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Abstract: Cheese yoghurt samples were prepared by using some essential oils as natural anti-microbial agents.
Seven various essential oils were extracted from different plant sources and screened for their anti-microbial
effect against five strains of gram positive and negative pathogenic bacteria strains. Obtained results indicated
that caraway as well as dill seeds oil had the highest anti-bacterial effect. The minimum inhibitory
concentrations (MICs) of the two selected oils were determined. A patch of cheese yoghurt was manufactured
from milk which previously contaminated by the five strains of pathogens and was incorporated by the two
selected essential oils; then stored at 7°C±2 for 14 days. All fresh and stored contaminated cheese yoghurt
samples were periodically assayed for their microbiological examinations after 0, 7 and 14 days of cold storage.
Data indicated that gram-positive bacteria were more susceptible than gram-negative. The most sensitive
microorganism was Listeria monocytogenes which affected by all the seven oils, while the most resistant
microorganism:  was  E.  coli  O157:H7.  It  was  observed  that  the  two  essential  oils   did  not  affect  the
growth   of both starter cultures (Lactobacillus delbrueckii subsp bulgaricus and Streptococcus
thermophilus)  in contaminated  cheese  yoghurt  samples  compared  with  control  one.  Fresh  curd  weight
and  whey  drainage  of  uncontaminated  cheese  yoghurt  samples  were  determined  as  well  as  the  progress
in their titratible acidity and pH values through 14 days of cold storage. It could be notice that, control cheese
yoghurt drainage more whey either after 2 hrs or after 24 hrs of hanging and it had less weight. The experimental
samples fortified with essential oils seemed softer than control. Thus we recommend that, caraway and dill
essential oils could be successfully used as natural and safe anti-pathogens source in production of cheese
yoghurt.
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INTRODUCTION species is seriously decreasing the number of effective

Food processors, food safety researchers and and legal authorities; food industries has tended to
regulatory agencies have been increasingly concerned reduce the use of chemical preservatives  in  their
with the growing number of food-borne illness outbreaks products to either completely nil or to adopt more natural
caused by pathogens like Staphylococcus aureus, alternatives for the maintenance or extension of product
Salmonella sp., Clostridium perfringens, Listeria shelf life [3]. Plants and their essential oils (EOs) are
monocytogenes, Vibrio parahaemolyticus, Bacillus potentially useful sources of antimicrobial compounds.
cereus and entero-pathogenic Escherichia coli [1, 2]. Numerous studies have been published on the
These bacteria cause over 90% of all cases of food antimicrobial activities of plant compounds against many
poisoning. Infections due to bacterial species also remain different types of microbes, including food-borne
a serious clinical problem. Emerging resistance of bacterial pathogens. Friedman et al. [2] Ranèiæ et al. [4],

antimicrobials.  Because  of increasing consumers need
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Mehdizadeh et al. [5] and Elaissi et al. [6] also mentioned essential oil extracts, which had the highest antibacterial
that spices and medicinal plants are widely used as raw effect for preparing cheese yoghurt. Evaluation of some
materials for pharmaceutical preparations as a supplement chemical properties as well as microbiological
for dietetic products, especially for “self medications” in examinations of the resultant product was also aim of this
public spices having essential oils which exhibit study.
antimicrobial effects. Weerakkody et al. [7] indicated that
the clove, cinnamon, oregano, rosemary and dill are MATERIALS AND METHODS
considered as the most common spices and herbs with
strong antimicrobial activity. They added that their Materials
essential oils containing chemical compounds such as Plant Materials: Seven plant essential oils were used to
carvacrol, cinnamaldhyde, eugenol and camphor which study  the activity  against   the   pathogenic  bacteria.
are identified as the major chemical components The tested plants were: dill (Anethum graveolens),
responsible for exerting antimicrobial activity. Some caraway (Carum carvi), coriander (Coriandrum sativum)
scientists confirmed the antimicrobial activity of essential belonging  to  the  family Apiaceae, whereas basil
oils from oregano, thyme, sage, rosemary, clove, (Ocimum basilicum) and lemon balm (Melissa officinalis)
coriander, garlic and onion against both bacteria and belonging to family Lamiaceae. These were obtained from
molds. The composition, structure, as well as functional Medicinal and Aromatic Plants Department, National
groups of the oils play an important role in determining Research Centre, Egypt. 
their antimicrobial activity [8, 9, 10].

