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Abstract

This study was conducted in order to investigate the effect of storage temperature abuse on the freshness of refrigerated
and frozen spent hen’s meat. After a room temperature storage condition, two different storage temperature were followed:
refrigeration and frozen storage. All parts of the spent hen's meats were thawed at 4 d intervals up to 3 times (2, 6, and 10
d) for 24 h. The level of bacteria on the different parts of the refrigerated and frozen meats was higher than 6 Log CFU/g
under the following storage conditions: refrigerated - breast, 12 h; leg, 6 h; wing, 12 h at the 1* analysis, frozen - breast, 12
h at the 2™ analysis; leg, 24 h at the 1*! analysis; wing, 12 h at the 1** analysis. The pH value for the leg meat was higher than
breast and wing meats. In the color measurements, under the room temperature storage condition, lightness and redness val-
ues decreased but the yellowness increased in refrigerated meats (p<0.05). The K-value regarding refrigerated leg meats
exceeded 60%, which is the threshold value to evaluate the degree of freshness, during the 1% analysis (p<0.05). The VBN
value of refrigerated leg meat was the highest and reached up to 96.93 mg%. Thus, studies regarding the possible decline in
quality according to the change of storage temperature could be used in order to establish a basic database for the quality
control of spent hen meat being traded with other countries.
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Introduction

In recent years, food safety has become highly impor-
tant due to the globalization and free trade in the food
industry (Likar and Jevsnik, 2006). Consumer demand
for highly qualified and safer food has increased. How-
ever, incidence of Salmonella, which was the most com-
mon infection associated with food, were reported to
occur 1.2 millions in the United States annually (CDCP,
2010). Especially, raw poultry products are perceived to
be related with a significant amount of food poisoning
due to the frequent cases of poultry contaminated with
pathogens (Kessel ef al., 2001; Zhao et al., 2001). Also, it
was reported that these sorts of disease can be caused by
temperature abuse during storage and distribution (Juneja
et al., 2007). For this reason, the cold chain system is rec-
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ommended as the most effective way to ensure freshness
and safety of food products. Easily, perishable food prod-
ucts such as dairy products and fresh poultry meat, have a
short durability and sell time so that distributors must
ensure that appropriate storage temperatures are used.
Tenderness is the most important sensory characteristic
of meat (Lawrie, 1991). However, the meat obtained from
spent hens has poor quality attributes, such as toughness,
which has decreased its remunerative price (Vaithiy-
anathan et al., 2008). On the other hands consumers in
certain regions of East-South Asian countries, especially
Vietnam, have a preference for spent hen meat. Accord-
ing to the Korean Agro-Fisheries Trade Corp. and Animal
Plant & Fisheries Quarantine & Inspection Agency, spent
hen exports have increased annually, most of which is
sold to Vietnam (REPP, 2010). However, those countries
has not equipped with efficient cold chain systems, so
unfavorable changes related with freshness and quality
attributes occur frequently in East-South Asia. Thus, there
is a need to apply the cold chain system to ensure food
safety during distribution, which would be very important
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not only to foreign consumers but also to Korean spent
hen exporters.

Considering retail environment in certain East-South
Asian Counties, study for possible decline in quality
according to the change of storage temperature is needed.
Therefore, the aim of this study was to examine the effect
of storage temperature abuse on spent hen meats in regards
to the shelf-life, using the K-value and volatile basic
nitrogen (VBN), which have been used as physicochemi-
cal indicators of poultry. The results obtained in this study
could be used to establish a basic database for the quality
control of spent hen meat that is traded with East-South
countries.

Materials and Methods

Samples preparation and condition of storage tem-

perature

Frozen and refrigerated cuts of spent hen's meat (breast,
leg, and wing) were obtained from a commercial slaugh-
ter house (JUNG WOO FOOD CO., LTD, Korea). Breast
and leg meats deboned manually in commercial poultry
processing unit and subcutaneous fat and visible connec-
tive tissue were removed. A total of samples (2 treatment
x15 timesx3 replication) were prepared for triplicate a
parts and each cuts of spent hen's meat (30 g) samples
vacuum-packed using a vacuum packer (FJ-500XL, Fujee
Tech, Korea) and stored at 4°C and -18°C. In this study,
the method of storage was divided into two groups: (a)
refrigerated condition (4°C) followed by storage at room
temperature (20°C), and (b) frozen condition (-18°C) fol-
lowed by storage at room temperature (20°C), which is 1
cycle, repeated up to 3 times. While storage periods, at 4
d intervals (2, 6, and 10 d), all parts of the refrigerated
and frozen meats were exposed at room temperature for
24 h. On room temperature condition, random carcasses
were analyzed for 5 times (0, 2, 6, 12, and 24 h) and then
remaining samples were restored at refrigerated and fro-
zen conditions, respectively for 2™ and 3™ analysis. In the
case of wing meats, skin was removed for analysis with
the exception of color analysis.

