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The objectivewas to add certain herbs rich in active physiological ingredients for skimmed-milk yoghurt and cast
ultrafiltration (UF)-Kariesh cheese to find out their suitability as fortifiers en route to innovate functional prod-
ucts. Yoghurt was made using cow's skimmed milk fortified with the milled herbal aqueous extract (10% w/w)
at the level of nil (control), 1, 2, or 3% (w/w) of turmeric, sage or marjoram. Cheese was made using UF-
skimmed milk concentrated, to the desired final cheese total solids (TS) % and fortified as mentioned before.
Skimmilk powderwas used to avoid any dilution in the final TS %,whether of yoghurtmilk or pre-cheese. Organ-
oleptically, it was accepted the herbal extract providing that its level did not exceed 1.0% for yoghurt or 2% for
cheese. The protein content exhibited no difference in yoghurt and reduction in cheese due to herbs because
which the ash content decreased in yoghurt and increased in cheese, in those the fiber presented because of
herbs. Turmeric encouraged the growth of bacterial starter culture and acid production versus marjoram or
sage. The Streptococcus thermophilus countwas always higher than that of Lactobacillus delbrueckii ssp. bulgaricus.
But their counts in cheese were lower versus yoghurt. In conclusion, skimmed-milk yoghurt and cast UF-Kariesh
cheese could meet the intended health purposes when fortified with 1% for the former or 2% for the latter using
aqueous extract (10%) of sage, marjoram or rather turmeric, those of many impressive health benefits.

© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Yoghurt is the most popular fermented dairy product in world and
well-being has existed in many civilizations for a long time per capita
consumption of fermented milk including yoghurt in most countries
in the world has increased dramatically over the past three decades
mainly due to the upward trend in the awareness of the nutritional
value and health aspects associated therewith (Fayed et al., 2011a,
2011b; Tamime, 2004).

The distinctive characteristics of yoghurt are its contents of live lactic
culture and a large amount of lactic acid (Tamime and Robinson, 1999).
Tomeet the specifications reported by United States Department of Ag-
riculture (USDA) (2001), thefinished yoghurt productmust contain live
lactic acid bacteria amounts of N106 organisms/g at the timeofmanufac-
ture and the cultures must remain active at the end of the stated shelf
life.

Skimmed milk (Kariesh) cheese is one of the indigenous white soft
cheese types in Egypt. Kariesh, as well as Domiati chesses, are the
most popular varieties of soft cheese in Egypt, but the former is the
oush).

an open access article under th
oldest type manufactured since 3000 BCE It composes about 50% of
soft white cheeses produced in Egypt (Abou-Donia, 1991; Hegazy
et al., 2012).

Given the growing awareness of the health of the consumer, Kariesh
cheese becomes very popular because of its remarkable health quality as
the only known relatively fat-free cheese consumed by the Egyptians. It
is often recommended for persons suffering from obesity, cholesterol
and heart disease as reported by Fayed et al. (2014), who additionally
concluded that, Kariesh cheese, which made without whey drainage
using skimmed milk concentrated by ultrafiltration (UF) process, cul-
tured with the probiotic strains and rennet-incorporated, possessed
super marketing and physiological advantages. The whey proteins, es-
pecially glycomacropeptide entrapped in this cheese, acted a synergistic
effect with the probiotics for preventing colonic cancer.

Ever-growing consumer demand for convenience, combined with a
healthy diet and preference for natural ingredients, has led to a growth
in functional beverage markets. Scientific and clinical evidence is also
mounting to corroborate the consumer perception of health from
fermented milk. Probiotics, prebiotics, synbiotics and associated ingre-
dients also add an attractive dimension to cultured dairy products. An-
other potential growth area for fermented milk includes added-value
products such as low calorie, reduced-fat varieties and those fortified
e CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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with physiologically active ingredients including fibers, phytosterols,
omega-3-fatty acids, whey-based ingredients, antioxidant vitamins,
herbs and isoflavones those provide specific health benefits beyond
basic nutrition (Fayed, 2015; Khurana and Kanawjia, 2007).

The followings shed light on the health benefits of three herbs inter-
ested in this research concerning their suitability for yoghurt and
Kariesh cheese fortification.

