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ABSTRACT

Yogurt or yoghurt is one of the most popular fermented dairy products worldwide and has gained widespread consumer
acceptance as a healthy food. In this study, steamed yogurt, which contained lactic ferments (Lactobacillus bulgaricus and
Streptococcus thermophilus), was produced with egg white addition at various levels (1%, 2%, 3%, 4% and 5%). The
physicochemical, microbial and sensory analyses were determined to ascertain the quality attributes of the products. The dry
matter, protein, viscosity and density values increased during storage. However, the microbiological properties of the five tested
yogurt samples were within the international standards, and confirmed the safety and acceptability of the products. Steamed
yogurts enriched with egg white were more preferred by panelists than the control yogurt in terms of sensory evaluation (flavor,
color, taste and texture).The results indicated that the concentrations (2 and 3%) of egg white could be used to produce an egg
white yogurt without significant adverse effects on the physicochemical, microbial, and sensory properties.
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H3BO/J

Jorypr je jenaH oJ HajmonyJapHUjUX GepMEeHTHCAHUX MJIEYHHX NPOM3BOAA LIMPOM CBETA M IIMPOKO je npuxBaheH oA cTpaHe
nmoTpollaya Kao 3/ipaBa XpaHa. Y 0BOj CTyAHjH, jOrypT HA NApH, KOju je caspkaBao MyieuHe dpepmenTe (Lactobacillus bulgaricus v
Streptococcus thermophilus), je mpousBeJieH ca A0AATKOM 6eslaHla Y pa3IMYUTUM KoHueHTpauujama (1%, 2%, 3%, 4% u 5%).
Ypahene cy ¢usnuKo-XeMHjcKe, MUKPOGHEe M CeH30pHe aHa/Ju3e Kako GU ce YTBpAuJe OCOGHMHE KBaJUTeTa MPOU3BOJA.
BpejHocTu cajpxaja cyBe MaTepuje, IPOTEHMHA, BUCKO3HOCTH U TycTHHe noBehase cy ce TOKOM CkaajuiuTera. MehyTtum,
MHUKpPOGHOJIOIIKA CBOjCTBA [IET TECTUPAHUX y30paKa jorypTta 6uJa cy y ckaaiy ca MehyHapoJHUM CTaHJapAMMa U IOTBPAUIIA CY
CUT'YPHOCT U NPUXBAT/bUBOCT NPOH3BO/a. KOH3yMeHTH cy 6oJbe OLieHH/IM mapeHe jorypte o6oraheHu 6eJiaHLeM 0/f KOHTPOJHOT
jorypra y cMHUCJIy CEH30PHHX CBojcTaBa (MUPHC, 60ja, YKyC U TeKCTypa). PesysitaTu cy nokasasu /ia ce KOHLEeHTpauyje 6esaHua
(2 n 3%) Mory KOpPHUCTHTH 3a NPOU3BO/IY jOTYPT Of GesaHana 6e3 3HAYajHUX WITETHUX edeKaTa Ha PU3NIKO-XEMHjCKa,
MHUKpPOGHA U CEH30pHA CBOjCTBA.

K/by4He peum: jorypT Ha napy, 6esiaHIie, PU3UIKO-XeMHjCKe, MUKPOOHOJIONIKE U CEH30pHE 0COOHHE.

1. Introduction

Fermented milk products include a range of dairy
products such as yogurt, fermented or cultured milk,
acidophilus milk, kefir, kumis, curd, buttermilk, and
sweet acidophilus milk obtained by the fermentation of
milk by specific microorganisms (Oliveira, 2014).
Among all fermented milk products, yogurt is
undoubtedly the best known and most commonly
consumed in the world (Sani et al, 2019). It is
considered health food with high digestibility and good
nutritive value(Kaur et al., 2017), and is appreciated for
its taste, flavor and texture (Macit and Bakirci, 2017). It
can be consumed as a complete lunch, breakfast,
dinner, between-meal snack, as a beverage, or with
many vegetable dishes, at any time of the day (Yildiz,

2016). In several countries, yogurt is consumed as a
dessert (Yildirim et al,, 2014). It is enjoyed by almost all
age groups (Luckow et al,, 2005), and is recommended
for persons having diseases such as irritable bowel
movement, inflammatory bowel syndrome and lactose
intolerance (Hattingh and Viljoen, 2001).

