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1  | INTRODUC TION

Eggshell (ES) is a waste product for the food industry that could 
increase environmental pollution. The ES is an alternative, cheap, 
and bioavailable source of dietary calcium. ES has about 39% of 
elemental calcium, which has a higher bioavailability compared 

to calcium carbonate (Schaafsma & Beelen, 1999). Calcium in ES 
strengthens the bones and prevents osteoporosis, especially in 
postmenopausal women (Makai & Chudacek, 1991; Schaafsma & 
Pakan, 1999). There is also other nutrients in ES, including magne-
sium, phosphorus, glycoproteins, and proteoglycans (Hincke, 1995; 
Hincke et al., 1999).
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Abstract
The objectives of this study were to produce probiotic yogurt (5.0– 7.0 log cfu/g) for-
tified with nanopowdered eggshell (NPES) at a rate of 0.02, 0.04, and 0.06 mg/ml, as 
well as, examine the effect of NPES on the physicochemical, microbial, sensory prop-
erties, and shelf- life of probiotic yogurt. The NPES was prepared by milling preboiled 
dried eggshell using a mortar grinder. The size of the milled powder was measured 
to assure that the diameter of the powder is 27 ± 1.7 nm. Yogurt was manufactured 
by dividing the pasteurized milk into four aliquots portions. The first portion was 
utilized as control (T1), while the other three portions were supplemented with 0.02 
(T2), 0.04 (T3), and 0.06 (T4) mg/ml NPES. All treatments were inoculated with 5.11 
log cfu of Lactobacillus delbruckii ssp. bulgaricus (Lb) and Streptococcus thermophilus 
(St) combined and 5 log cfu of Bifidobacterium bifidum (Bb) per kg of milk at 40°C until 
the pH of 4.6 was reached. The acidity, sensory properties, Bb count, total bacterial 
count (TBC), yeast, and mold counts were examined. The results showed that the 
acidity was increasing during storage, however, increasing NPES resulted in low acid 
development (p < .05). The shelf- life of control was ended after 8 d of storage at 
4°C because molds were grown on the surface of the sample. The TBC significantly 
decreased (p < .05) as the concentration of NPES increased. Bb count in probiotic 
yogurt was also decreasing during storage. Yeast and molds were detected in control 
after 8 d; however, NPES did not result in molds even after 16 d of storage but yeast 
was exhibited. The NPES improved the sensory evaluation of probiotic yogurt slightly 
and increased the shelf- life of probiotic yogurt as compared to control.
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Nanotechnology is a novel process that can be used to improve 
the physicochemical and biological properties of dairy products. Nano 
sizing particles play a significant role in increasing the bioavailabil-
ity of the microcomponent, such as calcium (Hilty et al., 2011; Park 
et al., 2008; Seo et al., 2009). As a result, nanopowdered eggshell 
(NPES) can be used as nanoparticles in the manufacture of probiotic 
yogurt. NPES has a potential application in manufacture of yogurt 
using probiotics. It has been found that NPES did not show any neg-
ative effects on the characteristics of yogurt (Al Mijan et al., 2014).

In 2003, Codex mentioned that probiotic dairy products should 
contain at least 6– 7 log cfu/g of at the time of consumption in quan-
tity higher than 100 g per d to have at least 9 log cfu per d (FAO/
WHO, 2010). Probiotic bacteria, including Bifidobacterium bifidus, 
has several benefits, such as improving the gastrointestinal tract. 
This can also reduce acute diarrhea and E. coli infections (Caballero 
et al., 2015). Additionally, it has been presented that the NPES can 
be utilized to improve the growth of probiotic bacteria in yogurt 
during storage (Al Mijan et al., 2014). The objectives of this work 
were to produce probiotic yogurt (5.0– 7.0 log cfu/g) fortified with 
NPES at a rate of 0.02, 0.04, and 0.06 mg/ml, as well as, study the ef-
fect of NPES on the physicochemical, microbial, sensory properties, 
and shelf- life of probiotic yogurt.

