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Dietary fiber enriched meat products: A review 1 

Abstract 2 

 Meat and meat products are important sources of high biological value proteins, fat 3 

soluble vitamins, minerals, trace elements and other nutritional compounds. Increased 4 

consumer’s demand for convenience and easily available foods such as meat products and their 5 

byproducts have the changed due to various socioeconomic factors in recent years. Processing 6 

technology in meat industry introduce many functional compounds beneficial to human health 7 

but most of those foods are rich in fat, added salts but deficient in complex carbohydrates like 8 

dietary fiber and pose a health hazard that somehow is proved to be a predisposing factor for 9 

cardiovascular diseases, colon cancer, obesity including diabetes mellitus. Nutritional disease 10 

shows concern in present generation due to consciousness among consumers about their nutrition 11 

and well being. Therefore an increase in dietary fiber inclusion in daily diet has been 12 

recommended. For adults, the recommended acceptable intakes of dietary fiber are 28–36 g/day, 13 

70–80 % of which must be insoluble fiber. The insoluble fraction of dietary fiber functions in 14 

intestinal regulation whereas soluble fiber helps in decrease in cholesterol level and absorption of 15 

intestinal glucose. Dietary fibers addition in meat products from various sources such as fruits 16 

and vegetables would help to enhance their desirability. Dietary fiber sources are generally 17 

agricultural byproducts that are comparatively cheap and incorporation in meat products reduces 18 

its overall cost. 19 

Key words Meat products, Biological value, Dietary fiber, Diabetes mellitus, Soluble fiber 20 

Introduction 21 

Food has been used to improve the health in people, awareness and various health aspects 22 

being used to innovate and modify foods (Fergus 2004). Approach in promising cared health 23 

sector is low to produce effective food products as benefit healthy programme (Decker and Park 24 

2010).Meat is a potential source of nutrients like proteins and fat soluble vitamins and minerals 25 

with higher degree of bioavailability as compared to other sources (Chan 2004; Biesalski 2005) 26 

many compounds are generated during processing of meat and meat products which are 27 

beneficial to the human health (Saiga et al., 2003; Vercruysse et al., 2005) and accepting a 28 

relationship between nutrition and health gave a innovative concept  of functional foods 29 

including meat products(Bhat and Bhat 2011) which contains health benefit ingredients 30 

(Roberfroid 2002). Research of epidemiology showed relationship of diet deficient in dietary 31 
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fiber and chronic diseases including colon cancer, obesity and cardiovascular diseases 32 

(WHO/FAO 2003). The relation of energy dense foods and various diseases stresses mainly on 33 

components considered as marker of healthy food (Best 1991). American Dietetic Association 34 

have recommended fiber intake in range of 25 to 30 g/day and 3:1 insoluble/soluble fibre ratio 35 

for adults. Meat is a nutritious, cheap and easily available food, besides water fat and protein are 36 

important components of meat.  Meat and meat products contains high amount of fat and protein 37 

but deficient in dietary fiber (Sanchez-Zapata et al., 2010) and its fortification in meat products 38 

have been focused on health point of view. Fiber are important ingredient in meat products on 39 

the healthy point of view. The fibers alone or combined with other products such as meat for low 40 

fat content such as ground and restructured products (Desmond et al., 1998) and meat emulsions 41 

(Claus and Hunt 1991) have been studied.  42 

1. Meat  43 

The term meat refers to the muscle of warm blooded terrestrial four legged animals, the chief 44 

ones being cattle and sheep. Meat also includes the glands and organs of these animals. Meat 45 

products also includes many of the by products from animal slaughter, such as animal gut used 46 

for sausage casings, the fat from the meat used in the manufacture of lard, gelatin and others. The 47 

annual consumption of meat of any countries depends upon its economic status, affluent 48 

countries consuming more than others. The average per capita consumption of meat is 67 kg per 49 

annum in US which is more than of many countries. The per capita consumption of meat in India 50 

is of order of 1.2 kg per annum. Meat and meat products are generally recognized as good 51 

sources of high biological value proteins, fat soluble vitamins, minerals, trace elements and 52 

bioactive compounds. Meat is frequently associated with a negative health image due to its 53 

“high” fat content and in the case of red meat is seen as a cancer-promoting food. Therefore a 54 

low meat intake, especially red meat is recommended to avoid the risk of cancer, obesity and 55 

metabolic syndrome (Biesalski, 2005). However this discussion overlooks the fact, that meat is 56 

an important source for some micronutrients such as trace elements and vitamins, which are 57 

either not present in plant derived food or have a poor bioavailability. In addition, meat as a 58 

protein-rich and carbohydrate-low product contributes to a low glycemic index, which is 59 

assumed to be beneficial with respect to obesity, diabetes development and cancer (Biesalski, 60 

2005). 61 

1.1. Protein  62 
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A typical muscle consists of around 75 % water, 20 % protein, 3 % fat and 2 % soluble 63 

nonprotein substances. Proteins are the major component of the dry matter of lean meat (Briggs 64 

& Schweigert, 1990). Nine of the amino acids present in proteins are essential (or semi-essential) 65 

because the human body cannot synthesize them from other compounds, and therefore must 66 

taken them up from food. Therefore, the requirement for dietary protein consists of two 67 

components; (a) a requirement for the nutritionally essential amino acids, and (b) the need to 68 

meet the requirement for non-specific nitrogen in order to supply the nitrogen necessary for 69 

synthesis of the nutritionally not essential amino acids and other physiologically important 70 

nitrogen containing compounds (nucleic acids, creatine, porphyrins) (Pellett & Young, 1990). 71 

Meat contains generally high levels of the major essential amino acids, lysine, total sulfur amino 72 

acids, threonine and tryptophane (Pellett & Young, 1990). Protein quality is usually defined 73 

according to the amino acid pattern of egg protein, which is regarded as optimal. It is not 74 

surprising that animal proteins, such as meat, milk and cheese tend to be of a higher protein 75 

quality than plant proteins. Animal proteins have a better digestibility compared to plant 76 

proteins. This can be explained to some extent with the fact that plant proteins are mostly 77 

embedded into polysaccharide matrices (cell walls) where they cannot be reached by the 78 

proteolytical enzymes. A healthy nutrition requires a balanced mix of different food proteins. By 79 

combining plant and animal food the nutritional quality of the protein can be increased because 80 

of the complementing effect. 81 

 82 

1.2. Fat  83 

Fat is the richest dietary source of energy and supplies essential nutrients such as essential 84 

fatty acids as well as precursors of compounds that regulate a number of physiological functions 85 