It is produced by the fermentation of milk by two
starter  cultures, Streptococcus salivarius  ssp.
thermophilusand  Lactobacillus  delbrueckii  ssp.
bulgaricus (Rahman et al, 2016). Further, some
ingredients can be added to yogurt. Several studies
reported prebiotic fortification by adding dietary fibers
which are found in the cell wall of vegetables, fruits or
cereals to yogurt (Staffolo et al.,, 2004; Min et al., 2012;
Dabija et al, 2018). Generally, yogurt drinks are
flavored with natural or artificial fruit pieces or fruit
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juices according to consumer preferences which are
varied from country to country (Gunawardhana et al,
2016). Fruits as well as vegetables are rich sources of
antioxidants or other bioactive compounds that can be
used to fortify yogurt (Dal Bello et al., 2015; Gad et al,,
2015; Fernandez and Marette, 2017).Current market
and competitive dynamics require manufacturers and
the food industry to introduce new products. On the
other hand, some foods and their by-products have
gained the attention of researchers and industrials for
their nutritional values and technological properties.
Among them, egg products, which are rich in proteins,
vitamins and minerals, are used (Tan et al, 2012;
Miranda et al, 2015, 2019). Eggs have become
important and desirable ingredients to the food
industry due to their functional properties. Egg whites
are widely used in various food formulations because
of their foaming properties and heat gelling ability,
while egg yolk serves as an emulsifyingagent (Sikorski,
2002; Hoppe, 2010; Koc et al,, 2011). The use of these
substances together or separately can be very
interesting, given their nutritional value and functional
properties. This study was carried out to develop
yogurt with added egg whites and to examine the
effects of this addition on the physicochemical,
microbial and sensory properties of yogurt.

2. Materials and methods

Five different concentrations of reconstituted milk
from whole milk powder containing 33g of protein in 1
liter of milk, viz. 140, 130, 120, 110 and 100g/L (Table
1), were used for the preparation of yogurt samples in
this experiment.

2.1. Lactic ferments
A freeze-dried spinning strain known industrially

as fermenting yogurt spinning «F.Y.F» was used as a
lactic ferment.

2.2. References to lactic ferments used

YC-X16
YO-Flex
Freeze-dried lacto culture

Table 1.
Recipes for preparing yogurt samples

For direct vat set (DVS) thermophilic lactic culture
(Streptococcus thermophilus, Lactobacillus bulcaricus)

Package size 50L

DOM: 30/01/20

Storage at-18°C

With each preparation, we added, in ascending
order, five concentrations of egg white separated from
the egg (5, 10, 15, 20, and 37g/L), while keeping a
constant sugar concentration of 80g/L. After
maturation, the samples were placed in the cold, at 4°C,
the storage temperature that stops or reduces bacterial
activity and consequently fermentation. We prepared
440 jars of yogurt (40 jars for each concentration), 20
jars for physicochemical and microbiological analyses
and the other for sensory evaluation.

We  evaluated the physicochemical and
organoleptic quality of yogurt prepared for one month.
During this period, we took five samples (1, 7, 15, 22
and 28 days). For each sample we analyzed the
physicochemical and microbiological quality and then
evaluated the organoleptic quality of these samples.

Ingredients
-Wholemilkpowder (140, 130, 120, 110
andlod g/17)

-Water 45%

-Egez white (5, 10, 15, 20, and 37g/1)

- Suear 80=/1

!
[ Reconstruction at 452C ]
[ Homogenization 100 bars ]
[ Pasteurization 60°C for 5 minutes I
!
[ Cooling to 45°C ]
I Added lactic ferments 2% I
[ Agitation for 15 minutes ]
L
[ Packing in pots ]
1
[ Incubation (Maturation) at 45°C /2 hours ]
[ Storage 4°C ]

Figure 1. Yogurt preparation diagram

Milk powder g Lt Egg white

(gL
1%EW 140 05
2%EW 130 10
3%EW 120 15
4%EW 110 20
5%EW 100 37
Control 140 -

Sugar g L1 Dose of ferments Maturation time
% (h)
80 02 2
80 02 2
80 02 2
80 02 2
80 02 2
80 02 2

2.3. Compositional analysis

The physicochemical characteristics of the samples
were evaluated as follows:

1) The pH of yogurt was measured using a digital
pH-meter (SMART SENSOR AS218 PH-metar).
Titratable acidity, °D (Dornic degree), was measured by

titrating 10 g of sample with 0.1 N NaOH using
phenolphthalein as indicator. Dry matter content was
calculated after evaporation of the water present in the
samples placed in an oven (105°C) for 48h (until
constant mass was obtained). The total fat and lactose
contents of the milk and samples were determined by
the Gerber and Bertrand methods (Wehr and Frank,
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2004). The formaldehyde titration method was used to
determine the total protein content of yogurt (Ceirwyn,
1999). Total ash content was determined by
incineration at 550°C for 3 h.