2  | MATERIAL AND METHODS

2.1 | Manufacture of probiotic yogurt

Fresh buffalo's milk was obtained from the Animal Farm (Faculty 
of Agriculture, Assiut University, Assiut, Egypt), heated to 90°C for 
5 min, and cooled to 40°C. The milk was inoculated with 5.11 log 
cfu of Lactobacillus delbruckii ssp. bulgaricus (Lb) and Streptococcus 
thermophilus (St) (Dairy Science Department, Faculty of Agriculture, 
Assiut University, Egypt) combined, and 5 log cfu of Bifidobacterium 
bifidum (Bb) per kg of milk (Cairo MIRCEN, Faculty of Agriculture, 
Ain Shams University, Egypt). The milk was divided into 4 aliquots 
portions. The first portion was utilized as control (T1; with no 
NPES) while 0.02, 0.04, and 0.06 mg/ml of NPES were added to the 
second (T2), third (T3), and fourth (T4) portions, respectively. All 
treatments were inoculated at 40°C until a pH of 4.6 was reached 
and this process took approximately 4 hr. Subsequently, the yogurt 
was cooled and stored at 4°C for 16 d. This experiment was re-
peated 3 times using 3 different batches of raw milk.

2.2 | Preparation of nanopowdered eggshell (NPES)

ES was collected from domestic sectors in Assiut governorate, Egypt. 
ES was washed thoroughly with warm water and dried at room tem-
perature for 2 d. After drying, it was kept in boiling water for 2 hr to 
remove the interior membranes as well as undesirable substances. 
ES was then dried in the oven at 60°C for 6 hr. Further, the dried 
ES was milled using mortar grinding Fritsch Pulversitte 2, for one h. 

The X- ray diffraction (XRD) of the milled powder was recorded using 
PW1700 X- ray diffractometer in the 2θ range from 20°C to 50°C. 
The mean crystallite size D of the obtained NPES was calculated by 
using the Scherrer Equation (1):

where λ is the CuKα x- rays (1.54056 A°), β is the full width at half max-
imum of the diffraction peak, Ɵ is the different angle. The mean crys-
tallite size D was found to be 27 ± 1.7 nm.

2.3 | Chemical and microbiological analyses

Titratable acidity was determined by calculating the lactic acid con-
tent in the yogurt (Akın et al., 2007; Sadler & Murphy, 2010). Total 
bacterial count (TBC), Bifidobacterium bifidum (Bb) count, yeast, and 
mold counts were determined as described by Hamdy and others 
(Hamdy et al., 2021). The chemical and microbiological analyses 
were performed at 0, 4, 8, 12, and 16 d.

2.4 | Sensory evaluation

Sensory evaluation of probiotic yogurt was also determined as 
described by Hamdy and others with some modifications (Hamdy 
et al., 2021). Samples were evaluated for color and appearance (15 
points), flavor (45 points), acidity (10 points), body and texture (30 
points) to have 100 points as a total. The sensory characteristics 
were determined at 0 and 16 d.

2.5 | Statistical analysis

Data were statistically analyzed using R software (R x64- 3.3.3, 9,205 
NW 101st St, Miami, Florida, United States) by ANOVA using a GLM 
for each variable to study the effect of NPES and time or their inter-
action on the characteristics of probiotic yogurt. Mean separation 
was done using the least significant difference (LSD) comparison 
test when significant differences were detected at p < .05.

3  | RESULTS AND DISCUSSION

3.1 | Particle size analysis

The morphology of NPES was observed by scanning electron mi-
croscopy (SEM; model JEOL JSM- 5400 LV), as shown in Figure 1. 
The SEM demonstrated that the average particle size for NPES was 
about 18 to 20 µ and there are on the nanoparticles (20 to 40 nm). 
Figure 1 illustrates that SEM shows that the NPES consists of na-
nosized crystals of particles. Figure 1 presented that the nanopar-
ticles agglomerate to form the large particles. This agglomeration 

(1)D = 0.89�∕�Sin�
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accompanies the sample preparation for recording the SEM image. 
Also, Figure 2 shows the XRD pattern of the NPES. Figure 2 indi-
cates the nanocrystalline of the NPES. The average crystal size (D) 
was calculated by using Scherrer Equation (2), thus D = 27±1.7 nm:

3.2 | Titratable acidity (% lactic acid)

The changes in the acidity of probiotic yogurt supplemented with 
different concentrations of NPES during 16 d of storage at 4°C 
are presented in Figure 3. All probiotic yogurt samples gradually 

increased in acidity during the storage period. The acidity values 
in 0.02, 0.04 and 0.06 mg/ml NPES yogurt ranged from 0.85 to 
1.14, 0.86 to 1.05, and 0.80 to 1.02%, respectively through the 16 
d of storage, whereas it ranged from 0.80% to 0.92% after 8 d of 
storage in the control probiotic yogurt. However, increasing the 
concentrations of NPES in probiotic yogurts resulted in a decrease 
in the acidity value. From Figure 3, it shows that the average of 
acidity in T4 (0.06 mg/ml NPES) was lower than the acidity in T2 
and T3. This can be due to the higher buffering capacity of calcium 
in NPES.