Microbiological analysis

Samples were removed from the vacuum packaging
using a sterile scalpel at 0, 2, 6, 12, and 24 h under room
temperature. Sample (5 g) was placed in 45 mL of 0.1%
peptone water in a sterile stomacher bag and homogenized
using a Stomacher (Stomacher 400 Circulator, UK) for 2
min. The samples were then serially diluted with peptone

water for microbial counts. Plate count agar (PCA, Difco,
USA) was used to obtain the total viable cell counts and
experiments were performed in triplicate. The plates were
incubated at 37°C for 48 h. Total viable cell counts were
calculated as the mean of three determinations and expressed
as Log CFU (colony forming unit)/g.

pH evaluation

The pH value of the samples were measured in homo-
genate prepared with 5 g samples with 20 mL distilled
water at 2,000 rpm for 2 min in a homogenizer (Model
AM-7, Nissei, Japan). The pH values were measured using a
digital pH meter (F-51, Horiba, Japan) calibrated at pH
4.0 and 7.0.

Color evaluation

Color measurements were performed using a color
meter (Chromameter, CR210, Minolta, Japan; illuminate
C, calibrated with white standard plate L'=+97.83, a’=
-0.43, b’=+1.98). The measured region was 8 mm in
diameter and the measured area and illumination area was
50 nm in diameter. Color values (CIE L*, CIE a*, and CIE
b’) were measured on the surface of the samples and mea-
surements were acquired in triplicate for each sample.

K-value evaluation

To calculate the K-value, 200 mg of samples and 600
uL of perchloric acid were placed in an eppendorf tube in
order to precipitate the protein. The solution was then
neutralized with 40-50 uL of KOH. The K-value was cal-
culated with a freshness checker system (Freshness checker
system HF-1000, Huetech, Korea), which can divide ATP
and ATP-related compounds into two spots : (a) ATP,
ADP, AMP and IMP with negative charge because of
phosphate groups, (b) HyR and Hy with charge neutrality.
It was detected by electrophoresis and visualized under
UV illumination at 250 nm. The amounts of ATP and
ATP-related compounds were estimated using the follow-
ing formula, as described by Saito et al. (1959).

K-value (%) = ("HxR + *Hx) x 100/(PATP + ¥ADP
+3AMP + 9IMP + HxR + Hx)

DHxR, hypoxanthine; ?Hx, inosine; *ATP, adenosine tri-

phosphate; YADP, adenosine diphosphate; YAMP, ade-

nosine monophosphate; IMP, inosine monophosphate.
*The lower the K-value, the fresher the meat.

Volatile Basic Nitrogen (VBN) evaluation
Volatile basic nitrogen (mg%) tests were conducted to
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assess the extent of protein deterioration by proteolysis
during storage. VBN was measured using the modified
micro-diffusion assay according to the method described
by Pearson (1968).

VBN (mg%)
=(a—Db) x (fx0.02 x N x 14.007 x 100 x 100)/S

Where, a=titer for sample, b=titer for blank, f=factor of
reagent, N=normality, S=sample weight (g)

Statistical analysis

An analysis of variance were performed on all the vari-
ables measure using the General Linear Model (GLM)
procedure in the SAS software (SAS, 2002). Duncan’s
multiple range test (»<0.05) was used to determine differ-
ence between treatment mean applied. All data were
expressed as mean =+ standard deviation.

Results and Discussion

Microbiological analysis

The microflora present on poultry is carried into the
slaughter house and processing facility on the body and in
the alimentary tract of the birds. Under proper conditions,
the technological counts of bacteria range from 1 to 3
Log CFU/g (Sofos and Smith, 1998). The number of

microflora on carcasses after washing and cooling were
reported to be approximately 3.58 Log CFU/cm? (Gill et
al., 2000).

