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Summary This study was undertaken to determine the effect of different chemical deconta-
mination methods on the microbiological and sensory attributes of chicken liver
during refrigerated storage (+4 + 1 °C). Chicken liver samples were dipped into
sterilized water (1 min), lactic acid (1.5%, T min or 5 min), acetic acid (1.5 %,

1 min or 5 min), trisodium phosphate (15 %, 15 min or 20 min) or were not
treated (control). Microbiological analyses were carried out at 0, 2 and 4 days of
storage. Also, sensorial attributes were evaluated by panelists. As result of the
study, decontamination with acetic acid, lactic acid or trisodium phosphate could
not substantially improve the microbiological quality of chicken liver during refrige-
rated storage. On the other hand, sensorial attributes of the samples were
adversely affected by treatments except the treatments with acetic acid.
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Zusammenfassung Diese Studie wurde unternommen, um die Wirkung verschiedener chemischer
Dekontaminationsmethoden auf mikrobiologische und sensorische Eigenschaften
von Huhnerleber wahrend der Kihllagerung (+4 = 1 °C) zu ermitteln. Die Hihner-
leberproben wurden in sterilisiertes Wasser (1 min), Milchsaure (1,5 %, 1 min
oder 5 min), Essigséure (1,5 %, 1 min oder 5 min) bzw. Trinatriumphosphat

(15 %, 15 min oder 20 min) getaucht oder wurden nicht behandelt (Kontrolle).
Mikrobiologische Analysen wurden an den Tagen 0, 2 und 4 der Lagerung durch-
geflhrt. Daneben wurden sensorische Eigenschaften durch ein Expertenpanel
analysiert. Insgesamt ergab die Studie, dass Dekontamination mit Essigsaure,
Milchséure oder Trinatriumphosphat die mikrobiologische Qualitéat von Hihner-
lebern wahrend der Kihllagerung nicht wesentlich verbessert. Auf der anderen
Seite wurden die sensorischen Eigenschaften der Proben durch die Behandlungen
negativ beeinflusst, mit Ausnahme der Dekontamination mit Essigsaure.

Schliisselworter: Dekontamination, Gefligel, Pathogene
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Introduction

According to the FAO (2006), 30 % of the world’s total
meat consumption is poultry and the consumption of poul-
try increases every year (del Rio et al., 2007). The high
consumption rate of poultry meat and offal is a concern for
marketing high quality and safe products. Chickens natu-
rally carry a wide variety of bacteria into processing plants
and these microorganisms can be transferred to chicken
carcasses during processing (Capita et al., 2000). Most of
these microorganisms like Salmonella, Campylobacter
jejuni, Staphylococcus aureus, Listeria monocytogenes and
Clostridium perfringens can survive in poultry products
during refrigerated storage (Waldroup, 1996). To eliminate
these microorganisms, it is very important to establish a
hygienic processing program in the plant. In addition to
general hygienic management practices, the microbio-
logical load of the poultry meat and edible offal like liver
can be reduced substantially by the application of chemical
decontaminants (Capita et al., 2000). Organic acids, bases
like NaOH, halogens, hydrogen peroxide, alcohols, man-
nose and ozone are used to reduce carcass contamination.
Also, phosphates have been used as antimicrobial surface
treatments to reduce populations of pathogens, prevent the
growth of spoilage microorganisms and extend the shelf life
of poultry products (Kim and Marshall, 1999). Today,
monopotassium phosphate, monosodium phosphate, so-
dium pyrophosphate and trisodium phosphate are used for
surface decontamination of carcasses. Organic acids and
their salts like acetic, lactic, sorbic and propionic acid exert
antimicrobial activity and have been traditionally used as
food preservatives and are generally recognized as safe
substances approved by FAO and WHO (Surekha and
Reddy, 2000; Gonzales-Fandos and Dominguez, 2007).

Liver and liver products are rich and economical sources
of essential nutrients that are readily available to consum-
ers. Edible offal and especially livers are regarded as highly
perishable foods because of their high content of nutrients
and poor hygienic conditions under which they are collec-
ted, handled and processed (Devatkal and Mendiratta,
2007). Liver is known to spoil more easily than meat. Du-
ring slaughter of poultry, while eviscerating the intestinal
system, liver and the other offal could be contaminated
with undesired pathogenic microorganisms.

