REVIEW OF LITERATURE

HISTORYCAL BACKGROUND OF PREBIOTICS:
The concept that prebiotic addition enhances human health has been the thrust area of research of the recent years.  Prebiotics in an indirect way improve the intestinal microflora and it is being increasingly accepted that the colonic microbiota may play an important role in the maintenance of host health.  The consideration that many potentially health promoting bacteria, such as Bifidobacteria spp. and Lactobacillus spp. are already reside in the colon (Gibson and Roberfroid, 1995) has introduced the concept of prebiotic.  The concept of prebiotics lies in the fact that the principal substrates for bacterial growth are present in the dietary sources and that these have to be incorporated in the diet (Wang and Gibson, 1993).

The term ‘prebiotic’ was first coined by (Gibson and Roberfroid, 1995). They defined prebiotics as a “non-digestible food ingredient that beneficially affect the host by selectively stimulating the growth and/or activating   one or a limited number of bacteria in the colon”.

CRITERIA FOR PREBIOTIC
          Based on the definition, (Russell et al,2001) proposed the criteria for prebiotic. 
 It includes (a) is a dietary ingredient,
 (b) reaches the large intestine in an intact form,
 (c) has a specific metabolism therein, one directed towards beneficial rather than harmful bacteria and ultimately leads to a marked change in the gut microflora composition.  
The food ingredient to be considered as a prebiotic must be non-digestible by host enzymes, it must be fermented in the lower gastro-intestinal tract and it must possess selectivity in stimulation of intestinal flora (Hidaka et al., 1986; and Hirayama et al., 1989).

mode of action

Various theories have been proposed with regard to the mode of action of prebiotics that have been reviewed below.

1. Promoting the growth of beneficial microbes

Prebiotics promotes growth of beneficial microflora by being their substrate. The prebiotics substances are partially or totally resistant to attack by host digestive enzymes and thus are able to reach the colon, where they can interact with micoflora and intestinal membrane cells (Hopkins et al, 1998).  Hence, they are used specifically as substrate by beneficial intestinal bacteria, like Bifidobacteria or Lactobacilli spp. (Jonsson et al., 2001) but not by pathogenic  microorganisms (Oyarzabal et al, 1997).

The effects of dietary oligosaccharides are very close to the effect of bifidogenic factors such as N-acetyl glucosamine and lactulose (Modler et al., 1990).

Galactooligosaccharides are metabolized by Bifidobacteria, Lactobacillus and Bacteroides spp. (Kohmoto et al., 1991) while they are poorly used as substrate by Clostridia spp, Eubacteria spp, Enterobacteria spp. and Coliforms.
2. Biological interactions 

Protein – carbohydrate interactions are involved in most of the specific biological recognition process (Sharon and Lis, 1993).  The oligosaccharides are able to interact with protein receptor found on the surface of microbial cells and intestinal brush border cells.  Cell surface carbohydrates are primarily responsible for cell recognition.  Bacteria have lectins (proteins or glycoprotein) on the cell surface that recognize specific sugars and allow the cell to attach to that sugar.  These sugars can be found on epithelial cell surface.  Binding of Salmonella spp, E.Coli and Vibrio cholerae have been shown to be mediated by a mannose-specific lectin like substance  on the bacterial cell surface.

Mannanoligosaccharides are thought to block the  attachment of pathogenic bacteria to the animals intestine and colonization that may result in the attachment of microbial cell to mucosal surfaces. This is an initial step of pathogenicity, which  is based on the specific interaction between surface protein of bacteria and carbohydrate moieties from glycolipids on glycoprotein of mucosal  surface ( Oyofo et al., 1989).

The α –D mannose units of gut surface are specifically required by fimbrial lectin of E.Coli, Salmonella spp. which allows cell adhesion and pathogenicity (Oyofo et al., 1989, Oyarzabal et al,1997). α-D Mannose in feeds interferes with this recognition process (Mirelman et al., 1980).

3. Stimulation of Immune response

The oligosaccharides activate macrophages and stimulate T-cells and increase the activity against infectious diseases and tumours. Macrophages possess protein receptors  specific for D-Mannose and these receptors are found not only on the surface of cells but also intracellularly and there is a competitive effect where in free mannose blocks mannose receptor.
The mucus gel layer coating the surface of the intestinal epithelium is the first major barrier to enteric infection. Hence, the production of mucus, as indicated by number of goblet cells is an important feature in the protective scheme against pathogens, and feeding MOS resulted in an increased proliferation of goblet cells into the surface of villus membrane (Ferket et al., 2002).

The innate immune system has developed to recognize key molecular structure of invading bacteria including lipopolysaccharides, peptidoglycan and possibly the mannose structure in cell wall of yeasts. Oligosaccharides containing mannose have been shown to affect the immune system by stimulating liver secretion of mannose-binding protein. This protein, in turn, can bind to bacteria and trigger the complement cascade of host immune system (Janeway et al, 1993 and Newman, 1994).

In a study with broiler birds, supplemented with fructooligosaccharides, decline in local colonization of salmonella was observed when challenged with the same (Chambers et al., 1997).

Another study by Bailey et al. (1991) showed that when diets were supplemented with 0.75 per cent FOS, it inhibited the salmonella colonization.  When dogs were fed with MOS supplemented diet, they had higher proportions of lymphocytes and IgA than these fed with control diet (Swanson et al., 2002).

