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ABSTRACT

The main target of this study was to know the effect of adding herbs either
powder (0.25% of rosemary, chamomile, marjoram or ginger) or their oils (0.025% of
rosemary, marjoram or ginger) on some properties of Bioghurt (Lactobacillus
acidophilus Lab-5 and Streptococcus thermophilus were used as starter culture).
Microbiological, chemical and organocleptic properties were investigated for all
resultant treatments on day one (fresh) and during storage period at 6+1°C for 15
days. The results indicated that, there were significant (P<0.05) differences for
titratable acidity, lactose, flavour compounds and water soluble nitrogen, while non
significant differences for total solids, fat and total nitrogen contents were found
between treatments and during storage period. The Bioghurt samples containing
chamomile, rosemary powder, marjoram or rosemary oils were ranked the highest
viability of the probiotic bacteria (L. acidophilus Lab-5) during storage at 6+1°C for 15
days and the number of this probiotic bacteria remained above the recommended
threshold for a probiotic effect (10° cfu/ml) also, these treatments (except chamomile
Bioghurt) gained higher sensory evaluation scores than the other treatments and
control. Microbiological examination illustrated that, all treatments had a good quality.
It could be summarized that the addition of either marjoram oil or rosemary in powder
or essential oil to Bioghurt are recommended to improve the viability of Lb. acidophilus
and organoleptic properties of the resultant Bioghurt.

Keywords: Bioghurt, viability, rosemary, chamomile, marjoram, ginger oils, sensory
evaluation and probiotic bacteria.

INTRODUCTION

Lactobacillus acidophilus is a probiotic micro-organism available in
milk, yoghurt , toddler formula and dietary supplements which has health-
promoting effects, including: alleviation of lactose intolerance, anti-tumor,
hypochoiesterolemic effects, anti-infection properties and antagonistic effect
against food-borne disease agents (Savadogo et al, 2006 and Eied,
2008).Recent scientific investigations have supported the important role of
probiotics as a part of a healthy diet for human as well as for animals and
may be an avenue to provide a safe, cost effective and ‘natural’ approach
that adds a barrier against microbial infection (Kasimoglu and Akgun, 2004,
Parvez et al., 2006 and Millette et al., 2007).

Herbs and spices could be regarded as the first real “functional foods”
because they have a long history of medicinal use. Also, spices found to have
antimicrobial activities against several species of bacteria, fungi and viruses
(Yano et al., 2006 and Busatta et al., 2008), in addition to their flavor and
fragrance properties. Most of the food borne bacterial pathogens examined
were sensitive to extracts from plants. The antimicrobial compounds in spices
and herbs mostly are in the essential oil fraction. The extent of sensitivity
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varied with the strain and environmental conditions imposed. Certain spices
can have a direct effect on the rate of fermentation by stimulating acid
production in starter cultures. Phenols, alcohols, aldehydes, ketones, ethers
and hydrocarbons have been recognized as major antimicrobial components
in spices (Ceylan and Fung, 2004). Recent studies have demonstrated that
the prooxidant activity of essential oils or some of their constituents are very
efficient in reducing local tumor volume or tumor cell proliferation by apoptotie
and/or necrotic effects, as also that of some polyphenols (Dudai et al., 2005;
Tsuneki et al., 2005; Kachadourian and Day, 2006 and Manosroi et al.,
2006). In Egypt, many investigators used natural flavoring additives in
probiotic dairy products, such as peppermint, anise and caraway herb oil in
probiotic liquid fermented products, probiotic labneh and bio-ice milk products
(Gooda et al., 2002 and EI-Nemr et al., 2004a and b).

Therefore, the objective of this work was to study the effect of adding
rosemary, chamomile, marjoram or ginger herbs powder and rosemary,
marjoram or ginger herbs oil on some microbiological, chemical and
organoleptic properties of Bioghurt stored at 6+1°C.