To our knowledge, there are many studies on microbio-
logical attributes and decontamination of beef, pork and
sheep liver (Shelef, 1975; Gill and Delacy, 1982; Hanna et
al., 1982; Herrero et al., 1999; Devatkal and Mendiratta,
2007), but there are less researches on the microbiology of
chicken liver.

The aim of this study was to compare the microbio-
logical loads of chicken livers treated by using different
chemical decontaminants during refrigerated storage.

Materials and Methods

Materials

Chicken liver samples were collected from a local retailer
in 1zmir, Turkey. Liver samples were collected on the day
of slaughter and were packaged in clean polyethylene bags.
Samples were subjected to microbiological analyses imme-
diately after reaching the microbiological laboratory of our
department. Chemical, microbiological and sensory ana-
lyses were performed on treatment day, 2™ and 4™ days of
the refrigerated storage.

Treatments

Chicken livers were randomly assigned to treatments.
Sterile water, lactic acid, acetic acid and trisodium phospha-
te were used as treatment solutions for different dipping
times. Eight different treatments were performed on chik-
ken livers. For each treatment, 100 g liver sample was sub-
merged into 500 ml of sterile water (W, 1 min), lactic acid
(LA-S, 1.5 % v/v,1 min; LA-L,5 min), acetic acid (AA-S,
1.5% v/v, 1 min; AA-L, 5 min) or trisodium phosphate
(TSP-S, 15 % w/v, 15 min; TSP-L, 20 min). The pH values
of the treatment chemicals were 7.45, 3.05, 3.50 and 12.60
for sterile water, lactic acid, acetic acid and trisodium phos-
phate, respectively. Untreated control samples (C) were
also used in the study. After treatment, the liver samples
were drained for 30 s using a sieve, then packaged aerobi-
cally in sterile polyethylene bags. Liver samples were im-
mediately put into a refrigerator (+4 + 1 °C).

Analytical Methods

Determination of pH

For determination of the pH values, 10 g sample was
weighted and homogenized in 100 ml of distilled water.
Then, the pH value was determined using a pH-meter (HI
9321 Microprocessor, Hana Instruments, Woonsocket, RI,
USA) (Ergoniil and Kundakgi, 2007).

Microbiological quality evaluation

As for the microbiological analyses, total mesophilic aero-
bic bacteria (TMAB), psychrophilic bacteria (PB), total
coliform (COL), yeast and mould (YM) and lactic acid
bacteria (LAB) counts of chicken samples were deter-
mined according to ICMSF (1986).

For serial dilutions, 0.1 % peptone water was used. For
enumeration of TMAB and PB, Plate Count Agar (Oxoid,
Basingstoke, Hampshire, UK) was used as medium and
plates were incubated at +30 °C and +6 °C, respectively.
Violet Red Bile Agar was used for total coliform count,
whereas MRS (Man Ragosa Sharp) Agar was used for
LAB count and plates were incubated at +37 °C.

For enumeration of total yeast and mould count, Yeast
Extract Glucose Chloramphenicol Agar was used and
plates were incubated at +25 °C. Microbiological data were
converted to logarithms.

Sensory Analysis

Liver samples were subjectively evaluated for odor, color
and overall acceptability during refrigerated storage by a
six-member, semi-trained panel. Odor, color and overall
acceptability were scored on a 6-point descriptive scale,
where below 3 is considered as unacceptable. Distinct
putrid, sweet or sour odors, a persistent dull color or
unusual appearance were evaluated as unacceptable
(Devatkal and Mendiratta, 2007). Each group of samples
was labeled, at random, with three-digit numbers. Panelists
were asked to evaluate each group of samples in rando-
mized order.

Statistical Analysis

The design was completely randomized. The analysis of
variance was done using the PROC GLM procedure of
SAS (version 8.2., SAS Institute, Cary, NC, USA, 2001).
LSMEANS for treatments were generated and separated
when significant (p<0.05) using the Duncan procedure.
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Results and Discussion

Changes in pH values of liver samples

As seen in Table 1, pH values of liver samples after treat-
ment, prior to refrigerated storage were 6.43, 6.95, 6.40,
6.08, 6.07, 5.96, 7.00 and 8.31 for the samples C, W, LA-S,
LA-L, AA-S, AA-L, TSP-S and TSP-L, respectively. The
highest pH value (8.31) was obtained for the sample TSP-
L, which was treated with trisodium phosphate (pH 12.6)
for 15 minutes, whereas the lowest pH value was obtained
as 5.96 for the sample AA-L, which was treated with acetic
acid (pH 3.5) for 5 minutes.