Most of the antimicrobial activity in EOs is found in Milk: Fresh full fat buffalo's milk was obtained from
the oxygenated terpenoids (e.g., alcohols and phenolic Faculty of Agriculture, Cairo University.
terpenes), while some hydrocarbons also exhibit
antimicrobial effects [11, 12]. Interactions between these Bacterial Strains: Five pathogenic bacterial strains were
components may lead to antagonistic, additive or obtained from Microbiological Resources Center (Cairo
synergistic effects. Some studies have demonstrated that MIRCEN): Listeria monocytogenes (EMCC 1875);
whole EOs usually have higher antibacterial activity than Staphylococus aureus (ATCC13565) Bacillus cereus
the mixtures of their major components, suggesting that (EMCC1080), used as gram- positive bacteria. Escherichia
the minor components are critical to the synergistic coli O157:H7 (ATCC51659) and Salmonella typhimurium
activity; though antagonistic and additive effects have (ATCC 25566) used as gram- negative. Lactobacillus
also been observed [13, 14]. Caraway seeds (Carum carvi delbrueckii subsp bulgaricus and Streptococcus
L.) have an economical importance; it contains several thermophilus obtained from Chr. Hansen Denmark were
components, carvone and limonene are the main used as starter culture for cheese yoghurt preparation.
components available in their oil [15]. In recent years the
scientific literature reports pharmacological effects of dill Methods
such as antibacterial [16, 17], antimycobacterial [18], Essential Oils Extraction and (GC/MS) Analysis: Hydro
antioxidant [19, 20], cancer chemopreventive [21]. The distillation in Clevenger apparatus has been used for
well-known properties of dill from the traditional medicine, essential oil extraction. About 100 g seeds of dill, caraway
such as carminative, stomachic, diuretic have been and coriander or herbs of all tested plants were set with
reported by Hosseinzadeh et al. [22] and Amin and Sleem distillated water enough to cover the plant material; the
[23]. Dill essential oil has hypolipidemic activity and could process of hydro distillation tasted 3 hours according to
be a cardioprotective agent [24]. Cheese yoghurt is a Guenther [26]. The essential oil of each dill or caraway
traditional fermented milk product. It is a popular food in seeds was dehydrated over anhydrous sodium sulphate
various parts of the world especially in the Middle East and stored at -20°C till GC/MS analysis. GC/MS analysis
regions where it plays a significant role in the family diet. was performed separately with a Hewlett Packard model
It has increased in popularity during the last decade. Its 5890. Gas chromatograph equipped with 5 series Mass
perceived nutritional benefits and storage characteristics selective detector 9144 (HP). The column used was SE-54
have led to its increasing economic importance [25]. (30 m X 0.25 mm i.d.). The oven temperature was

Therefore, the fundamental goal of this research is maintained at 60°C for 2 min after injection and then
studying the antibacterial effect of the extracted essential programmed at 5°C min-1 to 270°C. The injector
oils  from  some  natural plant sources. Then; use their temperature was 270°C and MS conditions were kept at
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280°C and 42ev. Compounds were identified by matching Cheese Yoghurt Preparation: Fresh buffaloes milk was
of their mass spectra with those recorded in the MS heated, (90°C/20 min.), cooled to 40°C, inoculated with 2%
library and further confirmed by comparison of the mass yoghurt  starter  then  contaminated  with  a  cocktail  of
spectra with those of reference compounds or with the five strains of pathogenic bacterial cultures obtained
published data. by mixing the same population (  10 CFU/ml) of the

Growth Conditions of Pathogenic Bacteria: Stock milk was divided into three equal portions. The first
cultures of Listeria monocytogenes, Staphylococcus portion served as control (free from EOs), second and
aureus, Bacillus cereus, Escherichia coli O157:H7 and third portions were fortified with 0.005 and 0.003 ml/ml of
Salmonella typhimurium were sub-cultured twice onto dill and caraway essential oils respectively. All portions
Tryptone Soya Agar (TSA) followed by incubation at incubated at 40°C till complete coagulation. The plastic
37°C. Working cultures were prepared from subcultures containers stored at (7°C±2) for 14 days. Another
and grown overnight in Tryptone Soya Broth medium separated uncontaminated samples also fortified with EOs
(TSB, Oxoid, Basingstoke, UK) under optimal conditions were prepared for chemical analysis. Three replicates were
for each microorganism. Cocktail bacterial cultures conducted.
obtained of different strains of each pathogens
microorganism were used in application concerning the Analytical Procedures
fate of the inoculated pathogens on cheese yoghurt. Microbiological Examination of Cheese Yoghurt:

