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Abstract: Meat and meat products share an important status among the various food products because of their high 
biological value with the goodness of nutritional compounds. Meat is a perfect source of protein along with minerals, 
vitamins, amino acids, essential fatty acids and many other specific nutrients. Socio-economic factors have to lead to a 
change in lifestyle, which in turn has increased the demand for ready to eat products, among which meat products are 
also rapidly gaining attraction of consumers. Although these meat products have good nutritional value, they generally 
contain a large amount of fat and added salts but are lack of dietary fibre which leads to various health problems in 
human consuming meat and meat products. Lack of dietary fibre in meat products gives birth to coronary heart diseases, 
diabetes, high blood pressure and intestinal cancer etc. Consumers are growing their consciousness towards the health 
aspect without compromising on nutritional benefits. Therefore, meat products fortified with significant levels of dietary 
fibre has been suggested. 28-36 g/day dietary fibre is recommended and which can be met by their incorporation in the 
diet of people consuming meat and meat products. The insoluble part of dietary fibre helps in regulation of intestinal 
function whereas soluble dietary fibre regarded as helpful in lowering cholesterol level by absorbing glucose in the 
intestine. Another critical problem concerning meat and meat products is the lipid oxidation which reduces the shelf life of 
product during storage. Natural antioxidants are suggested for retarding lipid oxidation and ultimately enhancing the shelf 
life of the product under storage. Synthetic antioxidants are losing publicity because they have revealed several 
toxicological effects during various studies. Thus there is a growing trend of use of natural antioxidants along with the 
dietary fibre obtained from plant sources in meat and meat products. Various food wastes such as fruit and vegetable by-
products from food processing industries can serve the purpose of dietary fibre as well as natural antioxidants because 
of the polyphenolic compounds present in them. Generally, these by-products from fruit and vegetable processing 
industries are cheap, and their utilisation develops indirect income generation. The utilisation of vegetable and fruit 
wastes as a source of dietary fibre and natural antioxidants also reduces pollution to some extent which might be caused 
by their disposal. Thus along with waste reduction, cost reduction in economic terms, it also helps the environment by 
decreasing the load of their disposal. The incorporation of these by-products from various plant sources attracts 
consumers as they improve quality attributes viz. physicochemical, microbiological and organoleptic properties in meat 
and its products with health benefits and hence gives satisfaction to the consumers regarding their health 
consciousness. 
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1. INTRODUCTION 

Meat is one of the essential parts of the human diet. 
Undoubtedly, meat has the richness of protein among 
the foods having a high degree of bioavailability in 
comparison to other food products [1, 2]. Meat also 
contains a good amount of omega-3 fatty acid, iron and 
high level of cobalamin [3]. But the negative impact 
associated with meat and processed meat products is 
due to lack of dietary fibre. When the meat is regularly 
consumed may result in various problems related to 
health like high blood pressure, coronary heart 
diseases, obesity and cardiovascular disorders [4-6]. 
By certain scientific evidence, it has been confirmed 
that specific components in food may also lead to 
neurological disorders [7]. This problem can be 
overcome by incorporation of dietary fibre in meat 
products which modifies textural characteristics, gives  
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stability to fat, improves emulsification and also 
improves shelf life [8, 9]. Another problem that prevails 
in meat products is the lipid oxidation, and lipid 
oxidation causes rancidity which affects the quality of 
product and deteriorates shelf life and also gives 
undesirable effects which even sometimes forms toxic 
substances [10]. Antioxidants are used for retarding 
rancidity, and there are two types of antioxidants, 
namely synthetic and natural antioxidants. Synthetic 
antioxidants like tert-butylhydroquinone (TBHQ), 
butylated hydroxytoluene (BHT) and butylated 
hydroxyanisole (BHA) are used to put a check on 
microbial growth which ultimately extends the shelf life 
of meat and meat products. Potential toxicological 
effects of synthetic antioxidants have put them under 
the scrutiny [11]. Nowadays, food processing industries 
are growing rapidly, which produces a lot of by-
products and waste after producing desired products 
like apple pomace, cabbage waste, cauliflower-stem 
waste, grape seed powder, carrot pomace and 
pineapple pomace etc. which go waste and are usually 
disposed off after some treatment to save the 
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environment which further adds up to the cost. These 
by-products have potential to serve as dietary fibre and 
natural antioxidants in meat products which when 
utilised remove the extra cost addition. The trend of 
incorporation of vegetable and fruit wastes as a source 
of dietary fibre and phytochemical compounds 
providing health benefit is growing among the 
consumers [12]. Fruit and vegetable contain a 
significant amount of dietary fibre, and phytochemicals 
such as polyphenol, a carotenoid with high biological 
properties and antioxidant activity. Polyphenols show 
antioxidant, anticarcinogenic properties along with 
immunity regulator and anti-bacterial activity [13]. 
Dietary fibre-rich substances are widespread in the 
food market, but generally, their antioxidant perspective 
is neglected [14]. But now, the concept of dietary fibre 
providing also the antioxidant activity is becoming 
popular [15]. The main focus of attraction towards the 
dietary fibre with antioxidant activity is due to the 
combined effect of both dietary fibre and a natural 
antioxidant in the single fruit and vegetable by-product 
which is the demand of time. One gram of dietary fibre 
should provide the free radical scavenging behaviour 
equivalent to 50 mg Vitamin E and 50% dry matter in 
dietary fibre content from the natural dietary fibre 
source obtained from by-products [15]. These plant by-
products possessing the virtuousness of dietary fibre 
as well as antioxidants have shown the evidence of 
decreased risk of chronic diseases like diabetes (type-
2), cardiovascular diseases and colon cancer [16]. This 
is because of the capacity of free radical scavenging 
and antioxidant activities which ultimately gives 
protection from diseases. Besides health benefits, 
dietary fibre provides the bulk and prevent the cooking 
loss in meat, enhances water-binding abilities, thus 
also providing economic benefits to the producer [17]. 
In this review, the available literature is examined to 
reveal the action of dietary fibre and antioxidants 
obtained from fruit and vegetable waste, in meat and 

