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 [I] INTRODUCTION 
 
Ras cheese requires a long period of time to develop the full 

flavor and texture of ripened cheese. Accelerated ripening of 

cheese was achieved by addition bacterial strains or by addition 

of  microbial proteases  [1-3]. Both bacterial strains and 

microbial proteases are expensive, also bitterness was reported 

as the most common flavor defect in cheeses from milk or curd 

treated with microbial proteases [4-12,2,13].Although plant 

enzymes could be the cheap replacement of the costs microbial 

enzymes used  in acceleration of cheese ripening,  little work  

has been done in this field. Sadeq et al reported the possibility 

of using partially purified Calotropis procure leaves protease 

(Calotropin) to accelerate ripening of Monterey cheese [14]. 

Nadia and El Sisi used Cichorium enzymes crude extract for 

acceleration ripening of Domiati cheese [15]. 

 

Cichorium is a safe weed; US Food and Drug Administration 

Poisonous Plant Database, Cornell University Poisonous Plants 

Informational Database and Provet Poisonous Plants Database 

do not list any toxic effects of Cichorium. Rasheeduz   and 

Mujahid reported that Cichorium had anti- hepatoxic effects in 

Wistar strain of Albino rats against carbon tetrachloride induced 

hepatic damage [16]. Vohra reported that Chicory has been 

listed as one of the 38 plants that are used to prepare Bach 

flower remedies, a kind of alternative medicine [17].Thus, in 

view of fermentation, the objectives of this study are to evaluate 

the possibility of utilization CEPE to accelerate Ras cheese 

ripening. 

  

[II] MATERIALS AND METHODS  
 

2. 1. Cichorium enzymes Crude extraction 

 
Plant stems were cut into small pieces, dried, ground then acidic 
Cichorium enzymes crude extract was prepared as described by Vadde 
and Ramakrishna [18] with some modifications  by stirring 10 grams of 
stem powder in 100 ml chilled 0.05 M tris-HCl buffer, pH 7.2 in blendor 
for 1 to 2 minutes The extract was filtered through cheese cloth and 
centrifuged at 20000 rpm for 15 min. The residue is discarded. The 
supernatant was referred as Cichorium enzymes crude extract (CECE). 

 
2. 2. Purification of crude extract 
Purification was done using the procedure described by Vadde and 
Ramakrishna [18]. 

 

2. 3. Estimation of proteins 
 
Protein content in the Cichorium extract was estimated by the method of 
Lowry [19]. 

 

2. 4. Assay of proteolytic enzymes 
 
Endopeptidase activity was measured using the method described by 
Sarath et al [20] and modified by Vadde and Ramakrishna [18].    
 

2. 5. Assay of lipoletic enzymes 
 
Lipase activity was measured using the method described by Qixin and 
Charles [21]. 

 

 
Plant enzymes could be the cheap replacement of the costs microbial enzymes used  in acceleration 
cheese ripening .Purified enzymes extract was prepared from the composite weed Cichorium  pumilum. 
Cichorium enzymes purified extract (CEPE) was added at concentrations of 0.1, 0.2, or 0.3% (V /V)  to 
milk (M treatments) or to cheese curd ( P treatments). Proteolytic and lipolytic parameters were higher in 
treatments  than control and in  P treatments than in corresponding M ones.  Rheological characteristics 
illustrated that cheese with CEPE had lower hardness, springiness, chewiness, gumminess, and higher 
adhesiveness and cohesiveness than control. Sensory evaluation proved that both M2 and P1cheese 
acquired after ripened for 60 days only the typical full flavor and body & texture of control cheese ripened 
for 150 days. 
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2. 6. Ras cheese manufacture 
 
Ras cheese was made by the conventional method described by Nadia 
[22]. Fresh mixture of buffaloes’ and cows’ milk (1:1) (obtained from the 
herds of the Faculty of Agriculture Menoufia University) was divided into 
seven portions. The first portion was left without treatment and served as 
a control (C). Cichorium enzymes Purified extract CEPE was added at 
levels of 0.1, 0.2 or  0.3 % to both of milk prior to renting (M  treatments) 
and cheese curd particles before hoping (P treatments). Cheese was 
ripened at 14 ± 1°C for 5 months. 

 

2. 6. Methods of cheese analysis 
 
2. 6. 1. Chemical analysis 
 
Moisture, acidity, total & soluble nitrogen and non protein nitrogen 
contents were determined according to Ling [23].  Schilovish index was 
estimated as described by Tawab and Hofi [24]. 
 
