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Assessment of Hygienic Procedures During Chicken
Slaughtering

ABSTRACT

Self-monitoring procedures are adopted by food industries to
ensure the quality and safety of final products, considering hygiene
and processing criteria. This study aimed to evaluate contamination in
chicken processing, considering the microbiological criteria proposed
by self-monitoring systems. Environmental samples from reception,
slaughtering and processing were collected from three chicken
slaughterhouses (SI1, SI2, SI3), and subjected to microbiological analysis
to enumerate hygiene indicators microorganisms: mesophilic aerobes,
enterobacteriaceae, coliforms and Escherichia coli. The obtained
counts were converted to log,,, compared by ANOVA (p<0.05) and
self-monitoring microbiological criteria for each slaughterhouse
were considered. In reception, the mean counts of hygiene indicator
microorganisms in SI3 were significantly higher than mean counts
observed in SI1 and SI2 (p<0.05). During slaughtering, the chilling
was enough to decrease the mean counts of all hygiene indicator
microorganisms in SI1, SI2 and SI3 (p<0.05). Based on self-monitoring
criteria, in the first stages of slaughtering the facilities presented higher
frequencies of chicken carcasses with counts above their respective
reference values. SI02 presented carcasses with higher counts after final
washing, resulting in environmental samples with higher counts when
compared to SI1 and SI3 (p<0.05). Even considering the high counts
observed in the initial steps of chicken processing and slaughtering,
the results indicated the efficacy of hygienic procedures in providing
chicken carcasses and cuts with low microbiological contamination.
Self-monitoring criteria supported these results, and the high levels of
microbial contamination during the initial steps of slaughtering require
subsequent antimicrobial hygienic procedures.

INTRODUCTION

Food industries seek an ideal system to control microbiological
contamination through processing, in order to assure the quality and
safety of their end products. This control is a challenge, mainly for
the industries that process animal-origin foods, where microbiological
contamination is inherent in such raw products, and is usually
presented at high levels (Potter et al., 2012; Stannard, 1997). In such
context, a diversity of monitoring tools and systems can be employed
by food industries to control contamination through the food chain,
and particularly meat processing industries have started to adopt self-
monitoring systems based on the recommendations of the federal
inspection service and in compliance with international standards for
food safety and quality (Brasil 2005).

Self-monitoring systems can be considered as a set of procedures
and recommendations based on a holistic approach of the food industry
that will be assessed. The organization of such controlling systems

317



Dias MR, Dianin KCS,
Bersot LS, Nero LA

demands a full knowledge of the processing steps in
the target food facility, in order to create a set list of
requirements that must be constantly monitored. This
set list contains different items, varying from aspects
related to the infrastructure (equipment maintenance,
environment area, lighting, air circulation), employees
(health control, hygienic procedures, dressing), residues
(waste, water, pest control) and food processing
(monitoring tools, certification)(Brasil 2005). Specific
criteria and requirements are defined for each item,
based on the food facility characteristics and on
internationally and scientifically accepted reference
values.

Microbiological contamination is one aspect
considered in the control of the food processing
environment, once the enumeration of specific
groups indicates the hygienic conditions of production
(Capita et al., 2003; Ghafir et al., 2008; Scott et al.,
2015). With regards to the self-monitoring approach,
microbiological contamination through a food
processing step is not only assessed by comparing
recorded counts with recognized reference values
recommended by food hygiene official organs and
commissions; self-monitoring systems also consider
the historical record of microbiological contamination
in a food processing environment to estimate some
reference values, usually calculated as the mean count
of a specific hygiene indicator added to its standard
deviation. So, a specific reference value is calculated
for a specific target hygiene microorganism in a specific
facility, allowing proper comparison with subsequent
data obtained during the hygiene monitoring of
this same food industry. This approach allows the
companies to identify fluctuations of the hygienic
procedures during slaughtering, based not only on
reference values, but on self-monitoring reference
values in accordance with proper hygienic goals (Sala

Self-Monitoring Microbiological Criteria for the
Assessment of Hygienic Procedures During Chicken
Slaughtering

et al., 2015; Milios et al., 2014; Potter et al., 2012;
Scott et al., 2015; Stannard, 1997).

The present study aimed to assess microbiological
contamination through chicken processing, considering
reference values calculated based on self-monitoring
system approach.

