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ABSTRACT
The Indian livestock population is growing exponentially and with limited available fodder for live-

stock, it is becoming difficult to obtain optimum production from the animals. Constraints of fodder
availability force to use unconventional feedstuffs. Palatability of certain feedstuff depends on the pre-
and post-ingestive feedback which comprise of smell, taste, texture and flavour of feed and aversion and
preference towards particular feed causes due to those factors. Unconventional feeds have low palatabil-
ity which impacts its intake thus the production. Flavoured additives are substances which are added to
those unconventional feedstuffs to improve its palatability by masking the unpleasant characteristics
present in it and thus enhance its intake and production of animal. Preference of animal toward particular
feed changes with the taste with sweet and umami taste shows positive preference whereas bitter tastes
show negative preference. Flavoured additives increase dry matter intake, average daily gain, and weight
gain in growing animals whereas in dairy animals it improves dry matter intake, milk yield, milk fat percent-
age, feed efficiency and reduces loss of body condition and improves energy balance in early lactating
cow. There are few challenges for manufacturing livestock ration and raw material quality and availability
is the major cause which impact the cost of production and those challenges can be overcome by the use
of flavoured additives to produce economic ration.
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 INTRODUCTION

High performing livestocks demands a better
nutrition for efficient production system. In India,
currently we are facing feed and fodder shortage
due to various reasons (Roy et al., 2019) and this
situation compels us to use unconventional feedstuffs
and crop residues which have low palatability and
digestibility thus, affects the animal performance. The
senses of taste are well developed in dairy cattle
(Albright, 1993) so, the feeds that are pleasing to
olfactory, gustatory and tactile senses are selected
by animal and are avoided which are not. Animal
behaviours in relation to taste are better described
as evidence of preference, aversion or indifference
(Kare, 1970). Aversion can affect the feed intake of
the animal, thus the performance and health.

Voluntary feed intake is important for optimum animal
performance (Journet and Remond, 1976) which is
affected during stress condition (Grant and Albright,
1995).  Hence, the palatability of the feed regulates
animal performance. Over the past fi-ve decades,
feed additives have received increasing attention
from both nutritionists and producers (Hou et al.,
2017). As feed additives are highly utilised to improve
the efficiency of feed and ruminants are very
sensitive to feed palatability, which is one of the main
reasons palatant additives, like flavors had become
very important in ruminant nutrition. Studies have
been conducted on various flavours such as vanilla,
sucrose, starch, molasses, oregano, ginger, fenugreek,
fennel etc. to evaluate their preferences when added
to unconventional or low-quality feedstuff and many
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of the studies found significantly improved growth
performance and production parameters. Altering
just one sensory property of feed can enhance its
intake (Rolls et al., 1986) hence several flavours and
volatile compounds are applied to improve the feed
palatability and preferences (Cannas et al., 2009).
Preference towards a certain feed depends on pre-
ingestion information and post-ingestion information.
Pre-ingestion information supported by the sight and
smell before feed intake and post-ingestive
information arises after feed intake caused due to
its texture and taste.

Palatability

Palatability is seen as an inherent quality of the
feed and is described as “dietary features or
conditions that evoke a selection response in the
animal”. It is determined by the feed’s taste, smell,
temperature, and texture. However, palatability
cannot be treated merely as a feed quality because
it is dependent on the animal’s experience and
present nutritional condition. The palatability of the
feed is the outcome of the animal’s hunger, which is
stimulated by the consumption of feed. Eating rate,
particularly at the start of the meal, is an excellent
indicator of the animal’s hunger, while palatability of
the feed is defined as all physical and chemical
properties of the feed that influence appetite. (Burritt
and Provenza, 2002).

Palatability is obviously not a quantitative measure
unless feed intake is measured per unit of time.
Although preference gives information about
differences among feeds, it may not affect intake
when a single feed is offered. However, it is widely
known that the positive or negative post-ingestive
effects that these meals elicit in animals are modified
by their past experiences. These experiences can
occur early in life, such as during prenatal or early
growth stages, or during the productive lives of the
animals, and are modified by their needs, which are
strictly related to the animal’s physiological condition,
as well as by external stimuli.