In this study, the microflora of refrigerated spent hen
meats increased from approximately 4.00 to 7.85 Log
CFU/g and the bacterial counts on the frozen spent hen's
meats ranged from 3.60 to 7.66 Log CFU/g during the
thawing periods (Table 1). Barnes (1976) indicated that
the phase of initial spoilage occurs when the number of
microflora in poultry meat is more than 6 Log CFU/g. In
this study, the bacterial counts on the refrigerated and fro-
zen cuts of spent hen's meat exceeded this value when
stored under the following conditions: refrigerated - breast,
12 h; leg, 6 h; wing, 12 h at the 1% analysis, frozen - breast,
12 h at the 2™ analysis; leg, 24 h at the 1*' analysis; wing,
12 h at the 1 analysis. There were substantial differences
in the growth rate among cut of refrigerated and frozen spent
meat. An unpleasant odor was detected when the total num-
ber of bacteria reached 7 Log CFU/g bacteria for both
refrigerated and frozen spent hen meat. Especially, during
the 1% analysis, all parts of the refrigerated meats were
incrusted with slime. In previous study, Sofos et al. (2000)
reported that the number of microflora was more than 7 Log
CFU/g if spoilage could be visibly detected.

Thomas and Mathews (2005) reported that temperature
plays an important role in microbial growth and spoilage

Table 1. Total viable cell counts of spent hen's meat at different storage temperatures under room temperature storage condition

. Parts
Ag?é{:gepngiz(;zrfﬁ)& Refrigeration” Frozen”
Breast Leg Wing Breast Leg Wing
2d+0 4.72+0.02"Y 4.66+0.12M 4.00+0.13M 3.77+0.10M 4.01+0.08M 3.60+0.11N
1* analysis 2d+2 5.5240.03’ 5.85+0.04" 4.56£0.15" 4.04+0.08" 4.58+0.06" 3.85+0.09"
on room 2d+6 5.82+0.01" 6.14+0.26% 5.57+0.02K 4.88+0.04" 5.11+0.1¥ 3.78+0.04M
temperature 2d+12 6.34+0.33F 6.48+0.08' 6.58+0.22' 4.49+0.05% 5.92+0.07 6.34+0.17"
2d+24 7.23+0.44° 7.29+0.398 7.17+0.41° 5.79+0.046 6.70+0.32F 6.69+0.66°
6d+0 6.5120.13F 6.87+0.19" 6.8120.13' 5.63+.0.36" 6.560.07° 6.59+0.24F
2" analysis 6d+2 6.37+0.04" 6.86=0.20" 7.29+0.32¢ 5.59+0.52! 6.27+0.29" 6.37+0.18"
on room 6d+6 6.14+0.08° 6.47+0.15’ 7.15£0.158 5.78+0.24° 6.44+0.24" 6.46=0.11"
temperature 6d+12 6.35+0.03F 6.70+0.05" 7.01£0.02F 6.04£0.31F 6.57+0.04° 6.66=0.11F
6d+24 6.63£0.07% 7.12+0.028 7.08+0.07¢ 6.42+0.04F 6.7120.04EF 6.93+£0.02*
10d+0 6.54+0.05" 7.08+0.04" 7.10+£0.05" 6.53+0.08P 6.75+0.11° 6.87+0.07%
3" analysis 10d+2 6.87+0.11° 7.18+0.26° 7.47+0.158 6.77£0.30° 6.72+0.19" 6.77+0.16°
on room 10d+6 7.85+0.134 7.36£0.424 7.64+0.294 7.30+0.478 7.66+0.28 6.28+0.13K
temperature 10d+12 7.68+0.158 7.24%0.15¢ 7.46+0.248 7.45+0.074 7.35+0.138 6.37+0.43"
10d+24 7.324+0.22¢ 7.06+0.116 7.08+0.286 7.30+0.328 6.96+0.17¢ 6.56+0.35C

Unit : Log CFU (colony forming unit)/g.

DSamples (stored at refrigerated condition) to room temperature
DSamples (stored at frozen condition) to room temperature
YMeans+SD

ANMeans with the different superscript in the same column are significantly different (p<0.05).
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of meat or meat products. Since microbial spoilage results
in physicochemical changes, the initial microbial count is
one of the most important parameters in determining the
shelf-life of poultry meats (Cunningham, 1982).

pH

The changes in pH values of refrigerated and frozen
spent hen meats were affected by storage temperature
under room temperature storage condition (Table 2).

Differences in postmortem pH values were observed
among the three parts (breast, leg and wing) of spent
hens. Under room temperature storage condition, changes
in pH values of three parts of refrigerated meats were as
follows: breast; 5.87-6.72, leg; 6.56-7.36, and wing; 6.24-
7.20 (p<0.05). In the case of frozen meats, the changes in
pH values were as follows: breast; 5.91-6.19, leg; 6.43-
7.27, and wing; 6.41-6.84 (p<0.05). Based on these find-
ings, the pH value of the leg was shown to be higher than
breast and wing. These results were consistence with
those of Lesiak ef al. (1996) and Northcutt et al. (2001),
who reported that the pH value of leg meats was approx-
imately 0.2-0.3 higher than that of breast meats of poul-
try. Geesink et al. (1995) also reported that the rate of the
temperature decrease and type of muscle were also impor-
tant determinants of the decrease in pH post mortem.