(e.g. prostaglandins) and helps to absorb fat-soluble vitamins (A, D, E and K). Further fat has a 86 

decisive relevance as the most compact energy store of the body, as fixation as well as a 87 

protection of the organs and as source of fatty acids which again act as structural element of cell 88 

membranes. Fat also provides palatability and flavor to food. In the right proportions it is 89 

therefore an essential component of any balanced diet, and hence the degree of fat reduction 90 

must not only take into account sensory or technological factors but it must also be such as to 91 

avoid loss of nutritional benefits (Colmenero, 2000). Meat is looked at very critically because of 92 

its fat content being generally included under the heading of fatty foods. The fat in animals is 93 
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mainly found in their fatty tissue and is distinguished between depot fat (largely subcutaneous 94 

fatty tissue), intermuscular and intramuscular fat. The last of these is called marbling. The 95 

amount of intermuscular and depot fat present in a meat cut varies, depending on the fat 96 

excretion of the animal and how the cut has been trimmed (Seuss et al., 1988). Contrary to the 97 

widespread belief that animal fat is mainly composed of saturated fatty acids (SFA), roughly half 98 

of the fatty acids in meat are unsaturated. Meat lipids usually contain less than 50 % SFA, and up 99 

to 70 % (beef 50-52 %, pork 55-57 %, lamb 50-52 % and chicken 70 %) unsaturated fatty acids 100 

(Romans et al., 1994). 101 

1.3.Minerals and trace elements 102 

Beside the macronutrients protein and fat, meat contains micronutrients (minerals and 103 

vitamins) which are involved in essential metabolic processes. Meat, fish, poultry and offal are 104 

the only foods that contain the better available heme iron besides the inorganic iron (non-heme 105 

iron) (Latunde-Dada & Neale, 1986). Meat, fish, poultry and offal are the only foods that contain 106 

the better available heme iron besides the inorganic iron (non-heme iron) (Latunde-Dada & 107 

Neale, 1986). Meat is not only an important source of available iron, but also of zinc. It is well 108 

known that absorption of dietary zinc from animal protein based meals is higher compared to 109 

wholegrain cereal based meals (King & Turnland, 1989). The trace element selenium (Se) is a 110 

crucial nutrient for human health. It is a component of a number of important selenoproteins 111 

including enzymes required for such functions as antioxidative defense, reduction of 112 

inflammation, thyroid hormone production, DNA synthesis, fertility and reproduction (Raymann, 113 

2000). 114 

 1.4.Vitamins  115 

Vitamins are a complex group of organic compounds that are generally present in small 116 

quantities in foodstuffs. Vitamins are important as cofactors in enzymatic processes and also 117 

possess hormonal activity. Traditionally, vitamins have been classified on the basis of their 118 

solubility in either lipid or aqueous solvents, and they are therefore broadly divided into fat and 119 

water-soluble vitamin categories (McDowell, 2000; Cheeke, 2005). Fat-soluble vitamins tend to 120 

be mainly stored in the liver and adipose tissues of animals, in association with stored fat, and 121 

they are not readily excreted. Water-soluble vitamins, on the other hand, tend to be stored to a far 122 

lesser extent in the body. The vitamins contained in animal and human diets are predominantly 123 

derived from either plant or microbial synthesis. Animal cells maintain the ability for de novo 124 
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synthesis of some vitamins, such as vitamin D and, depending on the species involved, niacin 125 

and ascorbate, as well as the ability to convert precursors (provitamins) to their active form. 126 

Additionally, commensal microorganisms in both the ruminant and non-ruminant digestive tract 127 

can serve as source of vitamins, such as vitamin K and the water-soluble B-complex vitamins 128 

(Sahlin & House, 2006). Meat has long been recognized as a good source of B vitamins for 129 

human nutrition. Meat, especially pork has long been recognized as a good source of thiamine 130 

(Briggs & Schweigert, 1990). 131 

   2. Dietary fiber 132 

Most of meat foods are rich in fat and protein but deficient in complex carbohydrates like 133 

dietary fiber (Sanchez- Zapata et al., 2010) and So incorporation of dietary fibers from different 134 

sources in meat products would help to enhance their desirability. Dietary fiber sources are 135 

generally agricultural byproducts that are comparatively cheap and incorporation in meat 136 

products reduces its overall cost. The term dietary fiber was first used in 1953 by Eben Hipsley 137 

to describe the unavailable carbohydrate content in foods, which lowered the rates of pregnancy 138 

toxaemia (Hipsley, 1953). Previously the analytical term ‘crude fiber’ was used for components 139 

that escaped acid and alkali extractions (Trowell, 1976). Spiller et al., (1978) used the term 140 

‘plantix’ for fiber and Trowell et al., (1985) defined dietary fiber as “sum of polysaccharides and 141 

lignin not digested by human gastrointestinal tract.” The conflict between what to define as 142 

dietary fiber and its analysis has made its definition in classification a little tough for public 143 

health agencies and food industries (McCleary, 2008). According to american association of 144 

cereal chemists, dietary fiber is the remanant of edible part of plants that escaped digestion and 145 

absorption in small intestine (AACC 2001). The components that constitute dietary fiber are 146 

listed in the Table 1. 147 

Table1. The components and sources that constitute dietary fiber  148 

Fiber components Principal groupings Fiber sources 

Non starch polysaccharides 

and oligosaccharides 

Cellulose 

Hemicellulose 

 

Polyfructoses 

Gums and mucilages 

Cellulose plants (vegetable, sugar beet, various brans) 

Arabinogalactans, β-glucans, arabinoxylans 

glucuronoxylans, xyloglucans, 

galactomannans, pectic substances 

Inulin, oligofructans 
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( Source: Tungland and Meyer, 2002) 149 

