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ABSTRACT

Nano silver particles are valuable alternative for antibiotics and
disinfectants as it is relatively free of adverse effects. Nano silver particles (Ag-
NPs) have new physical and chemical characteristics enabling it to have a
strong antibacterial activity and used today more as a high disinfectant in poultry
farms. This study was aimed to evaluate the effect of different concentrations of 10,
20 and 50 ppm of Ag-NPs as egg shell sanitizer and assess the microbial count on
the egg shell surface during different storage conditions. The total bacterial count
on the egg shell and egg quality characteristics were carried out on 1, 7, 14, 21
and 28 days of storage after sanitation. Presence of nano silver and distribution on
egg shell surface were determined using transmission electron microscopy. Results
showed that bacterial loads on the egg shell were declined with the increased
concentration of Ag-NPs used and the 50 ppm concentration of Ag-NPs had 1-3
log reduction in the total bacterial count on one day after disinfection in the egg
shell surface which were comparable with the positive control (1% Kohrsolin) used
in the trial. However, the external and internal qualities of eggs did not show any
significance difference among different treatments during different storage days.
However, nano silver 50 ppm had comparatively better zone of inhibition than 10
and 20 ppm levels in disc diffusion method. This study concluded that using Ag-NPs
at 50 ppm concentration in disinfecting chicken egg can effectively reduce bacterial
load on egg shell.
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INTRODUCTION

Microbial contamination is considered
as a serious issue in food industries. In recent
years, disease outbreaks associated with
bacterial contamination of egg and egg products
were reported worldwide (Sabarinath et al.,
2009). Several studies have reported a high
incidence of bacterial contamination in eggs
stored in retail outlets on reusable egg trays
without proper hygiene. It is also suggested
that reduction of bacterial contamination
will help to increase the shelf-life of the eggs
(Bertechini and Mazzuco, 2013).

Nano silver has got antimicrobial
properties, i.e. anti-bacterial antifungal and
antiviral with no harmful side effects (Wright
et al, 1999 and Bhanja et al., 2019). The
silver ions released from the surface of nano
silver control and destroy microorganisms,
due to their binding to the bacterial cells
membrane (Fernandez et al., 2010). Under this
circumstance, nanoparticles are considered
as an alternative for traditionally used
disinfectant, as well as potentially used on
a wider scale in poultry industry including
hatcheries. The aim of this proposed research
is to evaluate the effect of nano silver (AG-
NP-124) as egg shell sanitizer and assess the
microbial count on the shell surface during
different storage conditions.

MATERIALS AND METHODS

Preparation of nano silver in the stock
solution

The experiment was conducted at
the department of Poultry Science, Madras
Veterinary College, Tamil Nadu Veterinary

and Animal Science University, Chennai- 600
007 during the year 2021. The concentration of
nano silver in the stock solution was estimated
to be 160.73 ppm using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) method.
The working concentration of 10 ppm (31.10
ml of nano silver stock solution + 468.89 ml
of triple distilled water), 20 ppm (62.21 ml
of nano silver stock solution + 437.78 ml of
triple distilled water) and 50 ppm (155.54
ml of nano silver stock solution + 344.45 ml
of triple distilled water) of nano silver were
used to assess the effectiveness as egg shell
sanitizer.

Experimental design

Actotal of 300 freshly laid chicken eggs
with uniform weight were purchased from a
commercial layer farm. The eggs were then
randomly distributed among five treatment
groups each with 6 replicates. Group 1 formed
the negative control as the untreated group
(T,). Group 2 formed the positive control,
where the eggs were treated with commercial
egg shell sanitizer namely Kohrsolin TH® (T,).
(It contains glutaraldehyde, 1, 6- dihydroxy
2, 5- dioxahexane and polymethylolurea
derivatives). Groups 3 to 5 were treated with
nano silver (AG-NP-124) coating in three
different concentrations such as 10 (T)),
20 (T,) and 50 ppm (T,) over the eggs. One
set of 150 eggs stored at room temperature
(25°C) and another set of 150 eggs stored at
refrigeration temperature (4° C) for 28 days.
The total bacterial count on the egg shell and
egg quality characteristics were carried out
on 1, 7, 14, 21 and 28 days of storage after
sanitation (Table 1).
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Table 1. Experimental design to assess microbial count on egg shell and egg quality
characteristics in different storage condition after sanitation

