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 Abstract 

Yoghurt a fermented product is a wholesome, nutritious food product, liked by every segment of the population. There 
has been a continuous effort in increasing the quality of the product by fortification and technological interventions. 
Researchers have focused on the addition of vitamins and minerals to eradicate micronutrient deficiency as well as the 
addition of health-promoting bioactive functional ingredients such as Hibiscus sabdariffa (calyx) extract and natural 
antimicrobial agents such as essential oils to increase the shelf life and quality parameters of yoghurt. In the case of low-
fat yoghurt, carbohydrate-based fat replacers like barley beta-glucan, guar gum and inulin were used and compared with 
milk fat. Present review focuses on the influence of antioxidant-rich fruits such as Rutub date, mulberry pekmez and 
concentrated grape juice on the fermentation and quality of fruit flavoured yoghurt. There has been an innovation in 
product design such as carbonated yoghurt prepared from sweetened low-fat yoghurt and yog-ice cream by addition of 
inulin. The present review signifies that enrichment of yoghurt with functional ingredients leads to enhancement in the 
quality, storage stability as well as health benefits making it a product suitable for maintaining good health and curing 
diseases of the population in a whole. 
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Introduction 
A Fermented dairy product like yoghurt is a rich 
source of nutrients, for example, riboflavin 
(Vitamin B2), thiamine (Vitamin B1) and Vitamin 
B12. It contains a decent measure of macronutrients, 
for example, the protein which is of high biological 
value and minerals like calcium, phosphorous, 
magnesium and zinc that are effectively 
bioavailable for the human body. It is of utmost 
significance for lactose intolerance consumers as it 
is hard for them to digest lactose because of 
insufficiency of the enzyme, i.e. β-galactosidase 
(lactase). Therefore, they show symptoms such as 
flatulence, diarrhoea and abdominal pain. 
Researchers have reported that consumption of 
yoghurt provides health benefits such as a decrease 
in risk of disease, (Heyman 2000) for example, 
hypertension (Takano 1998, Taylor and Williams 
1998), bringing down of cancer growth (Van't et 
al., 1989), maintenance of gastrointestinal 
microflora and control of diarrhoea 
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 (Boudraa et al., 1990). These health benefits have 
been possible because of improved lactose 
absorption as the lactose gets converted into lactic 
acid (Vesa et al., 1996) and henceforth disposal of 
lactose indigestion symptoms. The beneficial 
microorganisms present in yoghurt such as 
Lactobacillus delbrueckii bulgaricus and 
Streptococcus thermophilus exist in a complex co-
operative relationship in which one bacterium 
produces stimulatory agents for the other. L. 
bulgaricus produces certain amino acids such as 
valine, leucine and histidine which are essential for 
S. thermophilus to grow. These amino acids are 
produced as a result of proteolysis of casein by L. 
bulgaricus (Marranzini et al., 1989; Abu-tarboush, 
1996). S. thermophilus, in turn, encourages the 
growth of L. bulgaricus by producing formic acid 
and carbon dioxide (Matalon and Sandine, 1986). 
These volatile compounds provide yoghurt with the 
characteristics flavour (Routray et al., 2011). The 
soft and thicker texture of yoghurt as compared to 
its milk is because of production of 
exopolysaccharides (EPS) as viscosifying agent 
generated by these lactic acid bacteria (LAB) (Yang 
et al., 2014). These LAB possess preservative 
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properties release antimicrobial metabolites known 
as bacteriocins, which have great potential to be 
used in food preservation (Zacharof et al., 2012). 
The worldwide pattern in the yoghurt production in 
recent years as presented by the International Dairy 
Federation (IDF, 2016) is portrayed in Figure 1. It 
is demonstrated that there was over 10% expansion 
in the purchase from 2010 to 2015 in nations, for 
example, United States, Canada, Mexico, Chile, 
Norway, Sweden, South Africa, Zimbabwe, China 
and Japan. Different nations, for example, 
Australia, Denmark and Germany additionally 
announced a 5-10% expansion in the purchase. A 

few nations even show a decrease in the purchase 
worth, for example, Argentina, France and Israel 
and this might be because of the internal issues of 
the nations, for example, poor economy, change in 
the legislative strategies and decrease in the 
currency value. In general, it showed that yoghurt 
and other dairy items would grow in their 
utilisation throughout the following decade. In 
India, likewise, the yoghurt market developed at a 
compound yearly development rate (CAGR) of 
28.9% during 2011-2015, and it is projected to 
touch US$1 Billion by the end of 2021. 