They are memorized in specific areas of the brain
cortex and when elicited by a sensorial perception

can induce aversion towards feeds, depending if
previous experiences induced positive perceptions,
i.e., feed reward, or negative ones (Baumont, 1996).
Sensory perceptions differ even within the same
meal. As the meal progresses, the first powerful
sensory sensations elicited by the meal are dampened
by a sequence of anorexic neuro-hormonal signals,
which originate in the gastrointestinal tract and
convey satiety signals to the brain’s nucleus tractus
solitarius. Thus, it is more acceptable to describe
palatability as the inter relationship between sensory
and post-ingestive effects, which are impacted by
feed chemical and physical properties, animal
nutritional condition, and previous experience with
feed (Provenza, 1995).

Odour

The first sensory evaluation of feed without any
direct contact in animals is supported by sight and
smell/odour. It is the chemical properties of a
substance due to volatile aroma and perceived by
the sense of smell through the olfactory organs e.g.,
spicy, fruity, putrid, burnt etc. smell molecules are
carried to the cells, which produce a series of
chemical reactions and sensations transmitted to the
brain. Both smell and taste are chemical senses
which involve chemoreceptors. Olfaction involves
the detection of volatile chemicals in solution.

Taste

Taste is considered important as it is the last sense
that can inform animals about a feed’s characteristics
before it is swallowed (Valentin et al., 2006). Taste
and smell are often mixed together resulting in a
global stimulation of the oro-pharyngeal area, called
flavor (Favreau-Peigné et al., 2013). Ruminants
quickly learn to associate positive post-ingestive
feedback with nutritious feeds, and negative PIF with
feeds that contain toxins, excessive nutrients or
inadequate nutrients (Provenza et al., 2003).

Basic tastes

Bitter, sour, salty, sweet, and umami are the five
categories into which taste experiences can be
categorized. Toxins are frequently present in the feed
if the flavour is unpleasant and bitter. Tastes that
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are sour or bitter might also indicate rotten food.
Although sodium salts are the primary source of salty
taste stimuli and several non-sodium salts also have
a salty flavour element. This implies that the
presence of sodium or general minerals is indicated
by a salty taste. Consummatory reactions to salty
taste stimuli vary significantly between some species’
sodium-replete and -depleted individuals.
Concentrated salt solutions can be acceptable to
animals with depletion even if they are repulsive to
animals with sodium- or mineral-replete bodies.
Sugars, a natural sweet taste stimulant that denotes
the presence of carbohydrates in feed, are the most
prevalent sweet taste stimulus. The most common
umami taste stimulus is L-glutamate, which may
indicate the presence of protein (Bachmanov and
Beauchamp, 2007).

Texture

Perception of the physical constituents of a
substance through lips (beak), palate, tongue and
teeth. This involves touch sensation associated with
the mouth and includes such physical attributes as
granularity, density, pellet or particle hardness.

Flavour

According to the US Society of Flavor Chemists,
the flavor is “the substance taken into the mouth
which stimulates one or both senses of smell and
taste and/or also the general pain, tactile and
temperature receptors in the mouth. The functional
use of flavours in the diet of animals is to increase a
sensory response in animal’s appetite for feed intake.
It improves the health, productivity as well as the
reproductive performance of the animals and aid in
farmer’s profitability.

Flavoured additives

The non-nutritive substance which improves the
aroma or taste or both of any feedstuff and provokes
a sensory response that will stimulate the animal’s
appetite for feed, ultimately improving feed intake
and performance. Flavors are often added to calf
starters to stimulate the consumption of dry feed
(Thomsen and Rindsig, 1980). Exposure to diverse
flavors has the potential to induce a more consistent
diurnal consumption of feed by reducing peaks and
nadirs of intake compared with exposure to
monotonous rations (Villalba et al., 2011).