In generally, the pH fall will result from (a) denatur-
ation of sacroplasmic proteins and myofibrillar proteins,

(b) increase of actomyosin shortening and (c) internal
structural changes (Offer and Trinick, 1983; Offer and
Knight, 1988).

Color

The lightness, redness, and yellowness of refrigerated
and frozen spent hen's meats during storage were signifi-
cantly affected by storage temperature abuse (Table 3 and
4).

In the case of refrigerated wing meats, the yellowness
were not influenced by storage temperature by elapsing
storage periods until 2™ analysis (p<0.05). After 2™ anal-
ysis no significant difference were observed in the light-
ness. The yellowness of spent hen breast meats increased,
while the redness values significantly decreased during
refrigerated storage (p<0.05). Akamittath et al. (1990)
reported that redness decreased with an increase in stor-
age time because of metmyoglobin. When refrigerated
meats were compared with frozen meats, the yellowness
of the refrigerated wing meat was much higher than that
of frozen wing meat, but the lightness value of frozen leg
meat was higher than that of refrigerated leg meat.

Green color in meats results from sulphmyoglobin,
when myoglobin reacts with (a) hydrogen sulphide (H,S)
and (b) hydrogen peroxide (H,0O,). These compounds
H,S and H,0, are produced by certain microorganisms
(CENS, 2006). In this study, refrigerated and frozen spent

Table 2. Changes in pH values of spent hen's meat at different storage temperatures under room temperature storage condition

Parts
Analysi dures &
gilo}r]:gep ;;Ciz dl;r(e; ) Refrigeration” Frozen”
Breast Leg Wing Breast Leg Wing
2d+0 6.72+0.034 6.71+0.05P 6.91+0.02F 6.12+£0.04B¢  7.27+0.01* 6.84+0.02*
1 analysis 2d+2 6.37+0.11° 7.11£0.055F 6.66+0.01°¢ 6.00+0.11°FF¢  6.91+0.03° 6.72+0.03°
on room 2d+6 6.28+0.02F 6.85+0.05"F 6.78+0.017 6.06+0.10P*  6.81+0.11PF 6.62+0.03PFF
temperature 2d+12 6.27+0.10F 6.56+0.0276 6.5240.04" 5.97+0.03FCH  6.82+0.02PF 6.80+0.05"B
2d+24 6.05+0.016 6.93+0.02¢ 6.45+0.04° 6.04+0.03PEF  6.68+0.037C 6.41+0.041
6d+0 5.99+0.065 6.86+0.07°1 6.42+0.03° 5.99+0.065FH  6.76+0.10%F 6.74+0.03¢
2" analysis 6d+2 6.02+0.06° 6.87+0.02F¢ 6.29+0.02° 5.93+0.034¢ 6.70+0.017¢ 6.47+0.03°
on room 6d+6 5.97+0.07 6.95+0.04" 6.24+0.02° 6.04+0.01PEF  6.68+0.07"¢ 6.77+0.025¢
temperature 6d+12 5.87+0.02" 7.2340.116H 6.41+0.02°B¢  6.11+0.01°B¢  6.43+0.01" 6.75+0.015¢
6d+24 6.04+0.06° 7.2240.016" 6.41+0.01°B¢  5.91+0.02" 6.66+0.017¢ 6.60+0.03F
10d+0 6.16+0.02F 7.18+0.045P  6.96+0.065¢ 6.19+0.13* 6.60+0.03"6 6.60+0.02FF
3 analysis 10d+2 6.22+0.06"" 7.16+0.04"B 7.11£0.065¢ 6.16+0.02°B 6.54+0.03" 6.60+0.02"
on room 10d+6 6.52+0.06° 7.2340.07°F 7.0140.01°B¢  6.08+0.06%°  7.00+0.02¢ 6.66+0.02°
temperature 10d+12 6.50+0.01° 7.294+0.03°B¢  7.05+0.014B 6.07+0.05P%  7.15+0.01° 6.66+0.03PF
10d+24 6.41+0.03° 7.36+0.05* 7.20+0.05* 6.08+0.055PF  7.15+0.028 6.50+0.056

DSamples (stored at refrigerated condition) to room temperature
DSamples (stored at frozen condition) to room temperature

YMeans+SD

AMeans with the different superscript in the same column are significantly different (p<0.05).