The obtained results are in agreement with the results obtained 
by Pirkul et al. (1997) who found that higher calcium in yogurts had 
higher pH values than the control. It turns out that the buffering 
activity of the calcium present in the ES probably contributed to the 
higher values of acidity. Also, similar results were obtained by other 
researchers when they added NPES to probiotic yogurt (Al Mijan 
et al., 2014; El- Shibiny et al., 2018). El- Shibiny et al. (2018) found 
that the addition of NPES at >0.1% decreased acid development sig-
nificantly (p < .05). The general trend of acidity in probiotic yogurt 
during storage was also similar to other studies (Kim et al., 1992; 
Vinderola et al., 2000).

3.3 | Total bacterial count (TBC)

The TBC of probiotic yogurt made with NPES is shown in Figure 4. 
The shelf- life of control was finished at 8 d since the molds were 
noticeable on the surface of the yogurt. As a result, the last read-
ing of TBC in control samples was recorded at 8 d. However, the 
TBC was decreased in all yogurt samples during storage at 4°C. 
The TBC in yogurt with no added NPES decreased from approxi-
mately 8.22 to 6.46 log cfu/g after 8 d. The TBC was lower at 

(2)D = k�∕�Cos�

F I G U R E  1   Scanning electron microscopy (SEM) micrographs of 
nanopowdered eggshell powder (NPES)

F I G U R E  2   Particle size distributions of 
nanopowdered eggshell powder (NPES) in 
the x- ray diffraction (XRD)
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0 d in yogurt with NPES as compared to control. The TBC at 0 
d was found 8.22, 7.53, and 7.22 log cfu/g when 0.02, 0.04, and 
0.06 mg/ml of NPES were added to the probiotic yogurt, respec-
tively, and these values decreased to 5.27, 5.17, and 4.89 log cfu/g, 
respectively, after 16 d of storage. These results showed that the 
0.06 mg/ml NPES resulted in lower TBC. The NPES can act as an 
antibacterial agent. These results are similar to another study that 
reported calcium carbonate nanoparticles can be used as an an-
timicrobial agent (Ataee et al., 2011). Al Mijan et al. (2014) have 
found that ES powder enriched with a high level of calcium car-
bonate has antimicrobial properties and indicated NPES supple-
mented yogurt has an extended shelf- life.

3.4 | Bifidobacterium bifidum (Bb)

The Bb count in probiotic yogurt is presented in Figure 5. The Bb in 
control decreased from 7 to 5.36 log cfu/g after 8 d of storage (end 
of storage for control due to growth of molds). Also, this number 
decreased from 6.47 to 5.8 log cfu/g in T2 (0.02 mg/ml of NPES), 
6.55 to 5.59 log cfu/g in T3 (0.04 mg/ml of NPES), and 7.07 to 5.36 
log cfu/g in T4 (0.06 mg/ml of NPES) after 16 d of storage at 4°C. All 
NPES treatments maintained 5 to 7 log cfu/g Bb in probiotic yogurt.

Decreasing the Bb count in probiotic yogurt supplemented with 
NPES can be due to the antimicrobial effect of calcium obtained 
from ES (Ataee et al., 2011). However, another study reported that 

F I G U R E  3   Acidity (%) of probiotic 
yogurt supplemented with 0.0 (●), 
0.02 (▼), 0.04 (■), and 0.06 (♦) mg/ml 
nanopowdered eggshell powder (NPES) 
stored at 4°C for 16 d
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F I G U R E  4   Total bacterial count 
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supplemented with 0.0 (●), 0.02 (▼), 0.04 
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lactic acid bacteria count in yogurt fortified with NPES was elevated 
during storage (Al Mijan et al., 2014). This trend can be due to the 
differences in the acidity level.