 

Figure 1. Global Trends in yoghurt purchase and sale value from 2010 to 2015 (International Dairy 
Federation, 2016)  
 
Vitamin and Mineral Fortification  
Fortification of yoghurt with nutrients and minerals 
is the best approach to alleviate vitamin and 
mineral deficiency by utilisation of our ordinary 
everyday diet. Vitamin D deficiency is predominant 
everywhere in the world because of a greater 
amount of indoor working hours, leading to less 
exposure to sun and consequently predominance of 
deficiency. To control this issue, Jafari et al. (2016) 
studied the stability of Vitamin D3 in fortified 
yoghurt as well as in yoghurt drink called Doogh. 
They showed that the treatments such as 
pasteurisation, homogenisation and fermentation 
had no critical impact on Vitamin D stability.  

 
Vitamin D was prepared in two forms, i.e. oil 
dispersible and water dispersible, and it was seen 
that both these were stable during the storage of 
yoghurt when stored in dark containers. The water-
dispersible Vitamin D fortified yoghurt was not 
stable in the clear containers, and thus its stability 
decreases , following 3 weeks of storage while the 
oil dispersible form kept in similar containers was 
likewise stable for a week and significantly 
diminished following 2-3 weeks of storage. 
Vitamin D3 retention was additionally studied and 
examined by Kazmi et al. (2007) in yoghurt when 
stored at 4ºC. It was accounted for the loss of 0.1-
0.2% of Vitamin D in yoghurt.  
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Research on the addition of Vitamin A and C to 
plain and raspberry flavoured low-fat yoghurt was 
examined by Ilic et al. (1988). The yoghurt samples 
prepared were kept at refrigeration temperature for 
about a month and a half for storage study, and they 
were examined two times in seven days. The 
observations indicated that the nutrient level 
diminished steadily with Vitamin C diminishing at 
a lot quicker rate in contrast with Vitamin A. In any 
case, it was seen that 100% US RDA prerequisite 
of Vitamin A and C was recovered even after 6-
week analysis. It was likewise revealed that the 
addition of Vitamins had no critical impact on the 
pH, titratable acidity and the sensory attributes of 
the yoghurt.  
The probiotic culture greatly affects the health-
enhancing elements of the yoghurt and impact of 
the addition of B complex Vitamins, for example, 
Vitamin B1 (thiamine), Vitamin B2 (riboflavin), 
pyridoxine, pyridoxal, pyridoxamine and folic acids 
were studied by Papastoyiannidis et al. (2006). 
During the research, observations were done where 
vitamins were 50% lost, i.e. during the heating of 
the milk and fermentation, but vitamins stay stable 
during storage for 16 days at refrigeration 
temperature. Species and strain of the culture had 
an impact on the vitamin level all through the 
fermentation and storage study of the product. This 
fortification level applied to the fermented dairy 
product is a decent option in contrast to dietary 
enhancements as they are effectively absorbed, and 
it adds to the advantageous impact of probiotics 
microorganisms as well as the vitamins included. 
Additionally, the impact of the incorporation of 
Folic acid on the qualities of yoghurt was reported 
by Aryana (2003). The folic acid was added in two 
distinct stages and furthermore at two unique 
concentration levels for example during mix 
preparation (before pasteurisation) at 25% RDA 
value and following culture addition (after 
pasteurisation) at 50% RDA value of Folic acid. It 
was seen that the overall sensory attributes of the 
yoghurt demonstrated a yellowish tone when 
contrasted with the control samples. The folic acid 
fortified yoghurt had fundamentally lower flavour, 
body and texture scores but had better water 
holding capacity when compared with the control 
samples. There was no impact on the pH and 
titratable acidity of the folic acid fortified yoghurt. 
The determination of proper delivery framework to 