Turmeric is distinguishing with multi healthy benefits, where it
possesses therapeutic effects on the brain and nervous system
(Zhou et al., 2011) and offers protective action against vascular de-
mentia by exerting antioxidant activity (Thiyagarajan and Sharma,
2004; Vajragupta et al., 2003) and on blood and cardiovascular sys-
tem (Nirmala and Puvanakrishnan, 1996). It helps Wounds Heal
(Akbik et al., 2014) and influences on gastrointestinal system includ-
ing stomach (Liju et al., 2014), intestine (Platel and Srinivasan,
1996), liver (Shukla and Arora, 2003) and pancreas (Platel and
Srinivasan, 2000). Also, turmeric has an anticarcinogenic effect – in-
duction of apoptosis (Khar et al., 2001), pro/antimutagenic activity
(Shukla et al., 2002), antioxidant effect (Masuda et al., 2001) and
anti-inflammatory activity (Phan et al., 2001). Turmeric reduces
aches and discomfort (Kuptniratsaikul et al., 2014), helps stiff joints
(Chandran and Goel, 2012). Turmeric has anti-pathogenic bacterial
activity (Mahady et al., 2002; Moghadamtousi et al., 2014), antifun-
gal effect (Jayaprakasha et al., 2001) antiviral effect (Taher et al.,
2003), antiprotozoan activity (Koide et al., 2002), antifibrotic effect
(Punithavathi et al., 2000) and antivenom effect (Araujo and Leon,
2001; Moghadamtousi et al., 2014).

Sage particularizes with antioxidant activity (Yadav and Mukundan,
2011), leads to memory improvement (Imanshadi and Hosseinzadeh,
2006) and acts as antidiabetic (Christensen et al., 2010), anticarcino-
genic (Keshavarz et al., 2011). Sage is also effective in the prevention
of cardiovascular disease and cholesterol lowering (Christensen et al.,
2010). Sage is reducing obesity (Canale et al., 2013) and act as hot
flashes treatment (Bommer et al., 2011), controlling inflammation
(Hamidpour et al., 2014) as well as possesses anti-pathogenic bacterial
activity (Khalil and Li, 2011) and anti-diarrheal activity (Khan et al.,
2011). Sage was applied in Swissalp Panorama and Bellevue cheeses
surface coating, which also provides aroma to entire cheese (Hayaloglu
and Farkye, 2011).

The medicinal effects of marjoram are gastrointestinal tract stimu-
lant, tonic, carminative, diaphoretic, hypoglycemic, diuretic as well as
anti-pathogenic bacterial and helps alleviate common digestive disor-
ders such as flatulence, constipation, diarrhea and stomach cramps
(Leeja and Thoppil, 2007) and as an antioxidant (Handl et al., 2008).
The antigenotoxicity of marjoram was reported by El-Ashmawy et al.
(2005).The different extracts of marjoram possess antioxidant, antimi-
crobial (Mohammed et al., 2011), antimutagenic (Al-Harbi, 2011) or an-
ticancer activities (Vagi et al., 2005), antihyperglycemic, antilipidemic,
antiulcer (Pimple et al., 2012a, 2012b) and anti-inflammatory effects
(Heo et al., 2002). It is great at relieving a variety of problems due to in-
flammation, involving: sinus headaches, migraines, fever, asthma, mus-
cle spasms and body aches. Its utilization for the mitigation of diverse
diseaseswas also in practice, being a sudorific, stomachic, emmenagogic,
stimulant, expectorant, antiseptic (Ozcan andAl-Juhaimi, 2011), hepato-
protective and nephroprotective (Rashwan, 2011; Shati, 2011). Marjo-
ram is a great antiseptic, anti-pathogenic bacterial, antifungal, and
antiviral agent. Therefore, it fights against a variety of common illnesses:
tetanus infection in wounds, food poisoning, staph infection, typhoid,
malaria, influenza, common cold, mumps and measles. It is generally
used as a spice and it is well-liked home remedies for asthma, rheuma-
tism, nervous headaches, cardiovascular diseases, diuretic and stomach
disorders. With sedative and antidepressant advantages, marjoram has
somewhat a variety of psychological and neurological benefits. It helps
in: relieving insomnia, reducing stress, calming anxiety, minimizing
emotional reactions and increasing control of sexual desire. Marjoram
can aid uplift the mood and improve psychological well-being. There
are a variety of other health benefits as well, such as: reduction of
phlegm, warding off fungal infections, regulating the menstrual cycle
in women, relieving premenstrual syndrome and lessening bruising
(Al-Harbi, 2011).