Antimicrobial Assay Using the Disc Diffusion Method: cheese yoghurt samples. The pathogenic bacteria as well
Screening of the seven essential oils (EOs) was studied of as TVC and starter culture was accounted in contaminated
each antimicrobial activity on (TSA) at 37°C. Each one of samples after 0, 7 and 14 days of cold storage (shelf life of
antimicrobial EOs was tested undiluted as well as diluted cheese yoghurt according to Egyptian – Standard, ES:
in Tween 20 at concentrations of 25, 50 and 75ml/100 ml; 3157-2006 and 2613-2006/2). The pathogenic bacteria were
the amount of undiluted EOs added to each filter paper detected using Listeria Selective Agar medium for Listeria
disc was 10µl, while 20 and 60µl were added from diluted monocytogenes, Sorbitol MacConky Agar Medium for
EOs. The concentration of bacteria inoculated in TSA was Escherichia coli O157:H7, Baird Parker Agar for
2x10  CFU/ml with inoculated volume (0.1 ml). All Staphylococcus aureus, Manitol Egg Yolk Polymxin Agar6

experiments were performed in duplicate. Sterilized filter (MYPA) for Bacillus cereus and Salmonella and Shigella
paper discs (Whatman No1, 6mm in diameter) were placed Agar Medium for Salmonella typhimurium. The total
on the surface of TSA. The inhibition zone diameter was bacterial count was accounted by using Plate Count Agar
measured (including the filter paper disc) using Vernier Medium. The count of starter cultures was carried out on
Calipers and expressed in millimeter. MRS medium for Lactobacillus delbrueckii subsp

Minimum Inhibitory Concentration (MIC) Assay: Based
on the previous screening essential oils; caraway and dill Chemical Analysis: Whey drainage during hanging and
seeds oils were determined for their Minimum Inhibitory fresh curd weight were estimated of uncontaminated
Concentrations (MICs) by using agar dilution methods samples. Total solids (TS), total protein (TP) and Fat
[27]. Series dilutions of each oil, ranging from 0.001 to contents of fresh samples were also determined [28].
0.007 ml/ml were prepared in Nutrient Agar. Plates were Stored cheese yoghurt samples were periodically analyzed
dried at room temperature for 30 min prior to spot after 0, 7 and 14 days of cold storage for their titratible
inoculation with 0.1 ml of culture containing approximately acidity (TA %) [28]. the pH values were measured using
10 CFU/ml of each organism. Inoculated plates were a digital laboratory pH meter (HI 93 1400, Hanna5

incubated at 37°C for 18 hrs and the MIC was determined. instruments) with glass electrode.
Experiments were carried out in duplicate. Inhibition of
bacterial growth in plates containing the tested oil was RESULTS AND DISCUSSION
judged by comparison with growth in blank control plates.
The MICs were determined as the lowest concentration of Growth Inhibition of Some Pathogens by Eos: The tested
oil inhibiting visible growth of each organism on agar seven essential oils showed various degrees of inhibition
plate [12]. against  the  five  bacterial  strains using the disc diffusion