meat products; and their potential application in meat 
and meat products to provide health benefits along with 
economy generation and waste prevention. 

2. PLANT-DERIVED DIETARY FIBRES WITH 
ANTIOXIDANT ACTIVITY  

Codex Alimentarius Commission (CAC) recognises 
that the dietary fibre (D.F) has increasingly taken up by 
the consumers as material from the plant sources 
having advantages associated with health [18]. CAC 
defines the fibre as carbohydrate-polymers with three 
monomer units or more that are not digested, and are 
also not absorbed in the small intestine. Dietary fibres 
are the residues of plants and carbohydrates which are 
not absorbed and hence are indigestible [19]. 

The dietary fibre can be classified into two main 
categories as: 

1. Edible carbohydrate-polymer which occurs in the 
food naturally.  

2. Carbohydrate-polymer that are derived from food 
raw material by physical means.  

However, the most general classification is based 
on its solubility, which is represented in Figure 1. 
Dietary fibres which are soluble in water are known as 
soluble dietary fibre, whereas which are insoluble in 
water are regarded as non-soluble nutritional fibre [20]. 
Soluble dietary fibre involves pectin, beta-glucan, 
inulin, psyllium, polydextrose, fructooligosaccharides 
etc. whereas, on the other hand, cellulose, 
hemicelluloses, starches, lignin comes under the 
category of insoluble dietary fibre. Soluble dietary fibre, 
for example, barley, oats; reduces the risk of 
cardiovascular diseases, gives protection against 
diseases related to heart as well as some types of 
cancers, it also reduces total cholesterol and LDL [21]. 

 
Figure 1: Dietary Fiber Classification based on solubility. 
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Insoluble dietary fibre, for example, obtained from 
wheat bran, lowers the risk of colon cancer as well as 
breast cancer, obesity and gastrointestinal diseases 
[22]. Some dietary fibre derived from different sources 
along with their effects on human health are given in 
Table 1. 

Isolation of dietary fibre from various sources of 
plants has diversity in processing certain properties like 
viscosity, gel-forming property, water binding capacity, 
which affect the quality of the product [20]. Fruits and 
vegetables in the dehydrated form can be used in the 
formulation of food to attain the excellency in quality 
[32]. Dietary fibre obtained from fruits and vegetables 
can exchange cation through phytic acid and bind 
positively charged ions like cadmium, copper, zinc, 
calcium [33]. Bioactive plant compounds that are not 
nutrients but are linked with reduced chances of some 
chronic diseases are known as dietary phytochemicals 
[34]. When these phytochemicals are regularly 
consumed in food, they even can protect from certain 
cancers and CV diseases [35]. 