 150 

2.1. Dietary fiber classifications 151 

Dietary fiber can be classified by many possible ways, such as, on the basis of sources 152 

from which they are derived and that can be further categorized into plant polysaccharides, 153 

animal polysaccharides or synthetic sources. On the basis of the structure, they can be classified 154 

into linear or non linear polysaccharides. But the most widely accepted and used system of 155 

classification is on the basis of solubility and/or the fermentation behavior in an in vitro system 156 

using an enzyme component which simulates that of human alimentary canal. According to their 157 

water solubility, dietary fiber is conventionally classified into insoluble dietary fiber (IDF)/less 158 

fermented fiber and soluble dietary fiber (SDF)/well fermented fibers. Insoluble fiber consists of 159 

cellulose, part of hemicelluloses and lignin and soluble fiber consists of pentosans, pectins, gums 160 

and mucilage (Chawla & Patil, 2010). Welsh et al., (1994) concluded that the whole grains are 161 

the major source of insoluble dietary fiber and Van Soest (1976) reported that maximum amount 162 

Seed extracts (galactomannans – guar and locust bean 

gum), tree exudates (gumacacia, gum karaya, gum 

tragacanth), algal polysaccharides (alginates, 

agarcarrageenan), psyllium 

Carbohydrate analogues Pectins 

Resistant starches and 

maltodextrins 

Chemical synthesis 

Enzymatic synthesis 

Fruits, vegetables, legumes, potato, sugar beets 

Various plants such as maize, pea, potato 

Polydextrose, lactulose, cellulose derivatives 

Neosugar or short chain, guar hydrolyzate 

Fructooligosaccharides, levan, xanthan gum, 

transgalactooligosaccharides, oligofructose, 

xylooligosaccharide, curdlan 

Lignin Lignin Woody plants 

Substances associated with 

nonstarch polysaccharides 

Waxes, cutin, Suberin Plant fibers 

Animal origin fibers Chitin, chitosan, 

collagen, chondroitin 

Fungi, yeasts, invertebrates 
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of hemicellulose in diet is contributed by bran and husks. The classification of dietary fiber based 163 

on solubility is shown in Table 2. 164 

Table 2. Classification of dietary fiber based on solubility 165 

Class Examples 

Insoluble Cellulose 

Soluble (only in hot water) Agars, amylose, aligns, kappa-type carrageenans (in the 

presence of K+ or Ca2+), gelan, konjac, 

mannan, locust bean gum, low methoxyl pectins, granular 

starches and starch derivatives 

Soluble (in water at room 

temperature but 

insoluble in hot water) 

Curdlan,hydroxylpropylcelluloses, 

hydroxylpropylmethylcelluloses and methylcelluloses 

Soluble (in water at room 

temperature and 

hot water) 

Alginates, amylopectins, carboxymethylcelluloses, dextrins, 

iota type carrageenans, guar gum, 

gum Arabic, high methoxyl pectins, polydextrose and xanthan 

gum 

(Source: BeMiller, 2001) 166 

2.1.1. Cellulose  167 

Cellulose is a linear chain of β (1→4) linked glucose monomers and is the structural 168 

component of cell walls in green plants and vegetables. It is water insoluble and inert to digestive 169 

enzymes in the small intestine. However, it can go through microbial fermentation to a certain 170 

degree in the large intestine in turn producing short chain fatty acids. Basically, cellulose can be 171 

divided into two groups: Crystalline and amorphous. The crystalline component, which is made 172 

up of intra and intermolecular non covalent hydrogen bonds, make cellulose insoluble in water. It 173 

is also responsible for its great mechanical strength and resistance to microbial degradation and 174 

makes up a large portion of cellulose. On the other hand, the amorphous portion is readily 175 

hydrolysed and makes up a little (10–15 %) portion of total cellulose (Aspinall,1970). 176 

2.1.2. Hemicellulose 177 

It consists of chain of β (1→4) linked glucose monomers similar to that of cellulose but 178 

they are smaller in size, usually branched and contain variety of sugar moieties like xylose, 179 

mannose and arabinose (Kay, 1982). 180 
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2.1.3. Resistant starches (RS) 181 

Any starch not digested in the small intestine is known as resistant starch. It behaves like 182 

soluble fiber without sacrificing palatability and mouth feel. RS has been classified into four 183 

basic types - Type 1 (RS1) is made up of starch granules surrounded by an indigestible plant 184 

matrix. Type 2 (RS2) occurs in its natural form such as in an uncooked potato and high amylose 185 

maize. Type 3 (RS3) are crystallized starches made by unique cooking and cooling processes. 186 

Type 4 (RS4) is a starch chemically modified by esterification, crosslinking, or 187 

transglycosylation and is not found in nature. The cross-linked RS4 is found to elicit a greater 188 

glucose lowering effect than the more commonly tested RS2 (Haub et al., 2010). 189 

2.1.4. Lignin 190 

It is a polymer containing the oxygenated phenyl propane units including the coniferyl, 191 

sinapyl and p-coumaryl alcohols that have undergone a complex dehydrogenative polymerization 192 

(Schubert, 1956). It is very inert in nature and has a greater resistance power than any other 193 

naturally occurring polymer (Dhingra et al., 2012). 194 

2.1.5. Pectin 195 

Pectin is a linear polymer of galacturonic acid connected with α (1→4) bonds. It is a 196 

water soluble polysaccharide that bypasses enzymatic digestion of the small intestine but is 197 

easily degraded by the microflora of the colon. At commercial level, these are typically used in 198 

food applications which require a gelling or a thickening agent. Inside the GI tract, pectin 199 

maintains this ability to form a gel or thicken a solution. Due to this gelling behavior, it is linked 200 

to many beneficial effects on health including dumping syndrome (Lawaetz et al., 1983), 201 

improved cholesterol and lipid metabolism (Brown et al., 1999) and diabetes prevention and 202 

control (Jenkins et al.,1977).  203 

3.Technological functionality of dietary fibre 204 

Dietary fibre is complex polysaccharide which show wide range of functionality such as 205 

emulsification, fat replacement, gel-forming, cryoprotectant, thickener & stabilizer. These 206 

technical functionalities are highly influenced by the physico-chemical properties of dietary 207 

fibres, such as water-holding & binding capacity, oil binding capacity, solubility & viscosity 208 

which are discussed  (Elleuch et al., 2011; Theabaudin et al., 1997). 209 

 210 
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Table 3: Factors effecting techno functionality properties of dietary fiber 211 