Determination of free amino acid was carried out as described by 
Bertacco  et al [25].Total and individual free fatty acids (FFA) were 
determined by the method of Deeth et al [26]. 

 
2. 6. 2. Rheological analysis 
 
Texture analyzer CNS – (The Farnell, England) was used. The probe 
was TA17 (30 angle and 25 mm diameter) at speed of 1 mm/ second 
and 10 mm distance in cheese. Cheese samples were cut into cubs 
3cm3 and kept at 12 c for 1 hour before analysis. 

 
2. 6. 3. Electrophoresis 
 
Samples for electrophoresis were prepared as described by Sood et  al 
[27].   
  

2. 6. 4. Organoleptic evaluation 
 
The organoleptic properties of the cheese samples were evaluated by 
regular score panels chosen from the staff members of Department of 
Dairy Science , Faculty of Agriculture ,Menoufia University according to 

the method of Nadia and Wafaa [28]. 
 

2. 6. 5. Statistical analysis 
 
Factorial design 1 and 2 factors , 3 replicates was used to analyze all the 
data Steel and Torrie [29]. 

 
[III] RESULTS AND DISCUSSION 
 
3. 1. Purification of protease 
 

The results of the purification are summarized in Table –1. The 

crude extract had specific activity of 32.62 units/mg. The 

precipitate obtained between 40 – 60% NH2SO4 saturation 

recovered 1.68 fold by this step. The purified enzyme was about 

2.56 fold for application of CG cellulose. In the next step, The 

purified enzyme was about 4.53 fold by DEAE-cellulose. The 

final efficient step in the purification procedure is the 

fractionation on Sephadex G75. The enzyme was highly 

purified by Sephadex G75 gel filtration chromatography. The 

specific activity of the protease enzyme is very high (286.48 

units/mg). The purified enzyme was about 8.78 fold by this step 

.  

3. 2. Purification of lipase 
 

The crude extract had lipase specific activity of 48.41units/mg 

[Table– 1]. The precipitate obtained between 40 – 60% 

NH2SO4 saturation recovered 1.12 fold by this step. In the next 

step, the purified enzyme was about 2.19 fold. Specific activity 

was 185.50 of application of DEAE cellulose chromatography 

for the purification of lipase. The enzyme was highly purified 

by Sephadex G 75gel filtration chromatography. The specific 

activity of the lipase enzyme was very high (418.2 units/mg). 

The purified enzyme was about 8.64 fold by this step.

 
Table: 1. Summary of purification 

 

TEPS PROTEIN(MG/ML) SPECIFIC ACTIVITY  

  Of  protease  U/mg 

SPECIFIC ACTIVITY  
of lipase      U/mg 

Crude     extract                  3.2 32. 62 48.4 

NH2SO4     fractionation  2.5 54. 70 53.6 

CM-cellulose 1.8 83.42 106.12 

DEAE-celellulose 0 .9 147.73 185.5 

Sephadex G 75 0.3 286.48 418.2 

 

3. 4. Chemical analysis of cheese 

3. 4. 1. Ripening parameters 

Data in Table– 2 illustrate that the level of soluble nitrogen 

(SN/TN), non protein nitrogen (NPN/TN), Schilovish  index 

and TVFA in the control cheese were significantly lower than 

those of the corresponding treated cheeses.  

 

3. 4. 2.  Free amino acid: 

Data in Table–3 shows the amount of free amino acids after 60 

days in control, P1 and M1 cheese.  Acids generally increased 

during ripening and were significantly higher in the CEPE 

treated cheeses than in the control cheeses, and they were higher 

in P1 than in M1 cheese. From these results, it seems that the 



REGULAR ISSUE  

 Abou-zeid. 
_______________________________________________________________________________________________________________________  

       

  

   IIOAB-India                                                           Abou-zeid; IIOABJ; Vol. 6; Issue 2; 2015: 15–21 17 

                           w
w

w
.iio

a
b

.o
rg

                                                                                        
 

   
                                            w

w
w

.iio
a
b

.w
e
b

s
.c

o
m

 IN
D

U
S

T
R

IA
L

 B
IO

T
E

C
H

N
O

L
O

G
Y

 

 

CEPE increased liberation of FAA significantly and it was more effective when added to cheese curd than cheese milk. 