"(50°0>d) yua1ayyIp APuBdIUSIS SIE UWN[Od Swies dy3 ul 1dLIdsIadns JUSIHIP AU} YUM SUBSIA .,

" STFSUBDIN ‘SSOUMO[[OA =, ‘SSUPIY= B, ‘SSAUYSIT= T, “DInjeradwd) wooi 0} (UOKIPUOd USZ0I) 18 PAI0)s) sojduwreg

Korean J. Food Sci. An., Vol. 32, No. 4 (2012)

400

g€l €F0S91  4I€0FI0°0- SV SF6£°89 vLS TFOY 0T 9L TFOY'1 vOL'TFSEPS  q500°CFCR €L ul90FLO'E- 4otV TFO6'ES YT+PO1
avCC IFCO 8L P 0FSI'0 1q08'0F81'€9 avl01FS8BL  j3q0S IFCRE a9l IFI6 1S 8L TFIICI oSLOFEO T qqoaSE IFCEYS CI+POT  2mmeradwoy
gCIFCILL 60 IF6E0  43q8V TFIIE9 oalL'0F8991  gqr68°0F0LY  gqrg0C IFES' LY qlOTF98°11 089°0F08°C- aoal 0'CTFE0'SS 9+P01 woolr uo
av0CTFIO8L LT IFC00 16 SFEL09 aa P IFI8 YL hg9€ IFE0°S 13a8L TFIL9Y aCC'T¥98'6 olCIFLY T qqoaSTTFYI TS ¢+PO1 SISAJeue ¢
vV IF0V°0C  ySSO0FPEE J08°SFLEBS  jaanbV [FP6°CL av08'0F91°8 485 TFIl'EY vLETFISIT alS0F6£°0 av0CTFOL'LS 0+PO1
HVOTFBIEL  gbS IF8S0 ST VFITS9 @bV EFCI 91 qpg0€ EFET9  qogylV TFPL'6F SHITPF80 V1 1o8€0FOL ¢~ 136 EFPY 08 YT+P9
aa91'1F96°'6 g08’IF9C°0 HEETFE069 a0l VFLOVL  qogl€CFOTY  qqng89 v FI9°8Y 196'1F705°6 o501 1F68°C- 199 VFIOLY CI+p9 amjeradway
aaO T’ IFCI0T  4C8'1F18°0 53T IF0T69 2a09 TFP8 V1 1 IFCSE avSY'vF96°'1S 419°0FITY 4€6'0F19°1- 1a80°SFES0S 9+P9 woolr uo
SLSTTFOLEL  glETFLO'L 1099 €F88°99 uoa €O TFLYTL  43q60'1F96°€ aaCO I1F8TLY 6T 1FPICL Hg67 0FF8°0 2a80° [F66° 1S +P9 sisA[eue 7
g€6'0FI1991  IOCO0FLE Y 1307 0FCS Y9 04208 [FLTCI 2abC IFCIL  5qpat9 SFO8LY 8L’ 0F86'91 g9COFLS T v86'0FE6'8S 0+P9
ac6’1F29'8 gol'CFSE0 avSCEFI8EL 13a€0° EFIVEl 2aSETFOLO  qogvl8 IFIC 6F o1 17T Y 1aCL TFI8°0- 4al S SFCE0S YT+PT
ac6’1F29'8 gl € TFIS0 avLS OFS6'EL HoaLETFLS T av0E TFSH'8 HavSTIFST IS oLV TF99°1 189 0FY0° - 3qog80 ¥ F8Y VS CI+PT amyeraduwiay
VT 1T ¢SP'0F99°0 vCO TFCS 9L by 1F9T°6 av08'TFOE8 CavECTFSTIS otV 1FL9°0 aql0'1FC0°0- aaoL T TF80°ES 9+pPT woo1 uo
SSTIFSETCL gl 0F6T | 5aC6 €FC00L 1ELTTFCS8 avLETFEY L qqrg88'CFER'LY uSS0FCr 0- 2S5 0F66°0 43al6’ 1FL6°0S +Ppe sisAJeue |
SL8TFOYEL WY OFOI'E g 91'TFCS6S moP ¥V IFIS6 vLO'TFS86 4aCl'SFO6 VY 5;S6'0F8Y'C v0S'0FS6'C (soaS8 1F68°SS 0+PT
A R L A LB ! 4 (:f (! (y) sporiad a3e101§
Suig 301 1seargq 29 saInpaooid siskjeuy
(Spotiad Surmeyy dy) Surmp saanjerddwrd) I5e.10)s UIZOIY J& JEdUI S, udY Judds UdZo.Iy Jo SIN[EA 10[0d Ul SIZURY)) “f J[qEL,
"(50°0>d) RIS AJUBDIUSIS SIE UWN[0D dwes dY} Ul JdLISISANS JUSIAPIP SY} YHM SUBSIA, .,