MATERIAL AND METHODS

Three chicken slaughterhouses were included in the
present study and briefly characterized as follows:

e Slaughterhouse 1 (SI1): large facility located in
Minas Gerais state, Brazil, with the capacity to
process180,000 chickens per day, automatic
evisceration system, adopted self-monitoring
program, allowed to export a variety of chicken
products; the processing is inspected by the
Brazilian Ministry of Agriculture;

e Slaughterhouse 2 (SI2): small facility located in
Minas Gerais state, Brazil, with the capacity to
process 3,500 to 4,000 chickens per day, manual
evisceration system, chilled whole chicken is
its main end product available for retail sale in
its city; the processing is inspected by the city
Agriculture Secretariat;

e Slaughterhouse 3 (SI3): large facility located in
Parana State, Brazil, with the capacity to process
330,000 chickens per day, automatic evisceration
system, adopted self-monitoring program,
allowed to export a variety of chicken products;
the processing is inspected by the Brazilian
Ministry of Agriculture.

The facilities were visited five to ten times in a
period of twelve months; in each visit, samples from
different steps of slaughtering process were collected,
covering environments, carcasses, equipment, utensils
and end products (Table 1). Carcasses and end

Table 1 - Samples and sampling procedures adopted in three chicken slaughterhouses (SI1, SI2, SI3) located in Minas Gerais

and Paranéa states, Brazil.

stage sample detail code SI SI2 SI3 sampling procedure unit
reception box bird cage - 17 13 10 swabbig’ CFU/cm?
slaughtering carcass after de-feathering C1 27 24 50 rinsing? CFU/g
after evisceration Cc2 28 24 50 rinsing? CFU/g
after chilling c3 25 24 50 rinsing? CFU/g
processing knife - - 11 7 9 swabbig’ CFU/cm?
table cutting boards 11 7 10 swabbig’ CFU/cm?
hand employees hands 11 7 10 swabbig’ CFU/cm?
cuts leg 11 2 10 rinsing? CFU/g
wing 12 2 10 rinsing? CFU/g
breast 12 2 10 rinsing? CFU/g
total 165 112 219 -

Tsampling of 400 cm2; 2 sampled according USDA/FSIS, 2014. CFU: colony-forming units
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products were sampled by rinsing, according to USDA/
FSIS (2014): samples were obtained, transferred to
sterile bags and weighed; then, 400 mL of phosphate
buffer pH 7.0 (Oxoid Ltd., Basingstoke, England)
were added to samples and homogenized. Surface
samples were obtained by swabbing sterile sponges
previously moistened with 40 mL of phosphate buffer
pH 7.0 (Oxoid) in four 100 cm? limited areas of the
target sample, and then transferred to sterile bags and
added to 160 mL of phosphate buffer pH 7.0 (Oxoid),
completing the final volume of 200 mL per sample. All
samples were kept under refrigeration until analysis.

The collected samples were ten-fold diluted in NaCl
0.85% (w/v) and plated for enumeration of hygiene
indicator microorganisms using Petrifilm™ plates (3M
Microbiology, St.Paul, MN, USA). Mesophilic aerobes
were enumerated using Petrifilm™ Aerobic Count,
after incubation at 35 °C for 24 h; enterobacteriaceae
organisms were enumerated using Petrifilm™
Enterobacteriaceae, after incubation at 35 °C for 24h;
coliforms and Escherichia coli were enumerated using
Petrifilm™ Escherichia coli, after incubation at 35 °C
for 24 and 48 h, respectively. After incubation, typical
colonies were enumerated for each microbiological
group, and the results were expressed as colony-
forming units per g or cm? (CFU/g or cm2).

Self-Monitoring Microbiological Criteria for the
Assessment of Hygienic Procedures During Chicken
Slaughtering

The chlorine concentration (parts per million) and
temperature (°C) of the water used in the chiller tanks
at the end of the chicken slaughtering process were
monitored during the visits according to the quality
control procedures adopted in the facilities.

Microbiological counts were converted in log,,
and compared by Analysis of Variance (p<0.05),
in order to check significant differences between
facilities and slaughtering stages. In addition, self-
monitoring reference values were calculated for
each microbiological group recorded from chicken
carcasses during the slaughtering stages in each
facility, considering their mean values added to their
respective standard deviations; then, the frequencies
of those chicken carcasses that presented counts
higher than these reference values were calculated
and compared by chi-square (p<0.05). All statistical
analyses were conducted using the software XLStat
Version 2013.5.06 (AddinSoft, New York, NY, USA).