 

Table: 2.   Ripening properties of Ras cheese during ripening as affected by CEPE 

 

Chemical 
properties 

R
ip

e
n

in
g

 

p
e

ri
o

d
 

                                            Treatments 

C M1 M2 M3 P1 P2 P3 LSD 

A
c
id

it
y
 

   0 0.85
a
 0.87

a 
0.83

a 
0.86

a 
0.87

a
 0.84

a
 0.83

a  

 

±
.0.05 

 

30 1.36
a 

1.42
b 

1.56
c 

1.63
d 

1.56
c 

1.74
e 

1.94
f 

60 1.57
a 

1.77
b
 1.85

c 
1.92

d 
1.89

c
 1.98

d 
2.12

e
 

120 1.49
a 

1.37
b 

1.29
c 

1.09
d 

1.34
b 

1.08
d 

1.05
d 

150 1.26
a 

1.13
b 

1.07
c 

1.06
c 

1.15
b 

1.08
c 

1.06
c 

S
N

/T
N

 %
 

 

0 6.18
a 

6.22
a 

6.15
a 

6.16
a 

6.21
a 

6.20
a
 6.11

a  

 

±
0.15 

 

30 8.05
a
 8.85

b 
9.95

c
 10.96

d
 9.84

c 
10.73

d 
12.81

e 

60 11.51
a 

12.23
b 

15.01
c 

17.51
d 

15.12
c 

17.67
d 

18.92
e 

120 14.63
a 

16.84
b 

19.63
c 

21.92
d
 19.72

c 
21.73

d 
22.03

e
 

150 17.13
a 

19.14
b 

22.41
c 

25.17
d 

22.22
c 

25.24
d 

27.24
e 

N
.P

.N
/T

N
%

 

0 4.13
a 

4.15
a 

4.18
a 

4.19
a 

4.20
a 

4.21
a 

4.15
a  

 

±
0.32 

 

 

30 4.32
a
 4.73

b
 5.97

c 
7.96

d 
5.92

c 
7.74

d
 9.17

e 

60 5.65
a 

6.88
b 

8.21
c 

10.67
d 

8.19
c
 10.43

d
 14.16

e 

120 8.87
a 

9.54
b 

10.88
c 

12.08
e 

11.41
d 

12.33
e
 15.12

f 

150 10.43
a
 10.97

b 
11.51

c 
13.44

e 
12.97

d
 13.18

e
 15.71

f 

S
c
h
ilo

v
ic

h
 i
n

d
e
x
  

0 15.92
a 

16.24
a 

16.23
a 

16.31
a 

15.82
a 

15.98
b 

15.94
a 

 

 

 

±
0.78 

30 28.16
a 

32.92
b 

38.97
c 

45.93
d 

38.77
c 

45.65
d 

56.15
e 

60 45.56
a 

55.82
b 

67.16
c
 71.86

d
 67.22

c 
73.12

e 
80.77

f 

120 58.11
a 

69.33
b 

82.16
c 

92.55
d 

85.52
e
 95.61

f
 108.52

g 

        

150 71.92
a 

80.66
b 

96.22
c 

109.29
d 

99.13
e 

113.39
f 

125.18
g 

T
.V

.F
.A

 

0 18.41
a 

18.27
a 

18.14
a 

18.28
a 

18.14
a 

18.38
a 

18.12
a  

 

±
0.84 

 

 

30 32.19
a 

37.12
b 

45.92
c 

61.74
d 

45.84
c 

61.33
d 

73.11
e 

60 41.83
a 

46.64
b 

53.16
c
 72.92

d 
53.36

c 
72.87

d 
89.62

e 

120 52.11
a 

57.68
b 

68.41
c 

96.49
e 

69.13
d 

96.72
e
 109.52

f 

150 59.82
a 

67.88
b 

84.68
c 

118.6
f 

86.75
d 

114.32
e 

133.67
g 

 See Table– 1 for details,    a–g Means within a row with different superscript letters are significantly different (P < 0.05) 
 

 

Lysine, proline, phenylalanine and tyrosine, were in large 

quantities in all cheeses whereas glycine, Cysteic acid, Iso- 

leucine and therionine existed only in small amount. Ivana et al 

reported that in twenty five cheeses commercially available in 

the Czech Republic glutamic acid, proline, aspartic acid, 

leucine, valine, and phenylalanine are present in higher 

concentrations [30]. Other amino acids are present in lower 

concentrations. Sood et al mentioned that asparagine, glutamine, 

valine, leucine, phenylalanine, and arginine were in large 

quantities in all Cheddar cheeses whereas proline and histidine 

existed initially only in traces but increased later [27].  

 

The determination of free amino acids plays an important role in 

assessing the nutritional quality of foods [31-33].  

http://www.journalofdairyscience.org/article/S0022-0302(12)00492-4/fulltext#back-tblfn0035
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3. 4. 3.  Free fatty acids 

The percentage concentration of free fatty acids (FFA) in Ras 

cheeses are shown in Table– 4. In terms of short (C4-C8) and 

long (C16, C18, C18:1) chain fatty acids, a significant 

interaction (P<0.05) was found between ripening period and 

cheese samples.  