"(SFSUBIIN ¢ “SSQUMO[OA= ], ‘SSAUPIY= B ‘SSAUYSIT= T, ‘Injesodud) woor o} (UoNIPUOd PajerdSLyal Je pao)s) sejduwes,,
aSLT0FPEPT avP0' 1F96°1 a8TEFLY'LS a80"IFLIE] ace1F vy avCE IFIETY vIUTFCS VL 549q99°0F8TE- gyl € 1F06'CS  ¥T+POL
alO CFIV' YT a9l 1F66°1 56T IFLIT9 gal9'0FSS el a8L'0FIS Y avSY CFI9 VY gl TFITEL 04a80° 1F09 €~ guP6'1F86'CS  TI+POI  amjerodwo)
ave€1F9G9C  Hgv69 0FEI'| S8 TFLLICY 2aV6 1FS8°CI aaVL 0F8LY aveC IFO VY gCS0F0SCI 04aSLO0FEYE- gqulTIFOV'CS  9+POI woolr uo
avC8 EFE6°ST ol €TFLOT HP8 EFP6'€9 Hal €TFOLTI aqCS 1F6LY avCS IFY v g06°0FLO'TT o€8'0FC0Y- g6 TFY8'TS  THPOT  sisK[eue ¢
v00' [F66°LT vLV 1F68°C 5S87€FE6°09 vV 1F68°S1 aq06 [Fv0°S av06' [FCT LY aSEIFI9TI oalLOFILE gy6€TFIZIS  0+POI
H>€9'1F0¥'CI 5a89°0F89°0 aSS 1F97°89 aal S TFLI 01 alO'1FSEY avLO TFLY vP HIP 1FC8'8 paaadV 1FOL €~ g T EFIELS  vT+P9
oL6°0F8TCI 5al8'0F00°[ avCl' 19869  qoglS IFELTTT aal9 TFOTS avL9TFES VY  qqlV OFLI'L 1aaol8 1F01°C- qlL'€FLY0S  TI+P9  amjerodwd)y
566°0FI16° 11 oP6’0F6£°0 avCL' 1FEC0L 1V IFIV'6 1a>C8'0F0L™9 avC8 0Fr9'Sh aS9'0FSE9 aavl Ty 1- aSTYFLEEY  9+P9 woolr uo
S0V IF0SCI 5aCS0F6L0 d0TTFEL'69  qqoPSTFLOOL  gqyPTIFLE9 avVCIF16'9Y aLO'IFIE9 Savl6' 1FO0 1= g€THFEC6Y  THP9  SIsAJeue 7
SSLTF8TTI 2a9V7 0FLT | av8L'OFECTIL 4ol € 1FCCT T 2aCC IFCL'8 avCC IF8I VY 5CL'0F61'8 aaal VIFLLT- 06 [F8S°SY  0+P9
SS6'0FEL' T 2aS$S0FS’ 1 av08'0F0Y 1L 1aSCIFI96 a9 EF6E°L avC9 EFSE 9P al9'0F06°S 0av08 IFLY 0~  gybL'VFEOTS  PT+PT
IV CFO8 T oalL'0F8S°1 ave6 EFrY 0L 29S TFLES av98 TFrL 01 g98 CFS8 Y 710€°0F60°9 HavES TFOV 0~ gyEL'STEL'ES  TI+PT  ammeradway
598°0FCECI ol S0FIE 1 avC9'TF09°0L JIETFLOL vI8 [F08°CI avCE TFYL VY 4C9°0F88°C avlV 1FLO0-  gy60'PFIOL'ES  9+PT woolr uo
5CC1F80°CI oal €0F6E [ avL8 TFYE0L JVETFOLL vC6 CFO8'CI avCO TFOE VY 2£9°1F68°[ voCT [F7E0 av06'1F89°€S  THPT  sisKJeue |
HCCTFOLIEL HLS0F9Y°0 vEV IFE0°EL ASLIFEO'8 vSLCFSITL vSLTFOS' LY J0S°TFE8'L vOEIFLED vV IFSE9S  0+PT
A L 3 4 WL ! . (€0 @1 () spowsad s3e101§
Suip o1 1sealg 2 sampadoud sisA[euy

(SPotIad Surmey) day) Surnp drnjerddurd) 33e10)s UONEBIISLIAI J& JEIU S, udY Judds PajeIdSLIyda JO SIN[EA A0[0D Ul SAFUeY)) *¢ AqEL



Influence of Storage Temperature Abuse on Shelf Life of Spent Hen's Meats 401

hen breast meats were observed under room temperature
storage conditions.

