-salt of PA per ml respectively. 

The Na-salt of PA contains 18.38 % phytic acid phosphorous (PAP) (Gao et al., 2007). The 

concentration of PAP in the standard solutions was therefore 0.00, 3.67, 7.35, 11.02, 14.60 and 18.38 

µg/ml respectively. It is this PAP-content that was actually measured and by multiplying the PAP-level 

with the factor (5.44 = (100/18.38)) the result can be expressed as PA content. 

 

 

Figure 12: Chemical structure of sodium phytate 

 

Next, samples of 500 mg were carefully weighed on an analytical balance (Analytical balance BSA 

1245-CW, Satorius) and  mixed with 10 ml of a 2.4% HCl-solution in a 14 ml Falcon tube. The tubes 

were then shaken for 16 hours at a speed of 220 rpm (TS-3D Orbital Shaker, Qilinbeier). After 

incubation the samples were centrifuged at 1000 x g for 20 min at 10°C (Hitachi CR21GII high-speed 

refrigerated centrifuge, Himac). The crude extracts were collected for PA determination. 

Crude extracts were transferred to 14 ml Falcon tubes containing 1 g of NaCl. The contents were 

shaken at 350 rpm for 20 min (TS-3D Orbital Shaker, Qilinbeier) in order to dissolve the salt. The 

suspension was allowed to settle for  60 minutes in a fridge at 4°C. The mixtures were then 

centrifuged at 1000 x g for 20 min at 10°C (Hitachi CR21GII high-speed refrigerated centrifuge, 

Himac). The supernatant was collected to perform the assay. The NaCl-treatment precipitated matrix 

components that could interfere with the colorimetric reaction. One ml of the clear supernatant was 
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transferred into a 50 ml Falcon tube and diluted 25 times by adding 24 ml of ddH2O. Three ml of the 

diluted sample was transferred to a new 14 ml Falcon tube and combined with 1 ml of the modified 

Wade reagent. The solution was vortexed and centrifuged again at 1000 x g for 10 min at 10°C. 

Finally, the absorbance of both samples and standards were read at 500 nm on a spectrophotometer 

(Ultrospec 2100 Pro, Amersham Biosciences). 

 

3.7 Quantification of tannins 

3.7.1 Reagents needed for the quantification of tannins 
 

 Folin-Denis reagent 1 l: 

o Na2O4W·2H2O (Sinopharm Group Co. Ltd., Beijing, China)  100 g 

o H3Mo12O40P·XH2O (Sinopharm Group Co. Ltd., Beijing, China)  20 g 

o H3PO4 (Sinopharm Group Co. Ltd., Beijing, China)   50 ml 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  end volume of 1 l 

 

 Solution A 500 ml: 

o Na2CO3 (Sinopharm Group Co. Ltd., Beijing, China)   37.5 g 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  end volume of 500 ml 

 

 Solution B 100 ml: 

o Acetone (Sinopharm Group Co. Ltd., Beijing, China)   50 ml 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  50 ml 

 

 Tannic acid stock solution (0.05 mg/ml) 100ml: 

o Tannic acid (Sigma-Aldrich, Saint-Louis, United States)   10 mg 

o Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany)  end volume of 100 ml 

 

3.7.2 Method used for the quantification of tannins 
 

The content of total tannins in the samples was determined by using the Folin-Denis method 

(Polshettiwar et al., 2007). This colorimetric method estimates the tannin content based on the 

measurement of the blue colour formed by the reduction of phosphotungstic molybdic acid 

(H3Mo12O40P·XH2O) by tannin like compounds in an alkaline medium. 

First the Folin-Denis reagent was prepared by mixing the chemicals (section 3.7.1) in a conical flask. 

The latter was covered with aluminium foil and the solution was boiled for 2 hours. The solution was 
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subsequently left to cool down and transferred into a volumetric flask of 1L, the volume was adjusted 

accordingly. In order to remove any precipitates, the solution was filters using a 0.45 µm syringe-

driven filter (MILLEX-HP Filter Unit 0.45 µm, Merck Millipore Ltd.) before storage at room 

temperature in a brown bottle. 

Next, a series of 7 dilutions of tannic acid (Figure 13) in water was prepared starting from a stock 

solution of 0.05 mg/ml. These standard solutions were used to model the standard curve. The exact 

composition of each standard can be found in Table 9. 

 

Figure 13: Chemical structure of tannic acid 
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Table 9: Chemical composition of the standard solutions for the estimation of total tannins 

 
Standard 

1 
Standard 

2 
Standard 

3 
Standard 

4 
Standard 

5 
Standard 

6 
Standard 

7 

TA stock 
solution 

(ml) 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 

Folin-
Denis 

reagent 
(ml) 

2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Solution 
A (ml) 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Milli-Q 
water 
(ml) 

42.5 41.5 40.5 39.5 38.5 37.5 36.5 

TA Conc. 
(µg/ml) 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 

 

Of the samples, 0.2 g of material was weighed on an analytical balance (Analytical balance BSA 1245-

CW, Satorius) and suspended in 5 ml of solution B in a plastic tube. The tubes were shaken for 40 

minutes. The suspension was subsequently filtered (MILLEX-HP Filter Unit 0.45 µm, Merck Millipore 

Ltd.). Then, 1ml of the filtrate was mixed with 2.5 ml of the Folin-Denis reagent, 5 ml of solution A 

and the total volume was made up to 50 ml with Milli-Q water. The solutions were allowed to 

incubate for 30 minutes at room temperature for the development of the colour products. 

Finally, the absorbance of the colour reaction products for both samples and standards was read at 

700 nm using a spectrophotometer (Ultraspec 2100 Pro, Amersham Biosciences).The results of the 

tannin determination in the samples are expressed as tannic acid equivalents per gram of DM. Each 

sample was analysed in triplicate and the average and standard deviation were calculated. 

 

3.8 Quantification of Saponins 

3.8.1 Reagents needed for the quantification of saponins 
 

 n-hexane (Sinopharm Group Co. Ltd., Beijing, China) 

 

 Methanol (Sinopharm Group Co. Ltd., Beijing, China) 

 

 Milli-Q water (Merck Millipore Ltd., Darmstadt, Germany) 

 

 n-butanol (Sinopharm Group Co. Ltd., Beijing, China) 
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 Chloroform (Sinopharm Group Co. Ltd., Beijing, China) 

 

 Diosgenin (Sangon Biotechnology, Shangai, China) 

 

 8% Vanillin in methanol (Sangon Biotechnology, Shangai, China) 

 

 Ethyl acetate (Sinopharm Group Co. Ltd., Beijing, China) 

 

 Reagent A 100 ml: 

o Anisaldehyde (Sinopharm Group Co. Ltd., Beijing, China)  0.5 ml 

o Ethyl acetate (Sinopharm Group Co. Ltd., Beijing, China)  99.5 ml 

 

 Reagent B 100 ml: 

o 98% sulphuric acid (Sinopharm Group Co. Ltd., Beijing, China)  50 ml 

o Ethyl acetate (Sinopharm Group Co. Ltd., Beijing, China)  50 ml 

  

3.8.2 Method used for the quantification of saponins 
 

For the saponin assay, both the total and the steroidal saponins were quantified. The total saponin 

content was quantified according to the method of Hiai et al. (1976) and the steroidal saponins 

according to the method of Baccou et al. (1977). Both methods are colorimetric. The steroid 

sapogenin diosgenin, naturally occurring in fenugreek (Raju and  Rao, 2011), was used as standard. 

Its chemical structure is shown in Figure 14. 