Table 1. Classification of flavoured additives

Uses and preferences

 Use

Flavours are used to mask the unpleasantness
of low-quality feeds and unconventional feedstuff
having less palatability which makes it appealing in
the animals. They also increase the voluntary dry
matter intake due to improved palatability of feeds
which eventually improves the performance of the
animal. Flavours can also be used during stress
condition like transient stress, weaning stress, disease
stress, heat stress etc. to improve the feed intake of

the animal during these conditions.  Addition of certain
flavours could be beneficial as ruminants have a large
number of taste buds present on their tongue having
preference for different flavours. As flavours are
added in minor quantities in the feed, they are cost
effective and help to overcome the high-cost feed in
scarcity.

 Preferences

It is possible that the bitter taste serves as a
warning effect because it has a negative hedonic
value. The salty taste may have a variable hedonic

Spices Sweeteners Flavour masks Organic chemicals 

Coriander, Clove Ginger, 
Turmeric 

Molasses Vanilla Monosodium glutamate 

Fenugreek Honey Lactovanilla flavour Benzoic acid 
Aniseed, Capsicum Sucram/ 

Cyclamates 
Banana flavour Talin 

Cinnamon Glucose Red berry flavour Ethyl acetate, Diacetyl 
Thyme Saccharin Grass feed flavour Furfurol, Simax-100 
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value depend on physiological requirements and a
signal value for the amount of minerals in feeds. The
sweet taste seems to have a positive hedonic value
in cattle. Since sour taste appears to be positive at
low intensities but negative at larger intensities, it is
challenging to determine its precise hedonic value.
Many experiments showed the umami taste to be
preferred to increase intake, including in the absence
of a post-ingestive effect (Ginane et al., 2011).

Hedonic value

The hedonic value of a feed’s sensory properties
needs to be considered as a potential determinant of
feeding behaviour, as it can override normal satiety
signals and regulatory mechanisms, and so lead to
excessive feed intake in animals. It has also been
shown that the neural systems underlying the hedonic
and homeostatic regulations of eating are separate,
involving distinct brain structures and
neurochemicals. This separation means that
homeostatic needs are not the sole force driving
feeding behaviour, and that hedonism can influence
feeding decisions as well. Within each species, often
shown a broad variability in the hedonic responses
of animals toward the tastes (Ginane et al., 2011).
Hedonic scales are well tried and tested for capturing
liking data (Stone and Sidel, 2004). In relation to
evaluating eating and drinking experiences, hedonics

are often referred to as simply ‘liking’. Liking is the
immediate experience or anticipation of pleasure from
the oro - sensory stimulation of eating a feed (Mela
et al., 2006).

Effects on growing ruminant

Consumption of solid feed by young ruminants is
critical for rumen development, weaning transition,
and postweaning growth (Khan et al., 2016).
Restricted milk feeding and early weaning have been
used as strategies to promote solid feed intake and
reduce the rearing cost of calves (Yavuz et al., 2015).
Adequate nutrition is essential to maintain the integrity
of the immune system. Decreased feed intake may
increase an animal’s susceptibility to infection,
particularly during stress conditions like weaning and
transportation of young stock. In young ruminants,
feed neophobia, a phenomenon that can decrease
intake and animal performance, can be problematic
in the transitional period from milk to solid feed
(Costa, 2015). Identifying flavor preferences of
young ruminants may be beneficial for overcoming
feed neophobia, which may occur even in animals
offered highly nutritious novel feeds (Catanese et
al., 2012). Flavoring agents affect and increase the
intake of poor-quality feeds (Cheeke, 1991) and also
stimulate feed consumption by increasing palatability.

Table 2. Meta analysis of flavoured additives in growing animals
Additive Experimental animal Effects Reference 

Orange and Vanilla 
(In water) 

Holstein calves Increased feed intake in 
both flavoured water. 

 
Increased weight gain in 
orange flavoured water. 