K- value

The K-values of refrigerated and frozen spent hen meats
were affected by storage temperature under room temper-
ature storage condition (Table 5).

Terasaki et al. (1965) suggested that the K-value was an
effective index of meat quality, especially for poultry.
Many studies have found correlations between some of
these metabolites or their ratios and freshness in some
fish species (Hattula and Kiesvaara, 1996).

Adenosine triphosphate (ATP) is the main source of
energy in muscle for biochemical reactions. After death,
ATP is rapidly converted into adenosine diphosphate (ADP)
and adenosine monophosphate (AMP) with w subsequent
accumulation of inosine 5’-monophophate (IMP), which
is further degraded into inosine (HyR) and hypoxanthin
(Hx) (Hernandez-Cazares et al., 2011).

Jolley et al. (1981) reported that the ATP concentration
at any time post-slaughter was dependent on two factors:
(a) the length of time during which the delay phase was
operative and (b) the subsequent rate of ATP depletion.
The quality of poultry products is significantly affected
by its freshness and generally, fresh meats have a small

K-value.

During the 1% analysis, the K-value index of refriger-
ated breast, leg and wing meats was 41.6%, 65.7%, and
59.0%, respectively, whereas the K-value index of each
part of the frozen meats was 35.4%, 56.8%, and 54.8%,
respectively. K-value index 60% is defined as phase of
initial spoilage to evaluate the degree of freshness and
refrigerated spent hen leg meats exceeded at 1 analysis
(Hashiguchi ef al., 1984; Usui, 1979).

The smallest change in the K-value was observed on
frozen breast meats, which resulted in a longer shelf life
on the storage. K-values of refrigerated leg meats signifi-
cantly increased from 28.8 to 96.3 (»<0.05), which showed
higher increase than other meat components.

VBN

The changes in VBN values of refrigerated and frozen
spent hen meats were affected by storage temperature
under room temperature storage condition (Table 6).

The VBN value is a good indicator of protein deteriora-
tion and decomposition. Proteins in meat are decomposed
into peptides and amino acids by enzymes and microor-
ganisms when stored under cold conditions (Field and
Chang, 1969).

During the 1% analysis, the VBN value of refrigerated

Table 5. Changes in K-values of spent hen's breast meat at different storage temperatures under room temperature storage condition

Unit : %
) Parts
Ag?é};:gep;::izigr(e;)& Refrigeration” Frozen”
Breast Leg Wing Breast Leg Wing
2d+0 30.0£1.41™ 28.8+1.13F 26.7+0.99" 30.1+1.787 29.4+1.91" 28.6+0.12"
1* analysis 2d+2 34.9+1.20 29.4+1.34F 30.0+0.92" 29.7+0.47" 35.642.05¢ 31.6+1.88"
on room 2d+6 46.1£0.99PF  35.1+2.97" 42.4+0.92% 30.0+2.63" 33.6+1.371 30.1£0.67"
temperature 2d+12 42.6+2.30°F 57.6£7.50F 55.242.85 34.9£2.29CPE 46.6+1.95 47.7+3.826
2d+24 41.6+4.74°EF  65.7+0.14° 59.0+£2.47" 35.4£3.128PE 56,842 755 54.8+0.75"
6d+0 39.6+0.64°FF  71.7+6.36° 60.6+1.77 32.7+1.28F 65.4+2.90 56.2+1.95F
2" analysis 6d+2 44.7+0.78"% 76.32.69¢ 65.7+£3.68""  34.1+0.64"F 65.7+2.79° 58.5+0.74"
on room 6d+6 44.5+2 90PE 85.3+0.218 69.1+4.31F6 34.5+1.18PF 65.6+4.47° 63.3+2.08°
temperature 6d+12 48.3+2.55¢P 94.8+0.42* 74.4+7.575F 34.6+1.34PF 6724197  65.8+2.20°
6d+24 49.4+4 380 96.0+1.41* 77.2+1.41°F 36.7+0.91°BP 67.5+4.33CP 70.4+1.80¢
10d+0 48.8+1.84P 96.3+1.774 81.241.48°P 38.2+0.64"B¢ 71.6£1.318¢ 73.442.045¢
3" analysis 10d+2 48.8+3.89P - 85.4+1.41%¢  39.5+3.56% 74.3+1.868 74.2+2.908
on room 10d+6 57.5£6.228¢ - 87.9+2.33"B  38.5+1.08B 86.6+1.35% 75.8£1.417B
temperature 10d+12 63.4+£1.207B - 89.5£1.34"8  37.5+0.45%BP  86.0+1.97* 76.9£1.4778
10d+24 72.9+5.444 - 92.8+2.477 38.3+2.654B¢ 82.443.69" 78.0+2.43%

DSamples (stored at refrigerated condition) to room temperature
DSamples (stored at frozen condition) to room temperature

IMeans+SD
4)

-, means more than 100%.