 

 

Figure 14: Chemical structure of diosgenin 
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3.8.2.1 Preparation of the saponin extract 

 

Because the samples could not be directly used for colorimetric measurement due to the presence of 

lipids and pigments, crude saponins needed to be extracted. For this, the samples were first defatted 

according to the method of Sanbongi et al. (1998). For the raw materials and the freeze dried 

powders of the water extracts respectively, 10 g and 1 g were weighed on an analytical balance  

(Analytical balance BSA 1245-CW, Satorius). The samples were then transferred to plastic tubes and 

soaked in n-hexane in a ratio of 1:5. The suspension was shaken for 45 minutes at room temperature 

(TS-3D Orbital Shaker, Qilinbeier) and left overnight. Thereafter the suspension was filtered 

(Chemical Analysis Filter Paper 102, Newstar) and the residue remaining was defatted again as 

described above. The defatted samples were dried overnight in a fume hood at room temperature 

followed by drying in a 40°C air-oven (Blue Pard drying oven DHG-9140A, Shangai Yiheng Instruments 

Co. Ltd.) for 1 hour to remove any n-hexane residue still remaining.   

Next, the defatted samples were transferred into a 250 ml Erlenmeyer flask and 50% aqueous 

methanol was added in a ratio of 1:10. The suspension was shaken (TS-3D Orbital Shaker, Qilinbeier) 

overnight at 100 rpm at room temperature. The suspension was transferred to plastic tubes and 

centrifuged (Biofuge Stratos, Heraeus/Thermo Scientific) at 3000 x g for 10 minutes  at 20°C. The 

supernatant was collected. The extraction with the same solvent was repeated 1 more time. Both 

supernatants were combined after centrifugation and filtration was conducted. 

Subsequently, the methanol was evaporated from the solution under vacuum at 42℃ by using a 

rotary evaporator (High quality rotary evaporator RE-5203A, Xi'an Toption Instrument Co., Ltd.). The 

aqueous phase was centrifuged at 3000 x g for 10 minutes (Biofuge Stratos, Heraeus/Thermo 

Scientific) to remove the insolubles. The aqueous phase was then transferred into a separating 

funnel and an equal volume of chloroform was added to extract any pigments left. The concentrated 

saponins were extracted from the aqueous phase with an equal volume of n-butanol (two times). 

The solvent n-butanol was evaporated under vacuum at 45°C. Finally, the dried fraction containing 

crude saponins was dissolved in 5-10 ml of Milli-Q water and the solution was freeze dried (Christ 

Alpha 1-4 LD Freeze Dryer, Fisher Bioblock Scientific). The percent recovery of saponins was 

calculated according to the formula: 

 

%R = (A/B) x 100 

With: 

%R = Theoretical percentage of recovery (%) 

A = Weight of the sample before extraction (mg) 

B = Weight of the sample (= crude saponins) after freeze drying (mg) 
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3.8.2.2 Quantification of total saponins 

 

In order to model the standard curve a series of standard saponin solutions was prepared. To 

prepare the standard curve, 100, 125, 150, 175, 200, 225 and 250 μl of the standard saponin solution 

were placed into test tubes and the volumes were made up to 0.25 ml with 80% aqueous methanol. 

The standard saponin solution was prepared by dissolving 10 mg of diosgenin in 20 ml of 75% 

aqueous methanol. To the aliquots for each tube, 0.25 ml of the vanillin reagent was added. Also 2.5 

ml of 72% sulphuric acid was added slowly on the inner side of the test tube wall. The solutions were 

mixed well and the tubes were transferred to a 60°C water bath (Oilbath ONE, Memmert). After 10 

minutes of incubation, the tubes were cooled on ice for 4 minutes. The absorbance was measured at 

544 nm using a spectrophotometer (Ultraspec 2100 Pro, Amersham Bioscience). 0.1 g of freeze-dried 

sample was dissolved in 0.1 ml of 80% aqueous methanol. A 0.25 mL aliquot was taken for 

spectrophotometric determination of total saponins at 544 nm. This was carried out in duplicate for 

each sample 

 

3.8.2.3 Quantification of steroidal saponins  

 

To prepare a standard curve, respectively 0, 20, 40, 60, 80 and 100 μl of the diosgenin standard 

solution (0.1 mg/mL) was placed in a test tubes and the volume was made up to 2 ml with ethyl 

acetate. The disogenin standard solution was prepared by dissolving 10 mg of disogenin in 100 ml of 

ethyl acetate. 1 ml of reagent A and 1 ml of reagent B were added. After stirring, the test tubes were 

placed at room temperature for 30 minutes. The absorbance was measured at 430 nm using a 

spectrophotometer (Ultraspec 2100 Pro, Amersham Bioscience).   

For the sample determination, a known amount of freeze dried crude saponins was dissolved in 1 ml 

80% aqueous methanol. Suitable aliquots, contain 0-40 μg sapogenin by estimation, were taken into 

test tubes. The test tubes were placed in a boiling water bath (Oilbath ONE, Memmert) for removal 

of alcohol. After cooling, 2 ml of ethyl acetate was added to the test tubes and the 

spectrophotometric determination was conducted at 430 nm against the reagent blank. This was 

carried out in duplicate for each sample 

 

3.9 Quantification of alkaloids 

3.9.1 Reagents needed for the quantification of alkaloids 
 

 Acetic acid (Sinopharm Group Co. Ltd., Beijing, China) 
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 Methanol (Sinopharm Group Co. Ltd., Beijing, China) 

 

 Ammonium hydroxide 30% (Sinopharm Group Co. Ltd., Beijing, China) 

 

 Chloroform (Sinopharm Group Co. Ltd., Beijing, China) 

 

3.9.2 Method used for the quantification of alkaloids 
 

The amount of total alkaloids in the samples was estimated using a gravimetric method proposed by 

Harborne (1984). The steps followed are described below. 

Of the raw materials and the freeze dried powders of the water extracts respectively, 5 and 1 g of 

ground was weighed using an analytical balance (Analytical balance BSA 1245-CW, Satorius). The 

samples were dispersed in 50 ml of 10% acetic acid in methanol and the suspension was shaken in a 

shaking incubator (TS-3D Orbital Shaker, Qilinbeier) at 120 rpm and 30°C for 4 hours. After 

incubation, filtration was conducted using filter paper (Filter Paper No. 389; Sartorius, Goettingen, 

Germany) and the filtrate was evaporated to ¼ of its original volume using a constant stream of 

nitrogen. 

Next, concentrated ammonium hydroxide (30%) was added drop-by-drop to precipitate alkaloids 

from the filtrate (pH 10). The precipitate was collected by centrifugation at 3000 x g for 10 minutes. 

The supernatant was discarded and the pellet was washed wit ammonium hydroxide (1%). The pellet 

was subsequently dissolved in 2 ml of chloroform and the samples centrifuged at 3000 x g for 10 

minutes (3 times) to remove insoluble materials. The chloroform phases were combined and 

transferred to a preweighed plastic tube. The solvent was evaporated under a constant stream of 

nitrogen. 

Finally the content of alkaloids was determined by the weight using the following equation: 

W = A – B 

With: 

W = Alkaloid content (mg) 

A = Weight of test tube + sample after drying (mg) 

B = Weight of test tube (mg) 

 

Every sample was analysed in duplicate and the average was calculated.   
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Chapter 4: Results and discussion 

4.1 Percentage recovery of the water extracts 
 

For each of the 5 protein sources the theoretical average percentage recovery (%R), the standard 

deviation and the standard error with the 95% confidence interval was calculated. Those results are 

given in Table 10. The %R is the average of 6 independent water extractions and it was used further 

in this work to calculate the percentage leakage of the different ANFs. 