RESULTS AND DISCUSSION

Table 2 presents the mean counts of hygiene
indicator microorganisms recorded in the reception
of the three chicken slaughterhouses. SI3 presented
higher counts for all microbiological groups when

Table 2 — Mean counts (+ standard deviation) of mesophilic aerobes (MA), Enterobacteriaceae (EB), coliforms (TC) and
Escherichia coli (EC) in bird cages from three chicken slaughterhouses (SI1, SI2, SI3). Values in log CFU/cm?2.

Microbial group S SI2 SI3 ANOVA

MA 5.88 + 0.49° 5.95+0.61° 852 +1.31° F(Z’%): 38.76, p<0.001
EB 4.47 +0.91° 475 +0.72° 5.96 + 1.032 F 533 8-88, p<0.001
TC 4.60 = 0.75° 458 + 0.68° 573 +£0.71° F o5 891, p<0.001
EC 4.52 £0.70° 4.34 +0.58° 5.51+0.57° F . 041, p<0.001

ANOVA: analysis of variance; p: level of significance (p<005). For each microbial group, values followed by different letters in the same line are significantly different.

compared to SI1 and SI2, suggesting poor hygienic
conditions in chicken cages and the relevance of the
intrinsic contamination in animals as the source of
entry of microorganisms into slaughterhouses, as
described by Nogrady et al. (2008) and Tirolli & Costa
(2006). However, other aspects of chicken production
must be considered to explain such differences and
not being considered in this study, such as the age of
the birds, their body weights, the feed withdrawal and
transport duration and the environment conditions:
such aspects can interfere directly the initial microbial
contamination of slaughtering facilities.

Mean counts of microbiological groups obtained
during chicken slaughtering in SI1, SI2 and SI3 are
presented in Table 3. Table 4 presents the reference
values calculated for each stage of slaughtering,
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microbiological group and slaughterhouse and Figure
1 presents the frequencies of chicken carcass samples
that presented microbiological counts higher than these
reference values. Table 5 presents the mean values of
chilling tank temperatures and chlorine recorded in SI1,
SI2, and SI3. By comparing the three slaughterhouses,
it can be observed that SI3 presented higher counts in
the initial slaughtering stages (C1, chicken after de-
feathering) when compared to SI1T and SI2 (p<0.05,
Table 3), exceptforEnterobacteriaceaeandE. coli(similar
counts to SI1). Recorded counts after evisceration of
chicken (C2) varied among slaughterhouses, without
a coherent pattern (Table 3), while the microbiological
counts in the chicken carcasses after pre-chilling (C3)
were higher in SI2 when compared to SI1 and SI3
for all researched microbiological groups (p<0.0.5,
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Table 3 — Mean counts (+ standard deviation) of mesophilic aerobes (MA), Enterobacteriaceae (EB), coliforms (TC) and
Escherichia coli (EC) in different stages of chicken slaughtering process (C1: after de-feathering; C2: after evisceration; C3:
after chilling) from three chicken slaughterhouses (SI1, SI2, SI3). Values in log CFU/g.

Microbial group stage SI SI2 SI3 ANOVA

MA @ 5.60 + 0.61%® 4.78 + 0.32¢ 6.90 + 1.53% Fiose: 31.24, p<0.001
C2 5.48 + 0.75%¢ 4.79 + 0.34%® 5.91 £ 1.94% Foog 484, p=0.010
c3 1.19 + 0.98°¢ 3.67 £ 0.32% 2.33+0.41¢ Fose: 100.70, p<0.001
ANOVA Fiooy: 231.15, p<0.001 Fieq: 86.94, p<0.001 Fip a7 138.74, p<0.001

EB C1 4.93 £ 0.53*% 4.17 £ 0.39% 5.51 + 1.38% Foon: 13:52, p<0.001
c2 4.90 + 0.63* 4.14 + 0.45% 4.56 + 1.58" ey 2:44,p=0.093
c3 0.50 + 1.19%¢ 2.89 £ 0.71% 1.22 +0.62¢ F s 54.08, p<0.001
ANOVA Fe0: 169.88, p<0.001 Fy ey 42.36, p<0.001 F1a0 158.81, p<0.001

