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The bacterial eggshell contamination of shell eggs in different commercial housing
systems; two conventional cages, one organic aviary system and one barn production,
were compared. The total counts of aerobic bacteria and the total counts of Gram-
negative bacteria on the shell were used to detect key points where contamination
occurred and to study the progress of contamination in the egg handling chains. The key
pointsin the chain were those where eggs accumulated on a short conveyor belt, initial
shell contamination in the alternative housing systems and extra nest-boxes placed on
the ground. The high bacterial load of floor eggs (> 6.3 log CFU total aerobic
flora/eggshell) explains why they cannot be used as shell eggs. On average higher initial
shell contamination with total counts of aerobic bacteria was found for eggs from the
alternative housing systems compared to the conventional systems; respectively 5.46
compared to 5.08 log CFU/eggshell. However, initial contamination with total counts of
Gram-negative bacteria on the shellswas less in the alter native systems: 3.31 compar ed
to 3.85 log CFU/eggshell. Initial bacterial shell contamination tended to correlate
positively with the concentration of bacteria in the air of the poultry houses. Storing
shell eggs, whether temporarily refrigerated or not, for 9 d or more, resulted in a
decreasein bacterial eggshell contamination for both bacterial variables.
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I ntroduction

To our knowledge, few data have been published taliba bacterial eggshell
contamination of shell eggs along the egg handtingin. Most data relate to research on
hatching eggs, because trans-shell contaminatidmatthing eggs may reduce hatchability
(Quarleset al. 1970). The shell can already be infected whenipgdkrough the hen’s vent,
but many researchers suggest that the main corationinoccurs within a short period after
laying due to contact with dirty surfaces (Harrys39Boardet al. 1964; Quarlest al. 1970).

Due to the EU-directive 1999/74, implying a ban @wnventional cages from 2012
onwards and the introduction of furnished cagesadtsinative systems, more recent research
has focused on the comparison of the initial b#dteggshell contamination of eggs laid in
conventional cages, furnished cages and aviaryeorhpry housing systems (Protatsal.
2003; Malletet al. 2004; De Rewet al. 2005b). All studies were performed in experimental
hen houses.



The aim of this study was to compare eggshell coimation in commercial production
from different housing systems, to study the comtation process and to detect key points of
contamination along the egg handling chain.

M aterials and methods

Determination of bacterial eggshell contamination

For the recovery of bacteria from the eggshell ahireg method was used as described
by De Reuet al.(2005a). Nutrient Agar (Oxoid, Hampshire, UK) andtiient Agar with
0.0001% crystal violet (VWR, Darmstadt, Germanyyevased respectively to count total of
aerobic bacteria and Gram-negative bacteria reedvieom the eggshell.

Sampling, egg handling and transport of eggs

To produce statistically reliable results, 40 eggse sampled in each point of the chain
(De Reuet al. 2005). Sampling, egg handling and transport of eggs pe$ormed as
outlined in De Rewt al. (2005a).

Sampling in the production systems

Cage production 1 and 2

Both sampled caged layer houses contained the bsbelhbreed ISA Brown. The farms
housed hens in adjoining hen houses connected layga corridor. The eggs of one hen
house were followed through the egg handling ch@ampling of the eggs was done when
hens were respectively 30 weeks (cage productien dl) and 26 and 71 weeks (cage
production 2 — C2) old. At 10 points in the egg diamg chain of C1 samples were taken (see
figure 1). Samples 8-10 were taken respectivelyl Bnd 5 days after egg laying. In C2
respectively 7 and 4 points of the production chagme sampled in weeks 26 (C2B) and 71
(C2E) (see figure 2). Samples 6 and 7 of week 2@ waken respectively 2 and 13 d after egg

laying.

Organic production

The organic production (O) unit housed the broweHsbreed Bovans Goldline hens. It
was an aviary hen house with open space in thénbese, open-air free range with concrete
floor next to the hen house and free range in Grads. Sampling of the eggs was done at the
hen age of 39 and 71 weeks. Because there wermadoy floor eggs, extra roll-out nest-
boxes were built during the laying period. The #mstes were not connected to a cross
conveyor and were placed on the ground at diffeptetes in the hen house. Eggs laid in
those nest boxes were sampled in week 71. In w@€ldB) and 71 (OE), respectively 7 and
8 points in the egg handling chain were sampled {iggure 3). In week 39 sample 7 was
taken 5 d after egg laying; in week 71 samplesdb/awere taken respectively 1 and 9 d after

egg laying.

Barn production

The barn system (B) also housed the brown-shedicbBovans Goldline hens in each of
two hen houses. The eggs of one hen house werdeshramples were taken at 5 points in
the egg handling chain (see figure 4). Samplesa35 were taken respectively 1, 1 and 10
days after egg laying.

Statistical analysis of data

The bacterial counts were log-transformed priorstatistical analysis (Jarvis 1989).
Significant differences were assessed using anysisabf variance (ANOVA), done in
Statistica 7.0 (Statsoft Inc., Tulsa, USA).