Amounts of butyric, caproic and caprylic acids were higher in 

samples with added CEPE than in the control cheese sample and 

in P1 than M1. Amount of free fatty acids were approximately 

equal in m2 and p1 cheese . From these results, it seems that the 

CEPE increased liberation of FFA significantly and it was more 

effective when added to cheese curd than cheese milk. 

In control cheese sample the level of butyric, caproic, caprylic 

acids increased until 60 days, but then did not increase anymore. 

Adding Cichorium enzymes increased the level of butyric, 

caproic, caprylic acids until 150 days. Concentrations of capric, 

lauric and myristic acids increased more obviously in the cheese 

with added CEPE (P<0.05). Katsiari et al and Collins et al 

reported that  the short and medium chain fatty acids contribute 

more to the flavor formation than the long chain ones [1],[34].  

Palmitic, stearic and oleic acids were the most abundant FFA in 

all the cheeses throughout the ripening especially oleic acid. 

These results are in accordance with the findings of Guller and 

Kondyli et al [2, 35]. 

 
Table: 4.  Free fatty acids of total FFAs in Ras cheese during ripening as affected by CEPE 

  
F

re
e
 f

a
tt

y
 

a
c
id

s
 %

 

 S
to

ra
g

e
 

P
e
ri

o
d

s
  

cheese samples* 

     C               M1           M2              P1 

Butyric 

C4:0 

0 0.09 0.12 0.15 0.13 

60 0.14 0.17 0.34 0.37 

150 0.18 0.18 0.53 0.56 

 

Caproic 

C6:0 

0 0.04 0.06 0.08 0.09 

60 0.06 0.08 0.16 0.18 

150 0.05 0.08 0.37 0.36 

 

Caprylic 

C8:0 

0 0. 04 0.05 0.06 0.05 

60 0.05 0.07 0.15 0.18 

150 0.06 0.06 0.32 0.35 

 

Capric 

C10:0 

0 0.15 0.18 0.21 0.19 

60 0.19 0.25 0.35 0.38 

150 0.18 0.26 0.52 0.56 

Lauric 

C12:0 

0 0.43 0.50 0.58 0.52 

60 0.51 0.67 0.75 0.79 

150 0.62 0.78 1.88 1.95 

Maristic 

C14:0 

0 1.5 1.6 1.8 1.8 

60 2.1 2.3 4.3 4.2 

150 3.7 4.1 6.3 6.5 

Palmitic 

C16:0 

0 19.1 18.5 18.5 18.5 

60 17.6 16.2 12.0 11.8 

    *See Table– 1 for details, Values are means of 3 replicates  

 

3. 4. 4. Textural characteristics of cheese 

Rheological characteristics [Table-5] illustrated that cheese 

with CEPE had lower hardness, springiness, chewiness, 

gumminess, and higher adhesiveness and cohesiveness than 

control. Data also illustrate that there was sharp decrease in 

gumminess, and chewiness values of all cheese  as ripening 

period advanced. A negative relationship was found between 

hardness and the values found for gumminess, springiness and 

chewiness.  These results agree with that reviewed by Bryant et 

al , Fox et al and Katsiari et al [1, 36, 37]. 
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Table: 5. Rheological properties of Ras cheese during ripening. as affected by CEPE 

 

  
 

R
h

e
o

lo
g

ic
a
l 

p
ro

p
e

rt
ie

s
 

 R
ip

e
n

in
g

 
p

e
ri

o
d

s
 

cheese samples
* 

 

C 

 

M1 

 

M2 

 

M3 

 

P1 

 

P2 

 

P3 

 

 

H
a
rd

n
e
s
s
  

 (
g
) 

   
C

 

0 722.2
a 

718,9
a 

724.8
a 

721.3
a 

720.2
a 

722.3
a 

719.4
a 

±9.2 

60 968.4
a 

899.5
b 

855.9
c 

803.1
e 

845.3
d 

804.2
e
 658.7

f 

150 8112.1
a 

751.7
b 

534.8
c 

411.5
d 

528.9
c 

415.9
d 

332.9
e 

A
d
h
e
s
iv

e

n
e
s
s
 

g
s

-1
 

0 9.27
a 

9.18
a 

9.34
a 

9.25
a 

9.32
a 

9.23
a 

9.24
a 

±0.72 

60 15.48
a 

18.12
b 

32.25
c 

22.88
d 

31.85
c 

21.65
e
 14.35

f 

150 39.30
a 

35.15
b 

14.67
c 

5.08
d 

14.38
c 

4.88
d 

4.05
e 

S
p
ri
n

g
in

e
s
s
 

m
 m

 

