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ABSTRACT

This study was designed to investigate the effect of adding different levels of
aqueous artichoke extract (AAE) to cheese retentate either as a rennet substitute or
functional food on the properties of soft cheese during storage at © + 1° C / ¢ weeks.
AAE was added at ratios +,*, *°, Y,+, V.2 and Y ml / Y+ gm retentate which
represents +,+, Yo, e« Ye and )+ + % replacement of chymosin, respectively. Resultant
cheeses were analyzed when fresh, Y and ¢ weeks for some chemical,
microbiological, rheological and organoleptic properties of cheese during storage, and
phenol content and coagulation time of retentate were also measured. No significant
differences in the protein and fat contents of cheese samples were detected, but the
total solids were slightly higher for control than other treatments. Both titratable acidity
and water soluble nitrogen and syneresis of all samples were increased during
storage period. Electrophoresis patterns illustrated that; artichoke aspartic proteinase
exhibited a lower degree of protein degradation than the calf rennet. Cheese samples
containing AAE had higher concentrations of total phenol and total carbohydrate
content than the control. No coliform was detected in the cheeses and total viable
counts of microorganisms increased throughout storage periods. The average
sensory property scores of all cheese samples were very close. All treatments had
very good texture, over all acceptability, and as expected, storage time had a negative
effect on total sensory scores and microbiological quality of the examined cheeses
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microbiological and organoleptic properties .

INTRODUCTION

Functional foods offer great potential to improve health and/or help in
preventing certain diseases when taken as a part of a balanced diet and
healthy lifestyle. Therefore, research on different aspects of functional food
and its economical and nutritional benefits have been the focus of research
for several years allover the world. The research opportunities in nutrition to
explore the relationship between functional food and / or food components
and improved state of health and well-being, or reduction of diseases,
present the greatest challenge to scientists now and in the future. The
communication of health benefits to consumers is also of critical importance
so that they have the knowledge to make informed choices about the foods
they eat and enjoy. The main aim of “functional foods” is to introduce
beneficial compounds into the human through daily dietary intake. Therefore,
searching for new functional healthy dairy products is needed. Recently,
different functional dairy products are currently proposed, such as fermented
milks (Sanchez et al., Y:+4 and Vijayalakshmi et al., Y:V+), ice creams (El-
Nagar et al., Y+ Y and Di Criscio et al., Y+ +), soft cheese (Elewa, etal., Y+ -1
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and Delgado et al.,, Y+)+ ) and processed cheese ( Awad and Salama,
Yoy,

Addition of natural sources of antioxidants is an emerging trend for
the development of functional dairy products. These ingredients could play a
rule in reducing the risk of some degenerative diseases (Drewnoski and
Gomez-Carneros, Y+ ++ and Talalay and Fahey Y +)).

Artichoke (Cynara Cardunculus L) has a high content of a fructosane
called inulin (Frutos et al., Y +A) .The effects of inulin include management of
constipation, stimulating calcium absorption from food, modulating lipid
metabolism, and preventing cancer (McBain and Macfarlane, Y+ +) and Rao,
Y+«+Y). Inulin is legally considered a fiber because it acts as a soluble fiber,
being digested almost totally in the colon, not in the small intestine (McBain
and Macfarlane, Y-:+)). Also, artichoke extract, maintains healthy bile
metabolism, antioxidant activity, blood flow in the liver, and detoxification.

The nutritional benefits of artichokes include high levels of potassium,
an excellent source of fiber and vitamin C, and a good source of folate and
magnesium. Thus, in addition to the lipid lowering and antioxidant properties
of artichoke and an increase in endothelial nitric-oxide synthase (eNOS) gene
transcription may also contribute to its beneficial cardiovascular diseases ( Li
et al., Y:+¢£). Meanwhile, flowers of artichoke have been used since ancient
times as a source of milk -—clotting enzymes. The initial scientific
investigations into the cheese making properties of this plant coagulant were
conducted by Vieira de Sa and Barbosa (2VY). Flowers of the Artichoke
plant contain two proteinases capable of causing coagulation of milk (Sousa,
V44Y and Sidrach et al., Y++:°). These enzymes are termed cardosin A and
cardosin B; both enzymes split the Phe) :e—Met) +1 bond of k-casein. Kinetic
parameters of cardosin A were similar to those obtained by chymosin , and
Cardosin B is more proteolytic than cardosin A (Macedo et al., Y33y and
Verissimo et al., Y44¢). Traditionally fresh aqueous extracts of the flowers are
used as a curd coagulant preparation for production of several cheese
varieties (Sousa and Malcata, Y- +Y and Mahony et al., Y+ ¥).

