
Review Article

Chemical Composition and Nutritive Benefits of
Chicory (Cichorium intybus) as an Ideal Complementary and/or
Alternative Livestock Feed Supplement

Ifeoma Chinyelu Nwafor,1 Karabo Shale,2 and Matthew Chilaka Achilonu2

1Department of Agriculture, Faculty of Health and Environmental Sciences, Central University of Technology, Free State,
Private Bag X20539, Bloemfontein 9300, South Africa
2Department of Environmental Sciences, Faculty of Natural Sciences, Mangosuthu University of Technology, P.O. Box 12363,
Jacobs, Durban, Umlazi, KwaZulu-Natal 4026, South Africa

Correspondence should be addressed to Matthew Chilaka Achilonu; mcachilonu@yahoo.co.uk

Received 21 August 2017; Accepted 19 November 2017; Published 13 December 2017

Academic Editor: Valdir Cechinel Filho

Copyright © 2017 IfeomaChinyelu Nwafor et al.�is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the originalwork is properly cited.

Chicory is a perennial plant grown in di�erent parts of the world, used as forage for livestock, as folklore remedies, or as a vegetable
addition in human diets. �ere are several varieties of the chicory plant, known di�erently globally due to its numerous medicinal,
culinary, and nutritional qualities. Most parts of the plant contain a potpourri of nutrients ranging within carbohydrates, proteins,
vitamins, minerals, soluble 	ber, trace elements, and bioactive phenolic compounds, which are responsible for the various nutritive,
prophylactic, and therapeutic qualities of chicory. Inulin, coumarins, tannins, monomeric 
avonoids, and sesquiterpene lactones
are some of the major phytocompounds mostly found in chicory plants. �e health-promoting activities attributed to chicory
comprise, among others, anti-in
ammatory, anticarcinogenic, antiviral, antibacterial, antimutagenic, antifungal, anthelmintic,
immune-stimulating, and antihepatotoxic and its antioxidative qualities. As a versatile plant, chicory’s chemical composition and
use as a suitable livestock feed supplement or as an alternative feed ingredient (AFI) are thus reviewed.

1. Introduction

�e use of cereals in animal feeds competes with human

nutrition, and some of the cereals are too expensive. �ere-

fore, the introduction of alternative feedstu�s that could

overcome the challenges of production cost in the livestock
industry as well as impact positively animal health, produc-
tion yield, and product quality has become necessary. Some
of these AFI such as chicory parts (seeds, leaves, and roots)
(Figure 1) have successfully been used as supplements in small
ruminant diets, without compromising animal performance.
Cichorium intybus, a perennial herbaceous plant of the
Asteraceae family, has been used for ages as livestock forage
in various parts of the world. Popularity of chicory is steadily
growing owing to its numerous medicinal, culinary, and
nutritional qualities.

�e leaves and 
owers are usually used as vegetables in
salads and the roots are used as a co�ee substitute, livestock
feedstu�, or pet food [1]. Chicory extracts are sometimes

added to alcoholic and nonalcoholic beverages to improve
taste [2], while the inulin rich tuberous roots can be converted
to alcohol [3]. In some countries, parts of the chicory plant
are used as ethnoveterinary remedy for bodily ailments and
disorders and for prophylactic purposes in both humans
and livestock [4, 5]. Since fresh chicory roots have a rather
bitter taste, the roots are normally debittered by boiling,
drying, baking or roasting, and soaking in water or citric acid
solution and then chopped or milled before being used as
co�ee blends, feed, or a functional food ingredient [1, 6–8].

Chicory root contains some phytochemicals such as
inulin (starch-like polysaccharide), coumarins, 
avonoids,
sesquiterpene lactones (lactucin and lactucopicrin), tannins,
alkaloids, vitamins, minerals, and volatile oils [9]. �e sec-
ondary metabolites (
avonoids, tannins, and coumarins)
found in chicory have been reported to demonstrate some
biological activities such as antioxidant, anticancer, anti-
in
ammatory, antiparasitic, antihepatotoxic, which impact
positive health e�ect on humans and livestock [10, 11]. Inulin
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Figure 1: Useable parts of the chicory plant. (a) Seeds, (b) 
ower, (c) roots, (d) roasted roots, and (e) chicory 	eld [28].