2.4. Microbiological methods
2.4.1. Total viable count and coliform bacteria

For microbial analysis, desoxycholate lactose agar
and violet red bile lactose agar (VRBL) were used to
determine total and fecal coliform counts, respectively,
using the pour-plate and overlay technique.
Incubations were for 24 to 48 h at 37 and 44°C (ANON,
2000).

2.4.2. Detection of Staphylococcus aureus

Staphylococcus aureus counts were determined on
Giolitti Cantoni and Chapman agar. The plates were
incubated for 24 to 48 h at 37°C (Mossel et al.,, 1992).

2.4.3. Detection of Salmonella

Dilutions were placed on Salmonella Shigella (SS)
agar and incubated for 24 to 48 h at 37°C, after
enrichment in SFB medium for 24 to 48 h at 37°C
(Mossel et al.,, 1992).

2.4.4. Total yeasts and molds

Total yeasts and molds were determined on potato
dextrose agar (PDA) to which an antibacterial agent
(oxytetracycline) was incorporated and incubated for
three to five days at 25°C (Mossel et al., 1992).

2.5. Sensory evaluation

The flavor, taste and texture of all yogurt samples
were evaluated sensorially by a non-trained panel of
ten students of the Mascara University, Mascara,
Algeria using a five-point score system (1, excellent; 2,
good; 3, acceptable; 4, bad; 5, insupportable) (Metin,
2006). The sensory profiles were conducted on coded
samples served in plastic cups and freeze stored after
28 days of storage. The results of these parameters can
be treated by the use of statistical analyses (analysis of
variance and correspondence analysis).

3. Results and discussions

3.1. Results of physicochemical analyses of
parboiled steamed yogurt with egg white

3.1.1. Acidity and hydrogen potential (pH)

Table 1 shows a significant increase in the acidity
of yogurt samples during their storage. These values
are comparable to those found by Gurmeet and
Kasiviswanathan (2008) for calcium-enriched fruit
yogurt. The comparison of samples revealed that the
evolution of acidity was slightly higher in the control
yogurt than in the other yogurts in which different
doses of egg white were added. The evolution of acidity

can be reduced by the addition of egg white, which can
help to achieve a firmer texture medium, which is
therefore more hostile to the development of
fermentative microorganisms, which are primarily
responsible for the evolution of this acidity. The change
in acidity was confirmed by the pH analysis. Indeed, it
seems very clear that the addition of egg white can
slow down the reduction of the pH value of the finished
product.

3.1.2. Total dry matter content

Samples of steamed yogurt enriched with egg
white showed a decrease in total dry matter during
storage. The dry matter was represented mainly by the
sugar, proteins, mineral salts, fats and vitamins of the
yoghurt (Hariri and Ouis, 2020). This decrease may be
due to these chemical compounds produce d by lactic
ferments as a source of nutrients and energy for the
metabolism of these microorganisms (Abdalla et al,
1993; Omer and Eltinay, 2009).

3.1.3. Ash

The results in Table 2 showed a decrease in
mineral elements in the yogurts containing the
different doses of egg white and the control sample
during the entire storage period (28 days). This may be
caused by interactions between the mineral fraction
and the other components (proteins, lipids, etc.). Our
results are similar to those of Bourdichon (2012).

3.1.4. Proteins

For proteins, it was noted that the positive
evolution of the protein level was more pronounced in
yogurt enriched with egg white compared to control
yogurt. Egg white represented an additive source of
protein. The protein content appeared to decrease
during the 21 days of storage. These values are in line
with the standard recommended by JORA and FIL
(1998), which recommend levels of 4-D and 5%,
respectively.

3.1.5. Sugar

Generally, lactic acid bacteria use lactose as their
energy resource and produce lactic acid (Hartati et al.,
2012). After hydrolysis, at the end of incubation,
glucose was used preferentially by the microbiota,
because carbohydrates are in the majority in the
albumen either in the free state or combined with
proteins and lipids. From the tenth day of storage, there
was a decrease, which can be explained by the use of
sugars by lactic acid bacteria, which transform lactose
into galactose and glucose. The latter turns into pyruvic
acid, and then into lactic acid. The amount of galactose
increased to 1 to 1.5 compared with that of glucose.