TC C1 472 £0.61%® 3.95 + 0.43¢ 5.38 + 1.28* Foes: 16.44, p<0.001
C2 471 £0.61% 4.02 +0.41%® 4.55 + 1.31048 Foos: 3:15, p =0.047
c3 0.34 + 1.24%® 2.54 + 0.76" 0.91 + 0.62® F o0 46.43, p<0.001
ANOVA Foe 148.40, p<0.001 Fi s 50.35, p<0.001 Fi 15 224.86, p<0.001

EC C1 4.53 £ 0.59 3.74 + 0.48%® 5.04 £ 1.24% Foos 14.03, p<0.001
C2 4.44 1 0.64° 3.71+0.28* 432 1.17% Fooy 4.44,p=0.014
c3 0.60 + 1.20°® 2.33 £ 0.90% 0.67 + 0.53® Fi6: 39-80, p<0.001
ANOVA Fosor 11333, p<0.001 Foen: 37.04, p<0.001 Fo 14 253.04, p<0.001

ANOVA: analysis of variance; p: level of significance (p<005). For each microbial group, values followed by different lowercase letters per row are significantly different, and values

followed by different uppercase letters per line are significantly different.

Table 4 - Reference values for self-monitoring microbiolo-
gical analysis of microbial contamination in chicken carcas-
ses by mesophilic aerobes (MA), Enterobacteriaceae (EB),
coliforms (TC) and Escherichia coli (EC) for each chicken
slaughterhouse (SI1, SI2, SI3) and chicken slaughtering sta-
ge. Values in CFU/g and calculated by mean values added
to their respective standard deviations.

spraying of cold air instead of immersion in cold water,
indicate its relevance in reducing the counts in chicken
carcasses (Hutchison et al., 2006; Vaidya et al., 2005;
Zweifel et al.,, 2015). Despite not being considered
in the present study, pre-chilling also is important
to reduce microbial counts in chicken carcasses, but
temperature, water inflow and chlorine concentration

Slaughterhouse  Stage Microbial group must be also monitored for proper effect of this
MA E8 TC EC procedure (Cavani et al., 2010).

sh 1 6.20 5.45 5.33 5.12 o
c2 623 554 532 508 Table 5—Mean values (+ standard deviation) of temperature
c3 518 o e e (°Q) qnd chlorine content (ppm) in water gsed for ch|llmg

S2 1 511 456 4.37 4.2 of chicken carcasses during slaughtering in three chicken
- S5 N TWE e slaughterhouses (SI1, SI2, SI3).
3 398 360 330 323 Parameter =l 12 o3

SE c1 843 6.89 6.66 6.28 Temperature 0.93+0.67 8.00+1.73 0.63 +£0.59
o 7 86 614 5 86 5 49 Chlorine 3.09+074 1.63£229  0.66+0.24
C3 2.73 1.84 153 1.20

Table 3). The higher temperatures in the chilling tanks
from SI2 when compared to SI1 and SI3 can explain
these results (Table 5), showing that temperature
and water renewal were more important as factors
of microbiological control than chlorine, which on its
own showed no effect, as also observed by Allen et
al. (2000), Jimenez et al. (2003), Matias et al. (2010),
and Rodrigues et al. (2008). Chilling is considered to
play a major role in microbiological contamination
during chicken slaughtering, and studies assessing the
use of alternative procedures and equipment, such as
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Considering the microbiological contamination of
chicken carcasses in the slaughtering stages in each
slaughterhouse, a clear pattern can be observed.
SI1 and SI2 presented a significant decrease of
microbiological counts only after C2 (p<0.05, Table 3),
while SI3 presented a significant decrease after C1 and
C2 (p<0.05, Table 3). However, with regards to specific
microbiological criteria from self-monitoring systems, a
different scenario is observed in each slaughterhouse,
according to each microbiological group (Figure 1).
Even presenting similar counts in chicken carcasses
in C1 and C2 (Table 3), SI1 presented an increase of
samples with counts higher than reference values



Dias MR, Dianin KCS,
Bersot LS, Nero LA

ua =621 DF=8 p=0623

40%

i 28.0%
250%
22 2% 22,0%

20% 187% 167% 167%

12.0% 12,0%

an =il B3

50%

TC
=356, DF =8, p=0834

21.4%

20% 168.7% 18,0% 18.0%

1£9% . 14,0%

Frequency of chicken carcass samples with counts above specific reference values (%)