is a polymer of fructose with �-(2-1)-glycosidic-linkage [12],
which accounts for up to 68% of the total compounds present

in fresh chicory roots [13, 14]. As a prebiotic, inulin is low in

calorie and dietary 	ber, making it a good replacement for

sugar and an ideal component for diabetic nutrition [15, 16].
Furthermore, animal performance on forage chicory

is similar to that of legumes and superior to grass-based

pastures [11]. According to [17], chicory increases milk pro-

duction when o�ered as a supplement to pasture. As reported

elsewhere [18–21], grazing chicory is known to decrease some

internal parasites in livestock and therefore has potential to

reduce the use of anthelmintics.�is paper reviews and sum-

marizes research opinions on chicory’s chemical constituents

and associated nutritional properties, whichmakes it an ideal

complementary and/or alternative livestock feed supplement.

2. Phytochemical Constituents of Chicory

A recent reduction in the incidences of chronic diseases

is largely associated with high dietary ingestions of varied

vegetables and fruits [22]. �e health-promoting factors in

these plant parts, commonly called phytochemicals, have

extensive biological activities such as antioxidant, anticancer,

anti-in
ammatory, and �-glucosidase inhibition. �e very

common phytocompounds are phenolic acids, which include

chlorogenic acids, and 
avonoids (anthocyanins, 
avonols,


avanone, and 
avan-3-ols). �e plant polyphenols usually

occur as glycosides, which makes them less reactive and

easier to store in the cell vacuole [23]. Cleavage of the

glycosidic-linkage and associated rearrangement reactions

releases the following sugar residues: hexose, glucose or

galactose, deoxyhexose, rhamnose, pentose, xylose or ara-

binose, and glucuronic acid [23]. �e anthocyanins have

been reported to reduce the risk of coronary heart disease

in animals by exhibiting arterial protection, inhibition of

platelet aggregation, and protection of endothelial tissues

[23–26].
Many studies have shown that chicory is an embodi-

ment of animal health-promoting phytocompounds, which

includes condensed tannins. However, when the tannins

are present in high concentrations in the diet, it can neg-
atively a�ect animal productivity [27]. Another study by
Carazzone et al. (2013) [23] recorded the extraction of
phenolic acids and
avonoids from several types ofCichorium

intybus var. silvestre and the characterization of the com-
pounds using high-performance liquid chromatography-
electrospray ionisation/mass spectrometry. Sixty-four com-
pounds were detected, which include several hydroxycin-
namic acid derivatives comprising eight mono- and dicaf-
feoylquinic acids, three tartaric acid derivatives, thirty-one

avonol and two 
avone glycosides, and ten anthocyanins as
well as several isomers of ca�eic acid derivatives. �e recent
review report of [11] focused on ethnomedicinal, botanical,
and phytopharmacological aspects of Cichorium intybus and
identi	cation of some phytoconstituents of chicory as pre-
sented in Figure 2.

Massoud et al. (2009) [1] investigated the chemical
composition of the leaves and roots of Cichorium Intybus and
the representative phytoconstituents presented as macronu-
trients, micronutrients (essential minerals), and phenolic
compounds in Tables 1, 2, and 3, respectively.

Many researchers noted that fresh chicory roots contain,
by dry weight, 68% of inulin (a polysaccharide similar to
starch), 14% sucrose, 5% cellulose, 6% protein, 4% ash, and
3% other compounds [13, 30–32]. �ese researchers also
noted that dry chicory root extract contains, by weight,
approximately 98% inulin and 2% of other compounds. A
study by Soobo (2005) [33], also agreed that chicory root
is high in inulin-type fructan and oligofructose. Chemically,
inulin is a polydisperse-(2,1)-fructan and can be converted
to fructose and glucose by hydrolysis. Chicory contains
a�uent quantities of fructose (up to 94%), which is a long
chain carbohydrate, consisting of 22–60 fructose molecules
with a terminal glucose molecule [34]. High quantities of
sesquiterpene lactones, such as lactucin, 8-deoxylactucin, lac-
tucopicrin, and 11ß-dihydro-derivatives, are hugely respon-
sible for their bitterness [35]. �is was con	rmed by some
researchers [36], who isolated sesquiterpene lactones, a (+)-
germacrene from chicory roots. According to a study by

[36], roasted chicory roots contain various compounds like

2-acetylpyrrole, furfural, phenyl acetaldehyde, phenyl acetic

acid, vanillin, pyrazines, benzothiazoles, aldehydes, aromatic

hydrocarbons, furans, phenols, organic acids, and small

quantities of insole alkaloid (ß-carbolines), harmane and

norharmane. Chicory root extract, produced by removing the

insoluble fraction of milled dry root in water by 	ltration and

centrifugation, contains volatile oils, fatty acids, alkaloids,

triterpenes, 
avonoids, latex, tannins, and saponins [37].