From these points, the objective of this study was to add such herbs
rich source of physiologically active ingredients, namely turmeric, sage
as well as marjoram to skimmed-milk yoghurt and cast UF-Kariesh
cheese to find out to what extent they could be suitable for use as forti-
fiers en route to innovate functional products.

2. Materials and methods

2.1. Materials

The rhizome of turmeric (Curcuma longa), dry plant leaves of sage
(Salvia officinalis) and marjoram (Origanum majorana) were obtained
from Horticultural Research Institute-Agricultural Research Center,
Egypt. Fresh cow's skimmed milk was obtained from the herd of the
armed forces farms in Cairo-Ismailia desert road, (8.8% total solids,
0.2% fat, 3.2% protein andpH6.7). Skimmedmilk powder (SMP)was ob-
tained from Synlait Milk Ltd., Rakaia 7783 - New Zealand (3.8% mois-
ture, 34% protein, 1.5% fat and 8.3% ash).

Dried microbial rennet was obtained from MAYSA GIDA San ve Tic.
A.S., Tuzla Kimya Sanayicileri Organize Sanayi BolgesiMelek Aras Bulvari
No: 54 TUZLA, Istanbul, 34956, Turkey. Concentrated lyophilized mixed
yoghurt starter culture (YC-183) contains Streptococcus thermophilus
and Lactobacillus delbrueckii ssp. bulgaricus, (1:1), was obtained from
Chr. Hansen Lab., Denmark. Sodium chloride (NaCl) was obtained from
El-Nasr for Salt Production Co.

2.2. Experimental procedure

2.2.1. Preparation of aqueous herbal extract
Aqueous extract of turmeric powder, dry plant leaves of sage and

marjoram were prepared according to the method described by Bloor
(2001). Briefly, medicinal herbal materials were pulverized separately
in a grinder (10% dry matter). The pulverized material was then dis-
solved and extracted with 1000 ml hot distilled water in an electric
blender for 15 min. The suspension was left at room temperature for
1 h, then filtered twice, first through cheese-cloth and then through fil-
ter paper (Whatman No. 1). The clear aqueous extract was immediately
used.

2.2.2. Preparation of rennet solution
Preparation of rennet solution was carried out by dissolving 40 g

rennet powder in 1 L distilled water.

2.2.3. Preparation of bacterial starter culture
Preparation of yoghurt culture (YC-183) was carried out by dissolv-

ing 15 g of the lyophilized culture in 1 L of UHT skimmedmilk and incu-
bation at 40 ± 1 °C up to curdling, at which it usually coagulated
throughout 3 h.

2.2.4. Skimmed-milk yoghurt making
Fresh cow's skimmed milk (8.5% solids not fat, SNF) was supple-

mented with skimmed milk powder (SMP) at a level of 3%. Then heat
treated to 85 °C for 5 min followed by temperature adjustment to
42 °C. Thenmilk was divided into 10 equal portions and filled into plas-
tic containers. The first onewas the control. The nine portions were for-
tified with the herbal aqueous extract at the level of 1, 2, or 3% (w/w)
either of turmeric, sage or marjoram. To avoid any dilution occurred
in final TS % of yoghurt milk, the TS % of all herbal extracts were height-
ened to be equal to that of yoghurtmilk using SMP. Then,milk was con-
verted into yoghurt according to the protocol proposed by Tamime and
Robinson (1999) with adopting the manufacture conditions enacted by
Egyptian Organization for Standardization and Quality (EOSQ) (2010),



Table 1
Antioxidant status of certain aqueous milled herbal extracts (10% w/w).

Property Kind of aqueous herbal extract (10%w/w)

Turmeric Sage Marjoram

Total phenols (mg/g) as gallic acid 8.29a 3.37c 2.88b

Total flavonoids (mg/g) as quercetin 1.16c 2.25b 2.48a

Radical scavenging activity % 50.590b 85.517a 85.640a

N = 3, Means having different superscripts in the same row are significantly different
(p ≤ 0.05).
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where milk was inoculated with 2% of freshly activated YC-183 starter
culture, filled into 100 ml containers, covered, and incubated at the
same temperature degree (42 °C) until complete coagulation (through
about 3 h.). Thereafter, containers were transferred to the refrigerator
(5 ± 1 °C), where they were kept to the next day for analyses. Three
replicates were done for every treatment.