MATERIALS AND METHODS

1. Milk: Fresh buffaloes' milk was obtained from the herd of animal
production farm, Fac. of Agric., Fayoum Univ.
Bacterial strain: L. acidophilus - La 5 and Str. thermophilus were obtained
from Chr. Hansen's laboratories, Copenhagen, Denmark . Herbs: Chamomile
(flowers), marjoram (leaves), rosemary (leaves) and ginger (rhizomes) herbs
were purchased from the local spices market at Fayoum, while essential oils
of the marjoram, rosemary and ginger were obtained from Perfumes and
Essences Factories, El-Hawamdia, Giza.
Methods
1. Activation of bacterial strains
Lyophilized culture of Str. thermophilus was transferred aseptically into
sterilized skim milk and incubated at 37°C until coagulation. Three successive
transfers were carried out daily in the same medium for maximum activation.
L. acidophilus was transferred into sterilized skim milk containing 10 gm
dextrose and 1gm yeast extract /L and incubated at 37°C until coagulation.
Further activation was achieved by three similar successive transfers in the
same medium (Beena and Prasad, 1997).
2. Preparation of herbal Bioghurt. :
Preliminary experiments were conducted to select the suitable types
and concentrations of herbs and essential oils. The results illustrated that the
addition of mint, cinnamon, liquorice and roselle gave a decrease in viability
compared with control, furthermore, mint and roselle gave undesirable
flavour, also on the addition of chamomile oil led to unacceptable color and
therefore the resultant fermented milk was organolyptically refused. On the
other hand, the increase in herbs concentration decreased the acceptability
of the products of all treatments, the results of sensory evaluation and
viability of all herbs revealed that, the most preferable treatments were 0.25%
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of chamomile, marjoram, ginger and rosemary powder compared with 0.5
and 1%, but rosemary, ginger and marjoram oil at concentrate 0.025%, gave
the preferred score of organoleptic properties compared with 0.05 and
0.075%.

Herbal Bioghurt was made from a standardized (1.5% fat, 0.17%
titratable acidity, 5.4% lactose, 4.33 % protein and 12.76% total solids) heat
treated buffaloes' milk (90°C/10 min) which divided into two groups as
follows: a. The first group was divided into five portions and mixed individually
with 0.25% herbs powder( at 90°C ) as follows: chamomile Bioghurt (AT¢h ),
marjoram Bioghurt (ATmarp), ginger Bioghurt (ATg,,) and rosemary Bioghurt
(ATwsp), respectively, and filtered after 15 min and AT, treatment served as
control (without herbs). b. In the second group, heat treated buffaloes' milk
was divided into three portions mixed with 0.025% rosemary (AT ,.s0), ginger
(ATgino) or marjoram (AT mar.o) Oils individually. All treatments were inoculated
with 2 % L. acidophilus and Str. thermophilus (1:1 viv), distributed, incubated
at 40°C until complete fermentation( 4-5 h) and stored at 6+1°C up to 15
days. Samples of the resultant herbal powder and oils Bioghurt were
subjected to chemical, microbiological and organoleptic properties when fresh
(on day one) and during storage period.

3. Method of analysis
Microbiological examinations

L. acidophilus counts of Bioghurt samples were enumerated using
MRS agar (Dave and Shah, 1996), total viable counts were enumerated with
nutrient agar medium, staphylococci counts of the examined fermented milk
samples were p1ated with mannitol salt agar, coliform bacteria group was
enumerated on MacConkey's agar medium and Potato dextrose agar
medium was used in counting yeasts and moulds as described by Bridson
(1990).

N.B.: All counts were expressed as log colony forming unit per milliliter (cfu/ .
mi).

pH values of fresh milk and resultant Bioghurt samples were measured
by using laboratory pH meter with a glass electrode Model pH-{(Kent EIL
7020). Titraltab1e acidity expressed as lactic acid (%), fat, mcisture, fotal
nitrogen and water soluble nitrogen contents were estimated as described in
AOAC (1998). Lactose content was calorimetrically determined as described
By Lawrence (1968). Acetaldehyde and diacetyl content were estimated as
described by Lees and Jago (1969). Essential oils in herbal Bioghurt samples
were analyzed by Hewellet Packard Gas Chromatography (GC) according to
Celiktas et al. (2007).

Sensory evaluation .