Thomas et al. (2007) 

Mixture of garlic powder, 
oregano leaves, basil 

leaves 

Corriedale lamb Stimulates the 
consumption of low 

nutritive hay. 

Distel et al. (2007) 

0.2 % vanilla Holstein calves Preweaning ADG was 
improved and met 

weaning criteria early. 

Fathi et al. (2009) 

Sucram 
(Sodium saccharin-based 

dietary sweetener) 

Calves DMI and ADG were 
numerically increased. 

Ponce et al. (2014) 

Milk aroma flavour Holstein calves Increased feed intake and 
weight gain. 

WU et al. (2015) 

 1ADG – Average Daily Gain
2DMI -Dry Matter Intake
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Effects on dairy animals

Dry matter intake is the single most significant
variable related to the performance of lactating dairy
cows (Huhtanen et al., 2007). High-yielding dairy
cows usually experience a negative energy balance
during early lactation because the energy in milk
exceeds the energy intake through feed (Reynolds,

2006). Reduction in the dry matter intake affects
the animal’s health and performance. Cows in early
lactation or sick cows that are off feed, could be
benefited from the highly preferred flavour, which
may stimulate overall DMI. Elevation of feed intake
with increasing dietary sugar has been observed in
dairy cattle (Sutton et al., 2001).

Table 3. Meta-analysis of Flavoured additives in Dairy animals
Additives Experimental Animal Effects References 

Liquid flavour 
supplementation 

Holstein cows  Increase in DMI from 
week 1 prepartum to week 

4 postpartum. 
Loss of body condition 1-

week prepartum and 2-
week postpartum was 

reduced. 
Improves the energy 

balance of cows in early 
lactation. 

Shah et al. (2004) 

Replace dietary starch 
with sugar 

Holstein cows  A linear increase in DMI 
and milk fat content with 
increasing dietary sugar. 

Broderick et al. (2008) 

Sucram Sweetener + 
Lactovanilla Flavour 

Sahiwal cows Numerically improved 
milk production. 

Jongwe et al. (2014) 

Anise, fenugreek, honey, 
orange, thyme, molasses, 

and vanilla 

Holstein cows  The most consumed diet 
was fenugreek and vanilla 

added ration. 

Harper et al. (2016) 

Molasses-based liquid 
feed 

Holstein cows  Increased DMI, milk 
yield, and 4% FCM in 

early lactation. 

Havekes et al. (2020) 

Fennel and Ginger Egyptian buffalo Improves feed efficiency 
and production of milk 
and fat concentration. 

Fahim et al. (2022) 

 1DMI -Dry Matter Intake
Challenges for manufacturer

The feed industry is growing rapidly as the demand
for rapid animal performance, better health and
reproductive performance is increasing. Feed
manufacturing is challenging as the same raw
material is not available throughout the season. It
may be affected by the off-quality batches of raw
material and such a situation forces to use of another
ingredient for feed manufacturing because of the
different compounds in different kinds of feed
materials. Feed manufacturing can also be affected
economically by minor changes and such situation
may cause feed manufacturing expensive. By the
addition of flavours to the feed, it can overcome such
challenges and can be beneficial to the producer as
well as the consumer.

CONCLUSIONS

Feed choice is determined by complex factors
that include previous experiences, feed sensory
characteristics, post-ingestive feedback and the
physiological condition of animals. Incorporation of
familiar flavour in the diet increases acceptance of
novel feed. The addition of flavour to diet, exerts a
masking effect on unpleasantness and in turn results
in increased intake of low-palatable feed. Flavour is
a useful tool to deal with situations affecting feed
intake like weaning, heat stress, transition period etc.
The effect of flavour on dry matter intake may be
determined by a variety of factors including the basal
diet and amount of flavour supplementation.
Flavoured additives show a promising effect on dry
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matter intake and average daily gain in calves.
However, flavoured water increases the feed intake
in calves. It has the potential to increase feed intake
in early lactating cows and also increase milk fat
and milk production and the potential to reduce loss
of body condition in cows during the transition.
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