Factor Techno-functional properties 

Type of fibre Water holding capacity of soluble fibre is higher than insoluble 

Flaxseed gum  in dairy beverages resulted in better sensory & 

rheological  properties 

Particle size Decrease in hydration with decrease in particle size of wheat bran 

Increase  with reduction in coconut fibre particle size 

Molecular weight High molecular weight β-glucan difficult to dissolve in water even 

at low concentration of 0.5% 

Nature of chain Highly branched guar gum & pectin more soluble  & viscous 

 

 212 

4. Recommended dietary allowances (RDA) for dietary fiber 213 

The dietary fiber has been recognized as an important part of the complete diet and it is 214 

believed that a fiber intake of 30–40 g/day is desirable. Out of it, half should be derived from 215 

cereal bran and other half from fruits and vegetables (Nayak et al., 2000). The amount of dietary 216 

fiber provided by cereals depends on the source and the degree of processing. For example, the 217 

content of fiber in refined wheat flour is 2.5 g/100 g while in unrefined flour, it is 12 g/100 g 218 

which is around five times higher than former. The insoluble fraction of dietary fiber gets 219 

removed at large during refining process (Rodriguez et al., 2006). The recommendations 220 

regarding the intake of dietary fiber are not same in all countries. The difference is due to the 221 

variable eating habits, lifestyles and the degree of processing of various food products consumed 222 

in different countries (Bemiller, 2004). An average Indian diet contains about 6–8.5 g of crude 223 

fiber (Mehta & Kaur, 1992). Some International Committee recommendations for the total 224 

dietary fiber intake in diet per day has been presented in Table 4. 225 

Table 4. Some International Committee Recommendations regarding RDA for total dietary 226 

fiber intake 227 

Source Recommendation (g/day) 

National Cancer Institute 20–30 

USDA and USFDA 38 for men and 26 for women 

National Academy of Sciences (USA) 30–38 for men and 21–26 for women 

UK Department of Health 18 (expressed as Non starch polysachharide) 
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German Department of Health 30 

(Bemiller 2004) 228 

 229 

5. Physiological role and health benefits of dietary fiber 230 

  Dietary fiber plays a significant role in prevention of several diseases and maintenance of 231 

health. The mechanism by which each fiber exerts a protective action in the body varies with the 232 

type and composition of that fiber. 233 

5.1. Dietary fiber as a restraint for prevention of risk of cardiovascular diseases 234 

Dietary fiber acts as a protective agent against cardiovascular diseases. They exert this 235 

action by acting as reducing agent of hyperlipidemia and hypocholesterolemia (Kendall et al., 236 

2009). The exact mechanism by which dietary fibers lower serum LDL cholesterol levels is not 237 

known. Evidence suggests that they may interfere with lipid and/or bile acid metabolism. Dietary 238 

fiber from coconut is rich in uronic acid, glucomannans and galactomannans which are 239 

metabolized by microflora of large intestine and produce short chain fatty acids such as acetates, 240 

propionate and butyrate that contribute to lowering serum cholesterol levels (Theuwissen & 241 

Mensink, 2008). Similarly dietary fiber from other sources such as oat bran, guar gum 242 

(Fahrenbach et al., 1965), psyllium (Garvin et al., 1965) have also been found to lower the serum 243 

cholesterol levels. Other suggested mechanisms include inhibition of hepatic lipoprotein 244 

production and cholesterol synthesis, delayed absorption of macro nutrients leading to increased 245 

insulin sensitivity and formation of protective membrane by dietary fibers around lipid droplet 246 

that prevent the action of lipase (Mun et al., 2006). It has also been suggested that dietary fiber 247 

has a capacity to bind bile acids and metabolites of cholesterol which play an important role in 248 

digestion and absorption of lipids in small intestine. This leads to lower serum cholesterol 249 

concentration by interrupting enterohepatic circulation (Eastwood, 1992). The fiber 250 

polysaccharides affect the absorption of lipids, as they can be strong inhibitors of pancreatic 251 

lipase that participates in lipid metabolism (Dunaif & Schneeman, 1981). On the other hand they 252 

decrease the level of total cholesterol and low-density lipoproteins in plasma by dilution and 253 

excretion of bile acids (Gallaher et al., 1992) and by decreasing absorption of biliary cholesterol 254 

(Marlett et al., 1994). 255 

5.2. Improvement in gastrointestinal health 256 
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The fiber can bind a large amount of water resulting in an increase in stool weight 257 

(Cummings, 1993). Increased stool bulk reduces colonic transit time which prevents constipation 258 

and production of carcinogenic and genotoxic compounds (Gibson, 2004). Dietary fiber plays an 259 

important role in maintenance of gastrointestinal immunity. In particular, the fermentable fiber 260 

diet result in an increased T-cell mitogen response and increased activity of gut associated 261 

lymphoid tissue (GALT) (Field et al., 1999). The fermentation of dietary fiber in large intestine 262 

by gut microflora results in increased level of short chain fatty acids which are believed to be 263 

important for promoting the health of colonic epithelium (Topping & Clifton, 2001). Also, it 264 

results in lowering of colonic pH, which inhibits the potentially harmful bacteria and promote the 265 

growth of favorable lactic acid microflora (Grasten et al., 2003). 266 

5.3. Role of fiber in preventing cancer 267 

Relationship between dietary fiber and colon cancer, despite its complexity, are quite 268 

well documented. Dietary fiber imparts anticarcinogenic and antitumerogenic effects either by 269 

reducing the production of carcinogenic substances in colon (Rumney & Rowland, 1995) or by 270 

increasing faecal bulk that ultimately decreases effective interactions between intestinal mucosa 271 

and cancer risk agents present in faeces (Harris & Ferguson, 1993). Dietary fiber might reduce 272 

the risk of colorectal cancer by enhanced fermentation in large intestine leading to productions of 273 

high levels of short chain fatty acids (Sharma et al., 2008). The butyric acid is reported to 274 

promote cell differentiation and inhibit the production of secondary bile acids by reducing 275 

luminal pH resulting in reduction of risk of malignant changes in cell (Potter, 1999). 276 

5.4. Fiber and diabetes mellitus 277 

The risk of Type 2 diabetes mellitus is inversely correlated with intake of diets with high 278 

fiber content (Schulze et al., 2004). The reduction in plasma glucose concentration as a result of 279 

consumption of various fiber sources may be due to several events. The fiber has ability to lower 280 

post-prandial glucose peak, which leads to decreased insulin demands and protects the over 281 

exhaustion of the pancreas. The ingested fibers slow gastric emptying by forming a gel matrix as 282 

a result of their high water holding capacity (Wursch & Pi-Sunyer, 1997). This gel matrix may 283 

thicken small intestinal contents and decrease the contact between food and digestive enzymes 284 