Storage condition
Room temperature (N=150 eggs) Refrigeration temperature (N=150 eggs)
T, T, T, T, J:fe T, T, T,
T, +ve contrlol 10 20 50 T, trol 10 20 50
Storage |  -ve (Kohrsolin | ppm ppm ppm -ve contro’ ppm | ppm | ppm
days | control TH (Nano | (Nano | (Nano | control (KO,}E;SIOIIH (Nano | (Nano | (Nano
1 %) silver) | silver) | silver) 1%) silver) | silver) | silver)
1 6 6 6 6 6 6 6 6 6 6
7 6 6 6 6 6 6 6 6 6 6
14 6 6 6 6 6 6 6 6 6 6
21 6 6 6 6 6 6 6 6 6 6
28 6 6 6 6 6 6 6 6 6 6
Total 30 30 30 30 30 30 30 30 30 30
eggs

Examination of nano silver doped on egg
shell surface viewed by Transmission
Electron Microscope

Presence of nano silver and distribution
on egg shell surface were determined using
transmission electron microscopy.

Microbial count on the egg shell surface

The total bacterial count on the egg
shell was studied to assess the keeping quality
of table eggs using the test compound Ag NP-
124 as egg shell sanitizer. Egg wash method has
carried out to harvesting the bacteria present
on the egg shell surface. In this method, egg
was placed in a zip lock cover loaded with 10
ml of sterile 1 x PBS and placed on a rocking
platform for 10 min. So that the eggs were
washed completely to remove the bacteria
on the egg shell surface. The inoculums were
made in three dilutions viz. 10-', 102 and 1073

and depending upon the bacterial load, the
dilutions were used for total bacterial count
and the dilution factor was considered. The
pour plate method was followed for taking the
total bacterial count.

External and internal quality of table eggs
during different storage period

The eggs were evaluated for external
qualities in days of 1 (N=30; n=6), 7 (N=30;
n=6), 14 (N=30; n=6) and 28 (N=30; n=6).
External qualities of table eggs like egg shape
index (SI), specific gravity (SG) and depth of
air cell and internal quality viz., albumin index,
yolk index and haugh unit measurement were
calculated by using the standard procedure. All
the data were analysed with One-Way ANOVA
procedure using SPSS statistical package. The
significant means were compared by Duncan’s
test.
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Antibacterial effect of nano silver doped on
table eggs

To assess the anti-bacterial effect of
the test compounds in different concentrations
along with positive (1% Kohrsolin) and
negative control, individual colonies of
different bacteria in different media viz.
nutrient agar, MacConkey agar and anaerobic
medium were isolated. From the isolated
bacteria, 6 hrs fresh culture was prepared and
adjusted to get 1-2x10°cfu/ml. Again, 100 pl
of this log phase bacterial culture was used
to perform the antibacterial sensitivity test in
the Muller Hinton agar plates against 10 ppm,
20 ppm and 50 ppm solutions of nano silver
compound along with standard antibiotic
(Cefotaxime 30 mcg), a positive control
(1% Kohrsolin) and a negative control by the
discdiffusionmethod. Thediscwereloaded with
100 pl of each drug and negative control with
PBS and further incubated for 24 hrs at 37°C.

RESULTS AND DISCUSSION

Nano silver doped egg shell surface viewed
by Transmission Electron Microscope

Examination of nano silver on the egg
shell membrane and its size is presented in
plates 1, 2 and 3. The size of the nano silver in
all the nano silver sprayed egg shell was ranged
from 20 to 50 nm. The nano silver on the egg
shell was scattered in lesser level in T,, and
little more in T,, and comparatively highest
in T,. The image of the nano silver in all the
treated groups was very well appreciated.

Microbial count of the egg shell surface

The refrigeration storage condition had
better bacterial load reduction with positive
control and treatment groups when compared
to room temperature condition (Table 2).
Among the three treatment groups, 50 ppm
nano silver treated group had numerically
better bacterial reduction on the egg shell
surface as compared to 10 and 20 ppm of the
nano silver compounds. The nano silver (Ag-
NP 124) compound at 50 ppm had 1-3 log
reduction in the total bacterial count on one
day after disinfection in the egg shell surface
which were comparable with the positive
control (1% Kohrsolin) used in the trial.

