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ABSTRACT 

Alcoholic chicory leaves extract was studied 
for its content of antioxidant components (total 
phenols, total flavonoids, carotenoids, total chlo
rophyll A & B, tannins, vit. C and E) and mineral 
elements. As well as hypolipidemic effects of 
chicory extract in male albino rats fed high-fat 
(HF) diet was also investigated. Three groups of 
rats were fed on HF diet· treated with chicory ex
tract at concentrations of (I, 2 and 5%) and com
pared to normal control (NC) and HF diet groups. 
The results revealed that, the chicory extract had 
high content of important compounds which act as 
antioxidants e.g.; phenolic compounds (58.1' 
mg/g), flavonoids (7.23 mg/g), Tannins (0.53 
mg/g), carotenoids (0.52 mg/g) and Mg (3.75 
mg/g). The antioxidant activity of chicory extract 
was more effective compared to BHA and tannic 
acid. The biological experimental indicated a sig
nificant decrease in serum triglycerides, total cho
lesterol, atherogenic index, while an increase in 
HDL was detected when compared to the normal 
control and high fat diet groups. Also, significant 
increase in body weight gain and liver organ was 
found in the HF group at the end of the experi
ment. 

INTRODUCTION 

Chicory (Cic!7o/'iuJ7I in/yhus L., Asteraceae) as 
an important medicinal herb has been used in folk 
medicine for liver disorders. gallstones and for 
inflammations of the urinary tract since the 17th 
century. Jt is well-known fl'om the Iiterature that 
tile main active compounds of chicory are: inulin, 
fructooJigosaccharides, caffeic acid derivatives, 
flavonoids and polyphenols. Chicory fructooligo
saccharides have been investigated in studies on 
the gastrointestinal system especially because of 
the inulin and dietary fiber content of this medici
nal plant. Some oligosaccharides have functional 
effects similar to soluble dietary fiber such as en
hancement of a healthy gastrointestinal tract, im
provement of glucose control, and modulation of 
the metabolism of triglycerides (Roberfroid 2000 
and Roberfroid & Slavin 2(00). 

Chicory extract significantly decreased choles
terol absorption by 30% (P < 0.05) in rats jejunum 
and by 41 % (P < 0.05) in the ileum, compared 
with control. Addition of inulin to the diet resulted 
in a significant-reduction of ch~lesterol absorption 
from jejunum by 39(V" (P < 0.05) and from ileum 
by 51 % (P < 0.05) (Mechye 20,00). 

It is well known that the medicinal plant, 
chicory contains dietary oligofructose compounds 
which have beneficial effect on carbohydrate and 
lipid m~tabolism, other compounds e.g. polyphe
nol type derivatives could be responsible for the 
antioxidant properties. Kok et al (1996) measured 

(Received March 25, 2005) 
(Accepted April 14,2007) 



178 Nessrien Yassin; Ashoush and El-Hadidy 

Polyphenols, flavonoids and caiTeic acid deriva
tives in chicory extract by spectrophotometric and 
chromalOgraphil.: methods. Antioxidant property 
(>I' the plant extract was determined in vitro and the 
lJlological activit) 0" antioxidant compounds of 
dllcory was inwqigated in vivo hy a Ililninomet
I'ic lcchniqut' Male f.ischer rats were kept on nor
1l1,t! ,lIld lipid rich diet supplemented with chicl1'} 

extract. The cl'feel,> of bioactiVL' molecules 01' 
chicory extrClcl influenced the lipid metabolism 
and the redox balance of pancreatic tissue or rats 
in experimental Jislipidemia. 

'-,0, the maUl goal of our subject was to focus 
(HI cheap price pldllt "Chicory", its chemical and 
nutritional plOperties. 

MATERIALS AND METHODS 

I. Materials 

I I·\.:.,h cilicory leaves were obtained from Hor
ticultural Research institute-Agricultural Research 
Center, Egypt. 

Total cholesterol, triglycerides, alanine ami
notransferase (1\101') and aspartale aminotrans
tl:ra~e (AST) kits were obtained Irum biodiagnos
tic Co. Ookki, Egypt. While, HOL kit was ob
tained from Biosystem Co, Spain. 

2. Methods 

2.1. Preparation of rhkory extract 

Dried slices of chicory leaves were ground into 
powder then ethanol (85%) was added to the pow
der dnd soaked overnight to obtain I, 2 and 5 % 
(W!V) of extract This suspension was filtered and 
the residue was resuspended in an equal volume of 
8'i°'o ethanol for 48 h and filtered again. The two 
liltrates were pooled and the solvents were evapo
rated in a rotary evaporator at 40-50°C under vac
uum to concentrate the extract. 