The resultant herbal Bioghurt and control samples were
organoleptically evaluated according to Bodyfelt et al. (1988) by a panel
consisting of 18 persons, including 8 staff members and 10 students at the
department of dairy science, Faculty of Agricuiture, Fayoum University. The
panelists judged the samples according the following points: flavour (60
points), body and texture (30 points) and appearance (10 points).
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Statistical Analysis

All the experiments were performed in triplicate and the results obtained
were analyzed statistically. General linear models (GLM) were performed
using SPSS (1999) for windows, version 9 software package. Significant
differences among treatments, storage period and the interaction means
between them were compared at P<0.05 level of significance using Duncan's
multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Microbiological properties of Bioghurt treatments during storage time at
61 C

The viability of L. acidophilus in Bioghurt treatments during storage
time at 6£1°C illustrated in Fig. (1). These results showed that the addition of
herbs powder or oils(chamomile, marjoram, ginger and rosemary) to Bioghurt
had stimulatory significant (P<0.05) effect on the viable counts of L.
acidophilus. Log counts of L. acidophilus were varied from 8.21 to 8.70 cfu
/ml in either the fresh powder or oils Bioghurt samples. The highest value was
obtained from ATmao and AT, treatments while AT, was the lowest one
(8.21 cfu /ml).The statistical analysis of the data obtained clearly illustrated
that, each of treatment, storage period and its interaction had significant
influences on viable counts of L. acidophilus (P<0.05). However during
storage time significant increases were observed in L. acidophilus viable
counts in all treatments during the first 5-7 days followed by a decrease
afterward , except rosemary treatment (AT,osp and ATrso), in Which had the
highest viable count (9.40 logy cfu/ml) at the g™ day whereas of herbal
Bioghurt and control. L.acidophilus varied from7.11 to 8.45 log cfu/ml at the
end of storage period. The partially lowest count was shown in both AT, and
ATginp treatments but the highest viable count of L. acidophilus was shown for
ATsp being 8.45 log cfu /ml. Acidic environment is believed to be the most
detrimental factor affecting growth and viability of L. acidophilus in all
treatments particularly after 8 days of storage (Hefny et al., 1995 and
Roushdy et al., 1996).

It could be concluded that the additions of herb oils (marjoram or
rosemary) and chamomile reflected significantly higher viability than control.
On the other hand, all treatments still had the highest L. acidophilus viable
counts more than 7 log cfu/ml up to 15 days of storage at 6+x1°C. The
minimum level of probiotic bacteria in fermented milk must be more than 10°
viable cells per ml products to obtain therapeutic benefits (Kurmann and
Rasic, 1991 and Shah and Ravula, 2000).

The viable counts of S. thermophilus varied from 7.11 to 7.87 log cfu/mi
in all fresh Bioghurt treatments and ranged from 6.13-6.87 log cfu/ml at the
end of storage. The use of combined cultures of lactic acid bacteria, viz. S.
thermophilus and L. bulgaricus. S. thermophilus alone or mesophilic aromatic
cultures, has been advocated as a solution for many such problems,
increased growth rates and reduction of fermentation time, absence of certain
sensory and texture defects and further improvement of nutritional value of
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products are advantages brought about by the latter possibility. Adverse
effects with respect to viability have, however, been reported for some strains
of L. acidophilus as reported by Hoier ( 1992 ), Gomes et al. ( 1995 ) ,
Samona et al. (1996 ) and Dave and Shah ( 1997).

Viable count of L.acidophilus
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Fig . (1): Viable counts of L.acidophilus in herbal Bioghurt and control
during storage time at61°C

The results in Fig. (2) showed the changes occurred in total viable
counts (TVC) in control, herbal powder and oil Bioghurt samples stored at
6+1°C. Samples containing herbal powder and the control had significantly
(P<0.05) higher TVC than those containing herbal oils .The highest count was
obtained from both AT. and AT, treatments., whereas the lowest counts
were shown for ATgino and AT, treatments. TVC significantly increased
during the first 7-9 days, then decreased till the end of storage period. . This
may be due to the decrease in pH values during storage (Vindercla et al.,
2000).