After 7 days of storage there was
no significant difference in bacterial count
between different treatment groups. Similar
findings was observed by Banach et al. (2016)
who found that eggs disinfected with silver
nanoparticles amounted to x10* bacterial
count on 30 min after disinfection and visible
changes of total bacteria count on the 7™ day of
incubation and significant (P < 0.05) increase
in the mean number of bacteria on the surface
of all eggs on the 17" day of incubation.

Effect of different concentrations of nano
silver on the external and internal qualities
of table eggs

The external qualities viz, egg weight,
shape index, specific gravity and air cell depth
did not show any significant difference among
the different treatments and control groups,
when eggs were stored for 1, 7, 14 and 28 days
at room and refrigeration temperatures (Table
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Table 2. Effect of different concentrations of
nano silver on microbial count of the egg shell surface

Storage condition
Sg);asge Room temperature (n=6) Refrigeration temperature (n=6)
I T, T, | T, T, T, T, T, T,

1 3.4x10° [6.2x10* |0.9x10° |0.3x10° | 6.7x10*|2.8x10° | 2.6x10° |3.4x10° |2.2x10° |1.4x10*
7 2.4x107 |4.7x10° |3.1x10° |1.4x10° |1.5x10°|5.9x10° |6.8x10° |7.7x10° |4.6x10° |2.6x10*
14 3.3x10* [5.2x10° |7.0x10° |5.3x10°|3.3x10° |4.2x107 | 0.6x10° |3.2x10° |3.5x10°¢ |4.3x10°
21 3.8x10° [2.6x10* |1.4x10° |7.1x10°|8.4x10° | 1.4x10% |7.3x10° |5.4x107 |5.8x107 |4.8x10°
28 5.7x107 [6.3x10° |2.6x10°¢ |1.2x107|5.2x10°¢|5.1x10% |2.5x10° | 8.6x107 |5.4x107 |3.7x10°

3 and 4). Similarly, the internal qualities viz.,
albumin index, yolk index and Haugh unit
showed no significant difference among the
different treatments and control group eggs
when eggs were stored for 1, 7, 14 and 28 days
at room and refrigeration temperature (Table
5 and 6). Many researchers workers reported
that nano silver may be used as a surface
disinfectant, water disinfectant and therapeutic
material in animal husbandry including
poultry, livestock and aquatic industry (Nia,
2007 and Deshmukh et al., 2019). Various
diseases caused by bacteria, viruses, fungi
and other mono-cellular microorganisms were
effectively controlled by using nano silver
compounds and it inhibits reproduction and
growth of those bacteria and fungi responsible
for the infection, bad odor, itchiness and
sores (Korzeniowska et al., 2015). Similarly,
Viswanathan ef al. (2016) reported that storing
of eggs in the Ag NPs deposited in paper egg
trays improved the shelf life of the eggs by
more than 14 days compared to controls (eggs
stored in conventional trays). On contrary,
the present study clearly indicates that nano
silver disinfection egg does not influence the
external and internal quality characteristics of

eggs during different storage period in both
room and refrigeration storage conditions.

Effect of different concentrations of nano
silver on anti-bacterial activity (zone of
inhibition)

Anti-bacterial activity testing
with different bacteria against nano silver,
standard antibiotic and controls showing zone
of inhibition measurements (mm) in disc
diffusion method is presented in Table 7. In
disc diffusion method, the zone of inhibition
was measured in mm and the standard
antibiotic gave maximum zone of inhibition
indicating complete clearance of the bacteria
and the positive control showed better activity
compared to the test compounds of nano silver
at 10, 20 and 50 ppm levels against individual
bacterial spp. However, nano silver 50 ppm
had comparatively better zone of inhibition
than 10 and 20 ppm levels (Plate 4). The
isolated gram positive Bacillus and gram
negative E coli were presented in plate 5. Jung
et al. (2008) observed that a reduction of more
than 5 log (10) CFU/ml of both S. aureus and
E. coli bacteria after 90 min of treatment with
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Table 3. Effect of different concentrations of nano silver on the external quality of table
eggs stored at room temperature (Mean + SE) (n = 6)