 

Table 10: %R of the water extracts after freeze drying for FMR, CGMR, PMR, SBMR and WGMR 

Sample %R 
Standard 

Deviation (%) 
Standard 
Error (%) 

95% Confidence Interval (%) 

FMR 9.22 0.06 0.02 9.17 – 9.27 

CGMR 9.76 0.09 0.04 9.69 – 9.83 

PMR 20.88 0.19 0.08 20.73 – 21.03 

SBMR 29.75 0.61 0.25 29.26 – 30.24 

WGMR 0.95 0.32 0.13 0.69 – 1.21 

 

 

The figures presented in Table 10 are also visualized in Figure 15. The errors bars depicted are set at 

2 times the standard error, thus representing the 95% confidence interval. It can be seen that SBMR 

gave the highest %R with  a value of  29.75 ± 0.61%. The lowest recovery was observed for WGMR, 

only 0.95 ± 0.32 g of freeze dried powder was obtained per 100 g of raw material. This can probably 

be attributed to the formation of a gluten network during the stirring, making the raw material clot 

together which prevented the leeching  of water solubles. Both FMR and CGMR showed to have 

more or less the same %R, 9.22 ± 0.6 % and 9.76 ± 0.09% respectively. PMR had a %R value of 20.88 ± 

0.19%. For all 5 protein sources the standard deviation is relatively small, indicating that the amount 

of water solubles that leeched during the independent water extractions was fairly constant. Also, as 

the extraction parameters (ratio sample/water, temperature, time, stirring rate) were kept constant, 

differences in the percentage recovery for the different raw materials are merely attributed to the 

matrix effect and chemical composition.  

It was expected that the percentage recovery of CGMR and WGMR would be lower than that of PMR 

and SBM as during the production of CGM and WGM steps are included that flush out water solubles 

(section 2.1.3.2 and section 2.1.6.2) 
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Figure 15: %R of the water extracts after freeze drying for FMR, CGMR, PMR, SBMR and WGMR 

 

4.2 Determination of the moisture content 

4.2.1 Determination of the moisture content of the protein meals 
 

The average moisture content of the raw materials, the standard deviation and the standard error 

with the 95% confidence interval can be found in Table 11. Each time, these figures are the average 

of 3 independent determinations. The same data are also visualized in Figure 16. There, the errors 

bars depicted represent the 95% confidence interval. Of the raw materials, SBMR had the highest 

moisture content, specifically 10.96 ± 0.00%. The second highest moisture content  was found in 

PMR with 10.37 ± 0.00. CGMR and WGMR had moisture contents that were quite similar, 8.94 ± 

0.15% and 8.62 ± 0.11 % respectively. With 6.13 ± 0.32%, FMR had the lowest moisture content. As 

can be seen by the error bars the standard deviation was rather small for all materials. Furthermore, 

the moisture content of all raw materials found, based on figures from the literature, seem 

acceptable. For FMR, CGR, PMR, SBMR and WGMR, some averages as found in literature were 8%, 

10%, 11%, 12% and 6% respectively (Feedipedia, 2014). The figures in Table 11 were used to express 

the quantified ANFs on DM. 

 

Table 11: Average moisture content (%) of FMR, CGMR, PMR, SBMR and WGMR 

Sample 
Moisture 

Content (%) 
Standard 

Deviation (%) 
Standard Error 

(%) 
95% Confidence 

Interval (%) 

FMR 6.13 0.32 0.19 5.76 – 6.5 

CGMR 8.94 0.15 0.08 8.77 – 9.11 

PMR 10.37 0.00 0.00 10.36 – 10.37 

SBMR 10.96 0.00 0.00 10.96 

WGMR 8.62 0.11 0.06 8.50 – 8.74 
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Figure 16: Moisture content (%) of FMR, CGMR, PMR, SBMR and WGMR 

 

4.2.2 Determination of the moisture content of the freeze dried water 

extracts 
 

Also the moisture content of the freeze dried water extracts was determined. These results are 

shown in Table 12 and are visualized in Figure 17. Also here, the average moisture content is the 

result of 3 independent determinations and the error bars represent the 95% confidence interval. It 

can be clearly seen that the water content after freeze drying varied more depending on the 

material. CGM and PM had the highest moisture contents, 8.60 ± 0.29% and 7.26 ± 0.54% 

respectively. WGM had the lowest water content with 1.57 ± 0.31%. In between were FM and SBM 

with 5.80 ± 0.63% and 3.56 ± 0.30% respectively. If the standard deviation between the raw material 

and the freeze dried water extracts are compared, it shows that the water content of the freeze 

dried water extracts is more variable. Assumed is that due to the higher hygroscopy of the freeze 

dried powders, which became sticky very quickly after exposure to air, more variation in water 

content was observed during the weighing. Also the figures in Table 12 were used to express the 

ANFs on DM. 

 

Table 12: Average moisture content (%) of FM, CGM, PM, SBM and WGM 

Sample 
Moisture 

Content (%) 
Standard 

Deviation (%) 
Standard Error 

(%) 
95% Confidence 

Interval (%) 

FM 5.80 0.63 0.37 5.08 – 6.51 

CGM 8.60 0.29 0.17 8.27 – 8.92 

PM 7.26 0.54 0.31 6.65 – 7.87 

SBM 3.56 0.30 0.17 3.23 – 3.90 

WGM 1.57 0.31 0.18 1.22 – 1.91 
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Figure 17: Moisture content of the freeze dried water extracts (%) 

 

4.3 Identification of protein 

4.3.1 Seperation of protein using SDS-PAGE 
 

Originally, the plan was to separate the protein in all samples using SDS-PAGE and then cut out the 

band and send them for identification by an extern lab. However, price of analysis per band appeared 

too high to identify all bands. Therefore only a sample of FM and SBM (likely to contain trypsin 

inhibitor) was send to the lab for detection and identification of all protein. 

Figure 18 shows the SDS-PAGE gel run with samples of all raw materials and their freeze dried water 

extract. Some differences in protein profile between raw materials and freeze dried water extract 

exist. 
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Figure 18: SDS-PAGE gel of both raw materials and freeze dried water extracts 

 

For each freeze dried water extract, a gel was run with different concentrations of the sample to get 

clear bands. The best result was  obtained with SBM as is shown in Figure 19. 

 

 

Figure 19: SDS-PAGE gel of SBM at different concentrations 

 

Eventually, these gels were not used for the explained reason. 



60 
 

4.3.2 Identification of protein using HPLC-MS 
 

The complete protein analysis of FM, given in Table 13, showed the presence of 5 major 

protein/peptides. Two came from the Japanese anchovy (Engraulis japonicas), 2 from the Atlantic 

herring (Clupea Harengus) and 1 from the Japanese Sardine (Sardinops melanostictus). 

 

Table 13: Result of the complete protein analysis of FM 

Protein nr. Protein Name 
Protein Mass 

(Da) 

1 myosin light chain 2 [Engraulis japonicus] 19379 

2 
skeletal muscle myosin heavy chain light meromyosin, partial 

[Clupea harengus] 
18991 

3 alpha actin [Clupea harengus] 42291 

4 myosin light chain 3 [Sardinops melanostictus] 18389 

5 hatching enzyme [Engraulis japonicus] 34329 

 

 

For SBM, a similar analysis was done. Here 52 protein/peptides were detected. Although, according 

to literature, SBMR is known to contain some protease inhibitors (section2.2.4.1), no PIs were 

detected in SBM. Maybe leeching of the PIs was limited and levels of PIs in SBM too low for 

detection. However, no physiological effect caused by PIs should be seen upon feeding these water 

extracts since generally at least 5 mg/g PI is needed (El-Sayed et al., 2000). For the complete list of 

protein and peptides detected in SBM is referred to Appendix I. 