�ree new benzo-isochromenes (Cichorins A, B, and C)
were isolated from chicory roots [38, 39]. According to these
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Figure 2: Identi	ed phytoconstituents of chicory [11].

Table 1: Macronutrient composition of chicory plant∗ [1].

Chemical composition% Roots Leaves

Moisture content 75.63 ± 0.39 83.06 ± 1.55
Crude protein 4.65 ± 0.25 14.70 ± 1.03
Crude ether extract 1.69 ± 0.71 3.68 ± 0.19
Ash 4.25 ± 0.11 10.91 ± 1.86
Total carbohydrates 89.41 ± 1.07 70.71 ± 3.08
Total soluble sugars 11.06 ± 1.00 7.80 ± 1.45
Inulin 44.69 ± 0.88 10.95 ± 2.56
Crude 	ber 5.12 ± 1.55 16.78 ± 2.20
Dietary 	ber (DF)

Insoluble DF 30.73 ± 0.33 ND∗∗

Soluble DF 0.42 ± 0.07 ND∗∗

Total DF 31.15 ND∗∗

∗On dry weight basis; mean ± 5.0 (each value represents the average of three determinations ± standard deviation); ∗∗ND: not determined.

Table 2: Mineral content (mg/100 g) of chicory plant (leaves and roots) in comparison with RDA∗ [1].

Chicory plant
Macroelements Microelements

Ca K Mg Na Fe Cu Mn Zn Pb

Roots 181.26 ± 4.40 103.7 ± 4.62 20.14 ± 1.69 67.42 ± 2.45 1.77 ± 0.21 0.36 ± 0.02 0.31 ± 0.10 0.39 ± 0.03 0.04 ± 0.003
Leaves 292.61 ± 13.35 166.57 ± 3.43 6.944 ± 5.86 88.84 ± 2.58 9.178 ± 0.85 0.60 ± 0.06 0.90 ± 0.01 0.91 ± 0.03 0.03 ± 0.01
RDAmg/100 g 1000–1300 - 240–420 1600 8–11 0.8–1.2 1.6–2.3 12–15 -
∗RDA recommended daily requirement for men and women.
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Table 3: Chicory extracts (%) as identi	ed by HPLC [1].

Chicory Methanolic extracts (%) Total phenolic content∗ Phenolic compound (%)

Leaves 23.16 26.4 ± 1.05 Gallic acid 1.96

Roots 10.75 20.0 ± 0.9

Protocatechuic acid 2.50

Chlorogenic acid 17.84

p-Hydroxybenzoic acid 11.04

Ca�eic acid 35.22

Isovanillic acid 1.97

p-Coumaric acid 9.65

Unknown compound 19.46

Protocatechuic acid 1.77

Chlorogenic acid 10.85

Ca�eic acid 24.36

m-Coumaric acid 27.90

p-Coumaric acid 25.03

Unknown compound 10.09
∗Values expressed as mg GAE g−1 dry extract (mean of three replicates ± standard deviation).

researchers, the roots also contain tannins, fatty acids (mostly
palmitic and linoleic), pectin, �-lactucerol (taraxasterol),
cichoriin (esculetin-7-glucoside), sugars (especially fructose
and mannose), 	xed oils, choline, and others.

Chicory seeds contain a rich potpourri of nutrients ideal
for both ruminant and monogastric nutrition. Ying and Gui
(2012) [40] stated that most varieties of chicory seeds have
high amounts of crude protein which is more than 19% of
the dry weight and 1.6–2.4 times higher than the value in
most conventional grains, like wheat, rice, corn, and barley.
�ese authors also noted that good sources of most essential
amino acids like methionine, lysine, leucine, isoleucine,
phenylalanine, and so on, which are recommended for an
ideal dietary protein, can be obtained from chicory seeds.
Moreover, the seeds contain abundant demulcent oils, a good
source of both saturated and unsaturated fatty acids [41],
having the essential linoleic acid (18:2n-6) content of more

than 76% of the total fatty acids pro	le which includes the

monounsaturated oleic acid (18:1n-9), stearic acid (18:0), and

palmitic acid (16:0) [40]. Relatively high levels of essential

minerals such as potassium (K), calcium (Ca), magnesium

(Mg), selenium (S), and zinc (Zn) are found in chicory

seeds, when compared with those of alfalfa seeds [42].