6

different strains of each microorganism. The inoculated

Microbiological assessments were carried out for all

bulgaricus and M17 for Streptococcus thermophilus.
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method as presented in Table 1. Essential oils had an Minimum Inhibitory Concentrations (MICs) Assay:
enhanced inhibitory effect in descending order: Caraway Based on the disc diffusion studies; dill and caraway
seeds oil (inhibited four strains); dill seeds or herb and seeds oils were selected for further studies in cheese
coriander herbs oils (inhibited three strains); coriander yoghurt preparation. Since in disc diffusion experiment
seeds, basil and lemon balm herbs oils (inhibited two the different bacterial strains of Listeria monocytogenes,
strains).The results showed that gram-positive bacteria Escherichia coli O157:H7, Staphylococcus aureus,
were more susceptible than gram negative. The most Bacillus cereus and Salmonella typhimurium responded
sensitive microorganism was Listeria monocytogenes differently to the action of the essential oils, a cocktail of
which affected by all the seven oils, followed by bacterial cultures was used for the application of essential
Salmonella typhimurium which affected by three oils. oils in cheese yoghurt. For practical application of
The  most  resistant  microorganism:  in  this  study; was essential oils in cheese yoghurt, the minimum inhibitory
E. coli O157:H7 which affected by dill and coriander herbs concentrations  (MICs)  of  the  two  selected  seeds oils
oils only. Most studies investigated the action of whole (dill and caraway) were determined. The concentration
EOs against food spoilage organisms and food borne was ranged from 0.001 to 0.007 ml/ml and the results are
pathogens reported that, generally, EOs are slightly more illustrated in Table 3. The results revealed that caraway
active against gram-positive than gram-negative bacteria seeds oil with 0.003 ml/ml showed maximum activity
[12, 29-32]. Gram-negative organisms are less susceptible values of MICs followed by dill seeds oil with MICs
to the antibacterial action is perhaps to be expected, since values 0.005 ml/ml against all the tested strains. 
they possess an outer membrane surrounding the cell wall
[33], which restricts diffusion of hydrophobic compounds Effect of Using Essential oil on the Microbiological
through its lipopolysaccharide covering [34, 35]. An Quality of Cheese Yoghurt: Caraway and dill seeds
important characteristic of EOs and their components is essential oils had the same ability to inhibit the growth of
their hydrophobicity, which enables them to partition in all pathogens in cheese yoghurt samples stored at 7°C±2.
the lipids of the bacterial cell membrane and mitochondria, The two essential oils were added at concentrations of
disturbing the structures and rendering them more 0.003 and 0.005 ml/ml caraway & dill, respectively.
permeable [36]. Leakage of ions and other cell contents Caraway and dill were   the    most   inhibitor   to   L.
can then occur [37-40]. monocytogenes  and S. typhimurium, they were not

Effect of Diluted Essential Oils on Pathogenic Bacteria: CFU/g and stored at 7°C±2 (Table 4). Caraway inhibited S.
Essential oils which had the most  inhibitory  effect aureus by 1.3-log cycle after 7 days and by 4-log cycle
against the tested bacterial strains; were selected for after 14 days, while E. coli O157:H7 was inhibited by 1.7-
determining their inhibitory action diluted in Tween 20 log cycle after 7days and it was not detected at 14 days of
obtaining concentrations of 25, 50 and 75 ml/100 ml using storage. The results showed  that  dill  was able to inhibit
two volumes 20 and 60µl. Table 2 shows the lowest E. coli O157:H7 by1.1-log cycle during 7 days of storage
concentrations of two selected caraway and dill seeds oils at 7°C±2 and it was not detected at 14 days, while S.
against the pathogenic bacteria tested by the disc aureus was inhibited by 0.9 and 1.5-log cycle after 7 or 14
diffusion assay. The results showed that by increasing days respectively. Dill and caraway showed bactericidal
the volume or concentrations of EOs, the antimicrobial action at the end of storage period (14 days). Nissen et al.
activity was increased. Caraway and dill seeds oils with [41] mentioned that -pinene in caraway had a broad-
the minimum concentration of 25 ml/100 ml had an spectrum antibiotic. Tajkarimi et al. [42] reported that -
inhibitory action against Staphylococcus aureus and thujene, -pinene, sabinene are also responsible for the
Salmonella typhimurium using both volume 20 and 60µl. antibacterial and antifungal activity of spices and herbs.
While,  caraway  and  dill  seeds  oils at concentration of While, Bagdassarian et al. [43] indicated that solvent
25  ml/100  ml  and  volume  20µl  had  no  effect on extracts of dry seeds from Apiaceae family to which
Listeria monocytogenes, Escherichia coli O157:H7 and belong: fennel, dill, anise, caraway and coriander are rich
Bacillus cereus. Increasing the volume of caraway and dill in phytochemical contents which possessed high
seeds oils to 60µl lead to increase the antimicrobial effect antioxidant and antimicrobial activities. Sokovic et al. [3]
on the previous bacteria. observed   that    the    antibacterial    potential    of   tested

detected after 7 or 14 days in samples inoculated with 106
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Table 1: Zone of inhibition growth of pathogenic bacteria by essential oils