RESULTS

Cage production 1 and 2

Figure 1 shows an increase in total counts of aerafd Gram-negative bacteria on the
shells, at the moment the eggs enter the candiiragling and packaging area (‘3. Entrance
packaging area’ in Figure 1) in cage productionFar both variables this increase was
significant £<0.001). Also a difference in shell contaminatioithwiotal counts of aerobic
bacteria of first (point 5) and second categoryir(p6) eggs was found immediately after
packaging: this difference was small but signific@dx0.05) (Figure 1). Finally from point 3
onwards, shell contamination with both variablema@ed constant and was, respectively, in
7 of the 8 and in all 8 points, significantly higlemmpared to the first two points.
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In cage production 2 there was no significant iaseein shell contamination (total counts
of aerobic and Gram-negative bacteria) throughptiogluction chain at the beginning of lay
(week 26) (Figure 2). At the end of the chain,he tvarehouse and the shop racks (point 6
and 7), a lowerH<0.001) shell contamination with both hygiene iadics was found.

Comparable to the beginning of lay; at the endagfthere was no increase or fluctuation
for total counts of aerobic bacteria through thaichpoints 1, 2, 4 and 5 in Figure 2). No
systematic increase or decrease, but more fluonsfor Gram-negative bacteria were found;
most fluctuations or differences were minor buhgfigant (P<0.05 and”<0.01).

Comparing the beginning and end of lay, we obsem@tbr but significantly higher
contamination with total aerobic flora at the emday in the points 1, 4 and 5 (Figure 2). For
Gram-negative bacteria, in three of the 4 pointsigaificant difference was found, while in
point 2 significantly lower contamination was fouatithe end of lay (Figure 2). The initial
and the average (points 1, 2, 4 and 5) contamimatith total counts of aerobic bacteria was,
respectively, 0.28 and 0.30 log CFU/eggshell higitethe end of lay. For Gram-negative
bacteria the corresponding figures were 0.09 abd ldg CFU/shell lower at the end of lay.

Organic production
The sampling of eggs at the beginning of lay (We@kshowed no systematic increase or
decrease of total counts of aerobic and Gram-nagh#tcteria through the chain (point 1 to 7,



Figure 3). The observed fluctuations for both Jalga ranged between 5.30 and 5.86 log
CFU/eggshell for aerobic flora and between 2.60 8rHl log CFU/eggshell for Gram-
negative bacteria. The statistical differencedwatfiations for total counts of aerobic bacteria
were of minor importanceP&0.05 orP<0.01); a major difference was only fourfekQ.001)
between the eggs sampled in the collecting areiat(@d and the eggs sampled on the lorry
(point 5). For Gram-negative flora a lowét<Q.001) contamination of the eggs sampled in
the lorry (point 5) compared to all other pointghe chain was found. The differences found
between the other 5 points all hat#-®&alue < 0.05. The contamination of the eggs ctiéldc
from the ground (not shown in figure 3) was highfer both variables (>0.5 log
CFU/eggshellP<0.001) compared to the contamination of the egggp¢ed at other points in
the chain; respectively 6.36 log CFU total aerdiiica and 3.98 log CFU Gram-negative
flora/eggshell.

At the end of lay, a very similar course of contaation through the chain (points 1
to 7) was found (Figure 3). The significantly lowantamination for both variables at the
end of the chain in the shop racks (point 7) wakist, compared to the contamination found
at the previous 5 sampling points. Contaminatiothviioth variables of the ground eggs
(point 8) was again higher (>1.5 log CFU/eggshe#0.001) compared to eggs sampled at
other points in the chain: 7.94 log CFU total a@&dlora and 5.80 log CFU Gram-negative
flora/eggshell. Eggs sampled in the extra nest ®qymint 9) were significantly higher
contaminated (>1.0 log CFU/eggsh&l0.001); respectively with 6.88 log CFU total aecob
flora and 4.67 log CFU Gram-negative flora/eggshell

7 ® Total flora begin of lay Ground eggs —e— Total flora
——— G flora begin of lay 74 D / —O— G flora
—-A—  Total flora end of lay ®
B —O0— G flora end of lay

6 6
= A A
2 = BC B
2] 5] Cc
=] < 519
g5 & Ground
L round eggs
5 3 Dys”
o S 44 k3
= g
o 4
g €.l =

B B B
34 (o}
24
2 T T 1 T T T T
3 2 2 3 3 3 2 2 3 3
& & & & Vo\é & & & & & & &
N ) ) > o BN N N\ ) S >
N N N & © K & 5§ M S &
& & \ﬁ,@ \@% g SNy E \\é, \_,b% NG >N
N C/\ Q’Z;J Q’bo © A N N Q’b{' q’#' &
§°® [ v Q& [
&
ol N

Sampling point Sampling point

Figure 3. Total counts of aerobic (Total flora) ¢ Figure 4. Total counts of aerobic (Tailt flora)
Gram-negative (Gflora) flora in the different poin  and Gram-negative (Gflora) flora in the
of the organic production chain. Points of the ¢  different points of the barn chain Points of
curve without common letters are signific ~same curve without common letters
different (beginning of lay = capital lettersend o significant different.

lay = small letters).