Elsewhere, [40] identi	ed phosphorus, potassium, calcium,

magnesium, sodium (mg g−1), iron (mg g−1), copper (�g g−1),
zinc (�g g−1), andmanganese (�g g−1) as theminerals present

in chicory seeds. Some researchers [43] isolated cichotybo-
side, a sesquiterpene glycoside, fromCichorium intybus seeds,

which was veri	ed to exhibit a signi	cant hepatoprotective
activity in rats against carbon tetrachloride induced hepatic
damage. Chicory seed can therefore be said to be a healthy
alternative and/or complementary nutritional component in
animal and human diets.

In 2002, Nørbæk and coworkers [44] identi	ed antho-
cyanins as the contributory factor for the blue colour of the
perianth in chicory 
ower and [45, 46] later reported that
chicory 
ower contains saccharides, 
avonoids, cichorine,

methoxycoumarin, and essential oils. Earlier, these scien-

tists [2] established that chicory 
owers, leaves, and shoots

contain inulin, fructose, choline, resin, chicoric acid (dicaf-

feoyl tartaric acid), esculetin, esculin (esculetin-6-glucoside),

cichoriin, umbelliferone, scopoletin, 6,7-dihydrocoumarin,

and sesquiterpene lactones and their glycosides. Also, some

investigators [47, 48] isolated vitamins A, B6, and K from

red chicory which contains carotenoids and some minerals

as well. In a food chemistry study by [23, 49], chicoric acid

was found to be the major compound derived from the

methanolic extracts of chicory. Similarly, earlier investiga-

tions [45] noted that octane, n-nonadecane, pentadecanone,

and hexadecane have been found to be the primary volatile

components of chicory. Aliphatic compounds and their

derivatives make up the main fraction of the chicory plant,

while the minor constituents are mostly terpenoids [50].

3. Ethnomedicinal Benefit of Chicory in
Livestock Production

Inulin found in chicory is a source of soluble dietary 	ber,

a prototype prebiotic especially bene	cial in monogastric

nutrition and also used as a functional food additive [14, 51,
52]. Various studies have reported that prebiotics stimulates

the growth of host-bene	cial gut bacteria, such as lactobacilli

and bi	dobacteria for overall bene	cial health [53, 54]. In

addition, a prebiotic may stimulate the immune system,

decrease the levels of pathogenic bacteria in the intestine

[55], relieve constipation, decrease the risk of osteoporosis
by increasing essential mineral absorption [56] especially
calcium, and reduce the risk of atherosclerosis by lowering
the synthesis of triglycerides and fatty acids in the liver as well
as lowering their serum levels [54]. Interestingly, probiotic
inulin has been indicated to reduce boar taint and odorous
compounds in colon and rectal contents when included in
male pig diets [20, 57, 58].