Staph. aureus, coliform, molds and yeasts were not detected in
control and all treatments of herbal powder or oils added to Bioghurt either
fresh or stored at 6+1°C. This might be due to the efficient heat treatment of
milk which destroy the vegetative cells, also high sanitation and hygenic
condition during manufacture and storage . In addition to the effect of acidity
of Bioghurt which plays an important role in reducing the rate of growth of
Staph. aureus and coliform. Also, the antagonistic substances produced by
L. acidophilus was effective against these microbial groups.These results are
in accordance with those reported by El-Nagar and Shenana (1998) and
Ammara (2000). Some yeasts and moulds appeared at 15" day of storage in
the control sample and after 15 days in other herbal Bioghurt samples .
Chemical composition of fresh and stored Bioghurtat6+ 1 C
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Fig . (2): Total viable counts in herbal Bioghurt and control durmg
storage timeat6+1°C

Titratable acidity (%) and pH values

The titratable acidity values were ranged from 0.65 to 0.73 % in the
control, herbal powder and oil Bioghurt (Table , 1) . The corresponding pH
values varied from 3.95 to 4.23 at the beginning of storage. The highest value
of TA and lowest pH value were obtained for the AT, This may be
attributed to the strain of starter with chamomile which had the highest activity
( Fig., 1).On the other hand, the control samples had lower TA values and
higher pH values than other treatments. TA values were gradually increased
with simultaneous decrease in the pH values during storage at 6+1°C. At the
end of storage , the TA varied from 0.83 to 1.04 % and pH values varied
from 3.6 to 3.45 , such decrease in pH of Bioghurt may be attributed to
lactose degradation and production of lactic acid during storage period..
Statistically, each of treatment, storage period and its interaction had
significant influence (P<0.05) on TA and pH values ( Table, 2 ). During
storage time gradual increase in TA with simultaneous decrease in pH values
were observed in all treatments. TA varied from 0.83 to 1.04% and pH values
varied from 3.60 to 3.75 at the end of storage period. Simifar resufts were
reported by Roushdy et al., (1996) .
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Table (2): Means of L. acidophilus, Total viable counts (TVC), titratable
acidity (TA) and PH of herbal bioghurt as affected by type of
addition , treatment and storage period (main effects )

Main effects L. acidophilus TVC TA pH
(logcfu/ml) | (logcfu/ml) | (%)
Type of Oil 8.t0° 3.63" 0.79° 3.97°
addition Powder 8.Y.° 5.47° 0.83° 3.86°
AT, 8.097° 5.31° 0.77° 3.98°
ATch 8.54° 7.40° 0.83° 3.75°
Treatment ATgin 8.07° 5.28° 0.80° 3.94°
ATmar 8.33° 5.50° 0.82° 3.88°
ATros 8.52° 521° 0.81° 3.92°
Fresh 8.39° 5.15° 0.70" 4.14°
3 8.42° 5.23' 0.739 4.05°
Storage 5 8.39° 5.48° 0.76' 3.97°
period 7 8.40° 577" 0.80° 3.91°
(days ) 9 8.36° 5.89° 0.83° 3.87°
11 8.10° 5.65° 0.85° 3.82'
13 812" 5.54° 0.88° 3.789
15 8.09° 5.46° 0.91° 3.74"
AT, : Control ATgin.: ginger Bioghurt,
ATma. : marjoram Bioghurt ATos: rosemary Bioghurt ,

AT,,: chamomile Bioghurt
Means within each effect within the raw having different super scripts are significantly
different at (P < 0.05)

Acetaldehyde, diacetyl and lactose contents

Acetaldehyde and diacetyl are the main volatie compounds
responsible for the aroma and plays a considerable role in flavor
development in fermented products during storage period. The acetaldehyde
and diacetyl content of control and different treatments as affected by adding
herbal powder and oils are presented in Figs. (3 and 4). Acetaldehyde
content in Bioghurt samples varied from 86.6 to 159.3 ppm and diacetyl
content ranged from 81.2 to 98.7 ppm in fresh Bioghurt samples. The ATenp
treatment had higher values than other treatments; this may be due to the
effect of this herb as active factor for L. acidophilus growth in fresh, while the
lowest one was obtained for ATms, treatment. Each of treatment, storage
period and its interaction had significant influences (P<0.05) on both
acetaldehyde and diacetyl contents ( Table,3 ). A significant increase of
acetaldehyde and diacetyl was observed in all treatments at the beginning of
the storage until 5 days , followed by a gradual decrease till the end of
storage period. The decrease in acetaldehyde content during storage is
presumably due to the demonstrated ability of L. acidophilus to reduce
acetaldehyde to ethanol or oxidize to acetic acid and slow reduction of
diacetyl to acetone as detected by Driessen and Puhan, (1988), Salama
(1993) and Roushdy et al., (1996).
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Lactose content varied from 4.00 to 4.1% in all fresh samples.
Lactose content of Bioghurt samples made with out herbs (control) was
higher than other herbal Bioghurt treatments, but the lowest content was
obtained by AT a0 and AT s, at the end of storage ( Fig. : 5) . This may
be due to the higher activity of L.acidophilus in the presence of resemary and
marjoram oils than other treatments and control, which was refereed to the
lower viable counts of L. acidophilus in the former than the other treatments
(see Fig., 1). These results confirmed that the herb oil increase the activity of
L. acidophilus which used more lactose in metabolism. The results indicated
that during storage at 6+1°C for up to 15 days, there was significant decrease
in all treatments during storage period. Total solids (TS), total nitrogen (TN),
fat, water soluble nitrogen (WSN) contents and WSN/TN ratio