enhance the bioavailability of the fundamental 
nutrients, for example, Vitamin A, D and E with the 
goal that it adds to human wellbeing by preventing 
certain disease and improvement of overall health 
was studied by Öztürk (2017). He studied that lipid-
based delivery framework can be utilised to deliver 
these lipophilic nutrients and subsequently increase 
their solubility, stability as well as the 
bioavailability. This lipid-based delivery 
framework offers an advantage as they can be 
utilised in fortification of water-based 
beverage/drink alongside lipid-based formulations. 
Staple foods and beverages such as orange juice, 
milk, cheese and bread could be fortified with 
stable vitamin-enriched nanoemulsions, so human 
can get profits by these micronutrients. In these oil-
in-water nanoemulsions, there is an oil phase where 
the lipophilic bioactive compound is the present 
and aqueous phase where there is an amphiphilic 
interfacial layer which is made out of emulsifier to 
enhance the strength of the nanoemulsion prepared. 
The nanoemulsions are prepared both by low 
energy and high energy techniques, is a promising 
delivery framework to stabilise lipophilic vitamins 
during the food fortification and hence improve 
their bioavailability. 
Adding functionality to yoghurt to enhance the 
rheology and structural stability  
The structural and rheological attributes of yoghurt 
could be improved by the addition of proteins, for 
example, whey protein isolate. For these, two 
different kinds of yoghurt were prepared, low 
protein and high protein yoghurt. It was seen that 
the higher protein version of yoghurt appeared to 
diminish more craving when contrasted with the 
lower protein form of yoghurt (Vadewater et al., 
1996). The study was also done in which non-fat 
yoghurt was prepared to utilise skim milk which 
was braced with higher milk protein powder up to 
5.6%. The additional protein helped with giving all 
the firmer body and insignificant whey separation 
without any use of stabiliser (Mistry et al., 1992). 
The addition of whey protein isolate leads to 
viscosity lowering effect as observed by Patocka et 
al. (2006). The whey protein isolate was added in 
two stages, i.e. before fermentation (BF) and after 
fermentation (AF) of the unfortified yoghurt. It was 
seen that the before Fermentation yoghurt has the 
same characteristics as commercial yoghurt, but 
after fermentation yoghurt showed more whey 
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separation and a decrease in the overall sensory 
score of the product. Similarly, the impact of the 
addition of whey protein isolate on the general 
sensory qualities of yoghurt was examined by 
Guggisberg et al. (2007). They observed the 
consistency and microstructural properties of the 
yoghurt. The whey protein isolate included was in 
the range of 3-12%, and it was added before the 
fermentation process. The consistency and 
rheological qualities were studied utilising two 
principle techniques: resistance to penetration by a 
cylinder and oscillating system. It was seen that 
both these techniques demonstrated incredible 
outcomes which were equivalent to one another. 
The rheological, textural and sensory qualities of 
low-fat yoghurt were additionally examined when 
carbohydrate-based fat replacers were added such 
as barley beta-glucan (0.5%), partially hydrolysed 
guar gum and inulin (at a higher rate, for example, 
2%) by Brennan et al. (2008). It was accounted that 
by addition of these carbohydrate-based fat 
replacers, it led to a decrease in whey syneresis and 
the overall structural characteristics of the low-fat 
yoghurt compared with that of full-fat yoghurt.  
There have been advancements in the product 
design with the addition of inulin to improve the 
general textural scores of the yog-ice cream 
desserts. This leads to an increase in the 
consistency of ice cream yoghurt mix and the 
hardness of the yog-ice cream prepared. The 
melting down qualities of yog-ice cream were 
accounted for by El-Nagar et al. (2002), and it was 
seen that there is a reasonable connection between 
increased oligosaccharide level and melting 
attributes of ice-cream. Another advancement 
wherein carbonation was fused to the improved low 
fat yoghurt in specific varieties such as  plain, 
strawberry and lemon which was prepared by 
utilising cream, non-fat dry milk, sugar, stabiliser 
and skim milk. The yoghurt culture was added and 
incubated at controlled temperature conditions until 
the ideal pH is attained. Carbon dioxide was added 
into the cooled, flavoured yoghurt at a rate of 0.08 
to 0.09 kg/cm2 utilising sterile hose pipe. The 
yoghurt prepared was stored at 4ºC, and the sensory 
evaluation was done by the team at 7, 21 and 45 
days. Karagül-Yüceer et al. (1999) saw that 
carbonation has no critical impact on the overall 
acceptability and sensory properties of yoghurt. 