ALMeans with the different superscript in the same column are significantly different (p<0.05).
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Table 6. Changes in VBN (volatile basic nitrogen) of spent hen's meat at different storage temperatures under room temperature

storage condition Unit : mg%
] Parts
Ag?é};zlgsep;;):izil;r?g)& Refrigeration" Frozen?
Breast Leg Wing Breast Leg Wing

2d+0 13.17£0.40 8.68+0.32 8.40:+0.79% 10.37+0.32F 6.72+0.46° 5.60+0.79"
1* analysis 2d+2 12.61+0.32F 13.17£1.19" 7.56+0.32H 12.61+0.32°F 7.84+0.79¢ 5.32+1.19¢
on room 2d+6 12.89+0.79F 14.29:0.40" 5.88+0.40" 12.05£0.40F 8.12£1.196 5.32+1.19¢
temperature 2d+12 12.61£0.40" 24.93+0.40" 5.32+0.40" 10.37+1.99" 8.12+1.98° 4.76+0.32F
2d+24 13.17+0.40" 24200317 7.84+0.4561 9.53+0.80" 12.61+0.32F 5.60+0.79"
6d+0 14.01+0.79% 30.82+2.386 10.65+0.79"C  14.01+0.00°¢ 12.61£0.407 8.68+0.40"
2" analysis 6d+2 23.8120.40 28.85+1.199  16.25+3.96" 13.73£0.32°P  14.85+0.40% 8.68+0.40°
on room 6d+6 23.81+0.40° 48.47+5.15" 14.29+0.40%" 13.45+0.79°®  22.13+0.40° 9.53+0.80F
temperature 6d+12 22.41+1.58F 58.27+3.17" 14.01+0.79%" 12.61+0.40°%  21.94+0.71° 9.19+1.98%

6d+24 21.01£0.40°F  60.51+0.46" 38.10+1.58P 13.73£0.40°°  22.41+3.17° 9.81+0.40PF

10d+0 22.41+1.58P 60.79+0.32E  38.10+1.58° 14.57£0.795¢  23.8120.32° 10.93£1.19°F
3" analysis 10d+2 24.37+0.32P 66.40£0.32°  38.66+6.34° 15.41£0.408 23.78+0.35P 12.05+0.40°
on room 10d+6 35.02+1.19¢ 74.52+0.40¢  47.34+1.98° 13.73£0.40°°  30.41%1.80° 17.37+2.38¢
temperature 10d+12  39.50+0.328 87.68+0.328  58.27+3.178 15.41£0.328 36.70+0.328  22.13+0.408
10d+24  44.54+0.32% 96.93£2.38%  69.47+0.00" 19.05+0.79* 46.50£2.38%  30.54+1.20%

DSamples (stored at refrigerated condition) to room temperature
YSamples (stored at frozen condition) to room temperature
YMeans+SD

AJMeans with the different superscript in the same column are significantly different (p<0.05).

breast meat and frozen wing meat were not influenced by
storage temperature by elapsing storage periods (p<0.05).
The smallest change in VBN value was observed for fro-
zen breast meats. VBN value significantly increased from
60.79 mg% to 96.93 mg% in refrigerated leg meat at 3™
analysis (p<0.05) and the difference was about 36 mg%.
The VBN value of refrigerated leg meats reached up to
96.93 mg%.

Davies and Board (1998) suggested that a VBN value
of 20 mg% can be used as a threshold value to evaluate
the degree of freshness of raw and packed meat. The fro-
zen breast meats did not exceed this range during the
storage periods (p<0.05).

During the 1%, 2™ and 3™ analysis, the VBN values of
both refrigerated and frozen leg meats were the highest.
In this study, the VBN values as well as total viable cell
counts were the highest in leg meat. This result was con-
sistent with a previous report, where an increase in the
VBN value was shown to be associated with the growth
of bacteria and protein deterioration (Kang et al., 2002).

Conclusions

Overall, inappropriate control of temperature acceler-
ated the changes in freshness and physicochemical prop-
erties of spent hen meats even when the samples were

exposed to room temperature over a short period of time.
Thus, it is highly important to maintain the appropriate
storage temperature during distribution in order to ensure
food safety and freshness of poultry meat products, which
will require implementation of the cold chain system.
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