Inhibition zone diameter (mm)a

-----------------------------------------------------------------------------------------------------------------------------------------------------------
Essential oils L. monocytogenes E. coli O157:H7 S. aureus B. cereus S. typhimurium
Caraway (seeds) 22.0 n.i. 21.7 21.0 13.0
Dill (seeds) 13.0 n.i. n.i. 15.0 15.0
Coriander (seeds) 13.3 n.i. n.i. 14.7 n.i.
Dill (herb) 13.0 42.7 n.i. n.i. 12.7
Coriander (herb) 29.3 29.0 n.i. n.i. 11.7
Basil (herb) 11.3 n.i. 13.0 n.i. n.i.
Lemon balm (herb) 15.0 n.i. 18.7 n.i. n.i.

Obtained by adding 10µl of each undiluted antimicrobial substance. The diameter of the filter paper disc (6 mm). a

No zone of inhibition observed.n.i

* Three replicates were conducted

Table 2: Zone of inhibition growth of pathogenic bacteria obtained by the lowest concentrations 25, 50 or 75 ml/ 100 ml) of the two selected essential oils

Inhibition zone diameter (mm)a

-------------------------------------------------------------------------------------------------------------------------------------------
L. monocytogenes E. coli O157:H7 S. aureus B. cereus S. typhimurium
--------------------- ------------------- ------------------- ----------------- ------------------

Essential oils Con. ml/100ml 20 60 20 60 20 60 20 60 20 60

Caraway (seeds) 25 n.i. 23.0 n.i 14.6 10.0 31.6 n.i. 19.0 14.3 30.0
50 12 27.0 9.6 14.4 13.3 34.3 11.0 26.6 22.3 32.0
75 21 38.0 13 36.6 24.0 39.6 16.3 30.0 22.6 33.0

Dill (seeds) 25 n.i. 14.0 n.i. 14.7 13.7 34.7 n.i. 16.3 14.0 12.7
50 n.i. 18.0 n.i. 17.0 21.3 45.0 11.3 14.0 13.6 13.0
75 10.7 23.3 22.7 18.7 23.7 38.3 20.0 27.7 13.0 22.0

Obtained by adding 20 or 60 µl of each diluted essential oils.a

No zone of inhibition observed. * Three replicates were conductedn.i

Table 3: The minimum inhibitory concentrations (MICs) of the two selected essential oils on pathogenic bacteria

Essential oils Con.ml/ml L. monocytogenes E. coli O157:H7 S. aureus B. cereus S. typhimurium
Caraway (seeds) Control ++++ ++++ ++++ ++++ ++++a

0.001 +++ +++ +++ +++ +++b

0.003 - - - - -c

0.005 - - - - -
0.007 - - - - -

Dill (seeds) Control ++++ ++++ ++++ ++++ ++++
0.001 +++ +++ ++ +++ +++
0.003 ++ ++ -- +++ +++
0.005 - - - - -
0.007 - - - - -

Growth on medium without essential oils. a

The present of growth. b

The absent of growth.c

essential oils’ components can be presented as: linalyl temperature and the amount of oxygen within the
acetate < limonene < -pinene < -pinene < camphor < packaging [44, 45]. At low pH the hydrophobicity of EOs
linalool < 1, 8-cineole < menthol < thymol < carvacrol. In increases, enabling it to more easily dissolve in the lipids
control samples of cheese yoghurt, a decrease of the of the cell membrane of target bacteria [46].
inoculated population was observed during storage at The effect of the two essential oils on population of
7°C±2 (Table 4). Generally, the susceptibility of bacteria to starter cultures in cheese yoghurt samples made by
the antimicrobial effect of EOs also appeared to increase contamination with pathogenic bacteria (stored at 7°C±2
with a decrease in the pH of the food, the storage during  14  days)  was  illustrated  in  Table  5.  The results
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Table 4: The effect of adding the two selected essential oils in cheese yoghurt samples stored at 7°C±2 for 14 days on the bacterial pathogens count (CFU/g)