3. FORTIFICATION OF DIETARY FIBRES IN MEAT 
PRODUCTS 

World’s total meat production was estimated at 330 
million tonnes in 2017, an increase of 1% from 2016 
[36]. Whereas total meat production in India was found 
at 7.4 million tonnes in 2017, which is 2.24% of total 

meat production in the world [37]. World bovine meat 
output rose to 70.8 million tonnes in 2017, an increase 
of 1.5% from 2016. World buffalo meat production in 
2016 was 3.79 million tonnes which increased to 3.83 
million tones in 2017 [36]. It is encouraging to see that 
India is the largest producer of buffalo meat at present. 
In 2017, the total buffalo meat production in India was 
1.63 million tonnes [36]; and it was 1.61 million tones in 
2016. Thus this increasing trend in buffalo meat 
production is suggesting the crackdown on illegal meat 
establishment have not disrupted the supply channel of 
buffalo meat. There has an overall increase of 15% in 
buffalo meat production in India from 2007 - 2017 as 
compared to 15.31% in the world [36]. India has 
exported 1.2 million tonnes of buffalo meat to the world 
of worth Rs. 25168.31 crores during the year 2018-19 
[38]. India is the largest exporter of buffalo meat and 
third-largest exporter of meat after Brazil and Australia. 
India accounts for about 58% of the world buffalo 
population and 14.7% of cattle population. Major export 
destinations during 2018-19 were Vietnam, Malaysia, 
Indonesia, Iraq, and Myanmar [38]. The major states 
for buffalo meat production in India are Uttar Pradesh, 
Andhra Pradesh, Maharashtra and Punjab [38]. This 
indicates that the meat industry is gaining momentum 
day by day, especially in terms of buffalo meat. 
Recently the Indian situation is changing in favour of 
processed meat products, especially in metropolitan 
cities. Due to changing lifestyle, several traditional 

Table 1: Dietary Fibres and their Effect on Health 

Different sources from which dietary 
fibres are obtained 

Effect on Health References 

Psyllium husk Decreases the risk of C.V diseases, help in weight management [23] 

Whole grain Reduce the risk of cholesterol [24] 

Guar gum Lowers systolic Blood Pressure [25] 

Seaweed extract Reduction in plasma cholesterol and glucose level [26] 

Barley Flakes Maintaining blood glucose level and weight control [27] 

Chicory  Reduce the risk of coronary heart diseases, 
Inhibition of platelet aggregation, 
Protection of endothelial tissue 

[28] 

Corn and wheat Lowers Blood lipid, 
Attenuated blood glucose response 

[29] 

Jerusalem artichokes, sugar beet Stimulate the growth of non-pathogenic intestinal microflora, 
Enhances the immune system 

[30] 

Resistant starch Aids in laxation, 
Improve gut health, 

Attenuates blood glucose when substituted for digestible carbohydrates 

[29] 

Sugar cane juice Prevention of cardiometabolic diseases and cancer [31] 
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meat products like meat Kabab, Chicken Biryani, 
Tandoori Chicken have gained marketing; other meat 
products like Meat Momos, Meat Samosa, Meat Kofta, 
Meat Steak and Meat Pickle, Meat Patties and 
Sausages etc. have been able to create an impact on 
urban consumer and civilian societies. Western-type 
meat products like cured ham, bacon, sausages, 
frankfurters, meat burger, luncheon meat/loaves, liver 
paste etc. are becoming popular in big cities of India 
too. 

Meat consumption also represents some risk to 
human health due to cholesterol such as obesity, 
diabetes and cardiovascular diseases [39]. Consumers 
are seeking low-fat meat products for obtaining diets 
with health benefits, which has contributed to the 
formulation of new products of meat to substitute the 
fat in the classically formulated meat products [40]. So, 
there is an increase in the demand for functional food, 
and it is raising the concern towards the high degree of 
fat used in the meat products. The rancidity in the 
products of meat develops because of oxidation of 
lipids while processing as well as storage. Oxidation of 
lipid is accounted for not only primary oxidation 
products development but also the development of 
secondary oxidation products. Oxidation of lipid also 
reduces the nutritional quality of the meat products 
along with alteration in flavour, which can cause health 
risks and losses in economic terms because of poor 