Tallaga cheese is one of the white soft cheeses which are well known
in Egypt and other countries. Ultrafiltration (UF) technique process was used
successfully in its production in the laboratory pilot plant (Farahat et al.,
Y+'A; Elewa et al. , Y:+%4 and Kebary et al.,, Y++%) and ,on the industrial
scale by the modern dairy factories , which is now accepted by the
consumers.

This study was conducted to develop functional dairy products with
antioxidant activities to combat the risk of degenerative diseases. The main
objectives of this study involved: (V) blending chymosin and artichoke extract
in varying proportions for use as coagulant preparations and (Y) to formulate
functional white soft cheese and choose the optimal proportion of artichoke to
be used in cheese making. (¥) Assess the acceptability, chemicals and
microbiological properties of functional soft cheese during storage at © + \° C
for ¢ weeks.
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MATERIALS AND METHODS

- Fresh raw buffaloes' milk was obtained from private farms at Fayoum
Governorate.

- Calf rennet (Chymosin) powder was obtained from Chr. Hansen's Lab.
Denmark.

- Artichoke (Cynara Cardunculus L) was obtained from the local market.

The crude extract of the artichoke was obtained from the heart and
choke (outer and inner) part of artichoke, which were separated, cut off,
extracted by blending in distilled water (Y:)) using the blender at room
temperature for © min and filtered through cloth cheese.

Experimental cheeses were made in the pilot plant of the Dairy Sci.
Dept., Fac. Agric. Fayoum Univ. Fresh buffaloes' milk was pasteurized ( Y¥°
C/Ye sec.) before and after homogenized (at about Y+ bar) and ultrafiltered
at ©° ° C until containing about YV % total solids , cooled to ¢+ £Y°C, +,+Y
% calcium chloride and Y% sodium chloride were added . Retentate was
divided into five equal portions and manufactured as follows:

Y- The first one was served as a control without addition AAE, and chymosin
was added at ratio of © g/ )+ + kg retentate.

Y— Aqueous artichoke extract (AAE ) was added to the rest four portions of
retentate ( T, Ty, Tyand T.) at ratios +.¢ , Y, ,eand Y ml/ Y+ ml
retentate, respectively, which represents Yo |, o+ | Ve and Y+ %
replacement of chymosin. The retentate mixture filled in polyethylene
containers (about )+« @), incubated at ¢+ + ) ° C to complete coagulation (
within ¢+ min for all treatments ) and stored at © + Y° C for ¢ weeks .

The suitable ratios of AAE were determined according to the initial
experiments on UF- white soft cheese fortified with AAE, which based on the
determination of coagulation time of retentate (¢+ min.) and sensory
evaluation of resultant cheese. Finally, the resultant cheese samples were
analyzed when fresh, after Y and ¢ weeks of storage at © + '° C. The
experiments were replicated three times and all analyses were performed in
duplicate.

Fat, total nitrogen, titratable acidity, total carbohydrates and ash
contents were determined as described in AOAC (Y::V).Water soluble
nitrogen was measured using Kjeldahl method according to Kuchroo and Fox
(Y4AY). Proteolytic patterns of cheese proteins were determined by sodium
dedecyl sulfate polyacrylamide gel electrophoresis ( SDS- PAGE ) according
to the method of Laemmli (Y4Y:) and modified by Studier (Y4VY), The
obtained SDS- PAGE patterns were identified as described by Basch et al.
(Y4A2), The method of Wua and Ng (Y *A) was used in determining the total
phenols content in cheese samples using Folin — Ciocalten reagent and
Gallic acid as standard solution. The total phenols content in cheese samples
was calculated from the standard curve, and expressed as tannic acid
equivalent in (TAE) mg/\+ g sample.

Mineral contents were estimated in ash according to AOAC (Y:++)
using atomic absorption spectrophotometer (ZEISS, AAS °, Germany) to
measure lron, calcium and magnesium contents, while potassium was
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determined using a flame photometer (JENWAY,PFPYYAYY UK) whereas,
phosphorus content was determined using spectrophotometer according to
the method described by Morrison (Y 41¢).

Samples were measured for firmness at Yo + Y° C by pentrometer
(PNR Y+ with microprocessor controls, SUR, Berlin). The standard rod weight
was °+ gm. The test was performed as follows: the pentrometer cone was
adjusted to touch the surface of cheese samples, the cone was released to
penetrate into the samples for © sec. and penetration depth was recorded in
units of Y.+ millimeter (mm). Penetration depth was recorded in triplicate at ¥
different spots in each sample. The average of these penetration depths was
taken as penetration value (firmness)
The syneresis was calculated by using the flowing Equation:

Syneresis (%) = (ww/ wc) x Y+ +. Where ww (g) is the weight of whey
released from each cheese at the different times of storage and wc (g) is the
weight of cheese in the same package (Souza and Saad, Y+ +1).