3.5 | Yeast and mold count

The yeast count of probiotic yogurt is presented in Figure 6. The 
yeast counts were not detected in control up to 8 d of storage, 
while it was detected in yogurt supplemented with 0.02, 0.04, and 
0.06 mg/ml of NPES after 16 d of storage. The molds were detected 
in control after 8 d while yogurt supplemented with NPES did not 
exhibit any molds. The yeast count was 3.45 log cfu/g in control after 
8 d. However, the value of yeast was 7.99, 6.70, and 5.06 log cfu/g 

after adding of 0.02, 0.04, and 0.06 mg/ml of NPES, respectively, 
after 16 d of storage at 4°C. It looks like the NPES has decreased 
the growth of yeast, which increases the shelf- life or storage time 
of probiotic yogurt. The yeast count significantly decreased with 
elevating NPES levels. That was due to the antimicrobial effect of 
calcium (Ataee et al., 2011).

3.6 | Sensory evaluation

The sensory evaluation of probiotic yogurt is presented in Table 1. 
The NPES did not significantly change (p > .05) the sensory char-
acteristics of yogurt during the storage time. On the first day, the 
acidity score decreased with increasing concentration of NPES. 

F I G U R E  5   Bifidobacterium bifidum 
count (Bb; log cfu/g) of probiotic yogurt 
supplemented with 0.0 (●), 0.02 (▼), 0.04 
(■), and 0.06 (♦) mg/ml nanopowdered 
eggshell powder (NPES) stored at 4°C for 
16
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F I G U R E  6   Yeast count (log cfu/g) 
of probiotic yogurt supplemented 
with 0.0, 0.02, 0.04, and 0.06 mg/ml 
nanopowdered eggshell powder (NPES) 
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Other studies have reported similar results that different concentra-
tions of calcium in the yogurt resulted in a higher pH value (Al Mijan 
et al., 2014) due to the buffering activity of the calcium presented 
in the NPES obtained from nano sizing (Pirkul et al., 1997). Al Mijan 
et al. (2014) reported that the addition of NPES has a substantial ef-
fect in increasing the shelf- life of yogurt and this is compatible with 
our results. We noticed that the flavor is similar in all treatments, 
and the flavor in NPES yogurt was acceptable to the panelist. These 
results were in agreement with Al Mijan et al. (2014). There was a 
slight increase in the scores of texture and appearance at 0 d as com-
pared to control. The control was not judged at 16 d due to the short 
shelf- life of that treatment that ended after 8 d. The overall scores 
tend to increase after 16 d of storage and this might be due to the 
high amount of calcium in NPES, which resulted in a firmer texture. 
Singh and Muthukumarappan (2008) reported that the fruit yogurts 
enriched with calcium were not different from the control in terms 
of appearance, flavor, texture, and overall acceptability. Additionally, 
these results are in agreement with El- Shibiny et al. (2018) who re-
ported that the addition of up to 0.3% NPES made from cow and 
buffalo was acceptable and had higher quality.

4  | CONCLUSION

NPES can be used to manufacture probiotic yogurt to improve the 
physicochemical, microbial properties, and shelf- life stability with-
out any effects on the sensory properties. Therefore we conclude 
that the addition of 0.06 mg/ml NPES could be applicable to manu-
facture probiotic yogurt with an acceptable composition and quality 
as compared to control. The addition of NPES increased the shelf- life 
of probiotic yogurt as compared to control with a range of 5 to 7 log 
cfu/g of probiotic yogurt.

ORCID
Dalia G. Kamel  https://orcid.org/0000-0002-4691-5009 
Dina M. Osman  https://orcid.org/0000-0002-5870-0291 
Ahmed R. A. Hammam  https://orcid.org/0000-0002-2388-2726 

R E FE R E N C E S
Akın, M. B., Akın, M. S., & Kırmacı, Z. (2007). Effects of insulin and 

sugar levels on the viability of yogurt and probiotic bacteria and 
the physical and sensory characteristics in probiotic ice- cream. 
Food Chemistry, 104(1), 93– 99. https://doi.org/10.1016/j.foodc 
hem.2006.11.030

Al Mijan, M., Choi, K.- H., & Kwak, H.- S. (2014). Physicochemical, 
microbial, and sensory properties of nanopowdered eggshell- 
supplemented yogurt during storage. Journal of Dairy Science, 97(6), 
3273– 3280. https://doi.org/10.3168/jds.2013- 7367

Ataee, R. A., Derakhshanpour, J., Mehrabi, T. A., & Eydi, A. (2011). 
Antibacterial effect of calcium carbonate nanoparticles on 
Agrobacterium tumefaciens. Journal- Mil- Med, 13(2), 65– 70. http://
milit aryme dj.ir/artic le- 1- 794- en.html