 

4.4 Quantification of oligosaccharides 

4.4.1 Quantification of sucrose, raffinose and stachyose in SBMR, SBM, PM 

and CGM 
 

Of the raw materials, only SBMR was analysed for the presence of the indigestible oligosaccharides 

raffinose and stachyose. Of the freeze dried water extracts, SBM, PM and CGM were analysed. In all 

samples, also the digestible oligosaccharide sucrose was quantified. A summary of the data can be 

found in Table 14. The figures are the result of 1 single analysis and are expressed on DM. 
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Table 14: Content of sucrose, raffinose and stachyose (mg/g DM) in SBMR, SBM, PM and CGM 

Sample 
Sucrose 
(mg/g 
DM) 

Raffinose 
(mg/g 
DM) 

Stachyose 
(mg/g 
DM) 

SBMR 76.48 9.10 41.78 

SBM 213.50 25.09 98.51 

PM 492.02 3.67 30.08 

CGM 15.21 0.00 0.00 

 

 

Raffinose and stachyose were both present in SBM(R) and PM. According to literature, the stachyose 

content in Leguminosae species is always higher than that of raffinose. In those species, sucrose is 

the predominant sugar as is also the case here. Raffinose and stachyose content in SBMR ranges, 

depending on varieties and countries, from 1.13-1.55% and 5.50-6.70% DM respectively (Parsons, 

Zhang and Araba, 2000; Gonzàlez et al., 2009). Expressed as mg/g DM this is between 11.3-15.5 mg/g 

DM and 55.0-67 mg/g DM for raffinose and stachyose respectively. The values found here for SBMR 

are slightly below this range. For sucrose, Gonzàlez (2009) reported the range 69.3-81.7 mg/g DM for 

SBMR. The sucrose content of 76.48 found here lies within this range. Salunkhe (1992) also reported 

the presence of stachyose and raffionse in PMR. According to his data, the total oligosaccharide 

content lies around 180 mg/g DM. The share of sucrose, raffinose and stachyose is 142 mg/g DM, 9 

mg/g DM and 15.8 mg/g DM respectively. However, these figures cannot be compared since for 

peanut, only the freeze dried water extract was analyzed. 

The sucrose content of the different samples is visualized in Figure 20. In SBMR, it was 76.48 mg/g 

DM. Of the freeze dried water extracts, PM had the highest sucrose content with 492.02 mg/g DM, 

so almost half of the dry sample. SBM had a sucrose content of 213.5 mg/g DM. The lowest sucrose 

content was found for CGM. Again, the washing steps used during the production process of CGM 

can be cited as a possible explanation of the very low sucrose level of 15.21 mg/g DM. 
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Figure 20: Sucrose content (mg/g DM) in SBM(R), PM and CGM 

 

The raffinose levels found in the different samples is visualized in Figure 21. SBMR had a raffinose 

content of 9.10 mg/g DM. Of the freeze dried water extracts, SBM had the highest level of raffinose 

with 25.09 mg/g DM. PM contained 3.67 mg/g DM. No raffinose was found in CGM. Absence or very 

low levels of this oligosaccharide in CGM was to be expected. In unprocessed corn kernels the 

average raffinose content is 2 mg/g DM (Newtreatments.org, 2014). 

 

 

Figure 21: Raffinose content (mg/g DM) in SBM(R), PM and CGM 

 

The levels of stachyose found in the samples are visualized in Figure 22. The stachyose content of 

SBMR was 41.78 mg/g DM. Of the freeze dried water extracts, SBM contained the highest level, 

namely 98.51 mg/g DM. PM contained 30.08 mg/g DM. No stachyose was detected in CGM, as was 

to be expected. The average stachyose content in unprocessed corn kernels is 0.2% 

(Newtreatments.org, 2014). 
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Figure 22: Stachyose content (mg/g DM) in SBM(R), PM and CGM 

 

4.4.2 Percentage leaking of oligosaccharides during the water extraction 
 

In Figure 23, the percentage leaking of the different oligosaccharides during the water extraction of 

SBMR is shown. These 3 oligosaccharide are water soluble, thus the percentage leaking was expected 

to be high. For sucrose, raffinose and stachyose respectively, a %R of 97.42%, 96.27% and 82.29% 

was found. All 3 oligosaccharide can thus be removed easily from the raw material with water.  

 

 

Figure 23: Percentage leaking (%) of sucrose, raffinose and stachyose during the water extraction of SBMR 
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4.5 Quantification of phytic acid 

4.5.1 Quantification of phytic acid in the protein meals 
 

Figure 24 shows the calibration curve that was used to estimate the PA content in both the raw 

materials and the freeze dried water extracts. Also the equation and the R²-value are displayed. 

Based on the sample absorbance the PA content was calculated using the equation y = 0.0282x (with 

x = absorbance and y = PAP). To get to the PA content, PAP was multiplied by the factor 5.44 (see 

section 3.6.2). The high R²-value of 0.9984 indicates that the calibration curve has a high reliability 

and accuracy and thus could be used to estimate the PA content in the samples. 

 

 

Figure 24: Calibration curve used for the estimation of the PA content 

 

An overview of the PA content in the different protein meals can be found in Table 15, together with 

the standard deviation, the standard error and the 95% confidence interval. The same data are also 

visualized in Figure 25 with the error bars representing the 95% confidence interval.  Each time, the 

PA concentration is the average of 3 independent determinations expressed on DM. Very little 

difference in results was obtained between the multiple analysis, as can be seen by the small 

standard deviations. 

No PA was detected in FMR, which is logic since it is a storage molecule of phosphorous in plants. Of 

the other materials CGMR contained the highest levels of the ANF, namely 15.96 ± 0.04 mg/g DM. 

The lowest concentration of PA was found in WGMR with 4.89 ± 0.04 mg/g DM. PMR and SBMR had 

concentration in between, 18.38 ± 0.04 mg/g DM and 15.79 ± 0.04 mg/g DM. According to figures in 

the literature, levels of PA can vary greatly according to plant varieties and differences in processing. 

To get some sense of order of magnitude, levels that can be found in CGMR, PMR, SBMR and WGMR 

are around 21.06, 22.14, 22.3 and 9.25 (dos Santos and Bedford, 2012). The levels here are lower, 

but still seem acceptable.  
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Table 15: PA content (mg/g DM) in FMR, CGMR, PMR, SBMR and WGMR 

Sample 
PA Content 
(mg/g DM) 

Standard 
Deviation (mg/g 

DM) 

Standard Error 
(mg/g DM) 

95% Confidence 
Interval (mg/g 

DM) 

FMR 0.00 0.00 0.00 0.00 

CGMR 15.96 0.04 0.02 15.92 – 16.01 

PMR 18.38 0.04 0.02 18.33 – 18.42 

SBMR 15.79 0.04 0.03 15.73 – 15.84 

WGMR 4.83 0.04 0.02 4.78 – 4.87 

 

 

 

Figure 25: PA content (mg/g DM) of FMR, CGMR, PMR, SBMR and WGMR 

 

4.5.2 Quantification of phytic acid in the freeze dried water extracts 
 

For the freeze dried water extracts, an overview of the PA contents is shown in Table 16. A 

visualization of this data can be found in Figure 26. Also here the error bars represent the 95% 

confidence interval. The PA content is the average of 3 determinations expressed on DM. Also here 

the standard deviations are very low, indicating little variation between the calculated values of the 

independent determinations.  