Total viable counts were enumerated on nutrient agar (plates were
incubated at Yo & C / £A h), coliform counts on MacConky agar, yeasts and
moulds on potato dextrose agar as described in Oxoid (Y44+).

The resultant cheese samples were organoleptically scored when fresh
and during storage period by ) trained panelists from the staff at the Dairy
Sci. Dept.; Food Sci. Dept. and Microbiol. Dept., Fac. Agric., Fayoum Univ. A
score card was used as mentioned by Pappase et al. (14%1) for evaluation of
flavor (°+ points), body and texture (£+), color and appearance () *).

The general linear model was used to determine the effects of artichoke
extract on the properties of resultant UF- functional white soft cheese. The
SPSS system ()449) software version 1 was used to carry out the statistical
analysis. Statistical significance for differences was determined at the ¢ %
probability level. Duncan's (Y%2¢) multiple comparison procedure was used to
compare between the means.

RESULTS AND DISCUSSION

There were no significant differences (P > +,+°) in the composition
(protein, fat, and salt contents) between the control and other treatments
either when fresh or during the storage period of functional soft cheese. The
total proteins, fat, and salt contents showed increased gradually as the
storage period progressed. It was concluded that this increase might be due
to the decrease in the moisture content of resultant soft cheese from all
treatments during storage. These results are in agreement with those of
Elewa et al. (Y:+19). Likewise, the control had less moisture content than
other treatments, while T¢ recorded the highest moisture content, probably
due to the higher moisture content of AAE (3),Y¢ %) than retentate (°A,°39%).
The main values of moisture content of fresh soft cheese from different
treatments and control ranged from °A.% to °%,AY %, while their fat and
fat/dry matter contents ranged from  YY,%. to YV.)) and °£.AY to °1,YY,
respectively. While, total protein and salt contents ranged from Y:.¥% to
YV, VYZ and Y, Y to Y,V Y7, respectively. At the end of storage period, the main
values of moisture, fat and fat / dry matter contents in cheese from all
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treatments ranged between ©V,4Y to ©%,YY 95, YY,AY to Y¥,%¢ and °1.\Y to
°1,7A %%, respectively. While protein and salt contents at ¢ weeks of storage
reached to Y+,A°to V),4Y % and Y.\ Y — ¥,Y+ %, respectively.

Soft cheese samples containing Y+ + % AAE had higher ash content

than other treatments and control, while the lowest ash content found in the
control. Ash content in fresh cheese treatments were ¥,Y), ¥,YY, Y,¢A ¥, Y
and Y,AY% in control, T, Ty Tr and T, respectively and it gradually
increased to reach ¥,Y4, ¥,¥), Y,e¥ ¥,%4 and ¥,4.7, respectively at the end of
storage.
Data presented in Fig. () illustrate the changes in titratable acidity (TA) and
water soluble nitrogen (WSN) of different cheese treatments during storage at
o + 1% C for ¢ weeks. Addition of AAE had no significant effect on the TA of
fresh cheese samples at all AAE ratios used, while the WSN and WSN / TN
of cheese slightly decreased with increasing the ratio of AAE added. TA,
WSN and WSN / TN of all cheese samples were significantly increased
during storage. The results indicated that T¢ was higher, TA than other
cheese samples after days YA of storage, this might be due to increase in
total carbohydrate in the resultant cheese, which had effect on the activity
and growth of cheese microflora, while their WSN was lower than other
treatments. Whereas, Vieira and Barbosa () 4VY) observed that cheese made
with cardoon had a softer texture, less bitter taste and a higher degree of
proteolysis compared to the cheese made with animal rennet.

Results in Fig. (Y) showed that total carbohydrates and total
carbohydrates / dry matter were influenced by the increase of added AAE.
Minor differences could be observed in the total carbohydrates between fresh
cheese samples, which slightly increased with increasing the concentration of
AAE added.
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Fig. Y: Titratable acidity (TA) and water soluble nitrogen (WSN) of
functional soft cheese as affected by using different levels of
AAE when fresh and during storage at ¢ + ‘° C for ¢
weeks.
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Fig. Y: Total carbohydrates (TC) and total carbohydrates / dry matter
(TC/ DM) of functional soft cheese as affected by using different
levels of AAE when fresh and during storage at ¢ + \° C for ¢
weeks.