Caballero, B., Finglas, P., & Toldrá, F. (2015). Encyclopedia of food and 
health. Academic Press. https://www.scien cedir ect.com/refer encew 
ork/97801 23849 533/encyc loped ia- of- food- and- health

El- Shibiny, S., El- Gawad, M.- A.- E.- K.- M.- A., Assem, F. M., & El- Sayed, 
S. M. (2018). The use of nano- sized eggshell powder for calcium 
fortification of cow’s and buffalo’s milk yogurts. Acta Scientiarum 
Polonorum Technologia Alimentaria, 17(1), 37– 49.

FAO/WHO. (2010). Codex standard for fermented milks. Alimentarius 
Commission. No. CODEX Stan, 243– 2003.

Hamdy, A. M., Ahmed, M. E., Mehta, D., Elfaruk, M. S., Hammam, A. R. 
A., & El- Derwy, Y. M. A. (2021). Enhancement of low- fat Feta cheese 
characteristics using probiotic bacteria. Food Science & Nutrition, 9(1), 
62– 70. https://doi.org/10.1002/fsn3.1889

Hilty, F. M., Knijnenburg, J. T. N., Teleki, A., Krumeich, F., Hurrell, R. F., 
Pratsinis, S. E., & Zimmermann, M. B. (2011). Incorporation of Mg and 
Ca into Nanostructured Fe2O3 Improves Fe Solubility in Dilute Acid 
and Sensory Characteristics in Foods. Journal of Food Science, 76(1), 
N2– N10. https://doi.org/10.1111/j.1750- 3841.2010.01885.x

Hincke, M. T. (1995). Ovalbumin is a component of the chicken egg-
shell matrix. Connective Tissue Research, 31(3), 227– 233. https://doi.
org/10.3109/03008 20950 9010814

Hincke, M. T., Gautron, J., Tsang, C. P. W., McKee, M. D., & Nys, Y. 
(1999). Molecular cloning and ultrastructural localization of the 
core protein of an eggshell matrix proteoglycan, ovocleidin- 116. 
Journal of Biological Chemistry, 274(46), 32915– 32923. https://doi.
org/10.1074/jbc.274.46.32915

Kim, E. A., Lee, K. W., Park, Y. H., & Kwak, H. S. (1992). The study of lactic 
acid bacteria in yogurt during delivery and storage. Korean Journal of 
Dairy Science, 14(3), 260– 268.

Makai, F., & Chudacek, J. (1991). The treatment of osteoporosis with 
Biomin- H. European Congress on Geriatric Treatment, 487– 490.

Treatmenta 
Time 
(d) Flavor Texture Appearance Acidity

Overall 
score

0.00 0 43 27 11.00 10.00 91.00

0.02 43 28 12.00 9.00 92.00

0.04 43 28 13.00 8.00 92.00

0.06 43 28 14.00 7.00 92.00

0.00 16 ND ND ND ND ND

0.02 42 28 14.00 8.00 92.00

0.04 43 29 14.00 7.00 93.00

0.06 44 30 14.00 6.00 94.00

ND, not determined.
aTreatment = nopowdered eggshell powder (NPES): 0.0 = Control; T1 = 0.02 mg/ml; T2 = 0.04 mg/
ml; T4 = 0.06 mg/ml 

TA B L E  1   Sensory evaluation 
of probiotic yogurt made with 
nanopowdered eggshell powder (NPES) at 
a rate of 0.0, 0.02, 0.04, and 0.06 mg/ml

https://orcid.org/0000-0002-4691-5009
https://orcid.org/0000-0002-4691-5009
https://orcid.org/0000-0002-5870-0291
https://orcid.org/0000-0002-5870-0291
https://orcid.org/0000-0002-2388-2726
https://orcid.org/0000-0002-2388-2726
https://doi.org/10.1016/j.foodchem.2006.11.030
https://doi.org/10.1016/j.foodchem.2006.11.030
https://doi.org/10.3168/jds.2013-7367
http://militarymedj.ir/article-1-794-en.html
http://militarymedj.ir/article-1-794-en.html
https://www.sciencedirect.com/referencework/9780123849533/encyclopedia-of-food-and-health
https://www.sciencedirect.com/referencework/9780123849533/encyclopedia-of-food-and-health
https://doi.org/10.1002/fsn3.1889
https://doi.org/10.1111/j.1750-3841.2010.01885.x
https://doi.org/10.3109/03008209509010814
https://doi.org/10.3109/03008209509010814
https://doi.org/10.1074/jbc.274.46.32915
https://doi.org/10.1074/jbc.274.46.32915


1742  |     KAMEL Et AL.