It also contains free glucose, which is the first
source of energy that can be used by the lactic bacteria
(Hariri and Ouis, 2020). Our values are lower than
those indicated by (Bachir Raho and Benattouche,
2013), which were 19.5 for yogurts enriched with
rosemary essential oils.
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Table 2.

Physicochemical changes of yogurt samples during storage for 28 days at 4°C.

Storage period (days)

Parameter 1 7 15 22 28
1%EW 4.62 4.40 4.29 4.19 4.07

2%EW 4.70 4,53 4.30 4.21 4.10

3%EW 4.58 4.36 4.25 4.15 4.05

pH 4%EW 4.80 4.63 4.47 4.31 4.20
5%EW 4.74 4.57 4.34 4.24 4.13

Control 4.53 4,30 4.20 4.10 4.02

1%EW 78 86 95 106 112

2%EW 77 85 94 104 110

3%EW 79 87 97 107 115

Titratable acidity (°D) 4%EW 75 82 90 102 109
5%EW 76 83 91 100 106

Control 80 89 99 408 118

1%EW 26.9 21.3 17.5 15.2 14.6

2%EW 26.4 19.0 16.8 14.6 13.9

3%EW 26.5 21.6 18.7 16.5 14.8

Dry matter (%) 4%EW 26.7 22.1 18.4 16.8 14.6
5%EW 26.9 22.4 19.8 17.5 15.76

Control 26.4 19.8 17.0 14.9 13.5

1%EW 0.20 0.15 0.11 0.09 0.07

2%EW 0.19 0.14 0.10 0.08 0.07

3%EW 0.17 0.13 0.09 0.07 0.05

Ash (5%) 4%EW 0.15 0.12 0.09 0.07 0.04
5%EW 0.13 0.11 0.08 0.06 0.02

Control 0.22 0.16 0.12 0.10 0.08

1%EW 4.06 3.77 3.46 3.05 2.63

2%EW 4.21 3.37 3.50 3.10 2.75

3%EW 4.59 3.99 3.36 3.25 2.84

Proteins (%) 4%EW 4.77 4.03 3.87 3.17 3.02
5%EW 4.81 4.11 3.87 3.45 3.02

Control 498 4.31 4.03 3.89 3.46

1%EW 15.45 14.98 14.12 13.98 12.8
2%EW 15.79 15.02 13.65 11.5 10.98
3%EW 1591 14.98 13.68 114 10.68

Lactose (%) 4%EW 16.57 13.54 12.5 10.32 9.87
5%EW 16.98 14.54 11.24 10.5 9.21

Control 13.6 11.68 10.31 9.97 8.11

3.2. Results of microbiological analyses

The obtained results of the microbiological
analysis showed a complete absence of total and fecal
coliforms, Staphylococcus aureus, and Salmonellas in
the five categories of yogurt (Table 3). These results
can be explained by the respect of hygienic conditions,
the effectiveness of heat treatments and the acidifying
activity of the lactic ferments, which inhibited the
growth of these microorganisms. The enriched yogurts

had satisfactory hygienic quality and did not involve
any risk of intoxication since we did not detect the
presence of S. aureus. Yeasts and molds appeared in the
first week of storage (<10 yeasts/mL), then this
number increased to <40 yeasts/mL during the last
week of storage for 1%EW, 2%EW, 3%EW and 5%EW.
Our results for all yogurts prepared in line are in
accordance with the findings of several authors
(Ahmed et al., 2018; Bachir Raho et al., 2013).
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Table 3.

Results of microbiological analyses of yogurt samples during storage for 28 days at 4°C.

Storage period (days)

Parameter 1 7 15 22 28
Total coliform Abs Abs Abs Abs Abs
Fecal coliform; Abs Abs Abs Abs Abs
1%EW Staphylococcus aureus Abs Abs Abs Abs Abs
Salmonellae Abs Abs Abs Abs Abs
Yeasts and molds <10 45 80 110 2*¥102
Total coliform Abs Abs Abs Abs Abs
Fecal coliform; Abs Abs Abs Abs Abs
2%EW Staphylococcus aureus Abs Abs Abs Abs Abs
Salmonellae Abs Abs Abs Abs Abs
Yeasts and molds <10 41 64 120 180
Total coliform Abs Abs Abs Abs Abs
Fecal coliform; Abs Abs Abs Abs Abs
3%EW Staphylococcus aureus Abs Abs Abs Abs Abs
Salmonellae Abs Abs Abs Abs Abs
Yeasts and molds <10 36 67 90 102
Total coliform Abs Abs Abs Abs Abs
Fecal coliform; Abs Abs Abs Abs Abs
4%EW Staphylococcus aureus Abs Abs Abs Abs Abs
Salmonellae Abs Abs Abs Abs Abs
Yeasts and molds <10 32 62 88 98
Total coliform Abs Abs Abs Abs Abs
Fecal coliform; Abs Abs Abs Abs Abs
5%EW Staphylococcus aureus Abs Abs Abs Abs Abs
Salmonella Abs Abs Abs Abs Abs
Yeasts and molds <10 20 42 88 106
Total coliform Abs Abs Abs Abs Abs
Fecal coliform; Abs Abs Abs Abs Abs
Control Staphylococcus aureus Abs Abs Abs Abs Abs
Salmonellae Abs Abs Abs Abs Abs
Yeasts and molds <10 116 11*102 68*102 12*103