Ext 1 day (N=30) 7" day (N=30)

: S1 S1
quahty Tl Tz Ts T4 Ts F (NS% Tl Tz T3 T4 Ts F (NS%
i 57j.E56 57j.E83 60j.E26 61;9 . fz e 57;_71 59£48 57j.E93 55;’:6 5736 -
Weight | 1.75 | 123]0.96| 108 | 5o | % P27 113 ) 135 [138) 178 | 3 | :
shape | 7404 75;22 78j.E00 76fl 038 7552 s i77;70 78j.E53 —
> + + |1.184]0.342 1.69 + 10719 |0.587
index | 0| 128 [148) 047 | %, 1.65 126 107 | %,

104 [ T.01 [T.03[ T.01 [ T.01 T27( T30 [T28] 122 [
Specific | =+ + + + + + + + + )
gravity | 0.02 | 0.02 [0.03] 0.02 | 0.02 [%373/9823 .02 | 0.04 {0.03] 0.05 003 0.55510.697
air cell Of 0;*5 Of Of Ois 1.78910.163 Oié 025 O-j5 016 Oig 2.833 0.146
depth | 0.02 | 0.04 [0.04| 0.03 J89101631 6 03 1 0.02 0.02] 0.03 ' :
0.02 0.03
14" day (N=30) 28" day (N=30)
S1 S1

T] TZ T3 T4 TS F (NS% Tl T2 T3 T4 TS F (NS%

583 [60.70 5563 60.00] o o STOT[ 5718 5896 > 56 30

+ S + + [1470[0241] E | E| E |4 +  [1.621]0.200

098 | 166 | 244 | 112| o 0.71] 133] 156] ‘og| 174

TTT[T914[T719 958 oo oo 7990 7764 TT29T802[ g o

S S + v paealoa7r] JE | EL E L E L 4 (13850268

166 | 061 | 082 | 026 ' ' 0.74| 1.02| 0.80] 1.07 ' :

0.52 1.56
1£4 113 1£6 1£6 059 0.938] 0.458 lfg 1f2 1£4 1£2 lil 0.881| 0.489
0.04 | 0.07 | 0.06 | 0.03 : 4381004 |0.04 | 003 003 : :
0.02 0.03

: ) 20 0. AT T0AT 043 [031

OES OES Oio OES Oio 0.364|0.832 Oi Oi 0; Oj 0.;15 0.524| 0.719

0.02 | 0.04 | 0.02 | 0.04 | 0y | #3210.05 004|004 [0.07| s | :

NS-Non significant (P >0.05)
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Table 4. Effect of different concentrations of nano silver on the external quality of table
eggs stored at refrigeration temperature (Mean = SE) (n = 6)

Ext 1 day (N=30) 7% day (N=30)
. Sig Sig
quality | T T, T, T, | T, | F || T, T, T, | T, | T, | F s
Egg | 57.93 |57.92]60.68 | 6230 60.42 57.88 57.20( 56.85
; 58.05+ 57.80 + 0.107 0.979
Weight |+ + | + 43.1070.335 Los | * [ 1s7 + "
036 | 034 [1.04 | 193 085 72 136 | 1.14]1.29
is:;p: 77.97 | 75.70 | 74.26 | 77.96| 75.58 76.48+ 7853 76.26+ 7144 77.4
¢ + £ | & | & | o+ [0866/0498 170 | | 132 | o | = (0394 0811
097 | 082|076 | 290 | 2.15 : °% | 161
Zﬁ;ﬁf; 1': lfs 1'27 1.07 | 1.07 111 1'29 l'jo lfg 1.08
+ | + 0757/0.563] = + (1496 0233
02 | o . 02| 0.04 | 0.04
002 10.03 1 003} 51 | 0.02 0.04 | 002 | 0041004105
Atrcell [ 04T 0.
d‘ercteh Oi 0 j 1036 | 036 | 036 038 | 040 | 050 | 0.36 | 0.36
P 003 | oo | * + | = 052900715 =+ + + + + 0.841] 0512
: 721003 | 0.03 | 0.03 0.03 | 0.05 | 0.10 | 0.03 | 0.04
14" day (N=30) 28" day (N=30)
S S
Tl Tz T3 T4 Ts F (NIS% Tl Tz T3 T4 Ts F (N'lé%
58.98 57.96] 55.40 54.66| 57.75 54.68|
581";1; + + 581'%16* + 19250137 = + 5%’%? 52‘%%* + 081 | 052
. 0.60 1.01 . 1.21 0.79 1.75 . : 1.06
79.15 79.09 78.61 79.93 78.34 | 78.55 | 79.37 | 80.93
* * * = | 8170 139200265 = * * = | 0 090 | 047
0.76 1.01 1.01 1.06 123 1.43 1.09 1.24 1.35 079
lfz 1'24 1£4 l.iIO 0.97 1426|0254 0.99 1'23 1.00 0.i99 0.77 |73 0174
+ R 25 + + + 735 17
0.04 0.02 0.04 0.04 0.02 0.01 0.03 0.06 0.05 0.15
0.48 0.58 0.48 0.50 0.58 0.50 0.53 0.60 0'23 0.55
+ + + + + 1.15610.354 + + + 0.02 + 0.498 | 0.737
0.03 0.06 0.04 0.04 0.05 0.06 0.06 0.04 . 0.05