No PA was detected in FM. Just as for the raw materials CGM, PM, SBM and WGM contain PA levels 

in an descending order. In CGM a level of 36.88 ± 0.00 mg/g DM was observed. In PM this was 28.49 

± 0.08 mg/g DM. SBM contained 20.58 mg/g DM and WGM 2.70 mg/g DM. 
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Table 16: PA content (mg/g DM) in FM, CGM, PM, SBM and WGM 

Sample 
PA Content 
(mg/g DM) 

Standard 
Deviation (mg/g 

DM) 

Standard Error 
(mg/g DM) 

95% Confidence 
Interval (mg/g 

DM) 

FM 0.00 0.00 0.00 0.00 

CGM 36.88 0.00 0.00 36.88 

PM 28.49 0.08 0.04 28.40 – 28.58 

SBM 20.58 0.04 0.02 20.54 – 20.63 

WGM 2.70 0.00 0.00 2.70 

 

 

 

Figure 26: PA content (mg/g DM) of FM, CGM, PM, SBM and WGM 

 

4.5.3 Percentage leaking phytic acid during the water extraction 
 

In Figure 27, the percentage leaking of PA during the water extraction of CGMR, PMR, SBMR and 

WGMR is shown. The error bars represent the 95% confidence interval.   The leaking of PA from PMR 

is the highest, namely 32.37 ± 0.08%. The least leakage occur from WGMR, only 0.53 ± 0.00%.  22.55 

± 0.00% of the PA leached from CGMR during the water extraction. For SBMR this was 4.38 ± 0.04%. 

At room temperature, PA itself is a liquid that is miscible with water. In its salt forms (phytates), as it 

is present in the plant materials, it becomes insoluble. Different salt have different solubilities. 

Possibly different phytates and/or ratios occur in the different materials, which may explain why 

some are more easily extracted with water. Also matrix effect will play a role. 
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Figure 27: Percentage leaking (%) of PA during the water extraction of FMR, CGMR, PMR, SBMR and WGMR 

 

4.6 Quantification of tannins 

4.6.1 Quantification of tannins in the protein meals 
 

Figure 28 shows the standard curve that was used for the estimation of the tannin content 

(expressed as tannic acid (TA) equivalents) in the samples. The high R² value of 0.9981 shows that 

this model is a good estimator of the tannin content. The equation y = 0.0154x (with x = absorbance 

and y = TA in mg/ml) was used to estimate the TA content in both the raw materials and the freeze 

dried water extracts. 

 

 

Figure 28: Standard curve used for the estimation of the tannin content (TA equivalents) 

 

The data of the TA content in the protein meals are summarized in Table 17. Also the standard error 

with the 95% confidence interval was calculated. A visualization of these data can be found in Figure 

29. There, the error bars represent the 95% confidence interval. The tannin content is expressed as 
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TA equivalents and is the average of 3 independent determinations. As with the result of PA, for TA 

the result of the independent determinations varied little as is indicated by the small standard 

deviations. 

 

Table 17: Tannin content (TA mg/g DM) of FMR, CGMR, PMR, SBMR and WGMR 

Sample 
Tannin Content 
(TA mg/g DM) 

Standard 
Deviation (TA 

mg/g DM) 

Standard Error 
(TA mg/g DM) 

95% Confidence 
interval (TA/ 

mg/g DM) 

FMR 0,06 0,04 0.02 0.02 – 0.10 

CGMR 6,30 0,05 0.03 6.24 – 6.35 

PMR 10,23 0,02 0.01 10.20 – 10.26 

SBMR 2,76 0,06 0.04 2.69 – 2.84 

WGMR 2,68 0,00 0.00 2.68 

 

 

The highest level of TA was found in PMR with 10.23 ± 0.02 mg/g DM. The second highest 

concentration of 6.30 ± 0.05 mg/g DM was observed for CGMR.  SBMR and WGMR had very similar 

TA levels, 2.76 ± 0.06 mg/g DM and 2.68 ± 0.00 mg/g DM respectively. Oddly enough, also a low 

concentration of TA was recorded for FMR, namely 0.06 mg/g DM. As tannins are metabolites usually 

found in plants, possible contamination of the FMR with plant materials occurred. Another possible 

explanation could be that the Dennis-Folin reagent used for the formation of a blue reaction product 

(section 3.7.2) also reacts with phenolic compounds other than tannins which do occur in samples of 

animal origin (e.g. thyrosine and estradiol). To make a distinction between the different types of 

phenolic compounds, more advanced techniques should be used such as liquid chromatography. 

Another alternative is to add an additional step to the protocol used now where absorbance using 

the Folin-Denis reagent is measured both before and after the precipitation of tannins in the sample 

(Bajaj and Devsharma, 1977). Also a method that makes a distinction between the level of 

hydrolysable and condensed tannins may be preferable since the anti-nutritional effect of both 

tannin groups is different as discussed earlier in the literature review (section 2.2.5.3). As for all 

metabolites in plant-derived products, the concentration depends on multiple factors such as plant 

variety, cultivation circumstances and processing. To get an idea about the order of magnitude, some 

figures of TA levels in different meals of vegetable origin are given. In CGMR 4.0 mg/g DM, in PMR 

0.5 mg/g DM and in SBM 3.6 g/mg DM (feedipedia.org, 2014). For PMR this is well below the TA 

concentration observed here. For SBMR this is more or less the same. The concentration found here 

for CGMR is somewhat lower. No figure for the TA content in WGMR was found. 
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Figure 29: Tannin content (mg/g DM) of FMR, CGMR, PMR, SBMR and WGMR 

 

4.6.2 Quantification of tannins in the freeze dried water extracts 
 

An overview of the result for the determination of the tannin content in the freeze dried water 

extracts is given in Table 18. Also her the tannin content is the average of 3 determinations. The 

same data are visualized in Figure 30. The error bars represent the 95% confidence interval. 

 

Table 18: Tannin content (Tannic acid mg/g DM) of FM, CGM, PM, SBM and WGM 

Sample 
Tannin Content 

(Tannic acid 
(mg/g DM) 

Standard 
Deviation 

(Tannic acid 
mg/g DM) 

Standard Error 
(Tannic acid 
mg/g DM) 

95% Confidence 
Interval (Tannic 
acid mg/g DM) 

FM 0.52 0.02 0.01 0.49 – 0.55 

CGM 16.71 0.02 0.01 16.68 – 16.74 

PM 7.28 0.02 0.01 7.25 – 7.31 

SBM 5.23 0.02 0.01 5.20 – 5.25 

WGM 4.51 0.02 0.01 4.48 – 4.53 

 

Of all the freeze dried water extracts, the highest level of tannic acid was found in CGM with 16.71 ± 

0.02 mg/g DM. As for the protein meal, also in FM some TA was detected in a low concentration of 

0.52 ± 0.02 mg/g DM. In PM the level of tannic acid was 7.28 ± 0.02 mg/g DM.  For SBM and WGM 

this was 5.23 ± 0.02 mg/g DM and 4.51 ± 0.02 mg/g DM respectively. 
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Figure 30: Tannin content (tannic acid mg/g DM) of FM, CGM, PM, SBM and WGM 

 

4.6.3 Percentage leaking of tannins during the water extraction 
 

By virtue of their chemical structure, tannins are water soluble (except for some high molecular 

weight condensed tannins) (Ansci.cornell.edu, 2014). A high percentage leaking was expected. On 

viewing the result of the leaching, depicted in Figure 31, this is not the case for all materials. The 

error bars represent the 95% confidence interval. The highest percentage leaking was found for FMR, 

namely 80.19 ± 3.54%. Also SBMR leached quite high a percentage of its tannins with 60.95 ± 2.64%. 

CGMR, PMR and WGMR leached 26.00 ± 0.04%, 15.37 ±0.05% and 1.72 ± 0.01% respectively. The 

lower level of leaching than expected might be due to the formation of insoluble tannin-protein 

complexes in the meals. 

 

 

Figure 31: Percentage leaking of tannins during the water extraction (%) 
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4.7 Quantification of saponins 

4.7.1 Percentage recovery of crude saponins 
 

In Table 19, the % recovery of crude saponins from both the protein meals and the freeze dried 

water extracts is presented. Because of the many steps in the extraction protocol (section 3.8.2.1) 

and the limited supply of freeze dried extracts, each sample was only extracted once. The highest 

recovery was found for CGM, the lowest for FMR. This % recovery was used to calculate the total 

amount of saponins in the sample after determination of the saponin content in the crude saponin 

extract. 