Acetaldehyde ( ppm)

Acetaldehyde ( ppm )

Control - ATgin.p ATmar.p ATros.pi ATch.p ATgin.o ATmar.o ATros.o
Treafinents

Fig . (3): Changes occurred in acetaldehyde (ppm) of Bloghurt
treatments during storage time at 6 - 1 C

Diacetyl (ppm)

Diacetyl ( ppm )

Treatments

Fig . (4): Changes occurred in dlacetyl ( ppm ) of Bioghurt treatments
during storage timeat6+1°C
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Fig. (5): Changes occurred in lactose conient ( %  ) of Bioghurt‘
treatments during storage time at 6 12

Generally addition of different types of herbal powder and .oils to
Bioghurt insignificantly affected some chemical properties of the resultant
herbal Bioghurt. The results illustrated that no significant changes in each of
TS, TN and fat contents of herbal powder and oils Bioghurt either between
treatments or during storage time at 6+1°C. TS, TN and fat content ranged
from 12.75 to 12.94 , 0.665 to 0.696 and 1.75 to 1.86 , respectively in fresh
Bioghurt samples . Whereas they ranged from 12.78 to 13.31 , 0.705 to
0.731 and 1.79 to 1.90 , respectively at the end of the storage period . This
may be due to slightly evaporated water during storage.

Also, herbal powder Bioghurt samples had higher WSN/TN content
than herbal oils as shown in Fig. (6). The content of WSN/TN in the fresh
herbal powder Bioghurt sample ranged from 0.073 to 0.075% and a gradual
increase during 15 days of storage were observed in all treatments and
varied from 0.089 to 0.121 % at the end of storage. The highest value was
obtained for ATmarp and ATps, treatments and the lowest values were
obtained for ATy and ATy, treatments. Similar findings were reported by El-
Nawawy et al. (1998). WSN/TN ratio in herbal oil Bioghurt samples were
varied from 0.076 to 0.079 % and from 0.089 to 0.099, respectively in fresh
and stored (at 15 days ) treatments. The highest value of WSN/TN was
recorded by AT,s. treatment as compared to the control which was the
lowest one. However, significant increases (P<0.05) were observed in WSN
and WSN/TN during storage at 6+1°C for 15 days. These results are in
agreement with those obtained by Tamime and Robinson (1985) and El-
Nawawy et al. (1998) .
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Water soluble nitrogen / Total nitrogen

WSN/TN (%)

B o o o j

A
Treatments

Fig . (6): Changes occurred in water soluble nitrogen / total nitrogen
content of Bioghurt treatments during storage time at 6 + 1 ‘c

Essential oils contents

Identification and determination of essential oils by GC in herbal powder
and oils Bioghurt samples were investigated. There were differences in the
types and ratios of studied herbs essential oils components (Table , 4). In
rosemary powder Bioghurt treatment ; the major compounds were alcchols
such as camphor (40.002% of all compounds), terpineol (30.614%) and
borneol (15.218%) but the minor one was camphene (0.380%). Also , the
results clearly illustrated that, the Lemonene, Camphene and B - pinene were
the major components in rosemary oil Bioghurt and the minor components
were isopropyl acetate and 1,8 Ceneole . This finding agree with that found
by Lawrence (1997); Katerinopoulos et al. (2005); Wang et al. (2008) and
Zaouali and Boussaid (2008) . The major components in marjoram powder
Bioghurt were alcohols such as, Terpinen-4-ol ( 60.504% ), linalool (
26.030%) and phenolic as carvacrol (10.900%), but the components less
than 1% were hydrocarbone as a - terpinene, p- cymene, alcohol as borneol
and engenol. The major components in marjoram oil Bioghurt were carvacrol
(17.00%), linalool (9.84), p- cymene (9.46), thymol (7.85) and Genaryl
acetate (7.35). Some studies of in vitro antimicrobial activity reported that
terpinen-4-ol was the main component of marjoram essential oil (Baratta et
al., 1998; Ezzeddine et al., 2001; Vagi et al., 2005 and Busatta et al., 2008).