2.2. lJetermination of antioxidants content 

'J he most effective antioxidant components 
were determined in chicory extract. Phenols were 
determined calorimetrically as described by Swain 
ami Hillis (1959). Flavonoids wen: determined 
according to the method of Miliauskas et (II 
(2004). Chlorophyll-A, chlorophyll-B and carote
noid., were extracted according to the method of 
Fedtke (1973) and calculated according to the 

method of Wettstian (1957), Total tannins were 
also determined calorimetrically as described by 
AOAC (1995) Polyphenol and flavonoid frac
tions were determined using HPLC (Hewlett 
Packard series 11(0) according to Merfort et al 
(1997), Ascorbic aCId was estimated by the 
method based on the reduction of 2.6
dichlorophenol indophenol by ascorbic acid 
(AOAC, 1995), Determination of vitamin E was 
carried out according to Kirk lind Sliwyer (1991). 

Mineral elements of Mn, Zn, Cu, and Mg were 
determined in samples as sulphate using the wet 
ashing method with acid mixture (nitric: phospho
ric sulphuric acids) al the ratio of (81: I) accord
ing 10 Galvao et al (1976) using atomic absorption 
spectrophotometer FMD3 Zesis. Selenium was 
(klermined according to the melhod of Diaz
Alarcon et III (1994), 

2.3. Antioxidants activity 

Antioxidant activity was determined against 
autoxidation according to Nergiza (1991). Ten 
grams of dried sampk was exhallstively extrackd 
with ethanol (IOOml) Twenl> five 1111 nr the ex
tract were mixed with 2'ig of ((1rIl nil in a Ilask 
and the mixture was placed in an oven <11 60"C for 
3h daily, the experiment wa, repl'ated on ~even 

consecutive days. Oil samples were taken at the 
begmning Llf experiment and daily at the end of 
the three hours of heat mg. The peroxide value was 
determined according LO the method described m 
AOAC (1995). 

2.4. Biological experiments 

Twenty five albino rats, with an initial body 
weight of 150 g were housed ill ~creen-bottomt'd 

aluminum cages in rooms maintained at 25.i I,-,C 
with alternating cycles nf lighi and dark of 11h 
duration. Rats were randomly alio<.:ated into two 
groups, the moSt group (normolipidemic) contained 
five animals and the second group (hyperlipi
demic) contained twenty animals with a mark on 
their (ails as a mt:all or differentiation, In the nor· 
molipidemic group, rats were fed I'll 11llrl1lal diet 
In the hyperlipidemic group, rats were fed Oil high 
fat diet (Hr), The compositions of these diets are 
shown in Table (I). 

After arising the choleskrol level to..>240 
mg/dl, fifteen animals from th.: hypercholes
terolemic rats was divided Inlu I<HIt groups (with 
five rats each), three grour~ were treat.ed oral by 
gastric tube with the chicory extraLl ,II I, 2 and 5% 
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Table I. Compositions of the experimental diets 
(%) 

Normal Hyperl ipidemic 
Composition % 

diet diet 

Corn starch 65 50 

Casein 15 15 

Corn oil 10 10 

Cellulose 5 5 

Salt mixture 4 4 

Vitamin mixture 

Cholic acid 0.2 

Lard 14.8 

daily for 30 days while the fourth group was fed 
on high fat di~t (HF). The changes in body weight 
were recorded weekly. Blood samples were also 
obtained from the retro-orbital plexus of the eyes 
from all animals of each group at the end of ex
periment; the organs were excised immediately 
after bleeding for weight. Serum was obtained 
from blood samples by centrifugation at 1500 rpm 
for 15 min at an ambient temperature. All the se
rum samples were stored under -20°C before use. 
. Enzymatic determination of cholesterol was 
carried out according to Allain (1974). Fully en
zymatic determination of total triglycerides in 
plasma was measured colorimetrically at 546 nm, 
according to Fossati and Principe (1982), While, 
the HDL was determined according to the method 
of Burstein, et al (1980). 

2.5. Statistical analysis 

All data were subjected to statistical analysis 
according to the procedure reported by Snedecor 
and Cochran (1980) and the statistical analysis 
system program (SAS, 1996) using Student t-test 
and factorial analysis. 

RESULTS AND DISCUSSION 

3.1. Antioxidant contents	 of chicory leaves ex
tract 

The data in Table (2) regarding the antioxidant 
components of chicory extract. It characterized by 
high content of total phenols, total flavonoids and 
vitamin C (58.10 mg/g, 7.23 mg/g and 191.04 

mg/l OOg, respectively). On the other side, the ex
tract had a moderate content of total chlorophyll 
(1.08 mg/g) , while it contained low amounts of 
minor components which represented in tannins 
and carotenoids (0.53 and 0.52 mg/g). Further
more, vitamin E content was 1.92 mg/l00g. These 
results are agreed with those of Peschel et al 
(2006). 