6 �e Scienti	c World Journal

Some of the plant secondary metabolites (PSM) of the
chicory plant have been reported to possess some eth-
nomedicinal properties. �ese PSM serve as herbal remedies
for ailments and body conditioning in both humans and ani-
mals. Saeed et al. (2017) [59] summarized previous opinions
on the health bene	ts of chicory herb, emphasizing its role
as a hepatoprotective agent.�e nutritional bene	ts ofCicho-
rium intybus in livestock mitigating peroxidation of lipids in
serum and organs, as well as improving growth e�ciency,
reproduction, and health, were explained. Other bioac-
tive properties such as antioxidant, anti-in
ammatory, anti-
cancer, antiprotozoal, antidiabetic, antimicrobial, immuno-
logical, cardiovascular, hypolipidemic, gastroprotective, anal-
gesic, anthelmintic, productive and reproductive enhancer,
and wound healing properties were also described [59].
Volatile oils are found in all parts of the plant but are more
concentrated in the roots which have been found to be e�ec-
tive at eliminating intestinal worms [20, 21, 32]. �e studies
of Hassan et al. (2014) [60] on the e�ects of di�erent con-
centrations of chicory (Cichorium intybus) and wormwood
(Artemisia absinthium) extracts against ovine gastrointestinal
nematodes showed high e�ectiveness against ovine gas-
trointestinal nematode. �e concentration of chicory extract
(50mg/ml) and wormwood extract (25mg/ml) against adult
Haemonchus contortus in vitro caused death of all the worms
a�er 4 hours [60]. Another study on anthelmintic e�ect of
forage chicory against gastrointestinal nematode parasites
established that feeding forage (⩾70% of chicory DM) signi	-
cantly reduces worm burdens and fecal egg counts ofOsterta-
gia ostertagi in experimentally infected calves. Sesquiterpene
lactones identi	ed in both the fresh and silage chicory forage
were suspected to contribute to the observed anthelmintic
e�ects of dietary chicory [61]. Scienti	c works by Milala
et al. (2009) [62] and other investigators posited that the
polyphenolic acid of chicory roots expresses a wide range
of health-promoting activities such as anticarcinogenic, anti-
in
ammatory, antiviral, antibacterial, antimutagenic, anti-
fungal, anthelmintic, immune-stimulating, and antihepato-
toxic activity [43, 63, 64] and its antioxidant properties
[65, 66]. Likewise, di�erent researchers [63, 67–69] have
submitted that chicory PSM can act against the Human
Immunode	ciency Virus (HIV), protect the alimentary tract,
and in
uence the reduction of serum cholesterol. �erefore,
the supplementary or complementary inclusions of prepara-
tions rich in prebiotic saccharides and polyphenols produced
from chicory can be used to promote the healthy properties
of a diet and, at the same time, act as food and herbal
medicament. A study [70] asserted that chicory (C. intybus)
is an herb that can be used as a source of 	bre in pig diets.
According to diverse groups of studies [11, 18–21], chicory
root is well known for its toxicity to internal parasites. It has
since been reported that feeding inulin suppresses parasites
such asAscaris [71] and Trichuris [72] in pigs.�e lowering of
the intestinal pH, which is not favorable for the development
of the parasite embryo, has been suggested as a possible
mechanism. Two di�erent studies [18, 21] established that
ingestion of chicory by farm animals resulted in the reduction
of worm burdens, which have prompted its widespread
use as a feed supplement with a low 	ber concentration.

Canopy height Digestibility Crude protein

74%

72%

75%

29.6%

24.8%

16.2%

>20 cm

10 to 20 cm

0 to 10 cm

Figure 3: Nutritive values of di�erent parts of a chicory plant [81].

�e total number of helminths in the abomasum of lambs

grazed on chicory was reported to be remarkably reduced

in the study conducted by Marley and coworkers, (2003)

[73]. Chicory also contains a low quantity of condensed

tannins [32, 74–76] and sesquiterpene lactones [77] which

may a�ect protein utilization e�ciency in ruminants and

can as well reduce intestinal parasites in animals. It is also

noted that sesquiterpene lactones in chicory extract inhibited

the hatching of sheep’s Haemonchus contortus eggs [78].

Earlier, some workers [79] reported that a dose-dependent

anthelmintic action of extracts rich in condensed tannins

and sesquiterpenes from C. intybus were indicated to reduce

larval motility of lungworm and gastrointestinal nematodes,

using a larval migration and inhibition assay. A study on
pigs in Denmark [80] has shown chicory to have a positive
e�ect on parasites and Lawsonia bacteria and it is relatively
inexpensive but when used toomuch, it can cause a feeling of
congestion in the digestive tract.

4. Chicory: Specialist Livestock Forage

A study [81] revealed that the nutritional value of a chicory
crop vary at di�erent parts of the plant, with di�erent
growth stages, crop’s condition, and the plant’s environment
as depicted by Figure 3.

Literature has demonstrated that chicory is a suitable
forage for lamb	nishing.�eherb o�ers exceptional qualities
such as thrivingwell at aminimumannual rainfall of 600mm
and low soil pH levels. �e nutritive value of the forage
is appreciably high: 14–24% CP, 70–80% digestibility in the
leaves, and ME of 13.7MJ/kg DM [82]. Chicory provides
condensed tannins and other secondary metabolites, which
positively a�ect the internal parasites in lambs, lowers the
amount of methane production, and increase the reproduc-
tive rate in sheep. It is noted in a comparative study that
faster growth rate is observed in lambs grazing on chicory
(190–370 g/day) than those grazing on other pastures (e.g.,
ryegrass at 160–230 g/day or lucerne at 170–300 g/day) [83].
Hopkins et al. (1995) [84] also recorded that lambs that grazed
chicory on their 	nishing phase showed no change in meat
quality and were not fatter than the lambs fed lucerne forage.
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Table 4: Herbage quality of chicory and pasture [29].