0 8.91
a 

8.72
a 

8.73
a 

8.82
a 

8.99
a 

8.88
a 

8.84
a 

±0.21 

60 6.16
a 

6.56
b 

5.45
c 

4.67
d 

5.62
c 

4.51
d 

3.22
e 

150 5.85
a 

4.98
b 

4.08
c 

2.88
d 

4.05
c 

2.76
d 

2.05
e 

C
o
h
e
s
iv

e

n
e
s
s
 

ra
ti
o
 

0 1.38
a 

1.32
a 

1.36
a 

1.35
a 

1.30
a 

1.31
a 

1.36
a 

±0.14 

60 2.92
a 

2.51
b 

1.58
d 

0.89
e 

1.72
c 

0.92
e 

0.72
f 

150 0.74
a 

0.71
a 

0.62
b 

0.60
b 

0.74
a
 0.66

b 
0.51

c 

G
u
m

m
in

e
s
s
 

g
s

1
 

 

0 1011.2
a 

1014.5
a 

1012.1
a 

1017 .4
a 

1013.3
a 

1018.6
a 

1015.7
a 

±11.3 

60 943.3
a
 953.8

a
 756.7

b
 542.3

c
 747.8

b
 550 .8

c
 445.4

 d
 

150 740.8
a 

680.5
b 

558.6
c 

465.2
d 

548.3
c 

426.1
e 

278.7
f 

C
h
e
w

in
e

s
s
 

g
s

-1
 

0 11304
a 

11293
a 

11298
a 

11292
a 

11303
a 

11292
a 

11297
a 

±13.1 

60 3456
a
 3124

b 
2541

c 
1342

d 
2533

c 
1326

d 
819

e
 

150 1934
a 

1740
b
 1265

c 
856

d 
1254

c 
846

d 
563

e 

*See Table 1  

 

 
Fig: 1. Gel electrophoretic pattern of 60 days old Ras cheese. Fig: 2. Gel electrophoretic pattern of 150 days old Ras cheese 
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3. 4. 5. Electrophoresis of cheese casein 

 Hydrolysis of αs1 casein was significantly greater and faster  in 

cheeses treated with CECE than in control cheeses. The αs2 and 

αs3 caseins also were hydrolyzed but less than αs 1. The 

proteolysis of B-casein was greater in the Cichorium enzyme 

treated cheeses than in the control as well as was greater and 

faster in P treatments than M ones [Figures– 1 and -2] . 

Addition of CECE to Ras cheese milk or curds accelerated 

casein proteolysis. The B-casein, which remains essentially 

intact in conventional Ras cheeses was considerably degraded in 

the enzyme-treated cheeses. The α1- casein rose in all cheeses 

during ripening with more increase in CECE -treated cheeses. 

This suggests that added CECE either facilitate the action of 

rennin on the phenylalanine (24)-valine (25) bond as of casein 

or that the Cichorium enzymes attacks that particular bond. 

These results was in agreement with what found by sood et  al 

[27].  

3. 4. 6. Organoleptic properties of cheese                

M1and P2 gained the highest total score after 60 days of storage 

.After ripening for 60 days only, they acquired the typical full 

flavor, body and texture of control cheese ripened for 150 days 

[Table– 6].  

 
[IV] CONCLUTION 
 

Generally the results obtained lead to the conclusion that 

Cichorium could be used as a cheap source of plant enzymes; 

used to accelerate Ras cheese ripening. This reduces 

manufacturing costs for both producers and consumers. The 

most successful method of CEPE addition is adding 0.1% to 

cheese curd. It reduces the period required for Ras cheese 

ripening to 60 days instead of 150 days without any defects in 

cheese properties 

Table: 6. Statistical analysis of total scores of organoleptic properties 
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43.2
a 

44.4
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    ± 3.8 
60 70.3

a
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98.3
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c 
85.2
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71.6

a
 

150 98.5c 97.3
c
 67.1

b
 64.2

b
 67.2

b
 59.5

a
 56.2

a
 

 *See Table– 1  

 
ABBREVIATIONS:  (CEPE) Cichorium  pumilum enzymes 

Purified extract, C control cheese,  M1,M2 and M3 cheese 
treated with 0.1 ,0.2 or 0.3% CEPE added to cheese milk – 
P1,P2or P3 cheese treated with 0.1 ,0.2 or 0.3% CEPE added 
added to cheese curd. 
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