Comparing the beginning and end of lay, contanomatiith the total counts of aerobic
bacteria was lower at the end of lay in 5 of theafpling points (Figure 3). However, the
contamination of the floor eggs was >1.50 log CKjdéhell higher at the end of lay. For
Gram-negative bacteria an opposite trend was foeggshell contamination at the end of lay
was higher at 5 of the 6 points (Figure 3); thiswaso the case for the ground eggs. Initial
and average (points 1, 2, 3, 4, 5 or 6 and 7) edigsbntamination with total counts of
aerobic bacteria was, respectively 0.29 and 0.830BU/eggshell lower at the end of lay;
while for Gram-negative bacteria the initial aneége contamination was 0.35 and 0.26 log
CFU/shell higher.



Barn production

Figure 4 shows no significant increase in contationathrough the chain; only minor
fluctuations were found. Contamination was sigatfity lower in the last point of the chain,
the shop racks (point 5, Figure 4 and Table 1)hlfot total counts of aerobic bacteria and
Gram-negative bacteria. The contamination of fleygs (point 6) was again higher
(P<0.001) for both variables compared to eggs samgi@ther points in the chain.

Initial eggshell contamination at the hen house

Comparing the initial contamination of the eggs gkea in the hen house (points 1 in
Figures 1-4), we found on average higher contanenafP<0.001) with total counts of
aerobic bacteria for the alternative systems coeth&r the conventional cages; respectively
5.46 (average of point 1 at OB, OE and B) comp#nesl08 (average of point 1 at C1, C2B
and C2E) log CFU/shell. On the other hand theahitontamination with total counts of
Gram-negative bacteria on the shells was lo0(001) in the alternative housing; 3.31
(average of point 1 at OB, OE and B) compared 8 3average of point 1 at C1, C2B and
C2E) log CFU/shell.

DISCUSSION

Only in one of the 4 egg handling chains sampledjecproduction 1, was there a
statistically and microbiologically significant (3&g) increase at one of the sampled points
(ignoring ground and extra nest eggs present inesofthe egg handling chains). Figure 1
shows the increase in total counts of aerobic aranGhegative bacteria, at the moment the
eggs enter the candling, grading and packaging (8e&ntrance packaging area’ in Figure
1). This point in the egg handling chain can beardgd as a key control point. Here all eggs
from the 4 houses passed along the same smaltsyeahort conveyor with metal grid. The
rolling of all eggs on the same surface causedehattcross-contamination due to eggshell
dirt and broken egg contents.

Comparing the initial contamination of eggs laid different pilot housing systems,
Protaiset al. (2003) and De Reet al. (200%) also found higher eggshell contamination with
mesophilic aerobic bacteria in alternative systemspared to conventional and furnished
cages. The increase found in their studies was thare 1 log CFU unit (up to a total of 6.0
log CFU/shell) (ignoring floor eggs), compared tdyo0.4 log CFU units in this study. For
Gram-negative bacteria, De Retial. (200%) found no significant differences in initial
eggshell contamination between the three pilot imgusystems (aviary, conventional and
furnished cages), in comparison to an averaged@ %uhit lower initial contamination at the
hen house, found in the alternative commercial imgu&OB, OE and B) of this study.

As in our study, De Reat al. (200%), comparing different pilot housing systems, also
found no systematic significant difference in baeleeggshell contamination with total
counts of aerobic and Gram-negative bacteria betwezbeginning and end of lay.

In comparison to the second category eggs of cdggdr house 1, the shell
contamination of floor eggs in the alternative hngs(OB, OE and B) was significantly
higher for both bacterial parameters, comparedygs esampled at the other points of those
chains. The high contamination of extra-nest e@Js)(was also striking; indicating that the
extra nestboxes placed on the ground were als@diys for shell contamination. Protas
al. (2003) and De Res al. (200%) found counts up to 7 log CFU/shell for eggs lamdthe
floor.

For all 4 egg handling chains the total counts Hnegative bacteria were, on average,
>1 log CFU/eggshell less the total aerobic floradicating that Gram-positive bacteria
predominate on eggshells.

Finally, for all samplings of the egg handling eisiwhere eggs were available in the
shop racks within 5 d after lay (C1 and OB), non#igant decrease in eggshell
contamination for both bacterial variables was fthuoompared to the points previously



sampled (Table 1, Figure 1 and 3). For the otheretsamplings (C2B, OE and B), eggs were
available in the shop racks after 13, 9 and 10speetively and showed significantly less

shell contamination with both bacterial variablesnpared with the previous points (Table 1,
Figure 2, 3 and 4). These findings show that stpwf shell eggs, whether temporarily

refrigerated or not, for 9 d or more, causes a ifiigimt decrease in bacterial shell

contamination.
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