Minerals and total phenols content of different cheese treatments are
presented in Table (V) and Fig. (¥). Minerals and total phenols content of
cheese samples slightly increased by increasing the added artichoke extract
(+»°, Y+, Yseand Y ml/ Y.+ gretentate) and T: had the highest total minerals
and phenol content. However, there were no significant differences (P > +,+°)
in minerals and total phenols contents in all cheese treatments during storage
period. This might be attributed to the high content of minerals (Table ) and
total phenols (A\Y¢ mg/ Y+ + g AAE) in AAE.

Table (Y): Minerals contents of functional soft cheese made with AAE at
different concentrations.

Minerals Treatments

(mg/V++ g) |Control T, Ty Ty T AAE
Phosphorus \YV,Y YY4,A Yyou,\Y Y4y, V4Y,4 Y¢o
Potassium YA, 0¥ YYe,o YYY,. Yv,. Y14,V ¥Y.
Calcium Yo,V Y, Ya,A ¥y,Y YV, S

Magnesium EAY.AY EAY ¢av,vy oyYy,4 oYY,A Yav
lron v, Yo YA DY vy EANO SYYA V,V4

AAE: Agqueous artichoke extract

T,. cheese made with adding +.® % AAE; represent Y¢ % replacement of chymosin
T+: cheese made with adding Y.+ % AAE; represent ¢+ % replacement of chymosin
Tr. cheese made with adding Y.® % AAE; represent V¢ % replacement of chymosin
T.: cheese made with adding Y.+ % AAE; represent Y+ + % replacement of chymosin
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Fig.¥: Total phenol contents of functional soft cheese as affected by
using different levels of AAE when fresh and during storage at
e +1°Cfor ¢ weeks.

Results of urea — polyacrylamide gel electrophoresis (PAGE) of fresh and
stored white soft cheese manufactured with artichoke and chymosin are
shown in Fig. (£).
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Fig. (¢): SDS — PAGE electrophoretograms of soft cheese as affected by
using different levels of AAE when fresh and during storage

at © +1° C for ¢ weeks.

Lane M: Molecular weight marker.

Lanes Y and 1: The control cheese, when fresh and storage at ¢ + 1° C for ¢ weeks.

Lanes Y and Y: cheese made with +,® % AAE; when fresh and storage at © + \° C for ¢
weeks.

Lanes ¥ and A: cheese made with Y,+ % AAE; when fresh and storage at ¢ + \° C for ¢
weeks.

Lanes ¢ and 4:cheese made with Y,® % AAE; when fresh and storage at ® + Y° C for ¢

Lanes ¢ and ‘::cheese made with Y,+ % AAE; when fresh and storage at ® + \° C for ¢
weeks.
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A comparison study of the effects of artichoke extract on milk proteins with
that from chymosin by gel electrophoresis showed that these coagulants had
similar coagulation efficiency, but different reaction rates. Cheese made with
AAE exhibited a lower degree of degradation than cheese made using
Chymosin. This result is in agreement with Sausa and Malcata (Y4%A), who
indicated that the animal rennet acts more intensively, in quantitative terms,
on ovine B-, asy and agy caseins than the plant rennet. While, Macedo et al.
(Y44Y) found that the proteolytic coefficient of Cynara cardunculus L. has the
same effect of magnitude as those obtained from other milk — clotting
enzymes, but it has a high affinity on x.casein. Also, Esteves, et al. (Y++))
suggested that different coagulants may differ in the production of reactive
sites in casein, which may influence particle aggregation and mechanical
characteristics of gel networks. Results of this study also indicated that the
pattern for gel assembly using the artichoke and chymosin was generally
similar. Likewise, the results of urea-PAGE analysis of cheese samples were
in good agreement with water soluble nitrogen (proteolysis parameter).

The syneresis and firmness of functional soft cheese made using
coagulant obtained from artichoke were compared with that produced from
chymosin. There were no significant differences (P > +,+°) in the syneresis
and firmness for all fresh treatments; however, Plant coagulant (T:) was of
lower firmness than control during storage period. This might be due to
slightly less proteolytic and casein hydrolysis than chymosin. Meanwhile, the
resistance of cheese matrix toward penetration decreased (the firmness
weakened) during storage at © * '° C for ¢ weeks These results are in
agreement with those found by Desouky et al., (Y:+Y) for UF- Goat soft
cheese. On the other hand, Wium and Quvist (Y4%A) mentioned that the
firmness of Feta cheese during storage was the result of both an initial
increase in firmness due to changes in the physicochemical conditions and a
decrease in firmness caused by the break down of a 5, and as casein by the
rennet enzymes. Delgado et al. (Y+)+) showed that firmness and consistency
decreased along storage period, while adhesiveness increased, also
indicated that highly significant correlations were found between textural
parameters, residual caseins levels and nitrogen fractions during storage.