SOURCE OF PREBIOTICS

Among the food ingredients non-digestible carbohydrates, some peptides and proteins and certain lipids are candidate prebiotics and are referred to as ‘colonic foods’. Amongst, these non-digestible carbohydrates are the one which satisfies the all criteria for prebiotic (Gibson and Roberfroid, 1995).  Non-digestible carbohydrates include resistant starch, non-starch polysaccharides (NSP) and non-digestible oligosaccharides (NDO) and NDO’s seem to be preferred as prebiotic (Delzenne and Roberfroid, 1994).  
non-digestible oligosaccharides:
The non-digestible oligosaccharides are resistant to endogenous digestive enzymes because of their osidic bond. However, they are fermented and metabolized by colonic microbiota (Van Loo et al., 1995).  The following Table 1 gives detailed classification of NDO’s with prebiotic effect.

Table 1: Classification of NDO’s with prebiotic effects
	CLASS
	REFERENCES

	1. Fructooligosaccharides
	Wang and Gibson, 1993; Gibson and Wag, 1994

	2. Glactooligosaccharides
	Durand et al., 1992

	3. Glucooligosaccharides
	Djouzi and Andrieux, 1997

	4. Xylooligosaccharides
	Hopkins et al., 1998


· Fructooligosaccharides (FOS)

Fructooligosaccharides are produced by enzymatic hydrolysis of inulin or transfructosylation from sucrose. The FOS are fermented selectively by Bifidobacteria spp. and Lactobacillus spp.  (Kruse et al., 1999; and Causey et al., 2000).  FOS has the physiological effects like bifidogenic potential and improved bowel fucnction (Hidaka et al., 1986) and hypolipidemic effect (Mitsuoka et al., 1986)

The β-2,1 osidic bond of FOS including the first glucose-fructose bond is not hydrolyzed to a great extent by any mammalian digestive enzymes (Rumessen et al., 1990).  Asparagus and onion are relatively rich source of FOS. It could also be synthesized by enzymatic hydrolysis of inulin polymer from chicory roots .

· Galactooligosaccharides

They are present in many legume seeds as mono-di and tri-α galactoxyl sucrose, known as raffinose, stachyose and verbascose respectively and extracted from the soybean .

· Glucooligosaccharides

They are obtained when concentrated glucose solution (70 per cent w/w) are submitted to the action of β-glucosidase (Ajisaka et al., 2002).

· Xylooligosaccharides


The main components of xylooligosaccharides are xylobiose and xylotriose which are dimers and trimers of xylose, respectively.  A partial enzymatic hydrolysis of polyxylan of Trichoderma spp. by xylanase results in the production of xylooligosaccharides (Tungland and Meyer, 2002)

· Mannanoligosaccharides

Mannanoligosaccharides or mannose based carbohydrates occur naturally in yeast cell wall and gums (Van Immerseel, 2002).  Mannanoligosaccharides are derived mostly from mannose on yeast cell surface. They act as high affinity ligands and offer a competitive binding site for the bacteria (Ofek et al., 1977).

MANNANOLIGOSACCHARIDE – SOURCES


(Allen et al. 1995) reported that the mannose is the most commonly used monosaccharide prebiotic.

 Source:
 Yeast – Saccharomyces cerevisiae

The whole yeast cell contains approximately 7.80 per cent MOS (Brady et al., 1994).  The cell wall of Saccharomyces cerevisiae comprise of 25 per cent of cell dry mass and contains 31 per cent mannan. Schulze (1995) stated that yeast contained approximately 13.10 per cent of mannan. Mannanoligosaccharides derived from mannans on yeast cell surfaces, act as high affinity ligands (Ofek et al., 1977).  Tizard et al. (1989) reported that MOS derived from yeast cell wall, consists of 45 per cent of cell wall as mannose residues.
CULTURE OF YEAST

Molasses can be used for commercial production of yeast Molasses contain about 50% fermentable carbohydrates (sugars). Big deep tanks of steel or stainless steel are used as containers in the industrial production method. Molasses is diluted to a suitable sugar concentration (15-16%); a small quantity of nitrogen source (e.g. ammonium phosphate, urea. Ammonium sulphate)  and sulphuric acid is added in it. pH of this medium is maintained at about 5.0 and an actively growing Saccharomyces cerevisiae culture is added in it. The fermentation starts and is allowed to proceeding for about 24-40 hours at about 25-30°c  temperature (Bechem E.et al.,2007)  . The yield of ethyl alcohol ranges about50% of the fermentable sugar concentration present in the medium. The large amount of carbon- di- oxide which is produced during the fermentation process as a result of decarboxylation is recovered and compressed to its solid state. The yeast recovered is usually used as an animal feed.

EXTRACTION OF MOS FROM YEAST
Sehulze (1995) stated that cell wall of yeast – Saccharomyces cerevisiae seems to possess mannan at 13.10 per cent w/w.  Franziskus Kath (1998) has performed an enzymatic isolation of mannan from yeast Saccharomyces cerevisiae by disturbing the cell wall using glass beads.  Autolysis and freeze drying of yeast was also carried at by several authors (Champagne et al., 2003; and Aguilar Uscanga and Francois, 2003) to extract mannonoligosaccharide.