(Jenkins et al., 1978). In addition, the fibers could alter the contractile movements in gastro 285 

intestinal tracts and thereby decrease the transport of glucose to the absorptive surface (Malkki, 286 

2001). 287 
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5.5. Fiber as an effective tool for weight management 288 

A number of researches have also examined the potential of dietary fiber as satiety agent and 289 

a contributor to weight management (Sharma et al.,2008). Dietary fiber intake may increase the 290 

mobilization and use of fat depots as a direct result of reduction in insulin secretion (Tapsell, 291 

2004). The diets rich in fiber lead to slowing down in gastric emptying resulting in slower rate of 292 

nutrient absorption (Brennan, 2005). The high fiber diet also reduces the energy density of 293 

overall diet. 294 

6. Dietary fiber addition on meat and meat products 295 

Meat and meat products are generally recognized as good sources of high biological 296 

value proteins, fat soluble vitamins, minerals, trace elements and bioactive compounds. Changes 297 

in socioeconomic factors in recent years have increased the consumer’s preference for ready to 298 

eat foods including meat products. The processing of meat and meat products leads to generation 299 

of many functional compounds beneficial to human health but most of those foods are rich in fat, 300 

added salts but deficient in complex carbohydrates like dietary fiber and pose a health hazard 301 

that somehow is proved to be a predisposing factor for cardiovascular diseases, colon cancer, 302 

obesity including diabetes mellitus. Processed foods and fast foods have become mainstay of 303 

typical diets in modern society. In developing countries like India rapid urbanization, 304 

industrialization, globalization as well as increasing number of women workforce have resulted 305 

in rapid inclination towards fast foods. Many of these processed foods including meat products 306 

lack minimum amounts of dietary fibre. Epidemiological research has demonstrated a 307 

relationship between a diet containing an excess of energy-dense foods rich in fat and sugar and 308 

the emergence of a range of chronic diseases, including colon cancer, obesity, cardiovascular 309 

diseases, and several other disorders (Best, 1991). Various reports have revealed that intake of 310 

fibre reduces the risk of such diseases (Johnson and Southgate, 1994). Recent research findings 311 

also reveal that a diet high in fibre generally promotes a healthier life style (Kritchevsky, 2000) 312 

and fibre intake can be viewed as a marker of healthy diet. According to the American Dietetic 313 

Association, the current recommended fibre intakes for adults range from 25 to 30 g/day and the 314 

insoluble/soluble fibre ratio should be 3:1. Dietary fibre is a key ingredient widely used 315 

nowadays while developing nutritionally designed foods due to its significance in health 316 

promotion (Puupponen-Pimia et al., 2002) and technological impact. Meat is a highly nutritious 317 

and versatile food. Its principal components, besides water, are proteins and fats, with a 318 
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substantial contribution of vitamins and minerals of a high degree of bioavailability. However, 319 

meat and meat products can be tailored into more “healthier” form by adding ingredients 320 

considered beneficial for health or by eliminating or reducing components that are considered 321 

harmful. Fibre is one of the valuable components that can be incorporated in meat products from 322 

health point of view. Various types of fibres have been studied either alone or combined with 323 

other ingredients for formulation of reduced-fat meat products, mostly ground and restructured 324 

products (Mansour & Khalil, 1999) and meat emulsions (Claus & Hunt, 1991). Meat is an 325 

important source of all essential nutritional components of our daily diet as it content most of the 326 

essential amino acids, fatty acids, vitamins and minerals which are lack in plant based food, but 327 

it is devoid of dietary fiber, which is very essential component for normal 328 

physiological/biochemical process. During meat products processing its functional values can be 329 

improved by supplementation of dietary fiber rich vegetative substances like cereal and pulse 330 

flour, vegetable and fruits pulp etc. by this process a significant proportion of required daily 331 

allowance of dietary fiber can be fulfilled for the frequent meat consumers. The consumption of 332 

meat products fortified with of dietary fiber can lead to the prevention of diseases like coronary 333 

heart disease, diabetes, irritable bowel disease, obesity etc. On the other hand the dietary fiber 334 

can effectively incorporated in the processed meat products as binders, extender and filler, they 335 

can significantly replace the unhealthy fat components from the products; increase acceptability 336 

by improving nutritional components, pH, water holding capacity, emulsion stability, shear press 337 

value, sensory characters etc. of finished products. Addition of dietary fiber in the meat products 338 

can increase the cooking yield therefore the economic gain as well. 339 

6.1. Effect of fiber addition on physico-chemical properties of meat products 340 

Functional property of fibers has a profound effect on physicochemical properties of the 341 

meat. Fiber addition in meat results in decreasing cooking loss, alteration in pH and an increase 342 

in emulsion stability. The higher emulsion stability resulting in a higher cooking yield of 343 

emulsion based meat products is important from technological as well as economical point of 344 

view. The change in pH on addition of dietary fiber source largely depends upon the pH of the 345 

fiber source added. 346 

Grigelmo-Miguel et al., (1999) used two different peach dietary fibre (DF) suspensions 347 

(17 and 29%) were used to obtain low-fat high-DF frankfurters (20% fat) which were compared 348 

to an all-meat control (25% fat). The viscosity of the meat batters increased with DF content. The 349 
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protein (11.5%) and collagen (1.4%) contents of frankfurters were not affected by DF addition, 350 

and the higher the DF content, the lower the pH (6.4 to 5.8) due to the fibre solution acidity. 351 

Alesson-Carbonell et al., (2004) treated dry-cured sausages with two types of dehydrated lemon 352 

albedo (raw and cooked) at five concentrations (0–100 g kg−1 in 25 g kg−1 increments). The 353 

addition of albedo improved the nutritional properties as a result of fibre addition and beneficial 354 

effects due to the presence of active bio compounds. On the contrary, Fernandez- Lopez et al., 355 

(2007) evaluated dry-cured sausages with added orange fibre. Addition of dried orange fibre at 356 

10, 15 and 20 g/kg level in dry cured fermented sausage decreased pH during curing process. 357 

With increasing concentration of fibre, pH decreased progressively. Fruit by-products viz., 358 

kinnow rind powder (KRP), pomegranate rind powder (PRP) and pomegranate seed powder 359 