Zingiberol is the main component in ginger powder Bioghurt, it was

27.11%. While curcumene, sesquithujene, geranial and borneol were less
than 1%. ATgnp treatment gave the lowest counts of L. acidophilus (see
Table 1). These results agree with that reported by Kurata and Koike (1983),
who confirmed that the antimicrobial activity of major oil constituents was
found to be: alcohols and phenol > ketones > ethers > hydrocarbones. Also
the essential oils in ginger oil Bioghurt sample are illustrated in Table (4), the
results indicated that, the major components were bisabolene (19.15%) and
zingibererol (18.60%) but the lowest component was B- sesquiphellandrol
(0.67%) .
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The major compounds in chamomile Bioghurt were farnesene
(46.417%) and cadinene (42.757%) , while the lowest compounds were less
than 1% such as p. cymene, 1, 8- cineol, Ocimene, Terpinlene, Cadinol,
Bisabolol oxide B, Bisabolon oxide A and Di cycloether. These results are in
agreement with those reported by Povh et al. (2001) and Szoke et al. (2004)
who found that the major compounds of the essential oil were y-cadinene, u-
bisabolol oxide B, a-bisabolol, chamazulene, and a and pB-farnesene,
Organoleptic properties of the herbal Bioghurt during storage period at 6£1°C

To produce healthy products, it must be firstly organoleptically
acceptable. Therefore, organoleptic properties of herbal Bioghurt samples
whether fresh or during storage were evaluated and scored for flavour, body&
texture and appearance. As shown in Fig. (7) all treatments of herbal
Bioghurt were acceptable. But, addition of rosemary (ATrosp) » ginger (ATginp)
powder or rosemary and marjoram oils led to significant improve in the .
judging score for the resultant Bioghurt compared with the other treatments.
This may be due to the Egyptian consumer habit to drink ginger and add
rosemary in food. Although marjoram and chamomile treatments had partially
less score particularly in appearance compared with other treatments or
control. Also, the results exhibit that the total scores of sensory evaluation of
fresh treatments and control, registered 94.0, 91.7,94.0,91.8,94.0, 96.5
,95.5 and 91.00 for ATgn.p ATmarp ATrosp ATcnp ATgino ATmaros ATros.e, @and
AT, respectively. On the other hand,total score was decreased significantly
(P<0.05) during storage period at 6+1°C for 15 days. These findings are
agreement with results reported by Abo laina (2003).

The total scoring points ranged from 82.8 to 89.2 at the end of storage.
This may be due to the acidity development or the production of other
microbial exerted metabolites. Also, it should be signed to ginger treatment
as the lowest acceptable one, which may be due to the ginger taste and the
variation between the panelists acceptability. ]

Statistical analysis revealed that there were significant differences
(P<0.05) between treatments , interaction and during storage periods in flavor
and total score of herbal Bioghurt (Table 3 ). It could be concluded that, the
preferred treatments were in the following order ATiosp, ATginp, ATrso and
AT naro according to their higher total score compared to the other treatments.
The results revealed that the shelf life of herbal Bioghurt could be extended to
15 days at 6+1°C because there were a drop in organoleptic properties and
viability of L. acidophilus of all Bioghurt treatments after words.
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Flavour

Score (60)

Treatments

Body & Texture

Score(30)

Treatments

Apperance

Score (10)

Control ATgin..p ATmar.p ATros.p ATch.p ATgin.o ATmar.o ATros.o
Treatments

Total score

Total score ( 100 )

Treatments

Fig. (7): Organoleptic properties of herbal Bioghurt and control during
storage timeat6+1 C
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