Microorganisms Storage period (days) Control Caraway * Dill **a

L. monocytogenes Zero 6.0 6.0 6.0
7 5.0 - -b

14 3.4 - -
E. coli O157:H7 Zero 6.0 6.0 7.1

7 5.0 4.3 6.0
14 4.3 - -

S. aureus Zero 6.3 7.3 7.9
7 5.0 6.0 7.0
14 4.3 3.3 6.4

B. cereus Zero 6.0 6.0 6.0
7 7.6 - 5.0
14 5.0 - -

S. typhimurium Zero 6.0 6.0 6.0
7 5.0 - -
14 3.4 - -

 Control without added essential oils.  Absent of pathogenic bacteria.a b

* Caraway oil conc. was 0.003 ml/ml ** Dill oil conc. was 0.005 ml/ml. 

Table 5: The viable cell counts (log  CFU/g) of starter culture and total bacterial counts in cheese yoghurt contaminated with pathogenic bacteria and stored10

at7°C±2 for 14 days

Essential oils Storage period (Days) S. thermophilus L. bulgaricus TVCb

Control Zero 7.7 6.3 7.7 a

7 7.9 7.8 7.9
14 7.1 6.5 9.3

Dill (seeds) Zero 7.5 7.4 7.1
7 8.9 8.6 8.5
14 8.5 8.6 9.3

Caraway (seeds) Zero 7.2 6.5 7.8
7 7.9 7.5 8.2
14 7.3 7.2 9

Control made without essential oils and within pathogenic bacteriaa

TVC: Total bacterial viable countsb

 * Three replicates were conducted

Table 6: Chemical compounds (%) identified in essential oil of Carum carvi and Anethum graveolens seeds

Compounds (%) Carum carvi (Caraway) Anethum graveolens (Dill)

-pinene 8.29 -
-phellandrene 1.20 -

Limonene 15.55 20.64
Carvone 74.40 64.59
Dihydrocarvone - 1.95
Dillapiol - 12.04
Identified compounds 99.44 99.22
Unidentified compounds 00.56 00.78

Table 7: The amount of whey drainage (ml) and fresh curd weight (kg) resultant from 4 kg fresh milk

Items Control E E1 2

Whey after 2 hrs (ml) 1310 1220 1250
Whey after 24 hrs (ml) 1100 950 1000
Total whey Drainage (ml) 2400 2170 2250
Curd weight after complete drainage (Kg) 1.250 1.350 1.400

E : cheese yoghurt fortified with dill oil, E : cheese yoghurt fortified with caraway oil1 2

* Three replicates were conducted
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revealed that essential oils did not affect the growth of Properties of Cheese Yoghurt Samples
both starter cultures (Lactobacillus delbrueckii subsp
bulgaricus and Streptococcus thermophilus) in
contaminated cheese yoghurt compared with control. The
lactic acid bacteria are gram positive fermentative bacteria
which are resistant to essential oils [11]. A small
difference in lactic acid bacteria count was observed
between the control and experimental samples. This is in
agreement with Vinderola et al. [47], who reported that
lactic acid starter and probiotic bacteria growth was not
affected by vanilla, banana and strawberry added to pure
cultures.  Total  bacterial viable counts (TVC), data in
Table 5 indicated that in all cases, the respective counts
increased gradually up to the end of storage. These
results are in agreement with those reported by Khaleel
[48] and El-Nawawy et al. [49].

Chemical Compounds Identified in Essential Oils of
Caraway and Dill Seeds: Data presented in Table 6
reflected the main constituents of the two selected
essential  oils  isolated  from  caraway  and  dill  seeds.
This table reveals that carvone is the major component in
the two oils where it represented 74.40% and 64.59% in
caraway and dill oil respectively. Limonene came in the
second  order  where  dill  had  20.64% followed by
caraway  which  had 15.55%. Carvon is aliphatic
compound which plays an anti-oxidant role and has an
important therapeutic action [11]. Alpha-pinene was
represented about 8.29% in caraway seeds oil followed by