B Control OT1: 0.5 % AAE MT2: 1.0% AAE DT3:15%AAEHT4:2%AAE‘ B Control OT1: 0.5 % AAE @T2:1.0% AAE O, T3:1.5% AAE ET4:2% AAE
35 .
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Fresh 2 weeks 4 weeks
Storage period (weeks)

Fig. ¢ : Syneresis and firmness of functional soft cheese as affected by
using different levels of AAE when fresh and during storage
at ® +1° Cfor ¢ weeks.

_

Storage period (weeks)

ovie



J.Food and Dairy Sci., Mansoura University, Vol. /(! +), October, ¥«

Results in Fig. (°) illustrated that the lowest syneresis found in the
control treatment while the highest was found with T: ( Y++ % substitution )
followed by Ye % and °+ % then Yo % substitution, this means that control
treatment was the firmest while T« was the softest, this might be attributed to
the moisture in control than T. during storage. On the other hand, the
syneresis increased during storage. The results of the present study are in
agreement with Metry (Y:-¢).

All cheese samples were found free from coliform; likewise ,yeast
and mould were not found in the fresh and after two weeks of storage in both
the control and other treatments. This might be due to several times of heat
treatment previously applied on the UF- retentate prior making precheese
and the hygienic practices followed during the preparation and storage of
cheese. However, yeast and mould began to appear after two weeks of
storage and were slightly increased at the end of storage (¢ weeks at
° +1° C). As shown in Fig.(1) the log total viable counts (TVC) in the control
was less than that in other treatments containing AAE which led to an
increase in the log of TVC in the resultant cheeses. Meanwhile, gradual
increase was recorded in TVC during storage periods up to four weeks. The
two treatments (T: and T.) of products had satisfactory microbiological
qualities.

M Fresh 02 weeks W 4 weeks ‘

)
)

Total viable counts (log cfu /gm
OFRr NWAHMOUGON ®O©

Control T1 T2 T3 T4

Treatments

Fig. ": Changes in total viable counts (log cfu /g) of functional soft
cheese as affected by using different levels of AAE when fresh
and during storage at © + Y° C for ¢ weeks.

Fig. (V) illustrates the sensory evaluation of functional soft cheese when fresh
and during storage at © + )° C for ¢ weeks. There were no significant
differences (P > :,:°) in the total scores between the control and all
treatments when fresh, but there was a slightly decrease in flavour and
consistency scores during storage at © + \° C for ¢ weeks. The same trend
was found by Elewa et al. (Y:+4) for white soft cheese. Most panelists
preferred T compared to the control, this might be due to lake taste in control
sample, and addition of artichoke evidently enhance the flavour as well as

ove



Metry, Wedad A.

consistency of the resultant cheese. Furthermore, cheeses made with rennet
had lower odour and taste scores, somewhat clearer in colour, and grainer,
but less creamy than cheeses made with vegetable coagulant.

The two treatments (Tr and T:) of products had very good sensory
acceptability and gained higher scores than control cheese. Gala'n et al. (
Y+ +Mdemonstrated that, the higher proteolytic activity in the breakdown of
caseins and the first degradations products in cheeses made with vegetable
coagulant led to a softer and creamier texture than in those obtained with calf
rennet.

Likewise, Tejada et al. (Y++1) indicated that there were no significant
differences between the bitter taste of cheeses made with vegetable
coagulant and those made with animal rennet.

It can be concluded that artichoke extract in cheese samples did not
result in inferior sensory quality of fresh or stored cheeses. Color scores for
cheeses made from the high AAE ratio were significantly lower than control,
because the high AAE (T:) ratios gave light yellowish color for the resultant
soft cheese. However, total sensory scores , body and texture scores for
cheeses made from the high ratio of AAE were higher than those for cheeses
made from the low and medium AAE ratios and control either fresh or during
storage at © + \° C.
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Fig.V: Changes in organoleptic properties of functional soft cheese as
affected by using different levels of AAE when fresh and during
storage at ® + \° C for ¢ weeks
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Conclusion

It is evident from the foregoing study that the artichoke extract can be
utilized in the manufacture of soft cheese as a cheep source of coagulation
and it can be used as food supplement in nutritional deficiency of the
elements, as well as for production of good and new taste cheese.T: cheese
having good acceptability, many nutritional values and they would buy this
type of functional dairy products. Moreover, the resultant functional soft
cheese could be stored up to ¢ weeks at © + \° C with satisfy organoleptic
and microbiological properties.
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