quality products [41]. For this reason, there is an 
increase in concern regarding the inclusion of natural 
sources of antioxidants and dietary fibre in processed 
meat products due to the safety issues, consumer’s 
acceptance and good application in expanding and 
improving shelf life of the products. In meat food 
products, the incorporation of antioxidants is done to 
prevent oxidative rancidity. Unsaturated fatty acids 
available in phospholipids are the main domain towards 
the attack of oxidative rancidity [42]. Oxidation of lipid 
plays roles in deteriorating the quality and overall 
acceptability of products. Lipid oxidation badly 
influences textural properties and nutritional attributes. 
This process may even produce substances which are 
toxic like oxide of cholesterol and monoaldehyde, 
lowering of nutritional attributes is marked due to 
decomposition occurring in essential fatty acids and 
lipid-soluble vitamin’s antioxidant [43]. Natural 
antioxidants in meat products can replace several 
synthetic antioxidants. These natural antioxidants, 
when added to food, enhance their shelf life by putting 
a check on the oxidation of lipid, protein and other 
pigments and improves the quality attributes in terms of 
textural and sensory quality. Some of the meat 
products incorporated with fruits and vegetable 
residues are presented in Table 2 along with their 
results showing an effect on the quality of meat 
products. 

Table 2: Natural Antioxidants with their Effect on Lipid Oxidation in Meat Products 

Antioxidants from different 
sources 

Effect on meat products /Result References 

Guava powder  Cooked nuggets prepared from sheep meat incorporated with guava powder 
showed 40% less TBAR numbers 

[44] 

Pomegranate fruit juice solution Hen breast meat sample dipped in 0.02% fruit juice phenolic solution reduced 
protein oxidation 

[45] 

Kiwi fruit skin flour The lipid oxidation and microbiological count of ham patḗ remained stable by 
using kiwi fruit skin flour 

[46] 

Raw capsicum, radish and carrot The vegetable incorporated comminuted mutton products were found superior in 
sensory quality  

[47] 

Litchi pericarp extract Litchi pericarp extract (1.5%) significantly raised the phenolic content in sheep 
nugget and inhibited the lipid oxidation similar to BHT (100 ppm over 12 days) 

[48] 

Rind powder extract Rind powder extract significantly inhibited (p<0.01) oxidation of lipid in cooked 
(chicken) patties 

[49] 

Grape seed extract Grape seed extract at different humidity levels inhibits the TBAR formation in 
ground chicken thigh meat 

[50] 

Extract of chia seed  Lipid oxidation reduced in fresh pork sausage during storage [51] 

Sage extract Sage extract incorporated to meatball showed a high antioxidant capacity due to 
phenolic compound; 47 mg gallic acid per 100 gram 

[52] 

Rosemary lyophilised extract Rosemary lyophilised extract showed strong antioxidant capacity and inhibited 
48.29 % lipid oxidation in a chicken burger  

[53] 
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4. DIETARY FIBER AND HUMAN HEALTH  

Consumption of diet enriched with fibre tends to 
reduce the chance of obesity, coronary heart diseases 
and even some types of cancers. Dietary fibre provides 
bulking effect by reducing the energy density of the 
food. Over a past few years, a trend is going on 
researching to take advantage of dietary fibre 
especially their incorporation in the diet which is poorer 
in fibre because when the dietary fibres are 
incorporated, they impart such effects which are 
beneficial to health. Three major benefits that have 
been counted since the last five decades are: dietary 
fibre works as a laxative, lowers blood cholesterol level 
and also provide certain antioxidants. Not all dietary 
fibres are capable of doing each mentioned action or to 
the same limit. 

4.1. Impact of Dietary Fibres on Blood Lipid Profile 

Dietary fibre serves the purpose of reducing agent 
of hyperlipidemia and hypercholesterolemia due to 
which dietary fibre is regarded as a nutraceutical agent 
against CV diseases [54]. However, the mechanism 
exactly responsible for lowering the serum cholesterol 
level is not very clear. Soluble fibre lowered both total 
and LDL cholesterol significantly in the complete dose 
range. Even, diets high in fibre reduced HDL 
cholesterol significantly but by much less [55]. Insoluble 
liquid fibre portion of the Citrus Sinensis derived from 
its peel showed that serum triglyceride levels could be 
significantly reduced along with the reduction in 
complete serum cholesterol, gross liver lipids and 
cholesterol of the liver [56]. Few important mechanisms 
are lipoprotein production inhibition as well as 
cholesterol synthesis inhibition, increase in insulin 
sensitivity occurring because of delay in absorption of 
macronutrients and formation of the membrane around 
the droplets by dietary fibre through which lipase 
activity is prevented [57]. Hence dietary fibre plays an 
important role in reducing the chances of 
cardiovascular diseases. 