DM (%) Protein (% DM) Soluble sugars + starch (% DM) Fibre (% DM) Digestibility (% DM) ME (MJ/kg DM)

Chicory 7–15 16–27 10–22 20–30 72–83 11.5–13.0

Ryegrass∗ 10–30 12–28 8–21 40–55 65–85 9.5–12.5

DM = dry matter; ME = metabolisable energy. Quality may be outside these ranges depending on pasture/crop management. ∗Spring to autumn.

In 2004, Brown and Moot’s study [85] established that
combined herbage quality and greater herbage consumptions
of lucerne forage a�orded 30% greater annual crude protein
(CP) and ME intake for sward than chicory or red clover.
�is indicates that lucerne has greater potential to improve
livestock production. �e report also revealed that chicory,
lucerne, and red clover gave similar highME (10.9–11.3MJ/kg
DM) contents. Lucerne and red clover gave high CP contents
of 0.25–0.29 g/g DM, while chicory had a lower CP content
of 0.18 g/g DM. However, another study [86] pointed out
that the chicory’s greater e�ciency of use in the rumen can
compensate for its lower CP content in
uence.

In New Zealand, chicory stays leafy in the 	rst summer

but in a second summer it goes to seed, which reduces

the feed quality [29]. A comparative study between chicory

and ryegrass established that herbage quality of chicory of

0–20% stem has a lower DM content than ryegrass pasture

(Table 4). Also, chemical constituents of chicory comprises

less 	bre, more protein, more soluble sugars, and greater

mineral content (P, K, S, Ca, Mg, Na, Zn, Cu, and B) than

the ryegrass pasture. �ough chicory’s high digestibility and

low 	bre content are not suitable as a sole diet for cows, its

high digestibility permits it to be more quickly removed from

the cow than perennial ryegrass, providing an opportunity
to increase voluntary feed intake [29]. �e use of chicory in
summer in New Zealand varies with pasture availability and
quality. A drop in pasture quality in summer warrants the
inclusion of chicory, which relatively increases milk solids
production per cow compared to a pasture diet [29]. �ough
chicory can generate high nitrate levels, which rarely pose
toxicity issues (probably because chicory is a small portion
of the diet), it is still used seasonally to boost pasture quality
and quantity in some countries.

A recent review of the problems of feeding dairy cows in
Australia and New Zealand indicated that dairy farms that
rely on pastures are usually challenged with feed shortages
in summer-autumn seasons because of soil moisture de	cits
[87]. As a result, farmers would require supplementary feed
to maintain milk production. Literature has shown that,
in summer, chicory and plantain a�ord more DM and
better nutritive qualities than perennial grasses [74]. Another
report [17] indicated that chicory and plantain mixture also
increases milk production in livestock.

5. Antinutritional Properties of
Cichorium intybus

Some researchers have reported the possibilities of some
PSM having detrimental or toxic e�ects on the growth and
performance of livestock once they have exceeded an optimal

intake level [88]. Alkaloids, terpenes, saponins, lactones,
glycosides, and phenolic compounds are classes of active
PSM whose excessive consumption can harmfully a�ect
the health of both ruminants and nonruminants and, in
extreme cases, can threaten their survival [21]. For example,
the consumption of tannins and other PSM at high intake
rates have been associated with reduced feed intake and
dry matter digestibility and impaired rumen metabolism
when included in the diets of ruminants at more than 4-
5% of dry matter [89]. Weight loss, toxicity, and death of

animals have also been reported [90, 91]. Earlier studies

[21, 88, 90, 92–94] have proved that saponins and condensed

tannins are also responsible formucosal toxicity, reduction in

nutrient absorption, and, subsequently, growth impairment.

�ey also recounted that these PSMhave been associatedwith

haemolytic action and bloat in ruminants as well. Prior to

this, it was purported that excessive consumption of alkaloids,

glycosides, and terpenoids by animals can result in lesions in

the nervous system [95].
Similarly, monogastrics are not immune to the detrimen-

tal fallouts of these phytochemicals. In poultry, tannin levels

from 0.5–2.0% can suppress growth and egg production.