 

Table 19: Crude saponin extract recovery (%) 

Sample 
Crude saponin extract 

recovery (%) 

FM 25.55 

FMR 2.17 

CGM 53.4 

CGMR 31.75 

PM 18.90 

PMR 11.29 

SBM 28.16 

SBMR 11.33 

WGM 40.81 

WGMR 6.97 

 

The further determination of saponins was split up in total saponins and steroidal saponins.  

 

4.7.2 Quantification of total saponins and steroidal saponins in the protein 

meals 
 

Figure 32 shows the standard curve that was used for the estimation of the total saponin content in 

the samples. The high R² value of 0.9907 shows that this model is a good estimator of the total 

saponin content. The equation y = 41.007x (with x = absorbance and y = Total saponins (mg/ml)) was 

used to estimate the total saponin content in both the protein meals and the freeze dried water 

extracts 



72 
 

 

Figure 32: Standard curve used for the estimation of total saponin content 

 

Figure 33 shows the standard curve that was used for the estimation of the steroidal saponin content 

in the samples. The high R² value of 0.9918 shows that also this model is a good estimator. The 

equation y = 21.287x (with x = absorbance and y = Steroidal saponins (mg/ml)) was used to estimate 

the steroidal saponin content in both the protein meals and the freeze dried water extracts. 

 

 

Figure 33: Standard curve used for the estimation of the steroidal saponin content 

 

Table 20 shows an overview of the saponin content, both total and steroidal, in the protein meals. 

The saponin content is the average of 2 determinations. The same data are visualized in Figure 34 

with the error bars representing the 95% confidence interval. 
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Table 20: Total and steroidal saponin (mg/g DM) of FMR, CGMR, PMR, SBMR and WGMR. 

Sample 
 

Saponin 

Content 

(mg/g DM) 

Standard 

Deviation 

(mg/g DM) 

Standard 

Error (mg/g 

DM) 

95% 

Confidence 

Interval 

(mg/g DM) 

FMR Total 0.00 0.00 0.00 0.00 

 
Steroidal 0.00 0.00 0.00 0.00 

CGMR Total 0.45 0.02 0.01 0.42 – 0.48 

 
Steroidal 0.42 0.02 0.01 0.39 – 0.45 

PMR Total 4.17 0.03 0.02 4.13 – 4.21 

 
Steroidal 1.95 0.07 0.05 1.85 - 2,05 

SBMR Total 4.41 0.39 0.28 3.87 – 4.95 

 
Steroidal 2.11 0.35 0.25 1.62 – 2.60 

WGMR Total 2.79 0.00 0.00 2.79 

 
Steroidal 2.78 0.04 0.03 2.72 – 2.84 

 

 

No saponins were detected in FMR, as was to be expected. The highest level of total saponins was 

detected in SBMR, namely 4.41 ± 0.39 mg/g DM. However since the error bars of SBMR and PMR 

overlap, it cannot be concluded that there is a significant difference between the 2 materials. The 

level of total saponins in PMR was 4.14 ± 0.03 mg/g DM. The lowest level of total saponins was found 

in CGMR with a value of 0.45 ± 0.02 mg/g DM. WGMR contained 2.79 mg/g DM. For steroidal 

saponins, the lowest concentration was found in CGMR, namely 0.42 ± 0.02 mg/g DM. This is more or 

less the same as total saponins for that material. Similar concentrations of steroidal saponins were 

found in PMR and SBMR, 1.95 ± 0.04 mg/g DM and 2.11 ± 0.35 mg/g DM. For both materials, this is 

about half of the total saponins. The steroidal saponin content in WGMR was 2.78 ± 0.04 mg/g DM, 

almost the exact same number as found for total saponin concentration. 
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Figure 34: Total saponin (mg/g DM) and steroidal saponin (mg/g DM) in FMR, CGMR, PMR, SBMR and WGMR 

 

4.7.3 Quantification of total saponins and steroidal saponins in the freeze 

dried water extracts 
 

Table 21 shows an overview of the saponin levels in the freeze dried water extracts. The saponin 

concentration, both steroidal and total, is the average of 2 determinations. The same data are 

visualized in Figure 35 with the error bars representing the 95% confidence interval. 

 

Table 21 Total and steroidal saponin (mg/g DM) of FM, CGM, PM, SBM and WGM 

Sample 
 

Saponin 
Content 

(mg/g DM) 

Standard 
Deviation 

(mg/g DM) 

Standard 
Error (mg/g 

DM) 

95% 
Confidence 

Interval 
(mg/g DM) 

FM Total 4.74 0.03 0.02 4.70 – 4.78 

 
Steroidal 1.41 0.06 0.04 1.33 – 1.49 

CGM Total 2.98 0.02 0.01 2.95 – 3.01 

 
Steroidal 0.21 0.01 0.01 0.09 – 0.11 

PM Total 1.50 0.13 0.09 1.32 – 1.68 

 
Steroidal 0.21 0.01 0.01 0.20 – 0.22 

SBM Total 1.96 0.01 0.01 1.95 – 1.97 

 
Steroidal 1.30 0.00 0.00 1.3 

WGM Total 0.27 0.00 0.00 0.27 

 
Steroidal 0.18 0.002 0.00 0.18 

 

Both total saponins and steroidal saponins were the highest in FM. This value is not possible since 

sapponins are not produces by animals. Therefore some other component in FM has to be 

responsible for the formation of a colour product that was detected during photospectrometric 

measurement (section 3.8.2.2). Since no saponins were detected in FMR, maybe this is the result of 
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breakdown of some components in freeze dried water extract. Of the plant protein sources, CGMR 

had the highest level of total saponins, namely 2.98 ± 0.02 mg/g DM. The lowest level was found in 

WGM with a value of 0.27 ± 0.00 mg/g DM. In between there were PM and SBM with total saponin 

concentration of 1.50 ± 0.13 mg/g DM and 1.96 ± 0.01 mg/g DM respectively. The levels of steroidal 

saponins are lower for all materials. With a value of 1.30 ± 0.00 mg/g DM, the concentration in SBM 

was the highest. CGM and had the same concentration, 0.21 ± 0.01 mg/g DM. Also the concentration 

in WGM was similar with a value of 0.18 ± 0.002 mg/g DM. 

 

 

Figure 35: Total saponin (mg/g DM) and steroidal saponin (mg/g DM) in FM, CGM, PM, SBM and WGM 

 

4.7.4 Percentage leaking of total saponins and steroidal saponins during the 

water extraction 
 

In Figure 36, the percentage leaking of total and steroidal saponins during the water extraction of the 

raw materials is visualized. The error bars represent the 95% confidence interval.  Saponins are 

composed of both a lipophilic and hydrophilic part. They are soluble in water. However, only a high 

percentage of leaking of total saponins was seen for CGMR with 65.41 ± 0.33%. Steroidal saponins in 

CGM leached for 4.95 ± 0.26%. the percentage leaking of total saponins for PMR, SBMR and WGMR 

was 7.79 ± 0.66%, 14.30 ± 0.07% and 0.10 ± 0.00% respectively. For the steroidal saponins, this was 

2.27 ± 0.08%, 19.94 ± 0.07% and 0.07 ± 0.00% respectively. 
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Figure 36: Percentage leaking of total and steroidal saponins from the raw materials during the water extraction (%) 

 

4.8 Quantification of alkaloids 

4.8.1 Quantification of alkaloids in the protein meals 
 

The results for the determination of the alkaloid content in the protein meals are given in Table 22. 

The same data are depicted in Figure 37. The error bars represent the 95% confidence interval. 

Compared to the assays of the other ANFs, here the standard deviations are noticeably larger. This is 

probably due to the fact that the used protocol includes a lot of sample preparation to isolate the 

alkaloids. 