2.2.5. Cast ultrafiltration (UF)-Kariesh cheese manufacture
The experimental procedure of cast UF-Kariesh cheese making de-

scribed by Fayed (1986) was applied. Skimmed cow's milk was firstly
heat treated at 72 °C for 15 s., cooled immediately to 5 °C and re-
warmed to 50 °C at which the UF-process was run as recommended
by Maubois et al. (1987) using UF TECH-SEP (group of Rhone Poulenc,
France) unit equipped with Carbo Sep Tubular Mineral Membrane hav-
ing area 34.2 m2 and a nominal molecular weight cut off 20 Kilo Dalton.
The resultant retentate (concentrated to give themilk solids content de-
sired in the final Kariesh cheese) was subjected to another heat treat-
ment (72 °C/15 s.), cooled to the suitable temperature, and then
divided into 10 equal portions and filled into plastic containers. The
first one was the control. The nine portions were fortified with the
herbal aqueous extract (10% W/W) at the level of 1, 2, or 3% (w/w) ei-
ther of turmeric, sage or marjoram. To avoid any dilution occurred in
final TS % of precheese, the TS % of all herbal extracts were heightened
to be equal to that of precheese using SMP. All treatments were and
salted to 2% NaCl, inoculated with 3% activated YC starter culture
+0.05ml rennet solution (4%) /Kg and incubated at 40 °C up to curdling
within 30 min. Thereafter, containers were transferred to the refrigera-
tor (5± 1 °C) where they were kept to the next day for analyses. Three
replicates were carried out for each treatment.

2.3. Analytical methods

Determination of dry matter method no. 934.01, fat method no.
945.18, total nitrogen method no. 935.58, crude fiber method no.
920.169 and ash contents method no. 941.12, as well as titratable acidity
(TA) % method no. 947.05 was carried out as in Association of Official
Analytical Chemists (AOAC) (2007). The pH valuewasmeasured by ami-
croprocessor pH meter (model 8417, Hanna Instruments, Singapore) at
20 ± 1 °C as described in British Standards Institution (BSI) (1990). The
viscosity was measured at 10 ± 1 °C as explained by Toledo (1980)
using a rotary viscometer (RHEOTEST, type RV and Pruefgeraetewerk
Medingn, Dresden) equipped with a spindle No. SC4-21 in 250 ml cup.
One-day yoghurt samples were exposed for dynamic viscosity measure-
ment at a shear rate of 437 s−1. All samples were adjusted to 10 ± 1 °C
before loading in the viscometer device.

The Electron-donating ability of each extract was determined by im-
plying 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay,
as described by Brand-Williams et al. (1995). The total phenolic content
of each extract was colorimetrically determined using the Folin-
Ciocalteu method, as described by Singleton and Orthofer (1999). The
total flavonoid contents were determined according to the method of
Mohdaly et al. (2012).

The viable cell of Lb. delbrueckii ssp. bulgaricuswas counted using
De Man, Rogosa and Sharpe (MRS) agar medium as described by
Gueimonde et al. (2003). The culture was incubated anaerobically
for 2 days at 37 °C. While viable cell of Str. thermophiluswas enumer-
ated using M17 agar after the incubation at 37 °C for 72 h. as in Dave
and Shah (1996). Coliform count was enumerated in cheese samples
using violet red bile agar medium as reported by American Public
Health Association (APHA) (1992). The plates were incubated at
37 °C for 48 h. Yeasts and molds were determined using malt extract
agar at 25–27 °C for 4 days as suggested by Harrigan and McCance
(1966). The count was expressed as colony forming units (cfu)/g of
product.

Sensorial properties were evaluated by ten panelists familiar with
the product after overnight storage of the samples at 5 °C. Sensory
characteristicswere appearance (5 points), body and texture (5 points),
flavor (10 points)with a total score of 20 points, according to Pearce and
Heap (1974).

Statistical analysis was performed using one-way analysis of vari-
ance (ANOVA) followed byDuncan'sMultiple Range Testwith probabil-
ity (P) ≤ 0.05 being considered statistically significant (Snedecor and
Cochran, 1980). Statistical analysis was conducted with SAS program
(Statistical Analysis System (SAS), 1996).

3. Results and discussion

3.1. Antioxidant status of separate herbal aqueous extracts

It could be observed a high content of total phenols for aqueous tur-
meric extract comparing to sage and marjoram. On the other side, the
sage andmarjoramextract had a high content of totalflavonoids and re-
vealed potent scavenging activity compared to aqueous turmeric ex-
tract (Table 1). These results are agreed with those of Mariutti et al.
(2008), who reported that marjoram has potent antioxidant effects,
which are attributed to its content of phenolic acids and flavonoids.
Also, the use of sage as an antioxidant was already successfully tested
in foods.