When pH values obtained on treatment day and on the
4™ day of storage were compared, it was seen that there was
adecrease in pH value of samples W, LA-S and TSP-L. This
decrease is due to the breakdown of glucose by the liver
microflora. The decrease in glycogen content and fall in pH
might also be caused by the production of lactic acid by
autolytic changes in stored liver (Devatkal and Mendiratta,
2007). Devatkal and Mendiratta (2007) reported that the
initial pH value of untreated buffalo liver was 6.43 prior to
storage, but at the end of the 6 day of refrigerated storage,
the pH value was reported as 5.96. Similar results for the
changes in pH value during storage were obtained for
sheep liver by Gill and Delacy (1982), for beef liver by
Shelef (1975) and Herrero et al. (1999). According to stati-
stical analyses, it was determined that the effect of using
different decontamination solutions on the changes of the
pH value was significant (p<0.05). On the other hand,
storage time had no significant effect on the changes of the
pH value of the samples (p>0.05).

Changes in microbiological attributes

of liver samples during storage

As seen from Table 2, TMAB counts of samples C, W, LA-
S,LA-L, AA-S, AA-L, TSP-S and TSPS-L were 6.22, 4.95,

TABLE 1: Changes in pH values of liver samples during
refrigerated storage.

Sample pH
0 2 4

C 6.43% 6.57¢ 6.53%
W 6.95¢ 6.67" 5.92%
LA-S 6.40° 6.49% 6.37%4
LA-L 6.08% 5.98* 6.5«
AA-S 6.07% 6.22% 6.25%
AA-L 5.96% 6.40¢ 6.25%
TSP-S 7.00% 6.99% 7.06°
TSP-L 831% 8.21® 7.11%

Vialues indicated with different small letters in the same column are statistically different (p<0.05);
values indicated with different capital letters on the same line are statistically different (p<0.05).

5.51, 3.79, 6.03, 4.30, 6.81 and 3.65 log cfu/g just after the
treatments. It is apparent that dipping into water and
decontamination solutions except TSP-S decreased the
total microbiological count of liver samples (p<0.05). On
the other hand, TSP-S treatment increased the TMAB
count adversely. Using lactic acid and acetic acid solutions
for 5 min (LA-L and AA-L) were the most effective
treatments. On the other hand, Kim and Marshall (1999)
revealed that using TSP as decontamination medium was
an effective method for decreasing the total microbio-
logical load of chicken leg samples.

On the second day of the cold storage of treated
samples, TMAB counts were 7.00, 6.89, 6.54, 5.38, 8.33,
4.32,7.99 and 3.90 log cfu/g for C, W, LA-S, LA-L, AA-S,
AA-L, TSP-S and TSP-L, respectively. TMAB counts of
samples W, LA-L and AA-S increased rapidly from 4.95 to
6.89 log cfu/g, from 3.79t0 5.38 log cfu/gand from 6.03 to
8.33 log cfu/g. The TMAB count of the sample AA-L did
not change in the first two days of storage.

On the fourth day of storage, TMAB counts of C, W,
AA and TSP all increased. When compared to 2nd day
results, only the TMAB count of LA-L decreased to 4.65
from 5.38 log cfu/g. According to the results, TMAB
counts of C, W, AA-S and TSP-L increased at least 1 log
cfu/g during refrigerated storage. Only a slight increase was
observed for the sample AA-L (from 4.30 to 4.71 log
cfu/g).

The same patterns were observed for the psychrophilic
bacteria counts of the samples. As seen from Table 2, PB
counts were 5.88, 5.12, 4.88, 3.71, 5.65, 4.32, 5.06 and 3.67
log cfu/g on the treatment day for C, W, LA-S, LA-L, AA-
S, AA-L, TSP-S and TSP-L, respectively. Similar to the
TMAB counts of the samples, the PB counts increased
during refrigerated storage and reached 8.40, 8.37, 8.08,
5.77, 749, 4.54, 8.00 and 7.06 log cfu/g, respectively.
Statistically significant increases were observed for all
treatments (p<0.05). On the other hand, minimum increase
was observed for the treatment AA-L (from 4.32 to 4.54
log cfu/g). It is thought that by increasing the concen-
tration of acetic acid solution, it could be possible to
decrease the PB and TMAB counts of the liver samples.