-phellandrene, while they were absent in dill seed oil.
Caraway is an annual and herbaceous plant which is rich
in carvon [50]. Koppula et al. [51] mentioned that the main
component of caraway is carvon (40-60%) followed by
limonene and carveol. They added that the aqueous
extracts of caraway had an adaptogenic and nootropic
activities as well as they had an ability to inhibit lipid
peroxidation in liver & brain. Al-Asmail et al. [52] reported
that water-extract of dill seeds, showed higher anti-oxidant
activity which is mainly due to the presence of phenolic
compounds. In 2010 Stankeviciws [53] reported that the
highest content of phenolic compounds was found in dill
extract  when  it compared with celery, onion and parsley
as  well  as  it had the highest radical scavenging.
However, Sedlakova et al. [50], Gwari et al. [54] and
Meshkatasadat et al. [15] determined the main
compounds & aroma profile of caraway EOs from species,
while Samojlik et al. [55] studied the influence of caraway
EOs on pharmacokinetic of paracetamol.

Whey Drainage and Curd Weight: Data in Table 7
reflected amount of whey drainage and the yield of fresh
cheese yoghurt-curd of both control (C) and experimental
cheese yoghurt samples fortified with dill seeds oil (E )1

and that fortified with caraway seeds oil (E ). It could be2

notice that control cheese yoghurt curds drainage more
whey either after 2 hrs or after 24 hrs of hanging and they
had less weight (1.250 kg). However, experimental cheese
yoghurt (E ) drainage less whey and had 1.350 kg against1

1.400 kg for E - cheese yoghurt sample. Foda et al. [56]2

reported that Herby-White- cheese fortified with
spearmint essential oil contained high moisture and had
softer structure than control. They explained this
observation that the presence of EOs in cheese matrix
enhanced the enzymatic activity and so, produced softer
structure. They also added that herbs increased the
binding water and herby cheese had less casein
aggregation. Mocanu et al. [57] added that synersis is
influenced by the product composition, especially
titratible acidity. The synersis is more intense for sample
with higher titratible acidity.

Main Chemical Composition of Fresh Cheese Yoghurt:
Table 8 shows the main gross composition of fresh
cheese yoghurt samples which fortified with dill and
caraway essential oils. It is obvious that TS content of
control was higher (28.15%) than E  (21.68%) or E1 2

(24.57%). Subsequently fat and protein contents of
control were also higher than the experimental cheese
yoghurt samples These data confirmed the data presented
in Table 7, which showed that samples contained
essential oils drainage less amount of whey and higher
weight than control one. 

Values of pH and Titratible Acidity of Cheese Yoghurt
Samples During Storage Period: Data presented in Table
9 revealed that pH values and titratible acidity (%) of both
control and experimental samples seemed to be nearly the
same at zero time. No clear differences were observed
during storage period where control samples possessed
slightly increasing acidity (less pH) followed by E then E1 2.

It was observed that TA% increased gradually during
storage period. The trend of the changes in pH values of
all treatments was opposite to that of acidity. Al-Otaibi
and  El-Demerdash [58] observed that thyme, marjoram
and sage had a stimulatory effect on the starter culture
and total viable counts so, titratible acidity was increased
in  labneh  samples  fortified  with  EO.  Mortiz   et  al.  [59]
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Table 8: Proximate analysis of fresh cheese yoghurt samples

Components (%) Control E E1 2

TS 28.15 21.68 24.57

Fat 13.00 10.50 11.00

Fat/DM 46.18 48.43 44.77

Protein 9.64 6.99 7.88

Protein/DM 34.25 32.24 32.07

E : cheese yoghurt fortified with dill oil, E : cheese yoghurt fortified with caraway oil1 2

* Three replicates were conducted

Table 9: Values of pH and titratible acidity (%) of cheese yoghurt samples during storage period.

Control E E1 2

---------------------------------- ------------------------------- --------------------------------

Storage period (days) pH TA pH TA pH TA

Zero 4.33 1.63 4.36 1.60 4.34 1.61

7 4.19 1.73 4.15 1.69 4.10 1.68

14 4.10 1.78 4.08 1.73 4.06 1.72

E : cheese yoghurt fortified with Dill oil, E : cheese yoghurt fortified with Caraway oil1 2

TA: Titratible acidity (%). * Three replicates were conducted
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