3.2. Characteristics of herbal skimmed-milk yoghurt

3.2.1. Organoleptic attributes
As could be observed from the given data in Table 2, the appearance

scorewas significantly influenced due to adding of herbal extract so that
the appearance of a sample containing 3% herbal extract (10% w/w)
gained the lowest score regardless the herbal kind.

Likewise, the consistency (body and texture) score was gradually
weakened as a result of herbal extract adding (Table 2).

On the other hand, the palatability of yoghurt sample was signifi-
cantly harmed by increasing the level of herbal extract added as exhib-
ited from the flavor scores given in Table 2.

Therefore, the overall acceptance scores, which are, indeed, the sum-
mation of appearance, body & texture and flavor scores, reflecting that
obvious reduction in the total sensory score were associated with the
proportional adding of herbal extract.

The forgoing results led to conclude that it could be organoleptically
accepted yoghurt fortified with herbal extract (10% w/w), providing
that the fortification level did not exceed 1.0% (w/w).

3.2.2. Physiochemical properties
As could be seen in Table 3 the drymatter (DM) content of all herbal

yoghurts was surrounding that of the control one. That could be due to
the previous adjustment of the DM content of water herbal extract by
skimmed milk powder (SMP) to be equal to that of the yoghurt milk
prior to or without fortification. It is worthy of mentioning that, all ob-
tained DM contents in this study are, in general, in coincidence with
the Egyptian Organization for Standardization and Quality (EOSQ)
(2010). Similar observations were reported by Aita et al. (2015);
Fayed et al. (2011a and b); Fayed et al. (2016).

Likewise, the protein, fat and ash contents exhibited no difference
due to yoghurt fortification with the herbal extract. Although the



Table 2
Sensory scores of skimmed-milk yoghurt as affected either by the kind and fortification level with the aqueous milled herbal extract (10% w/w).

Sensory attribute Plain (control) Kind of aqueous herbal extract (10% w/w)

Turmeric Sage Marjoram

Fortification level Fortification level Fortification level

1% 2% 3% 1% 2% 3% 1% 2% 3%

Appearance
(Out of 10 points)

10.00a 9.08a 8.83a 7.41b 8.66a 7.05ab 6.58b 8.83a 8.33a 7.25b

Consistency
(Out of 10 points)

10.00a 8.83a 8.14ab 7.60b 8.48a 7.89a 7.10b 8.75a 8.33a 7.56b

Flavor
(Out of 10 points)

10.00a 9.00a 7.91b 7.02b 8.27a 7.77ab 6.43b 8.60a 8.37ab 7.41b

Overall
(Out of 30 points)

30.00 a 26.91b 24.89c 22.04d 25.42b 23.16c 20.12d 26.19b 25.04c 22.22d

N = 3, Means having different superscripts in the same row are significantly different (p ≤ 0.05).
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control yoghurt contained no fiber, a gradual increase in the fiber con-
tent of yoghurt was associated with the proportional fortification with
the herbal extract.

Moreover, the fortification with turmeric extract did not lead to any
difference in the TA%, while both marjoram and rather sage extract de-
layed the acid production in yoghurt. These phenomena were nega-
tively reflected on the pH values of the resultant yoghurt, where the
yoghurt containing the extract of the last two herbs possessed higher
pH values.

The viscosity of marjoram yoghurt was as high as that of the control,
while those of sage and rather of turmeric appeared the lowest viscosity.
3.2.3. Microbiological quality
Data of (Table 4) indicated that the yoghurt skimmed milk fortifica-

tionwith 1.0% turmeric extract led to encourage the bacterial yoghurt of
both strains, while both of marjoram and sage extract delay slightly
their growth in comparison with the control (plain yoghurt).

From the comparison between the given data of both strains, it could
be noticed that the Str. thermophilus count is always higher than that of
Lb. delbrueckii ssp. bulgaricus. Rasic and Kurmann (1978) reviewed that
Str. thermophilus grows faster at the beginning of lactic acid fermenta-
tion, outnumbering Lb. delbrueckii ssp. bulgaricus by 3 or 4 times often
the 1st h. The obtained results are in complete agreement with those
found by Aita et al. (2015); Fayed et al. (2011a and b); Fayed et al.
(2016); Hussein and Aumara (2006); Hussein et al. (2008).