Table 2. Antioxidant contents of chicory leaves 
extract 

Components Concentration 

Total phenols (mg/g) 58.10 

Total flavonoids (mg/g) 7.23 

Carotenoids (mg/g) 0.52 

Total chlorophyll 1.08 -

ChJorophyll-A (mg/g) 0.80 

ChJorophyll-B 0.28 

Tannins (mg/g) 0.53 

Vitamin C (mg/IOOg) 191.04 

Vitamin E (mg/IOOg) 1.92 

The data in Table (3) show that both polyphe
no Is and flavonoids contents were relatively high 
in chicory ethanol extract. It contained relatively 
high amount of kaempherol and cinnamic acid 
(34.14 and 10.25 fAg/g, respectively), while the 
extract had moderate amounts of quercetin, proto
catechuic acid and hesperidine (3.57, 2.62 and 
1.53 f.lg/g, respectively). Minor constituents of 
rutin, P-OH benzoic acid and apignin (0.97, 0.11 
and 0.04 f,lg/g, respectively) were observed. These 
results are in parallel with those of Dimitrios 
(2006). 

Table 3. Poiyphenols and flavonoids contents of 
chicory extract (Jlg/g) 

Components Rt * f.lg/g 
Protocatechiuc acid 11.568 2.62 
P-OH benzoic acid 14.146 0.11 
Apignin 20.971 0.04 
Rutin 24.391 0.97 
Hesperidine 26.689 1.53 
Cinnamic acid 31.187 10.25 
Quercetin 32.293 3.57 
Kaempherol 36.617 34.14 

*Rt = Retention Time 
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From Table (4). it could be observed that 
chicory extract had a high content of the macro
element Mg (375 mg/g), while ih~ other micro
elements content arranged in ascending order as 
follows: Mn, (O~4), Zn (0.52 mg/g) , eu (0.37 
mg/g) and Se (0.38 ~g/g). Generally, it is well 
known that these minerals are active as antioxidant 
dccording to WHO (2003). 

Table	 4. Mineral contents of chicory extract as 
antioxidant (mg/g) 

hg~;n,m"--------7~: - -I 
i ell 037 i 

I ~:: 
• Ilg/g 

3.2. Antioxidant activity 

~.~~ I 

[)uta 111 Figure (I) emphasized that chicory ex
tract at 100 and 200 ppm was more effective than 
butylated hydrox] I anisole (BHA) or tannic acid. 
b~cause this extract contained multi-antioxidant 
components which playa synergistic role between 

30 

25 

QI 
::l 20 

(ij 
> 
QI 
'0 15 
')( 
0 
~ 
Q, 10 

5 

0 
0 2 3 

Dcorn oil ~BHT 100ppm 

W Tannic 200ppm (Sl Chicory 100ppm 

antioxidant groups. It could be noticed that the 
mixture of several antioxidant in extract was more 
effective than individual natural or synthetic anti
oxidant. These datCl were adap,<,.l by EI-Hadidy 
(2004) and EI-Hadidy et ul (2007), they found 
the same trend when llsed Jew's mallow, parsley, 
rocket. Egyptian leek dill, L'C'riander and celery 
extracts at different concentration. 

It could be conclutkd lI'olll [he aforementioned 
results that chicory plant is :In excellent source of 
antioxidants which may have the potential for pre
vention of ox idation damage in food. 

3.3. Biological experiment 

3.3.1.	 Effect on body weight and internal or
gans relat;ve weight of male albino rats 

Initial hody weights of the five grL)UpS \o:ere 
not significantly different, however, after feeding 
four weeks; body weights were signiticantly 
higher in the HF fed group compared to with the 
normal control (Table 5). 

J'he relative weights of liver were significantly 
higher in lht: HF grC'up thall III thl: NC and chicory 
extract treated groups because of the fatty liver. 
However, the kidney anJ heart relative wt:ights 
were not significantly differcnt between all the 
groups (Table 5). This trt:mJ has alsn been re
patted by Lee et af (2006). 

· · · · · · · · · 

Days 

4 5 6 7 

.BHT 200ppm ~Tannic 100ppm 

IIII Chicory 200ppm 

Fig. I. Antioxidant activity of chicory extracts compared with BHA and tannic acid
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Table 5. Effect of oral administration of chicory extract at different concentration on body weight gain 
and relative weight of the visceral organs in rats. 