 

Table 22: Alkaloid content (mg/g DM) of FMR, CGMR, PMR, SBMR and WGMR 

Sample 
Alkaloid content 

(mg/g DM) 

Standard 
Deviation (mg/g 

DM) 

Standard Error 
(mg/g DM) 

95% Confidence 
Interval (mg/g 

DM) 

FMR 9.27 0.26 0.18 8.91 – 9.62 

CGMR 4.15 0.35 0.24 3.67 – 4.62 

PMR 6.27 0.24 0.17 5.94 – 6.59 

SBMR 11.36 0.30 0.21 10.95 – 11.77 

WGMR 6.46 0.91 0.64 5.20 – 7.72 

 

 

According to the results SBMR contained the most alkaloids, namely 11.36 ± 0.30 mg/g DM. The 

second highest alkaloid content was found in FMR with a concentration of 9.27 ± 0.26 mg/g DM. 

With 4.15 ± 0.35 mg/g DM, CGMR contained the lowest amount of alkaloids. In PMR and WGMR, an 

alkaloid level of 6.27 ± 0.24 mg/g DM and 6.46 ± 0.91 mg/g DM was found respectively. Overlap of 
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the error bars shows no significant difference between the 2 meals. No clear figures were found 

investigating the total alkaloid content in any of the used materials. However, in general, alkaloid 

concentrations above 5%, thus 50 mg/g DM, give a bitter taste and thus reduce palatability. None of 

the values found here reaches that threshold. 

Originally, there was the intention to further separate the alkaloid extract (section 3.9.2) and identify 

the alkaloid classes in the different materials. However, due to the high price of the TLC plates, this 

experiment was not done. 

To be able to tell more about possible toxicological effects, feeding experiment with alkaloids should 

be conducted. Result will depend both on the source of the alkaloids an the target organism. 

 

 

Figure 37: Alkaloid content (mg/g DM) in FMR, CGMR, PMR, SBMR and WGMR 

 

4.8.2 Quantification of alkaloids in the freeze dried water extracts 
 

The results of the alkaloid determination in the freeze dried water extracts are presented in Table 23. 

The alkaloid content is the average of 2 determinations. A visualization of those results can be found 

in Figure 38, with the error bars representing the 95% confidence interval.  
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Table 23: Alkaloid content (mg/g DM) of FM, CGM, PM, SBM and WGM 

Sample 
Alkaloid Content 

(mg/g DM) 

Standard 
Deviation (mg/g 

DM) 

Standard Error 
(mg/g DM) 

95% Confidence 
Interval (mg/g 

DM) 

FM 16.41 1.62 1.14 14.17 – 18.65 

CGM 15.81 0.22 0.15 15.51 – 16.12 

PM 18.69 0.72 0.51 17.69 – 19.70 

SBM 18.09 1.51 1.07 16.00 – 20.18 

WGM 24.85 1.52 1.08 22.74 – 26.97 

 

 

The highest alkaloid level was found in WGM, namely 24.85 ± 1.52 mg/g DM. Due to overlap of the 

error bars of FM and CGM, it cannot be said with certainty that CCM actually contained the lowest 

amount of alkaloids with a value of 15.81 ± 0.22 mg/g DM. Also no significant difference in alkaloid 

concentration in FM, PM and SBM was observed with values of 16.41 ± 1.62 mg/g DM, 18.96 ± 0.72 

mg/g DM and 18.09 ± 1.51 mg/g DM. 

 

 

Figure 38: Alkaloid content (mg/g DM) in the freeze dried water extracts FM, CGM, PM, SBM and WGM 

 

4.8.3 Percentage leaking of alkaloids during the water extraction 
 

The percentage leaking of alkaloids during the water extraction of the protein meals is shown in 

Figure 39. A lot of variation exist between the different materials. The highest percentage leaking 

occurred from PMR, namely 64.45 ± 2.50%. WGMR leaked the least with 3.94 ± 0.24%. FMR, CGMR 

and SBMR leached alkaloids in an ascending percentage. This was 16.38 ± 1.62 mg/g DM, 37.37 ± 

0.52 mg/g DM and 51.32 ± 4.28 mg/g DM. 
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As already discussed in the literature review (section 2.2.7.1), alkaloids are characterized by a great 

structural diversity. A such solubility is highly depended on the chemical structure of individual 

components. Many alkaloids dissolve poorly in water and good in organic solvents. Other alkaloids 

such as caffeine are highly water soluble. Alkaloid can also react with acids to form salt which are 

usually soluble in water. The difference in percentage leaking of alkaloids for the different materials 

is thus probably attributed to the different alkaloids occurring in the different materials. Also matrix 

effect such as the formation of a gluten network in WGMR will play an important role. 

 

 

Figure 39: Percentage leaking of alkaloids during the water extraction (%) 
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Chapter 5: Conclusion 

 

In this conclusion, the most important results are summarized.  

Originally, it was the plan to separate the protein via SDS-PAGE and send out the individual bands for 

identification. Due to the high cost per band, instead, the whole sample of FM and SBM was send for 

identification of protein via HPLC-MS. No PIs were detected. SBMR is known to contain some PIs. 

Possibly, no or very little PIs leeched during the water extraction of SBMR,. 

In general, PMR and SBMR leeched the most water solubles, around 20.88 ± 0.19 % and 29.75 ± 

0.61% respectively. WGM consistently leeched the least amount of water solubles with a value of 

0.95 ± 0.32%. The latter was ascribed to the washing of solubles during the production process and 

the formation of a dense gluten network during the extraction, most of the remaining solubles. 

Of CGM, PM, SBMR and SBM only CGM contained no raffinose and stachyose. For both those 

indigestible saccharides, levels in PM (3.67 and 30.08 mg/g DM respectively) were lower than those 

found in SBM (25.09  and 98.51 mg/g DM respectively). As for SBMR the %R after extraction of 

raffinose ( 96.27%) and stachyose (82.29%) was high, it can be concluded that these indigestible 

oligosaccharides can be removed easily with water. 

PA was detected in all samples, except for FMR and FM. Of the protein meals, PM contained the 

most PA with a value of 18.38 ± 0.04 mg/g DM. Of the water extracts, CGM contained the most PA, 

namely 36.88 ± 0.00 mg/g DM. Both WGMR and WGM contained the least PA with a value of 4.83 ± 

0.04 and 2.70 ± 0.00 mg/g DM respectively. Water extraction was best able to remove PA from PMR 

and CGMR, 32.37 ± 0.08% and 22.55 ± 0.00% of PA content respectively. For both SBM and WGM this 

was below 5%. 

The highest level of TA was found in PMR with 10.23 ± 0.02 mg/g DM. WGMR had the lowest TA level 

with a value of 2.68 ± 0.00 mg/g DM, but very similar to the level of 2.76 ± 0.06 mg/g DM found in 

SBMR. Of the freeze dried water extracts, CGM contained the most TA, namely 16.71 ± 0.02 mg/g 

DM. WGM contained the least TA with a value of 4.51 ± 0.02. No TA should have been detected in 

FMR and FMR. However the assay showed some presence of TA, leading to the conclusion that 

contamination with plant materials happened or that other molecules in FMR, that also reacted with 

the Dennis-Follin reagent, were present.  TA was best extracted from SBMR, namely 60.95 ± 2.64%. 

In the other materials this was lower, although most tannins are water soluble. Possibly the 

formation of insoluble tannin-protein complexes within the protein sources can be used as an 

explanation. 