Treatment solutions LA-L and AA-L were found to be
effective for decreasing the coliform bacteria counts of the
samples. When the last day counts of the samples were
compared, it was seen that the COL count of TSP-L
increased approximately 1 log cfu/g. But it was observed
that COL counts of liver samples decontaminated using
LA-L and AA-L decreased by the end of the refrigerated
storage.

As seen from Table 2, initial LAB counts of samples C,
W,LA-S,LA-L, AA-S, AA-L, TSP-S and TSP-L were 3.61,
3.16, 4.78, 2.30, 4.92, 2.85, 4.50 and 2.40 log cfu/g, respec-

TABLE 2: Changes in microbiological attributes of liver samples during refrigerated storage.

C w LA-S (1.5 %), LA-L (1.5 %), AA-S (15 %),| AA-L(1.5%), | TSP-S(15%), | TSP-L(15 %),
1 min 5 min 1 min 5 min 15 min 20 min
o 2 4|0 2 4|0 2 4|0 2 4|0 2 4|0 2 4 (0 2 4|0 2 4
TMAB 6.22* 7.00° 8.25¢ | 4.95 6.89° 8.03¢ | 5.51% 6.54° 7.51¢ | 3.79* 538 4.65° | 6.03 8.33° 9.44¢ | 4.30° 432° 471° | 6,812 7.99° 8.97¢ | 3.65* 3.90° 6.54¢
PB 5.88 6.93° 840 | 5.12° 6.48> 8.37¢ | 4.88* 6.59° 8.08° | 3.712 4.94> 577¢ | 565 6.90° 7.49¢ | 4.32° 4.00° 4.54° | 5.06° 6.56° 8.00° | 3.67% 453" 7.06¢
LAB  3.61° 485 6.40¢ | 3.16° 4.40° 6.24 | 4.78 5.46° 7.06° | 2.30° 4.10° 3.44° | 4922 539" 6.37¢ | 2.85 3.18° 3.20° | 450° 479 7.04 | 2.40° 2.69° 4.32°
COL 3547 493> 6.35° | 2.85 476" 6.60° | 4.34° 5.13° 6.23¢ | 3.52° 4,63 3.23 | 4.20° 5.22° 6.06° | 3.81° 3.61° 3.04° | 4.32° 4.93° 6.48 | 3.48" 3.10° 4.65¢
YM  2.23* 2.52° 3.65¢ | 2.48° 2.69° 3.47¢ | 3.112 3.99° 527¢ | 2.04< 178" 1.70° | 3.10° 3.91° 4.26° | 1.85° 0* 0 | 3.10° 4.00° 524 | 148 0¢ 219

Values indicated with different upperscript letters on the same line are statistically different (p<0.05).
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TABLE 3: Sensorial analysis scores of chicken samples during refrigerated storage. References

Treatment Odor Color Overall acceptability
0 2 4 0 2 4 0 2 4 Capita R, Alonso-Calleja C, Gar-
C 5.50¢ 383  150% 5836 483 1834 583  400® 133*  cia-Fernandez MC, Moreno B
w 567F 37 3000 6.00¢  AETE 367 600C 39 333F  (2002): Activity of trisodium
LAS 4670 3500 2509 400 4330 333 4500 408% 300 g.h‘”phate compared with so-
ium hydroxide wash solutions
LA-L 433¢ 400 350¢ 2.00%  250% 250 2674 317¢ 308 against Listeria monocytogenes
AA-S 5.50¢ 3000 3.17% 517 283 350 533¢  300® 3426  attached to chicken skin during
AAL 400 3500 367 333 2508 37 283 3qpc 33 refrigerated - storage.  Food
TSP-S 28 258+ 1509 470 233 28 T 15r g robiol 19: 5763,
: : : : : : : : : Capita R, Alonso-Calleja C, Sier-
TSP-L 433C 4836 283 450%  5.00€ 200 450®  500¢ 275  ra M, Moreno B, Garcia-Fernan-

Ausgabe fur imr:livelyzachary

Values indicated with different small letters in the same column are statistically different (p<0.05); values indicated with different capital letters on the

same line are statistically different (p<0.05).

tively. At the end of the storage period, it was observed that
the final LAB counts of the samples increased to 6.40, 6.24,
7.06, 3.44, 6.37, 3.20, 7.04 and 4.32 log cfu/g, respectively.
It is apparent that the treatments did not lower the LAB
counts of the samples. On the other hand, the treatments
LA-L and AA-L had a significantly decreasing effect on
the yeast and mould counts of the samples. Initial YM
counts of the samples LA-L and AA-L were 2.04 and 1.85
log cfu/g, whereas, at the end of the storage period, these
values were 1.70 and 0 log cfu/g, respectively.