(PSP) in goat meat patties. It was concluded that extracts of above fruits by-product powders 360 

have potential to be used as natural antioxidants in meat products (Devatkal et al., 2010). An 361 

increase in pH with the incorporation of dietary fiber has been reported by Rao and Reddy 362 

(2000) in chicken loaves added with Bengal and Black gram flour. Rye bran was incorporated at 363 

four different levels viz. 5, 10, 15 and 20 % and results revealed that the pH increased 364 

significantly (p≤0.05) at 10 % level as compared to control (Yilmaz 2004). Similar increase in 365 

pH value was again reported in meatballs incorporated with wheat bran at 5, 10, 15 and 20 % 366 

levels and the highest pH was obtained with addition of 20 % wheat bran (Yilmaz 2005). 367 

Talukdar and Sharma (2010) incorporated wheat bran and oat bran at 5, 10 and 15 % levels in 368 

chicken meat patties. They reported an increase in pH of emulsion as well as cooked product on 369 

incorporation of wheat bran. Carrageenan and oat fibre on the hydration/binding properties, 370 

colour and flavour characteristics of frankfurters. Addition of carrageenan or oat fibre reduced 371 

cook loss and increased both water holding capacity and emulsion stability (Hughes et al., 1997)  372 

Cofrades et al., (2000) added soy fiber (SF) on bologna sausages favored the formation of 373 

harder, chewier structures with improved fat and water binding properties. Chang & Carpenter, 374 

(1997) evaluated Chicken frankfurters fat content decreased by using various levels of oat bran 375 

and added water. Frankfurters with higher levels of oat bran had less expressible moisture and 376 

required higher shear stress to break. Pea fiber incorporation in Patties and ground beef patties 377 

improved tenderness and cooking yields and showed less change in thickness during cooking, 378 

but required longer cooking times (Anderson and Berry, 2000). Lin and Lin (2004) also found 379 

that addition of Bacterial cellulose (Nata.) in Chinese-style meatball increased the water holding 380 
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capacity of raw meatballs than control but pattern was reversed after cooking because cooking 381 

losses of Nata-containing products were higher than that of control. Vural et al., (2004) and 382 

Javidipour et al., (2005) utilized sugar beet fiber and reported a significant increase in water 383 

holding capacity and total dietary fiber content of frankfurters and Turkish- type salami, 384 

respectively. The emulsion pH, emulsion stability and cooking yield were increased on 385 

incorporation of rice bran at different levels in meat batters (Choi et al., 2007). The addition of 386 

dietary fibers from pea and wheat improved the water binding capacity including cooking yield 387 

and decreased the shrinkage in beef burgers (Besbes et al., 2008). Hazelnut pellicle addition 388 

affected some quality parameters of beef burgers. The cooking yield and reduction in diameter 389 

and thickness of beef burgers improved by the addition of hazelnut pellicle. Beef burgers 390 

formulated with hazelnut pellicle had lower L, a and b values than control samples (P < 0.05). 391 

There were differences among beef burger samples in respect to sensory properties, control 392 

samples and 1% and 2% pellicle added samples had high acceptability. The results indicate that, 393 

1–2% hazelnut pellicle can be used as a suitable dietary fiber source in low-fat beef burger 394 

production (Turhan et al., 2005). Morin et al., (2004) examined Interactions between meat 395 

proteins and beta glucan gum which reduced-fat (12%, w/w) sausages formulated with b-glucan 396 

at 0.3% and 0.8% (w/w) levels. Cooking loss results indicated that b-glucan gum held more 397 

water in cooked sausages than control gum (carboxy methyl cellulose), due to its ability to form 398 

a tighter network within the protein matrix, as shown by scanning electron microscopy.  399 

6.2. Functional properties of dietary fiber in meat products 400 

Utilization and incorporation of dietary fiber in meat products are gaining importance day by 401 

day. The suitability of fiber incorporation in meat products is increasing because of the numerous 402 

functional properties like water retention, lubrication, ability to decrease cooking loss, texture 403 

modification and neutral flavor (Akoh, 1998). Dietary fibers isolated from various plant sources 404 

such as dehydrated fruits, vegetables and cereal fibers has been used in the food industry and has 405 

shown the promising results (Viuda-Martos et al., 2010). However, the fruit and vegetable fiber 406 

has found to have better oil binding capacity which is of significant importance in emulsion 407 

based products (Rodriguez et al., 2006). The hydration and oil binding properties of dietary fiber 408 

are related to their chemical structure, pH, ionic strength and particle size (Fleury & Lahaye, 409 

1991) (Table 14). Both of these properties in turn, affect the possibility about the use of various 410 

fibers as ingredients in meat products. For example, dietary fiber with high oil holding capacity 411 
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allows the stabilization of fat in emulsion based products whereas, the dietary fibers with high 412 

water holding capacity can be used as a functional ingredient to avoid synaeresis and to modify 413 

the viscosity and texture of some formulated foods (Grigelmo-Miguel & Martina-Belloso, 1999). 414 

Various fiber sources like oat, sugar beet, soy, pea, psyllium etc. have been tried in formulation 415 

of some meat products such as patties and sausages (Andres, 1986). Fiber is also being used as 416 

an extender, binder and fat replacer in manufacturing various meat products (Modi et al., 2009).  417 

6.3. Effect of dietary fiber addition on proximate composition of meat products 418 

Fiber addition in meat products can result in a change in overall composition of the final 419 

products. This has led to the emergence of novel sources of fibers, being offering new 420 

opportunities in their use in the industries (Guillon & Champ, 2000). Chang & Carpenter, (1997) 421 

worked on the addition of hydrated oat bran in frankfurters and found that moisture content and 422 

carbohydrate level increased with a subsequent increasing level of wheat and oat bran. However, 423 

moisture and fat content were decreased with increasing levels of oat bran. Dawkins et al., 424 

(1999) formulated chevon (goat) meat-based patties with oat bran (15–50% w/w) and evaluated 425 

for nutrient content and physicochemical properties. Moisture, fat, and protein decreased with 426 

increased oat bran.  Mansour & Khalil, (1999) reported an increase in moisture, protein, ash and 427 

carbohydrate content in cooked and uncooked beef burgers with hydrated wheat fiber (1:1). They 428 

explained that the decrease in fat content was due to the fact that wheat fiber was used as a fat 429 

replacer. Yasarlar et al., (2007) studied the effect of cereal brans (oat, maize, rye and wheat) in 430 

the production of meatballs. The effects of bran addition on chemical composition, weight losses, 431 

dietary fibre content, colour and sensory properties of Turkish type meatballs were studied. 432 