NS-Non significant (P >0.05)
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Table 5. Effect of different concentrations of nano silver on the internal quality of table
eggs stored at room temperature (Mean + SE) (n = 6)

Int. 1 day (N=30) 7% day (N=30)
uali St Si.
q ty Tl TZ T3 T4 TS F (NS% Tl TZ T3 T4 TS F (NS%
Albumin 5.085 | 3.45 3.94 4.29 448 [1.279 1.39 1.41 1.56 1.30 1.30
Index + + + + + 0.305 + + + + + 10.487)0.745
0.36 0.56 0.66 0.52 0.52 0.15 0.21 0.11 0.13 0.14
33.99 | 34.09 | 32.10 | 34.98 | 34.61 30.10 | 30.50 | 30.15 | 29.79 | 26.76
Yolk Index ES + + + + [0.441]0.778 + + + + + [1.468(0.242
1.48 1.16 1.17 | 2.05 2.20 1.62 1.02 0.94 1.22 1.38
59.62 | 53.29 | 54.76 | 58.05 | 61.41 21.52 | 17.17 | 26.05 | 20.70 | 15.56
Haugh Unit + + + + + 0.742(0.573 + + + + + 10.480(0.750
2.77 590 | 13.74 | 5.45 4.89 5.06 7.52 3.56 5.58 6.95
14"day (N=30) 28day (N=30)
Si Si
Tl T2 TS T4 TS F (NS% Tl T2 T3 T4 TS F (NS%
1.23 1.24 1.50 1.26 1.23 1.46 1.34 1.23 1.24 1.51
+ + + + + 1.039(0.407 + + + + + 1.583 | 0.210
0.16 0.06 | 0.05 0.08 0.15 0.10 0.12 0.10 0.09 0.05
25.93
25.41 25.78 | 26.32 2632 26.97 25.36| 26.39 137 27.19 | 25.68 0205
+ + + 1.82 + 10.127(0.971 + + . + + . 0.933
2.18 1.55 | 1.05 ’ 1.40 1.54 1.25 1.63 1.86
20.96
1795 | 1874 3107| 2053 | 2329 25.70( 2425 | o | 2272 | 2839
+ 255 + + + |[1.786]0.163 + + : + + 0.495 | 0.739
5.16 ’ 3.57 4.76 4.64 340 | 5.74 3.59 0.99

NSNon significant (P >0.05)
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Table 6. Effect of different concentrations of nano silver on the internal quality of table
eggs stored at refrigeration temperature (Mean £ SE) (n = 6)