Between 3 and 7% inclusion levels of tannins in their dietmay

be lethal [93, 96, 97]. Similar harmful e�ects of condensed

tannins and other plant chemicals have also been reported in

swine [93]. However, despite their antinutritional properties,

low levels of PSM have been noted to increase growth and

milk yield in sheep and cattle [61, 92–94].

6. Conclusion

Cichorium intybus is grown and used in many parts of the

world for various purposes. It is o�en used for its thera-

peutic and prophylactic quality, or for maintaining general

wellbeing. As a very versatile plant, it is bene	cial to both

animals and humans due to its high amounts of proteins,

carbohydrates, minerals, and phytobioactive elements. In

livestock production, it has been noted that some of its

phytoconstituents possess properties that improve thewelfare

of animals either in a parasitized state or otherwise. �is

makes chicory an ideal, cheap, natural, and sustainable
livestock supplement or alternative feed material. However,
caution should be exercised when chicory is included in
diets or grazed by ruminants to prevent toxicity in high
concentrations of PSM. Further research on themultipurpose
properties of the phytobioactive elements found in chicory,
their antinutritional e�ects, e�ective dose of inclusion in ani-
mal diets,mechanismof action involved, and the biochemical
description of the active PSM is strongly recommended.
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[72] L. E.�omsen, S. Petkevičius, K. E. BachKnudsen, andA.Roep-
stor�, “�e in
uence of dietary carbohydrates on experimental
infection with Trichuris suis in pigs,” Parasitology, vol. 131, no.
6, pp. 857–865, 2005.

[73] C. L. Marley, R. Cook, R. Keatinge, J. Barrett, and N. H.
Lampkin, “�e e�ect of birdsfoot trefoil (Lotus corniculatus)
and chicory (Cichorium intybus) on parasite intensities and
performance of lambs naturally infected with helminth para-
sites,”Veterinary Parasitology, vol. 112, no. 1-2, pp. 147–155, 2003.

[74] G. Li and P. D. Kemp, “Forage Chicory (Cichorium intybus L.):
a review of its agronomy and animal production,” Advances in
Agronomy, vol. 88, pp. 187–222, 2005.

[75] A. Kidane, J. G. M. Houdijk, S. Athanasiadou, B. J. Tolkamp,
and I. Kyriazakis, “E�ects ofmaternal protein nutrition and sub-
sequent grazing on chicory (Cichorium intybus) on parasitism
and performance of lambs,” Journal of Animal Science, vol. 88,
no. 4, pp. 1513–1521, 2010.

[76] D. Lombardi, E. Vasseur, R. Berthiaume, T. J. DeVries, and R.
Bergeron, “Feeding preferences and voluntary feed intake of
dairy cows: e�ect of conservation and harvest time of birdsfoot
trefoil and chicory,” Journal of Dairy Science, vol. 98, no. 10,
Article ID 73852, pp. 7238–7247, 2015.

[77] M. C. Miller, S. K. Duckett, and J. G. Andrae, “�e e�ect of
forage species on performance and gastrointestinal nematode
infection in lambs,” Small Ruminant Research, vol. 95, no. 2-3,
pp. 188–192, 2011.

[78] J. G. Foster, K. A. Cassida, and K. E. Turner, “In vitro analysis
of the anthelmintic activity of forage chicory (Cichorium

intybus L.) sesquiterpene lactones against a predominantly
Haemonchus contortus egg population,” Veterinary Parasitol-
ogy, vol. 180, no. 3-4, pp. 298–306, 2011.

[79] A. L. Molan, A. J. Duncan, T. N. Barry, and W. C. McN-
abb, “E�ects of condensed tannins and crude sesquiterpene
lactones extracted from chicory on the motility of larvae of
deer lungworm and gastrointestinal nematodes,” Parasitology
International, vol. 52, no. 3, pp. 209–218, 2003.

[80] A. Roepstor�, H. Mejer, L. E. �omson, S. M. �amsborg,
and S. M. Byrene, “Chicory root improves the taste and odour
of organic pork,” Newsletter from Danish Research Centre for
Organic Farming, vol. 1, no. 3, pp. 1–4, 2005.

[81] D. Laws and L. Genever, Using Chicory and Plantain in Beef
and Sheep Systems, AHDB Beef & Lamb Stoneleigh Park,
Kenilworth, UK, 2016.

[82] V. Burnett and E. Ponnampalam, Specialist Forages Lamb
Finishing Guidelines, �e Future Farming Systems Research,
Victoria, UK, 1996.