3.3. Sensory characteristics

As regards sensory characteristics, the acidity,
flavor and texture of the yogurts were examined.
According to the results presented in Table 3, yogurt +
2%EW was best appreciated by the members of the
panel and had the best acidity, texture and flavor,
followed by the yogurts enriched with lower
concentrations of 1%EW. It is obvious that the addition
of egg white promoted a much more appreciable
texture in steamed yogurt, and its gelling and
coagulating characteristics gave more firmness and
texture to the final product. The proteins of egg white
induced this coagulation; heat reduced the risk of softer
texture appearance or the phenomenon of whey
separation (synerisis), which are generally undesirable
manufacturing defects. Yogurt is characterized as a
fermented milk product with a refreshing flavor, a

slight sour taste and a smooth viscous gel. The flavor
scores showed that samples with 4% and 5% EW took
the lowest percentage compared to 3% and 2% EW
added to yogurt, indicating that the increase in the
mass fraction of egg white had a negative effect. These
sensory properties offer quality control criteria, and
therefore, yogurt should be examined for acidity, taste,
and texture. Yogurt flavor (acidity)depends on the
presence of lactic acid and other flavoring compounds
produced by starter culture during the fermentation
process. The texture of yogurt is affected by the specific
rate of acid production during the fermentation
process, as well as by the fat content and the presence
of stabilizing agents such as gelatin, milk solids, and
sugar. Heating the mix denatures whey proteins,
increases the water-holding capacity of milk protein,
and reduces syneresis in yogurt.
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Table 4.

Sensory quality of yogurt samples after 28 days of storage

Parameter Excellent (%) Good (%) Acceptable (%) Bad (%) Insupportable (%)
1%EW 40 46.66 13.33 00 00
2%EW 26.66 53.33 20 00 00
3%EW 20 46.66 33.33 00 00
Texture 4%EW 33.33 26.66 40 00 00
5%EW 13.33 40 33.33 13.33 4.13
Control 6.66 53.33 20 20 00
1%EW 20 33.33 33.33 13.33 00
2%EW 33.33 33.33 33.33 00 00
3%EW 00 40 33.33 20 6.66
Flavor 4%EW 13.33 33.33 40 6.66 6.66
5%EW 6.66 13.33 46.66 20 13.33
Control 00 33.33 60 6.66 00
1%EW 00 46.66 53.33 00 00
2%EW 33.33 40 6.66 20 00
3%EW 00 53.33 46.66 00 00
Acidity 4%EW 00 53.33 46.66 00 00
5%EW 6.66 26.66 26.66 33.33 6.66
Control 00 13.33 53.33 33.33 00
The statistical study (analysis of variance and AFC
correspondence analysis) confirmed the obtained CAfactor map
organoleptic results. The tasting jury members
appreciated the flavor, acidity and texture of the 2%
egg white sample the most. e oy
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4. Conclusions

With the aim of improving yogurt quality, dairy
industries incorporate chemical texturing agents. In
this research, we used natural additives to take
advantage of their nutritional richness and functional
properties in order to satisfy the consumer’s curiosity
with a food of new taste and new presentation. The
presence of egg white in steamed yogurt seems to be an
agent presenting the absence of microorganisms such
as yeasts and molds, as well as total coliforms and total
number of microorganisms. For the physicochemical
aspect, the steamed yogurt obtained after the addition
of egg white appeared to conform to the standard as it
had very high levels of dry matter and proteins. The
sensory analyses confirmed the very positive effect of
egg white on the sensory characteristics of yogurt,
especially on the texture, taste and acidity of the
finished products. Finally, it can be observed that the
incorporation of egg white can solve manufacturing
problems called manufacturing accidents, especially
those concerning texture and coagulate separation.
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