Self-Monitoring Microbiological Criteria for the
Assessment of Hygienic Procedures During Chicken
Slaughtering

50%
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Slaughtering step and Slaughterhouse

Figure 1 — Frequencies of chicken carcasses obtained in three stages of slaughtering (C1: after de-feathering; C2: after evisceration; C3: after chilling) from three chicken slaughterhou-
ses (SI1, SI2, SI3) presenting hygiene indicator microorganisms (MA: mesophilic aerobes, EB: enterobacteriaceae, TC: coliforms, EC: Escherichia coli) with counts above reference
values calculated based on self-control microbiological criteria (mean value added standard deviation). y2: chi square; DF: degrees of freedom; p: level of significance). Reference values

detailed in Table 4.

among these slaughtering stages (Figure 1). In SI2,
an increase can be observed of samples with higher
counts than reference values of Enterobacteriaceae and
E. coli among C2 and C3 (Figure 1), with significant
differences among mean counts even being recorded
(Table 3). Finally, SI3 presented an increase of sample
frequencies with counts higher than reference values
of mesophilic aerobes and E. coli among C1 and C2
(Figure 1), despite their mean counts being significantly
different (Table 3). These results demonstrate the
relevance of the intermediary stages of slaughtering as
potential sources of microbiological contamination, like
the automatic evisceration in large slaughterhouses in
which the control can be more difficult (Goksoy et al.,
2004; Matias et al., 2010; Rodrigues et al., 2008; Vaidya
et al., 2005; Zweifel et al., 2015). In addition, based
on this analysis it becomes clear that there is a need
to consider additional microbiological criteria to assess
the hygienic procedures in chicken slaughterhouses.
Even presenting low microbiological counts in some
key steps of slaughtering, the frequencies of chicken
carcass samples with counts higher than reference
values indicate an absence of proper control of hygienic
procedures, jeopardizing the processing steps of
slaughterhouses and indicating the need for corrective
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measures in the process (Altekruse et al., 2009; Heggum
etal., 2015; i Sala et al., 2015; Stannard, 1997).

Table 6 presents the microbiological counts
recorded in the samples obtained from the processing
environment of SI1, SI2, and SI3. In general, samples
obtained in SI2 presented higher microbiological
counts when compared to samples obtained in SI1
and SI3, except by Enterobacteriaceae and coliforms
counts in tables, which presented similar counts to
those obtained in SI1 (Table 6).Abu-Ruwaida et al.
(1994) described that equipment and utensils used
for chicken slaughtering and processing are linked to
microbiological contamination of chicken carcasses
and end products. In addition, it is well known that
contamination through food coming into contact
with surfaces in the processing environment occurs
due to poor hygienic conditions as a consequence of
inadequate and/or inefficient cleaning and disinfection
procedures (Reij & Den Aantrekker 2004).

The mean counts of microbiological groups recorded
from chicken cuts obtained in SI1, SI2, and SI3 are
presented in Table 7. As observed for the samples
obtained from the processing environment, higher
microbiological counts were observed from samples
obtained in SI2 compared to SI1 and SI3. Alvarez-
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Table 6 — Mean counts (+ standard deviation) of mesophilic aerobes (MA), Enterobacteriaceae (EB), coliforms (TC) and
Escherichia coli (EC) in different samples of processing environment from three chicken slaughterhouses (SI1, SI2, SI3).

Values in log CFU/g.

Microbial group Processing environment SI SI2 SI3 ANOVA

MA Table 3.18 £ 0.69° 4.12 +0.87? 2.50 £ 0.33° Foon: 12.66, p<0.001
Hand 2.59 £ 0.75° 442 +0.73 2.25 £ 0.46° Foa3 22.61, p<0.001
Knife 2.85+0.81° 4,52 +0.842 1.96 + 0.53° Fia0: 22.84, p<0.001

EB Table 2.35+0.87° 2.95+1.01° 1.24 £ 0.63° Foa) 947, p=0.001
Hand 1.91 £ 0.61° 3.39 + 0.46° 0.10 + 0.47¢ Fi15: 45.34, p<0.001
Knife 1.82 £0.93° 3.28 = 1.05° 0.71 £ 0.73¢ Foan: 14.98, p<0.001