For the protein meals, the highest level of total saponins was detected in SBMR, namely 4.41 ± 0.39 

mg/g DM. The lowest level of total saponins was found in CGMR with a value of 0.45 ± 0.02 mg/g 
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DM. The steroidal saponin content in WGMR was the highest, 2.78 ± 0.04 mg/g DM, almost the exact 

same number as found for total saponin concentration. the lowest concentration was found in CGMR 

with a value of 0.42 ± 0.02 mg/g DM. Of the plant protein sources, CGMR had the highest level of 

total saponins, namely 2.98 ± 0.02 mg/g DM. The lowest level was found in WGM with a value of 0.27 

± 0.00 mg/g DM. Water was best able to extract total saponins from CGMR, namely 65.41 ± 0.33% 

and steroidal saponins from SBMR, namely 19.94 ± 0.07%. 

Of the protein meals SBMR contained the most alkaloids, namely 11.36 ± 0.30 mg/g DM. With 4.15 ± 

0.35 mg/g DM, CGMR contained the lowest amount of alkaloids. Of the freeze dried water extracts, 

the highest alkaloid level was found in WGM, namely 24.85 ± 1.52 mg/g DM. The other extracts 

showed similar levels of alkaloids. The highest percentage leaking occurred from PMR, namely 64.45 

± 2.50%. WGMR leaked the least with 3.94 ± 0.24%. 

In general, differences in the %R of the same ANFs between the different samples are ascribed to 

matrix effects ant the presence of different form of a particular ANF, such as the different phytates, 

with different solubilities.  The methods used in this work for the detection of tannins and saponins 

are probably not suitable for use on ingredients of animal origin since both type of molecules were 

‘detected’ in FMR where presence seems unlikely. Use of other techniques (e.g. liquid 

chromatography for separation and mass spectroscopy for identification/quantification)  with higher 

sensitivity and accuracy may be preferable. 

To allocate more meaning to the results in this work, it is necessary to do additional experiment in 

the future. feeding experiment are needed to link the presence of these anti-nutritional factors to 

palatability and to investigate the effect of the anti-nutritional factors of a particular protein source 

on the physiology of fish. Also possible interactions between ANFs should be taken into account. 
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Appendices 

 

Appendix 1: List of protein and peptides found in SBM 

Protein Number Protein Name Protein Mass (Da) 

1,1 
glycinin subunit G2 [Glycine 

max] 
54927 

1,2 
glycinin A5A4B3 precursor 

[Glycine max] 
64215 

1,3 

Chain A, Crystal Structure Of 
Recombinant Soybean 

Proglycinin A3b4 Subunit, 
Responsible For Hexamer 

Assembly 

55914 

1,4 

RecName: Full=Glycinin; 
Contains: RecName: 

Full=Glycinin A3 subunit; 
Contains: RecName: 

Full=Glycinin B4 subunit; Flags: 
Precursor 

58377 

1,5 

RecName: Full=Glycinin G1; 
Contains: RecName: 

Full=Glycinin A1a subunit; 
Contains: RecName: 

Full=Glycinin Bx subunit; Flags: 
Precursor 

56299 

1,6 

RecName: Full=Glycinin G3; 
Contains: RecName: 

Full=Glycinin A subunit; 
Contains: RecName: 

Full=Glycinin B subunit; Flags: 
Precursor 

54835 

2,1 
alpha subunit of beta 

conglycinin [Glycine max] 
63184 

2,2 
beta-conglycinin alpha prime 

subunit [Glycine max] 
72469 

2,3 

Chain A, Crystal Structures Of 
Recombinant And Native 

Soybean Beta-Conglycinin Beta 
Homotrimers Complexes With 

N-Acetyl-D-Glucosamine 

47879 

2,4 
beta-conglycinin beta subunit 

[Glycine max] 
50010 

3 
maturation-associated protein 

[Glycine max] 
23700 

4,1 
maturation protein [Glycine 

max] 
25644 

4,2 dehydrin [Glycine max] 25370 
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5,1 
51 kDa seed maturation protein 

[Glycine max] 
51065 

5,2 Lea protein [Glycine max] 49484 

6 
seed maturation protein PM25 

[Glycine max] 
25827 

7,1 
PREDICTED: sucrose-binding 

protein-like [Glycine max] 
58353 

7,2 
sucrose-binding protein 2 

[Glycine max] 
56082 

8 unknown [Glycine max] 24388 

9,1 
PREDICTED: embryonic protein 

DC-8-like [Glycine max] 
48766 

9,2 
late embryongenesis abundant 

protein [Glycine max] 
50613 

10 
maturation protein pPM32 

[Glycine max] 
18871 

11 
seed maturation protein PM41 

[Glycine max] 
8230 

12 
2S albumin pre-propeptide 

[Glycine max] 
19018 

13 unknown [Glycine max] 12229 
14 dehydrin [Glycine max] 17310 

15 
PREDICTED: beta-conglycinin, 
alpha chain-like [Glycine max] 

68392 

16 
PREDICTED: late embryogenesis 
abundant protein-like [Glycine 

max] 
14861 

17 
seed maturation protein PM35 

[Glycine max] 
10055 

18 
unnamed protein product 

[Glycine max] 
16762 

19 
seed maturation protein PM28 

[Glycine max] 
9506 

20 
PREDICTED: 60S acidic 

ribosomal protein P2B-like 
[Glycine max] 

15350 

21 
PREDICTED: LOW QUALITY 

PROTEIN: em protein H5-like 
[Glycine max] 

10195 

22 unknown [Glycine max] 22116 

23 
35 kDa seed maturation protein 

[Glycine max] 
35320 

24 LEA protein [Glycine max] 67894 

25 

RecName: Full=Lectin; 
AltName: Full=Agglutinin; 
AltName: Full=SBA; Flags: 

Precursor 

30909 

26 
seed maturation protein PM24 

[Glycine max] 
26938 

27 unknown [Glycine max] 11439 
28 PREDICTED: globulin-1 S allele- 71984 
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like [Glycine max] 

29 
p24 oleosin isoform A [Glycine 

max] 
23487 

30 
PREDICTED: uncharacterized 

protein LOC100796068 [Glycine 
max] 

9428 

31 
PREDICTED: uncharacterized 

protein LOC100798067 [Glycine 
max] 

18556 

32 unknown [Glycine max] 36133 

33 
seed maturation protein PM30 

[Glycine max] 
15145 

34 unknown [Glycine max] 10071 

35 
putative 18 kDa late 

embryogenesis abundant 
protein [Glycine max] 

17595 

36 
basic 7S globulin isoform 

[Glycine max] 
47859 

37 

PREDICTED: DNA-damage-
repair/toleration protein 

DRT111, chloroplastic-like 
[Glycine max] 

43153 

38 
PREDICTED: TMV resistance 
protein N-like [Glycine max] 

177992 

39 
PREDICTED: uncharacterized 

protein LOC100808941 [Glycine 
max] 

16198 

40 
RecName: Full=P24 oleosin 

isoform B; AltName: Full=P91 
23378 

41 
PREDICTED: zinc finger CCCH 

domain-containing protein 48-
like [Glycine max] 

47194 

42 
napin-type 2S albumin 1 
precursor [Glycine max] 

18393 

43 
PREDICTED: leucine-rich repeat 
receptor protein kinase EXS-like 

[Glycine max] 
63539 

44 
PREDICTED: F-box protein 

At1g30790-like [Glycine max] 
46050 

45 
PREDICTED: uncharacterized 

protein LOC100796980 [Glycine 
max] 

93911 

46 
PREDICTED: TMV resistance 
protein N-like [Glycine max] 

130116 

47 unknown [Glycine max] 10365 

48 

PREDICTED: type I inositol 
1,4,5-trisphosphate 5-

phosphatase 2-like isoform X1 
[Glycine max] 

72030 

49 
PREDICTED: probable inactive 

receptor kinase At4g23740-like 
65706 
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[Glycine max] 

50 
unnamed protein product 

[Glycine max] 
65301 

51 unknown [Glycine max] 40564 

52 
PREDICTED: transcription factor 

GTE4-like [Glycine max] 
107100 

 

 

 

 