Changes in sensorial attributes

of liver samples during storage

The sensorial attributes of liver samples during storage are
given in Table 3. As seen, odor, color and overall accep-
tability scores of the control sample were 5.50, 5.83 and 5.83
out of 6.0, respectively. At the end of the refrigerated
storage, these values declined to the levels of 1.50, 1.83 and
1.33, which were under the acceptability level of 3.0.
According to the sensorial analysis scores obtained on the
treatment day, it was determined that using W, LA, AA or
TSP as treatment solutions affected the odor, color and
overall acceptability scores of the samples (p<0.05). Only
the odor scores of LA-L, AA-S and AA-L were above the
acceptability limit of 3.0 at the end of the refrigerated
storage.

It was found that using W, LA-S, AA-S or AA-L
treatments was effective in keeping the color scores of the
samples which were 3.20, 3.50 and 3.59 at the end of the
storage. In general, using treatment solutions for deconta-
mination of liver samples affected the sensorial scores
adversely. The overall acceptability scores of samples W
(3.33), LA-L (3.08), AA-S (3.42) and AA-L (3.83) were
above the level of 3.0, whereas the overall acceptability
score of LA-S was 3.00. A higher overall acceptability score
was obtained by the sample AA-L (3.83).

Conclusion

The present study shows that decontamination with acetic
acid, lactic acid or trisodium phosphate can not substan-
tially improve the microbiological condition of chicken
liver held in refrigerated storage. The results obtained from
sensorial evaluations showed that the organoleptic proper-
ties of the samples were adversely affected by treatments,
however, samples treated by acetic acid (AA-S and AA-L)
were found to be more acceptable than untreated or water-
treated samples by the end of the refrigerated storage.

dez MC (2000): Effect of tri-

sodium phosphate solutions

washing on the sensory evalua-
tion of poultry meat. Meat Sci 55: 471-474.

Del Rio E, Panizo-Morano M, Prieto M, Alonso-Calleja C, Capita
R (2007): Effect of various chemical decontamination treat-
ments on natural microflora and sensory characteristics of
poultry. Int J Food Microbiol 115: 268-280.

Devatkal S, Mendiratta SK (2007): Evaluation of shelf life and
spoilage pattern of aerobically stored buffalo liver. J] Muscle
Foods 18: 276-284.

Ergoniil B, Kundake¢1 A (2007): Changes in quality attributes of
turkey doner during frozen storage. J Muscle Foods 18: 285—
293.

FAO (2006): Databases:
www.faostat.fao.org

Gill CO, Delacy KM (1982): Microbial spoilage of whole sheep
livers. Appl Environ Microbiol 43: 1262-1266.

Gonzales-Fandos E, Dominguez JL (2007): Effect of potassium
sorbate washing on the growth of Listeria monocytogenes on
fresh poultry. Food Control 18: 842-846.

Hanna MO, Smith GC, Savell JW, McKeith FK, Vanderzant C
(1982): Microbial flora of livers, kidneys and hearts from beef,
pork and lamb: effects of refrigeration, freezing and thawing. J
Food Prot 45: 63-73.

Herrero MMH, Sagues AXR, Sabater EIL, Jerez JJR, Ventura
MTM (1999): Influence of storage temperature on the quality
of beef liver: pH as a reliable indicator of beef liver spoilage.
J Sci Food Agric 79: 2035-2039.

ICMSF (1986): International Commission of Microbiological
Specifications for Foods. 2. Sampling for Microbiological
Analysis, Principles and Specific Applications. University of
Toronto Press, Toronto, Ontario, Canada.

Kim CR, Marshall DL (1999): Microbiological, colour and sensory
changes of refrigerated chicken legs treated with selected phos-
phates. Food Res Int 32: 209-215.

Shelef LA (1975): Microbial spoilage of fresh refrigerated beef
liver. J Appl Bacteriol 31: 89-92.

Surekha M, Reddy M (2000): Encyclopedia of Food Microbiology.
Academic Press, Oxford, UK.

Waldroup AL (1996): Contamination of raw poultry with patho-
gens. Worlds Poult Sci J 52: 84-93.

Food Balance Sheets.

Address for correspondence:
Bulent Ergondl

Celal Bayar University
Engineering Faculty

Food Engineering Department
Manisa

Turkey
bulent.ergonul@hotmail.com

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.