Concerning the microbiological food safety, it could be noticed that
neither coliform nor yeasts and molds were detected. That is mainly
due to the full sanitation precautions adapted during either herbal ex-
tracts or yoghurt samples preparations.
Table 3
Physicochemical properties of skimmed-milk yoghurt fortified by 1% of certain milled
aqueous milled herbal extracts (10% w/w).

Property Plain (control) Kind of aqueous herbal extract (10%w/w)

Turmeric Sage Marjoram

Dry matter (%) 12.92a 12.84a 12.75a 12.61a
⁎Protein % 4.00a 3.84a 3.96a 3.89a

Fat (%) 1.20a 1.10a 1.20a 1.10a

Ash (%) 0.73a 0.67a 0.64a 0.67a

Fiber (%) 0.00d 0.23c 0.43a 0.33b

Titratable acidity (%) 1.12a 1.17a 0.85c 0.91b

pH value 4.71b 4.66c 4.99a 4.82b

Viscosity (centipoise) 280a 210c 240b 290a

N = 3, Means having different superscripts in the same row are significantly different
(p ≤ 0.05).
⁎ Total nitrogen × 6.38.
3.3. Properties of cast UF-Kariesh cheese fortified with herbal extract

3.3.1. Organoleptic attributes
As could be noticed in the appearance property, its score recorded

significant reductions as the herbal extract level added increased than
2%.

Likewise, the score of cheese texture and body was lowered when
the herbal extract level exceeded 2% except those of sage containing
Kariesh cheese, which was not influenced up to the extract level of 3%
(Table 5).

Similar trends were recorded with respect to the taste criterion,
where although the flavor of turmeric containing cheese was not signif-
icantly affected by the level herbal extract up to 3%, the flavor scores of
both of marjoram and sage containing cheese were significantly
lowered when the level of their extract was exceeded 2%. Therefore,
the total score was indeed, reflecting the overall acceptance of the
herbal cheese, as given in Table 5.

Most sensory attributes of the resultant herbal cheese were consid-
ered strange and somewhat unpalatable in original Kariesh cheese
(the control), but due to the multi health importance of these extracts
the research has been completed at the highest possible herbal fortifica-
tion level providing that sensory score should be not far from that of
control arbitration. In this respect, the fortification level of 2% obtained
mostly the second Duncan's letters after towards the control.
3.3.2. Physicochemical properties
Data in Table 6 revealed that the DM contents of all cheese treat-

ments were fluctuated from 26.17 to 26.89% indicating that, the previ-
ous adjustment of all pre-cheese recipes was reflected in the equality
of resultant DM% of the cheese. Moreover, all DM% are in complete
agreement with the Egyptian Organization for Standardization and
Quality (EOSQ) (2005), which provided that the DM content should
be not b25%. Similar observations were reported by Fayed et al.
(2014). Regarding the protein content of herbal UF-Kariesh cheese,
Table 4
Count of bacterial yoghurt strains, coliform, yeasts and molds of skimmed-milk yoghurt
fortified by 1% of some aqueous milled herbal extracts (10%w/w).

Microorganism Plain (control) Kind of aqueous herbal extract
(10% w/w)

Turmeric Sage Marjoram

Str. thermophilus 58 × 106b 60 × 106a 51 × 106d 52 × 106c

Lb. delbrueckii ssp. bulgaricus 55 × 105b 58 × 105a 54 × 105c 49 × 105d

Coliform ND ND ND ND
Yeasts and molds ND ND ND ND

N = 3, Means having different superscripts in the same row are significantly different
(p ≤ 0.05).
cfu/g: colony forming unit/g; ND: Not detected.



Table 5
Sensory scores of UF-Kariesh cheese fortified with different levels of certain aqueous milled herbal extracts (10.0% w/w).

Sensory attribute Plain (control) Kind of aqueous herbal extract (10% w/w)

Turmeric Sage Marjoram

1% 2% 3% 1% 2% 3% 1% 2% 3%

Appearance
(Out of 10 points)

10.00a 9.08a 8.41ab 7.75b 8.66a 8.16a 7.16b 9.16a 8.75a 7.41b

Consistency
(Out of 10 points)

10.00a 9.06a 8.22ab 7.31b 8.22a 7.97b 7.22b 9.22a 8.72ab 7.97b

Flavor
(Out of 10 points)

10.00a 8.66a 8.25a 8.00a 8.25a 8.00a 7.50b 8.66a 8.33ab 7.66b

Overall
(Out of 30 points)

30.00a 26.81b 24.89b 23.06c 25.13b 24.14b 21.89d 27.62a 25.81b 23.06c

N = 3, Means having different superscripts in the same row are significantly different (p ≤ 0.05).
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whichwas significantly lower than that of the control. That could be due
to the dilution in the nitrogenous substances that occurred due to the
addition of herbal extract (2% w/w) to precheese.