Chicory extracts 
NCa HFb 

1% 2% 5% 

Body weight gain 

149.8± 0.4 151.2± 0.14 150.9±O.03 153.5± 0.1 149.4±0.1 
170.7±0.3 177.1±0.8'" I69.2±J.5 I 72.4±0.4 171.6±0.3 

Relative weight of visceral organs (final) [% of body weight] 

Parameters 

Initial 
Final 

Liver 

Kidney 

Heart 

3.33±0.13 4.15±0.1 '" 

0.68±O.O3 0.71±O.OI 

O.40±O.O3 O.50±O.O5 

..
'" Statistical slgnJllcant differences (P < 0.05) 
• Normal control group 
b High fat fed roup 

3.3.2. Effect on lipid profile parameters 

Concentrations of plasma lipids are shown in 
Table (6). The supplementation of chicory extract 
'groups at concentrations I, 2 and 5% significantly 
lowered plasma total cholesterol concentration by 
27.64%, 32.84% and 44.8% compared to the HF 
group, and triglyceride concentration by 41.98%, 
47.69% and 53.36% when compared to the HF 
groups, respectively. On the other hand the HDL
cholesterol concentration was significantly ele
vated in the chicory extract groups than in the NC 
or HF group, the ratio of HDL-C/Total-C exhib
ited the highest value in the chicory extract groups 
and the lowest value in the HF group. For this 
reason, atherogenic index (AI) was significantly 
higher in the HF group than in the NC and chicory 
extract groups. 

In this study, chicory extract improved lipid 
profiles by lowering plasma total cholesterol and 
triglyceride concentrations compared with the HF 

2.95±0.10 

O.70±O.OI 

0.44±O.O3 

3.25±O.12 

O.71±O.02 

O.40±0.04 

3.34±O.43 

O.73±O.O2 

0.42±0.07 

~ 

and NC groups. The plasma HDL-cholesterol con
centration was higher in the chicory extract groups 
than in the HF group, however, the ratio of HDL
cholesterol /Total- cholesterol was significantly 
increased by 37.58%, 61.67% and 79.95% of 
treated samples with I, 2 and 5% chicory extract, 
respectively when compared with the HF group, 
these findings are in agreement with the results 
obtained by, Kok et at (1996). 

3.3.3. Effect on liver function parameters 

Aspartate aminotransferase (AST) and alanine 
. aminotransferase (ALT) plasma levels were per
. formed to assess liver function. As can be ob
served in 'Fable (6), no alterations were detected 
in the animal group treated with the HF diet while 
those treated chicory extract, significant decreases 
in AST and ALT. enzymes during 4 weeks, when 
compared to the control group. 
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Table 6.	 Etlect of oral administration of chicory extracts on plasma lipids profiles and liver function in 
rats. 

Chicory extracts Parameters NC· HFt> -----_..._--_._-
i
j 

1% 2% 5% i 
~_._-------~--	 _.. _-----------_. 

Total cholesterol (mg/dl) 
150.16 
± 0.32 

16602** 
:t on 

120.13*** 
Lon 

111.5*** 

i °15 

82.82*** I 

± 0.03 

Triglycerides (mg/dl) 
70.88 
± 0.06 

107.63*'1< 
± 002 

62.44 
± 0.05 

56.3* 
± 0.03 

50.2** 
± 0.02 

HDL-cholesterol (mgldl) 
48.19 
:l 8.68 

45.29 
± ·'35 

62.31 ** 
± 26 

73.22** 
T 52 

81.5*** 
± 3, I 

HDL-cholesteroli Total cholesterol (%) 
3209 
l: 0.46 

27.28** 
±0.45 

51.87*** 
:!0.41 

6567*** 
,026 

98.41*** 
±0.13 

Ale 2.12 
±0.045 

2.67** 
±0.060 

0.926*** 
±O.01527 

0523*** 
±0.OO6 

0,016*** 
±0,O06 

44.40 41.80 35.61 31.44 * 27.36"
AST activity (Ull) 

0.	 14.41 ± 18.3 j: 9 3 1 6.4 ± 3.3 

5007 40.44 39.84 35.85* J 1.51 * 
ALl activity (U/L) 

± 1202 :t 3.95 .:+- 644 ~3J5 .± 4,01 

• Statistical signiltl:ant differ~nces (P < 005) ** Statistical 'iignificant differences (P' 0.0 I) 
... Statistical 'ilglllitl.UJit differences (P < 0 00 I) a Normal control group b High fill ted gnlup 
'Alhcrugenic Index (lOial cholesterol- HDL-cholesterol)/HDL-cholesterol 

CONCLUSION	 polyanions. Scand .I. Clin Lab Invest; 40: 583
595.	 '\ 

From the aforementioned results, it could be 
l:oncluded that, chicory extract could be used as 
sLiurce of dietary antioxidants included, bioactive 
plant phenols, and tlavonoids such as kaempherol, 
cinnamic acid, carotenoids, chlorophyll (A and B), 
ascorbate and tocopherols. The health benefits of 
chicory extract are largely due to the antioxidant 
vitamins supported by the large number of phyto
chemicals, some with greater antioxidant proper
tiCS and hypolipidemic effect. Therefore, we could 
recommend the cunsumption of this plant as raw 
or in addition form to food products. 
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