Park, J., Bae, S., Suh, J., Lee, D.- H., Kim, S.- H., Kim, H., & Lee, C. (2008). 
Evaluation of bone healing with eggshell- derived bone graft substitutes 
in rat calvaria: A pilot study. Journal of Biomedical Materials Research 
Part A, 87A(1), 203– 214. https://doi.org/10.1002/jbm.a.31768

Pirkul, T., Temiz, A., & Erdem, Y. K. (1997). Fortification of yoghurt with 
calcium salts and its effect on starter microorganisms and yoghurt 
quality. International Dairy Journal, 7(8– 9), 547– 552. https://doi.
org/10.1016/S0958 - 6946(97)00030 - 7

Sadler, G. D., & Murphy, P. A. (2010). In S. S. Nielsen (Ed.), pH 
and Titratable Acidity (pp. 219– 238). Springer US. https://doi.
org/10.1007/978- 1- 4419- 1478- 1_13

Schaafsma, A., & Beelen, G. M. (1999). Eggshell powder, a comparable or 
better source of calcium than purified calcium carbonate: Piglet stud-
ies. Journal of the Science of Food and Agriculture, 79(12), 1596– 1600. 
https://doi.org/10.1002/(SICI)1097- 0010(19990 9)79:12<1596:AID- 
JSFA4 06>3.0.CO;2- A

Schaafsma, A., & Pakan, I. (1999). Effect of a chicken egg shell powder en-
riched dairy product on bone mineral density in persons with osteo-
porosis or osteopenia. Nutrition, 15(2), 157. https://doi.org/10.1016/
S0899 - 9007(98)00164 - 6

Seo, M. H., Lee, S. Y., Chang, Y. H., & Kwak, H. S. (2009). Physicochemical, 
microbial, and sensory properties of yogurt supplemented with 

nanopowdered chitosan during storage. Journal of Dairy Science, 
92(12), 5907– 5916. https://doi.org/10.3168/jds.2009- 2520

Singh, G., & Muthukumarappan, K. (2008). Influence of calcium fortifi-
cation on sensory, physical and rheological characteristics of fruit 
yogurt. LWT -  Food Science and Technology, 41(7), 1145– 1152. https://
doi.org/10.1016/j.lwt.2007.08.027

Vinderola, C., Bailo, N., & Reinheimer, J. (2000). Survival of probiotic 
microflora in Argentinian yoghurts during refrigerated storage. Food 
Research International, 33(2), 97– 102. https://doi.org/10.1016/S0963 
- 9969(00)00011 - 9

How to cite this article: Kamel DG, Othman AA, Osman DM, 
Hammam ARA. Probiotic yogurt supplemented with 
nanopowdered eggshell: Shelf- life stability, physicochemical, 
and sensory characteristics. Food Sci Nutr. 2021;9:1736– 
1742. https://doi.org/10.1002/fsn3.2152

https://doi.org/10.1002/jbm.a.31768
https://doi.org/10.1016/S0958-6946(97)00030-7
https://doi.org/10.1016/S0958-6946(97)00030-7
https://doi.org/10.1007/978-1-4419-1478-1_13
https://doi.org/10.1007/978-1-4419-1478-1_13
https://doi.org/10.1002/(SICI)1097-0010(199909)79:12%3C1596:AID-JSFA406%3E3.0.CO;2-A
https://doi.org/10.1002/(SICI)1097-0010(199909)79:12%3C1596:AID-JSFA406%3E3.0.CO;2-A
https://doi.org/10.1016/S0899-9007(98)00164-6
https://doi.org/10.1016/S0899-9007(98)00164-6
https://doi.org/10.3168/jds.2009-2520
https://doi.org/10.1016/j.lwt.2007.08.027
https://doi.org/10.1016/j.lwt.2007.08.027
https://doi.org/10.1016/S0963-9969(00)00011-9
https://doi.org/10.1016/S0963-9969(00)00011-9
https://doi.org/10.1002/fsn3.2152