Int. 1 day (N=30) 7% day (N=30)
ualit Si Si
a Y Tl Tz T3 T4 Ts F (NS% Tl Tz TJ T4 Ts F (NS%
407 3.84
Atbumin | 470 | 380 | 427 | 350 | 399 380 | MV e | s 3.41
[pum; 4 + 4 + = |oges|odaz| = | Lo | x| 054 +  [03780.822
054 | 067 | 035]| 034 | 029 040 | 027 0.49
7695
3642 34;9 33f2 36i01 3761 26;3 2833 28.;:;3 1 5506
Yolk Index | =+ +  |1.681]0.186 0.99 + [1.238]0.320
sl | o2r| o, 11| 093 | 085 g
. 5151 54:)4 58.i64 48$01 666 4658 4950 4730 4339 24
Haugh Unit| 7o | oo | 3 | 300 | = [1088[0384) 0l %o | 360l 711 + 10.396/0.809
2.97 7.12
14™ day (N=30) 28" day (N=30)
Si Si
Tl TZ T3 T4 TS F (NS% Tl TZ T3 T4 TS F (\Sg)
287 | 287 | 315 | 370 | 3.01 2.89 2500 256 | 2.51 | 231
+ + + + + [0463/0762| = + + + + 0860490
025 | 031 | 033 | 093 | 038 0.16 | 30 0.19 | 0.14 | 026
2774 28.15 | 32.09 30.62 | 28.76 26.90 27.84 2789 | 27.34
= * = * = 10927]0.464| * * = 2836 0210/ 0.931
156 | 190 | 144 | 3.03 | 087 [V : 174 | 054 | 138 | 101 | e | :
1238
46.50| 46.08 | 49.72| 52. 1.74 + | 4629 | 4.
250 6108 917 5 136 49;4 0.2980.876 5 ! 6.02 6* ’ 5;3 5258 0.473| 0.755
268 | 396 | 372 713 | T 2.96 423 | 426 | 1056

NS-Non significant (P >0.05)
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Table 7. Anti-bacterial activity (zone of inhibition) with different bacteria against nano
silver, standard antibiotic and controls in disc diffusion method

Zone of inhibition (mm)
Antibiotic Cefotaxime
S.No Bacterial Sp. T, T, | T, | T, T, CTX-30mcg
1 Bacillus sp 0 6 2 4 4 30
2 Staphylococcus spp 0 22 2 4 6 24
3 Clostridium spp 0 16 0 6 6 28
4 Escherichia coli 0 14 0 2 4 14
5 Mixed (all above) 0 4 0 4 4 8

the silver ion solution. Similarly, Ru Li et al.
(2010) reported that 10 pg/ml silver nano
particles could completely inhibit the growth
of E. coli within 7 days and concluded that
minimum inhibitory concentration (MIC)
of silver nano particles to E. coli was 10 pg/
ml. Studies proved that nano silver with a
diameter of 22.5 nm increase the antibacterial
activity of some antibiotics, such as penicillin
G, amoxicillin, erythromycin, clindamycin,
and vancomycin (Shahverdi ef al., 2007).

Itindicates that nano silver compounds
resulted in the leakage of reducing sugars and
proteins and induced the respiratory chain
dehydrogenases into inactive state, suggesting
that nano silver were able to destroy the
permeability of the bacterial membranes. In
addition, silver ion released from nano silver
interacts with phosphorus in DNA as well as
with sulphur containing proteins resulted into
inhibition of enzymes activities (Deshmukh ez
al., 2019). Particle size and shape are also other

parameters to determine the antimicrobial

activity (Morones et al., 2005).

It was concluded that the eggs sprayed

with nano silver stored for 1, 7, 14 and 28
days in room and refrigeration temperatures
showed no significant difference in external
and internal qualities of table eggs. However,
it was evident that the nano silver (Ag-NP124)
compound at 50 ppm had 1-3 log reduction
in the total bacterial count on the egg shell
surface. However, a further study may be

recommended to find out the antimicrobial
concentration  of

property with higher
nano silver to use as egg shell sanitizer for
commercial purpose.
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Plate 2 - Nano silver image in 20 ppm
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Effect of Nano Silver (Ag np-124) as egg shell sanitizer on the keeping quality of table eggs

Plate 3 - Nano silver image in 50 ppm

Plate 4. Muller Hinton plate showing Zone of Inhibition (ZOI) for the bacteria isolated
from egg shell surface using standard antibiotic disc and nano silver solution
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Gram positive Bacillus species Gram negative E.coli

Plate 5. Gram positive and gram negative bacteria isolated from egg shell surface
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