TC Table 2.00 = 0.49° 2.30+0.31° 0.08 £ 0.37° Foig 6412, p=0.044
Hand 1.24 + 0.55° 3.21+£0.572 1.70 £ 0.00° Foip 21.67, p<0.001
Knife 1.51 £ 0.57° 3.24 £1.07° 0.09 + 0.43¢ Fio1s: 24.54, p<0.001

EC Table 1.19 + 0.50° 2.44 +0.06° -0.02 + 0.25¢ Fiog: 48.99, p<0.001
Hand 1.41 £ 0.51° 3.18 £ 0.51° 1.70 £ 0.00° F(28 15.56, p<0.001
Knife 1.51+£0.47° 3.11 £ 1.07° 0.15 + 0.30° Foo 1541, p<0.001

ANOVA: analysis of variance; p: level of significance (p<005). For each microbial group

Astorga et al. (2002) associated high counts in chicken
cuts to inadequate and poor hygienic procedures
during chicken slaughtering and processing. The
same interpretation can be considered in the present
study, based on the previously described data that
demonstrated poor hygienic conditions and absence of
proper control in SI2 (Tables 3 and 6, Figure 1). These
results indicate that the microbiological contamination
of end products is simply a reflection of the hygienic
conditions during processing. Despite this, all chicken
cuts and chicken carcasses obtained at the end of
slaughtering (C3) presented results in accordance with
current Brazilian standards, which determine a limit
of 4 log CFU/g of thermotolerant coliforms in such
foods, this being considered suitable for retail sale and
consumption (Brasil 2001).

, values followed by different letters per line are significantly different.

The obtained data indicated the relevance of
microbiological groups in assessing the hygienic
procedures during chicken slaughtering, and also the
need to consider additional criteria for the proper
control of processing. Self-monitoring microbiological
criteria allowed an alternative interpretation of the
adequacy of hygienic procedures and contamination
control in the studied slaughterhouses. Based on
such information, it was possible to identify the
evisceration and chilling stages as being key steps
in controlling microbiological contamination during
chicken slaughtering in the studied facilities, as well as
the water temperature in the chilling immersion tanks.
Finally, contamination during chicken slaughtering
and processing was considered relevant to the
microbiological counts recorded in end products.

Table 7 — Mean counts (+ standard deviation) of mesophilic aerobes (MA), Enterobacteriaceae (EB), coliforms (TC) and
Escherichia coli (EC) in different samples of chicken cuts obtained from three chicken slaughterhouses (SI1, SI2, SI3). Values

in log CFU/g.
Microbial group Cut SI1 SI2 SI3 ANOVA
MA Breast 2.52+0.47° 4.72 £ 0.00° 2.510.21° Fper 17.14, p<0.001
Leg 2.60 + 0.56° 4.97 £ 0.00° 2.26 +0.36° Foig 15.01, p=0.000
Wing 2.48 + 0.52° 5.07 = 0.00° 2.80+0.19° F2 17 21.00, p<0.001
EB Breast 1.78 £ 0.49° 3.26 +£0.83° 1.64 +0.47° Foig: 877, p=0.002
Leg 1.69 £ 0.79° 3.82+0.15° 1.12 £0.58 (m £ 13.50, p = 0.000
Wing 1.61 % 0.68° 3.59 + 0.56° 1.90 +0.37° Fpior 10.81, p = 0.001
TC Breast 1.48 + 0.53° 3.11+£0.812 0.55 + 0.36¢ an 26.64, p<0.001
Leg 1.41 £0.62° 3.13 £ 0.64¢ 0.67 = 0.67¢ Foig 13.01, p =0.000
Wing 1.41 £0.76° 3.15 £ 0.25° 1.03 £ 0.33° Foig: 3-75, p=0.001
EC Breast 1.086 + 0.54° 2.76 = 1.04° 0.23 +0.38¢ Foo0: 22.18, p<0.001
Leg 1.136 + 0.44° 2.83+0.73° 0.58 + 0.56° Foz: 15.77, p = 0.000
Wing 1.325 £ 0.70° 2.86 +0.97° 0.85 +0.35° Foig 10.17, p =0.001

ANOVA: analysis of variance; p: level of significance (p<005). For each microbial group, values followed by different letters per line are significantly different.
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