The fat content didn't appear any significant differences among all
UF-Kariesh cheese treatments. Opposite to the protein content, the
ash content was significantly increased by herbal extract adding. Fur-
thermore, the presence of herbal extract into cheese led to appear the
fiber into cheese composition, showing that the turmeric extract caused
the highest value (Table 6).

Titratable acidity % exhibited significant reduction when the marjo-
ramor sage extractwas added. On the contrary, although the addition of
turmeric extract did not show any differences, significant heights were
observed in pH value marjoram or rather sage UF-Kariesh cheese
(Table 6).

It is worthy of mentioning that UF-Kariesh cheeses always distin-
guished with higher TA% and hence lower pH value versus yoghurt
(Table 3). These phenomena could be attributed to the relatively higher
protein content and the added NaCl possessed UF-Kariesh; those have
an acidic effect. Similar observations were found and discussed by
Fayed (1986).

3.3.3. Microbiological quality
Data present in Table 7 indicated that the UF- Kariesh precheese for-

tification with 2.0% extract of any herbal kind, especially turmeric, led
significantly to encourage the growth of Str. thermophilus, while both
of marjoram and sage extracts delay significantly the growth of Lb.
delbrueckii ssp. bulgaricus in comparison with the control.

As previously observed in yoghurt, comparing the data given of both
strains, it could also be noticed that, the Str. thermophilus count is always
higher than that of Lb. delbrueckii ssp. bulgaricus. The obtained results
are in complete agreement with those found by Aita et al. (2015);
Fayed et al. (2011a and b); Fayed et al. (2016); Hussein and Aumara
(2006); Hussein et al. (2008); Rasic and Kurmann (1978).

Moreover, it is worthy of mentioning that, although the precheese
was previously inoculated with 3% yoghurt bacterial starter culture,
Table 6
Physicochemical properties of UF- Kariesh cheese fortified with 2.0% of certain aqueous
milled herbal extracts (10.0%w/w).

Property Plain (control) Kind of herbal extract (10% w/w)

Turmeric Sage Marjoram

Dry matter (%) 26.89a 26.33b 26.35 b 26.17 b

⁎Protein (%) 17.50a 15.50b 15.15c 16.16b

Fat (%) 2.75 2.59 2.70 2.60
Ash (%) 3.20c 3.44c 3.96a 3.69b

Fiber (%) 0.00c 0.53a 0.10b 0.04b

Titratable acidiy (%) 1.61a 1.77a 1.29c 1.46b

pH value 4.42c 4.43c 4.74a 4.52b

N = 3, Means having different superscripts in the same row are significantly different
(p ≤ 0.05).
⁎ Total nitrogen × 6.38.
the resultant count of both lactic acid strains was lower than those enu-
merated in yoghurt itself. That could be ascribed to the relative bacterial
growth inhibition due either to the presence of NaCl added to the
precheese or/and the liquid precheesewas in the concentrated form be-
cause the ultrafiltration process. Similar findings were reported and
discussed by Fayed (1986).

As previously mentioned in yoghurt products, neither coliform nor
yeasts and molds were detected in all Kariesh cheese treatments. That
is mainly because of the full sanitation precautions adapted during ei-
ther herbal extracts or cheese samples preparations.

3.4. Physiological advantages resulting from the herbal fortification of dairy
products towards the antioxidant activity

Firstly, the obtained results in Table 8 appeared that, the both of the
two plain dairy products, namely skimmed milk yoghurt and cast
kariesh cheese, possessed essentially antioxidant activity mainly due
to the presence of milk proteins and as a result of the heat treatment,
which leads to the thermal liberation of sulfhydryl groups, those in-
crease the protein reducing value as previously mentioned by Fayed
(1981).Moreover, all determined parameters of the antioxidant activity
of the control yoghurt are in coincidence with those of Illupapalayam
et al. (2014), Perna et al. (2014) and Fayed et al. (2015). Likewise, the
trending of antioxidant activity parameters of Kariesh cheese are in
complete agreement with those of the control of soft cheese (paneer)
found by Qureshi et al. (2019).