4.2. Dietary Fibres and their Role in Disease 
Prevention 

It is generally known that increased fibre intake 
leads to lower transit times, improved stool bulk and 
water concentration [58]. Out of the fibres that are 
usually consumed in the diet, cellulose tends to 
produce a greater volume of stool bulk which 
decreases the transit time [59]. It has been reported 
that dietary fibre absorbs several toxins present in food 

or compounds having potential towards mutagens by 
reducing the colonic exposure to these components 
[60, 61, 62]. In brief, dietary fibre limits mucosal 
exposure to a large number of harmful colon 
substances by decreasing the transit time, diluting 
these agents and binding them. It also results in 
acidification which decreases pH prevailing in the 
colon, thus inhibiting the growth of harmful bacteria and 
on the other hand, helps in the growth of lactic acid 
microflora [63]. It is very difficult to relate the dietary 
fibre, especially with colon cancer, because of their 
complex nature. However, the significance of dietary 
fibre in preventing colon cancer has been described in 
a quite well manner. There are two ways through which 
anticarcinogenic activity can be realised, one is the 
reduction in carcinogenic compound production in the 
colon [64], and another one is increasing the faecal 
bulk which reduces the interaction of cancer risk agent 
occurring in faeces with intestinal mucosa [65]. Regular 
intake of dietary fibre also helps in lowering the risk of 
certain types of cancers, particularly colorectal cancer 
that occurs inside the large intestine by promoting 
fermentation that produces short-chain fatty acids [66]. 

4.2.1. Prevention of Overweight and Obesity 

Dietary fibre can increase the prevalence of 
Bacteriodetes and Actinobacteria, that are mainly 
present in lithe ones, and reduce the promotion of 
Proteobacteria, that is dominant in people suffering 
from obesity [70]. Dietary fibre also raises hormones of 
the gut, which plays a role in satiety control and gastric 
emptying [71].Various researchers have examined the 
dietary fibre with its potentiality towards weight 
management [66]. A reduction in the secretion of 
insulin may be marked by the dietary fibre's action of 
using fat depots from the human body. The nutrients 
absorbed at a slower rate because of slowing down the 
action in gastric emptying occurring due to the intake of 
a fibre-enriched diet [72]. 

4.2.2. Prevention of Type-2 Diabetes Mellitus 

Diets high in whole grain and dietary fibre will 
protect against diabetes and pre-diabetic conditions by 
promoting satiety and loss of weight. However, in a 
meta-analysis, a statistically significant decrease was 
observed in the risk related to type-2 diabetes, with the 
significant benefits coming from cereal fibres [67]. The 
decrease in the concentration of plasma glucose may 
occur because of the use of products having a high 
amount of fibre. The dietary fibre has the capacity of 
lowering glucose peak, which creates a decrease in 
demand for insulin and prevents the high exhaustion of 
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pancreas. The ingested fibre reduces gastric emptying 
by the formation of a matrix associated with gel [68]. 
The composition of a gel matrix helps in thickening the 
contents of the intestine and decreasing the contact 
between digestive enzyme and food [69]. Moreover, 
the fibre could change the contractile movements in the 
gastrointestinal tract and hence reduce glucose 
transportation to the absorptive surface. 

5. CONCLUSION 

Certain food wastes in the form of by-products 
obtained from vegetable and fruit processing plants 
fulfil the criteria of dietary fibre with the goodness of 
natural antioxidants. They bring certain benefits 
together. They can be successfully incorporated in 
meat products which will not only provide health 
benefits through dietary fibre but also support the 
enhancement and improvement in meat products’ shelf 
life during storage through the action of natural 
antioxidants present in them. Thus the overall 
achievement of quality in meat products can be 
achieved by incorporation of these by-products. The 
utilisation of fruit and vegetable wastes may provide 
environmental and economic benefits at the same time. 
The sources of dietary fibre and antioxidants reviewed 
here are not sufficient and need further studies with 
better methods to make excellent use of plant materials 
rich in antioxidants and dietary fibre. 
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