Addition of health promoting functional 
ingredients in yoghurt 
Researchers have focussed on the addition of 
health-promoting bioactive functional ingredients 
like Hibiscus sabdariffa (calyx). It has been 
reported that Hibiscus sabdariffa (calyx) acts a 
potential source of bioactive agents that possesses 
antioxidant-antiradical activity, anti-obesity, anti-
inflammatory action, anti-hypertensive, 
antimicrobial and prevent the risk of cancer 
(Moyano et al., 2016). Iwalokun et al. (2007) 
studied the impact of the addition of Hibiscus on 
the physicochemical qualities of the yoghurt. It was 
seen that there was a decline in the coagulation 
time. However, it was also observed that there was 
a decrease in the overall acceptability as well as the 
sensory score value of the yoghurt in which 
Hibiscus was added. 
The addition of natural antimicrobial agents such as 
essential oils to fortified yoghurt and its impact on 
the physicochemical, sensory and health-promoting 
functions was studied by Otaibi et al. (2008). These 
oils have antimicrobial properties (Burt, 2004), and 
these properties have been attributed due to phenols 
and polypeptides (Ismail et al., 2006). These 
essential oils are also used as food flavouring 
agents or preservatives (El–Nawawy et al., 1998). 
The essential oils included were thyme, marjoram 
and sage added at a concentration of 0.2, 0.5 and 
1.0 ppm. On observing the chemical and 
microbiological properties, it was seen that it 
affected the pH, soluble and total nitrogen content. 
However, at a concentration of 0.2 ppm, it was 
discovered to be organoleptically acceptable and 
lead to an increase in the shelf life of the product up 
to 21 days.  A study was conducted to increase the 
natural antioxidant content in yoghurt by addition 
of rutub dates by Ismail (2019). The observations 
included the physicochemical, microbial and 
organoleptic properties of the yoghurt prepared. 
Observations demonstrated that there was an 
acceleration in the fermentation rate and decline in 
coagulation time. The rheological characteristics 
depicted that there was a decline in the curd 
syneresis and increase in curd tension, viscosity and 
water holding capacity of the yoghurt prepared. The 
addition of dates leads to an increase in the mineral 
and total nitrogen content. There was a positive 
effect on the viability of lactic acid microbes and 
bifidobacteria, and consequently, more probiotic 
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impact on the yoghurt prepared when contrasted 
with the control samples. Similarly, fruit yoghurt 
was prepared by utilising concentrated grape juice 
to milk by Öztürk et al. (1999). It was seen that the 
addition of 10% grape juice gives the ideal 
sweetness as well as an increase in the fermentation 
time and decrease in the viscosity of yoghurt. 
During the storage study, it was observed that 
acidity of concentrated grape juice yoghurt was 
lower than the control samples. Further, the fruit 
flavoured yoghurt was likewise prepared utilising 
mulberry pekmez into the milk by Celik et al. 
(2003). The mulberry pekmez added had more 
content of minerals such as calcium, sodium, 
magnesium, phosphorus and Iron, which enhanced 
the nutritional value of the product. The diverse 
concentration of mulberry pekmez was selected 
i.e.2.5, 5.0, 7.5 and 10%. It was seen that by 
addition of mulberry pekmez into yoghurt leads to 

an increase in the fermentation time and a decrease 
in the viscosity of yoghurt prepared. During the 
storage study, it was observed that there was more 
whey separation when compared with control 
samples, although the acidity, consistency and the 
lactic acid bacterial count was lower than the 
control samples.  
 
Conclusion  
Yoghurt is a well-known and healthy dairy product 
which is an indispensable part of the human diet. 
Subsequently, fortification of yoghurt with essential 
bioactive functional ingredients is an extraordinary 
way to deal with the eradication of deficiency and 
to enhance the nourishment by consuming a cup of 
yoghurt. Since a ton of usefulness can be added to 
this healthy dairy product, so its fortification has an 
excellent research perspective. 
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