Concerning the physiological benefits gained due to the herbal forti-
fication of skimmedmilk yoghurt or cast kariesh cheese, data present in
Table 8 demonstrated that the total phenolic equivalent content of yo-
ghurtwas improved only by turmeric extract. In contrast, that of kariesh
cheese was enriched either by a sage or rather by turmeric extract. That
may declare that the higher levels added to cheese versus yoghurt help
to show the result of the fortification with sage or turmeric extract.

Regarding the total flavonoids content of yoghurt, the recorded re-
sults confirmed that it has significant improvement to the same degree
by adding any herbal extract that has been tried without any exception.
Table 7
Count of bacterial yoghurt strains of UF- Kariesh cheese fortified by 2% of certain aqueous
milled herbal extracts (10%w/w).

Microorganism Plain (control) Kind of aqueous herbal extract
(10% w/w)

Turmeric Sage Marjoram

Str. thermophilus 70 × 104d 85 × 104a 77 × 104b 71 × 104c

Lb. delbrueckii ssp. bulgaricus 80 × 103b 98 × 103a 74 × 103d 79 × 103c

Coliform ND ND ND ND
Yeasts and molds ND ND ND ND

N = 3, Means having different superscripts in the same row are significantly different
(p ≤ 0.05).
cfu/g: colony forming unit/g.
ND: not detected



Table 8
Antioxidant activity of herbal skimmed milk yoghurt and cast kariesh cheese.

Property Plain Kind of aqueous herbal extract (10% w/w)

Turmeric Sage Marjoram

Yoghurt control Cheese control Yoghurt Cheese Yoghurt Cheese Yoghurt Cheese

Fortification level with aqueous herbal extract

1% 2% 1% 2% 1% 2%

Total phenols (mg/g) as gallic acid 3.09b,b 12.36c,a 4.32a,b 14.74a,a 3.17b,b 13.31b,a 3.14b,b 12.84c,a

Total flavonoids (mg/g) as quercetin 1.12b,b 4.48c,a 1.39a,b 4.83c,a 1.41a,b 5.03b,a 1.48a,b 5.75a,a

Radical scavenging activity % 20.56c,b 63.98c,a 26.72b,b 75.36b,a 29.42a,b 88.47a,a 29.56a,b 88.79a,a

N=3, the letters before commapossess of the factor of herbal kind,while those after commapossess the factor of the type of dairy product, respectively. Themeanswith the same letter at
any position did not significantly differ (p ≤ 0.05).
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While in the case of kariesh cheese, although turmeric exhibited no im-
pact, the cheese total flavonoids content increased significantly either
by a sage or rather by marjoram adding. This means with respect to
those both herbs (sage and marjoram) that higher addition levels, as
done in kariesh cheese versus yoghurt, highlight the effect of fortifica-
tion (Table 8).

Regarding the radical scavenging activity (RSA) % of either skimmed
milk yoghurt or cast kariesh cheese, the results stated that, the RSA of
both dairy products were significantly enhanced by turmeric and rather
by sage or marjoram.

It is worthy to mention that, cast kariesh cheese was distinguished
with antioxidant activity values always higher than those of skimmed
milk yoghurt (Table 8). Thesefindings could bemainly due to the higher
protein content aswell as, the higher level of herbal extract added in the
case of cheese versus the yoghurt.

Briefly, those mains the herbal fortification of such dairy products is
considered as additional antioxidant activities besides those essentially
present in the original products. This trending is in agreement with
those found by Josipović et al. (2015), who determined antioxidant ac-
tivity and phenolic compounds in Cottage cheese containing different
spices. Therefore, turmeric sage or marjoram can be considered as an
additive functional ingredient because of its antioxidant properties.

4. Conclusion

The forgoing results led satisfactory to conclude that, it could suc-
cessfully make a skimmed-milk yoghurt and UF- Kariesh cheese, those
meet the intended health purposes based on the fortification with 1%
for the former or 2% for the latter using herbal aqueous extract (10%),
consequentialist according to the sensory acceptability, either of sage,
marjoram or rather of turmeric, those of many impressive health bene-
fits en route to innovate functional dairy foods such as yoghurt and UF-
Kariesh cheese. This ensures that the product is supplied through the
fortification with turmeric, sage or marjoram as additional natural
sources of antioxidant activity to elevate its physiological benefits and
en route to innovate functional products.
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