[83] P. J. Holst, M. Kemp, and D. G. Hall, “Summer lamb production
from puna chicory (Cichoriumintybus) and lucerne (Medicago
sativa),” in Proceedings of the Australian Society of Animal
Production, vol. 22, pp. 145–148, 1998.

[84] D. L. Hopkins, P. J. Holst, D. G. Hall, and W. R. Atkinson,
“Carcass and meat quality of second-cross cryptorchid lambs
grazed on chicory (Cichorium intybus) or lucerne (medicago
sativa),” Australian Journal of Experimental Agriculture, vol. 35,
no. 6, pp. 693–697, 1995.

[85] H. E. Brown and D. J. Moot, “Quality and quantity of chicory,
lucerne and red clover productionunder irrigation,”Proceedings
of the New Zealand Grassland Association, vol. 66, pp. 257–264,
2004.

[86] M. Komolong, A. M. Nicol, D. P. Poppi, T. J. Fraser, and
S. Kirsopp, “Nutrient supply for lamb growth from Grass-
lands Puna chicory (Cichoriumintybus) and Wana cocksfoot
(Dactylisglomerata),” Proceedings of the New Zealand Society of
Animal Production, vol. 52, pp. 85–87, 1992.

[87] W. J. Wales and E. S. Kolver, “Challenges of feeding dairy cows
in Australia and New Zealand,” Animal Production Science, vol.
57, no. 7, pp. 1366–1383, 2017.

[88] J. B. Githiori, S. Athanasiadou, and S. M. �amsborg, “Use
of plants in novel approaches for control of gastrointestinal
helminths in livestock with emphasis on small ruminants,”
Veterinary Parasitology, vol. 139, no. 4, pp. 308–320, 2006.

[89] T. N. Barry andW. C. McNabb, “�e implications of condensed
tannins on the nutritive value of temperate forages fed to
ruminants,” British Journal of Nutrition, vol. 81, no. 4, pp. 263–
272, 1999.

[90] J. Milgate and D. C. K. Roberts, “�e nutritional & biological
signi	cance of saponins,” Nutrition Research, vol. 15, no. 8, pp.
1223–1249, 1995.

[91] G. C. Waghorn and W. C. McNabb, “Consequences of plant
phenolic compounds for productivity and health of ruminants,”
Proceedings of the Nutrition Society, vol. 62, no. 2, pp. 383–392,
2003.

[92] S. Applebaum and Y. Birk, “Saponins,” in Herbivores: 
eir
Interactions with Secondary Plant Metabolites, pp. 539–566,
Academic Press, London, UK, 1979.

[93] J. D. Reed, “Nutritional toxicology of tannins and related
polyphenols in forage legumes,” Journal of Animal Science, vol.
73, no. 5, pp. 1516–1528, 1995.



�e Scienti	c World Journal 11

[94] J. M. Dawson, P. J. Buttery, D. Jenkins, C. D. Wood, andM. Gill,
“E�ects of dietary quebracho tannin on nutrient utilisation and
tissue metabolism in sheep and rats,” Journal of the Science of
Food and Agriculture, vol. 79, no. 11, pp. 1423–1430, 1999.

[95] E. Conn, “Cyanide and cyanogenic glycosides,” in Herbivores:

eir Interactions with Secondary Plant Metabolites, p. 452,
Academic Press, London, UK, 1979.

[96] E. Haslam, Plant Polyphenols: Chemistry and Signi�cance of
Condensed Tannins, Cambridge University Press, Cambridge,
UK, 1989.

[97] B. Giner-Chavez, Condensed Tannins in Tropical Forages, Cor-
nell University, Ithaca, NY, USA, 1996.



Submit your manuscripts at

https://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Inorganic Chemistry
International Journal of

Hindawi Publishing Corporation 

http://www.hindawi.com Volume 201

 International Journal of

Photoenergy

Carbohydrate 
Chemistry

International Journal ofInternational Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Physical Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

 Analytical Methods 
in Chemistry

Journal of

Volume 2014

Bioinorganic Chemistry 
and Applications
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Spectroscopy
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Medicinal Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Chromatography  
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Applied Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Theoretical Chemistry
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Spectroscopy

Analytical Chemistry
International Journal of

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Quantum Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Organic Chemistry 
International

Electrochemistry
International Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Catalysts
Journal of