Control samples and 10 % corn bran added samples had the highest overall acceptability scores 433 

and 15 % of corn bran addition also led to acceptable products. Modi et al., (2009) prepared meat 434 

kofta by incorporation of 8% oat flour and with different concentrations of carrageenan in 435 

formulation of low-fat and high fiber meat product. Inclusion of oat flour and carrageenan in the 436 

formulation resulted in higher moisture retention and the yield on cooking and frying. Low fat 437 

high fiber meat kofta can be prepared by using 8.0% oat flour and 0.5% carrageenan without 438 

much detrimental effect on its physicochemical and sensory attributes. Addition of low fat soy 439 

flour and/or mung bean powder as meat extenders in buffalo meat at a level of 10% reduced the 440 

moisture and fat content, whereas increased the fiber and protein contents in the cooked samples 441 

(Kenawi et al., 2009). Huang et al., 2011 studied effect of addition of wheat fiber, oat fiber, and 442 
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inulin to Chinese-style sausages at level of 3.5% and 7%. Results showed that the type and 443 

amount of dietary fiber introduced did not significantly influence the general composition, color, 444 

and total plate count of sausages. However, the addition of wheat fiber and oat fiber significantly 445 

hardened the texture of Chinese-style sausages. Yilmaz (2004) reported a decrease in moisture 446 

and fat content but an increase in protein and ash content with an increasing amount of rye bran 447 

addition in low fat meatballs. Huang et al. (2005) found that use of rice bran in kung-wan, an 448 

emulsified pork meatball decreased protein and fat contents of meatballs, and in contrast, 449 

carbohydrate content significantly increased with increasing amount of rice bran. Yilmaz (2005) 450 

determined a decrement in fat and moisture content but an increment in protein and ash percent 451 

with increasing level of wheat bran viz. 5, 10, 15 and 20 % in low fat meatball but Saricoban et 452 

al., (2009) reported that addition of wheat bran decreased protein and increased fat per cent of 453 

cooked beef patties. Serdaroglu (2006) used three concentrations of oat flour viz 0, 2 and 4 % 454 

(v/w) in beef patties and reported that addition of oat flour resulted in a decrease in moisture 455 

content in raw patties but an increase in cooked patties. The addition of oat flour did not change 456 

the protein, fat and ash content of raw or cooked patties. Choi et al., (2008) reported an increase 457 

in ash content with addition of rice bran fiber to emulsion type sausages and low fat meat 458 

emulsions, respectively. Bilek and Turhan(2009) added flax seed flour at 3, 6, 9, 12 and 15 % 459 

concentration in beef patties and observed that with an increasing level of flax seed flour, fat and 460 

ash content increased while moisture and protein content decreased. Choi et al., (2010) recorded 461 

the moisture, protein, fat and ash content of uncooked meat batter formulations with varying 462 

grape seed oil and rice bran fiber levels. They found that protein, fat and ash content of treatment 463 

with 20 % pork back fat and 2 % rice bran fiber was higher than treatment with only 20 % pork 464 

back fat. However, the moisture content was lower than in former. Similarly, addition of the 465 

dietary fibers (wheat fiber, oat fiber and inulin) resulted in significantly lower moisture content 466 

than control in Chinese style sausages (Huang et al., 2011). The experimental and control groups 467 

did not exhibit significant differences in crude fat and protein contents but the crude fiber content 468 

increased with added dietary fiber. Grinded sausages with wheat fiber and oat fiber levels at 7.5 469 

and 10 % resulted in lower fat contents in comparison to control sausages while protein content 470 

did not differ significantly (Szczepaniak et al., 2005). 471 

6.4 Effect of dietary fiber on sensory properties of meat products 472 
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Sensory property of meat products is a complex trait which depends on aroma and flavour, 473 

colour, appearance, tenderness and juiciness. Out of all the above sensory parameters, flavor and 474 

texture are given more weightage by the consumer. According to Risivik (1994), tender and juicy 475 

meat is generally preferred by the consumers. Anderson and Berry, (2000) addition of pea 476 

cotyledon fiber in low fat (10 and 14 %) beef patties resulted in improved tenderness without any 477 

negative effect on juiciness or beef flavor intensity.  Garcıa et al., (2006) studied Inulin effect on 478 

the textural and sensory properties of mortadella, a Spanish cooked meat product. Textural 479 

analysis indicated that powdered inulin increases hardness. It can be established that this product 480 

can be enriched with inulin to a maximum level of 7.5% and preferably as gel with a good 481 

sensory quality. (Yılmaz, 2005) incorporated wheat bran as a fat substitute in the production of 482 

meatballs with four different formulations including 5%, 10%, 15% and 20% wheat bran 483 

addition. Control samples were formulated with 10% fat addition. There was significant 484 

difference among the meatball samples in respect to sensory properties and control samples had 485 

higher acceptability than the other meatball samples. Eim et al., (2008) formulated dry fermented 486 

sausage, known as sobrassada, containing different percentages of carrot dietary fibre from 3 to 487 

12 %. Addition of carrot dietary fiber to sobrassada modified the organoleptic properties 488 

depending upon the concentration. All the sensory attributes were declined when the level of 489 

added dietary fiber was greater than 3 %. Lee et al., (2008) determined the effect of addition of 490 

kimchi powder on textural properties of the breakfast sausages. Treatment containing 2 % kimchi 491 

powder had a higher hardness, gumminess and chewiness as compared to control. Kenawi et al., 492 

(2009) studied the effect of adding low fat soy flour and/or mung bean powder as meat 493 

extenders. The product containing 5 % of both low fat soy flour and mung bean powder had the 494 

highest values for colour, taste, odour, juiciness and overall acceptability. Addition of low fat soy 495 

flour and mung bean powder increased the juiciness of patties as compared to control. Verma et 496 

al., (2009) incorporated various dietary fiber sources like pea hull flour, apple pulp, gram hull 497 

flour and bottle gourd in different combinations in low fat chicken nuggets. There were 498 

differences in different quality attributes among control and treated products but organoleptically 499 

latter were comparable to former. Yilmaz & Gegel, (2009) reported that sensory scores of veal 500 

meatballs with 10, 15 and 20 % added inulin were less acceptable than control due to hardness, 501 

low juiciness and low flavor intensity. Viuda-Martos et al., (2010) also reported a decrease in 502 

juiciness and increase in hardness perception on sensory analysis of mortadellas added with 503 
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orange dietary fiber. Global appearance, saltiness, fatness and acid taste were not affected by 504 

orange dietary fiber. 505 

6.4. Fiber and textural properties of meat products 506 

       The three important components of food acceptability are texture, appearance and flavour. 507 

Though there is no alternative of human perception for texture measurement but most common 508 

used for measurement is Instron Texture Analyzer. Lin and Lin, (2004) reported that addition of 509 

bacterial cellulose (Nata.) in Chinese style meatball resulted in detrimental effect on textural 510 

attributes. The values for hardness, cohesiveness, springiness, chewiness and shear force showed 511 

a decreasing pattern with an increasing level of Nata incorporation. Garcia et al., (2006) reported 512 

an increase in hardness value of mortadella, a Spanish cooked meat product incorporated with 513 

inulin.  Inulin in powdered form increased hardness at 2.5 % level while in gel it affected 514 

hardness at 7.5 %. Saricoban et al., (2009) adopted a three-factor Box- Behnken design for 515 

studying the simultaneous effects of processing variables such as fat (10–30 %), wheat bran (5–516 

15 %) and NaCl (0–2 %) on physico-chemical, textural and sensory properties of cooked beef 517 

patties. They found that addition of wheat bran increased hardness and gumminess but decreased 518 

springiness, resilience and cohesiveness without influencing adhesiveness of the cooked beef 519 

patties. Choi et al., (2011) studied the addition of rice bran fiber on the textural properties of heat 520 

induced gel and found that hardness was significantly lower in gels with added rice bran fiber 521 

than the control samples. Similarly, springiness, cohesiveness, gumminess and chewiness were 522 

lower in all samples with added rice bran fiber relative to control. Wan Rosli et al., (2011) 523 

studied the textural properties of chicken patties formulated with different levels of grey oyster 524 

mushroom at 0, 25 or 50% as fiber source and fat replacer. They found that hardness of chicken 525 

patties decreased proportionally with the increasing level of oyster mushroom. Also, the 526 

cohesiveness, gumminess and chewiness of oyster mushroom based patties had lower values 527 

than control while springiness was higher than control chicken patties. Kimchi powder addition 528 

on textural properties of the breakfast sausages were reported by Lee et al., (2008). Treatment 529 

containing 2 % kimchi powder had a higher hardness, gumminess and chewiness as compared to 530 

control. Similar increases in above textural parameters have been reported for frankfurters and 531 

bologna due to addition of soy fiber, plasma protein and other types of fiber (Confrades et al., 532 

2000). 533 
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6.5. Quality characteristics of fiber rich meat products during storage 534 

Maintaining stability and superior quality of a meat product during storage period is of 535 

utmost importance. Addition of various types of fiber source in meat products have been found 536 

to influence the storage quality in various ways. Prasad et al., (2011) reported that oat flour had 537 

better inhibition of oxymyoglobin oxidation when added in chicken kofta as compared to control. 538 

The product was also found to be microbiologically safe and sensorily acceptable during the 15 539 

days of storage.  Modi et al., (2003) has observed that the buffalo meat burger containing roasted 540 

flours registered lower TBA values which signifies lower lipid oxidation than control. The 541 

burgers were found to be organoleptically acceptable after storage for 4 months. Alvarez et al., 542 

(2011) found that the antioxidant activity of rice bran added frankfurters was preserved till 14 543 

days of storage showing an efficient protection against lipid oxidation. On the contrary, Choi et 544 

al., (2010) found a higher lipid oxidation in rice bran supplemented frankfurters. During storage 545 

the change in pH of meat products is an interesting phenomenon. Modi et al., (2009) had 546 

reported a decrease in pH of fried mutton kofta added with oat flour during storage period for 6 547 

weeks. But an increased alkalinity resulting in higher pH was observed in rice bran fiber added 548 

pork salt soluble meat proteins in a model system (Choi et al., 2011). Similar findings were 549 

observed by Verma et al., (2009) in storage of chicken nuggets with high fiber ingredients. 550 

7. Challenges and future potential of fiber rich meat products 551 

The suitability of dietary fiber incorporation in meat products is increasing because of its 552 

numerous functional properties like water retention, emulsion stability, lubrication, texture 553 

modification and neutral flavor. Various fiber sources like oat, rice, sugar beet, soy, pea, 554 

psyllium etc. have been tried in formulation of some meat products such as patties and sausages 555 

for development of nutritionally balanced diet. Fiber is also being used as a fat replacer in 556 

manufacturing of various meat products. Other than the nutritional properties, dietary fiber is 557 

now used in meat products for technological up gradation like improvement in cooking yields, 558 

rheological properties, reducing formulation costs and enhancing the palatability and texture of 559 

meat products. The dietary fiber rich meat products are considered clinically better than 560 

traditional meat products. But the real challenge actually lies in effective development and 561 

marketing of these functional meat products. Even from the consumer perspective, the trust on 562 

the composition and desired outcome of fiber rich meat products on regular consumption has to 563 

be widely studied. The development of meat products enriched with fiber is indeed a novel area. 564 
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A lot of work is still left to unfold the real potential of those components which are scarcely used 565 

in diet or are now eliminated from diet due to change in food habits. 566 

8. Conclusion 567 

The incorporation of dietary fibers, either soluble or insoluble in the meat products is 568 

considered need of the time in view of their various health benefits. In the era of globalization 569 

and fast foods, consumption of dietary fibers can be beneficial as for as various nutritional and 570 

diet related disorders are concerned, particularly when the number of patients with such 571 

problems are increasing. Various sources of dietary fibers have been explored by different 572 

researchers, which are being attempted in the meat products. These sources markedly enhance 573 

the dietary fibers content in meat products and making them more functional as well as healthier. 574 

The meat products can be enriched with adequate amount of dietary fibers by wise selection of 575 

fibers sources and by method of incorporation. Thus it is expected that more acceptable novel 576 

meat products with promising health benefits will be available in future. 577 
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