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Background:

It is alrcady known that humidity, temperature and air velocity are used to evaluate the effects of cold storage conditions Of the
color of exposed beef surface. Relative humidity of near 90%, air velocity of near 0.5 m/s, and near freezing temperature appedf
to represent the best environment for beefl color maintenance' . From a practical point of veiw, however, it is difficult to keep this
proper condition in a commercial refrigerator. Under the condition without air velocity, drip coming out from the meat must b¢
removed [rom the surface to keep the optimized surface humidity. Pulp or absorbing sheets are used for this purpose, but it causes
surfacc desiccation of the meat. Fluctuation of temperature significantly afflects relative humidity at near [reezing 1cmpcralurcs'
Strict temperature control is required to maintain high humidity without occurrence of dew. Recently humidity stabilizing
( Red Keeper, Showa Denko Plastic Products ) is used in expectation of maintaining the color of meat suface or keepin
[reshness of meat in the kitchen of restaurants or backyard of supermarkets in Japan. Red Kecper contains glycerol,as hum
stabilizer, pulp and absorbing polymer,as liquid absorbing material. Glycerol absorbs and transpircs moisture quickly according 4
the cquilibrium hygroscopic curve at low temperatures. It prevents the meat surface from occurrence of dew and desiccatio™
However, the clfect of Red Keeper on maintaining [reshness during cold storage beef was not confirmed so far.
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Objectives:

The objectives of this study is to obtain the effect of humidity stabilizing sheet on ATP and related compounds( ARCs ) i}nd
percent metmyoglobin ( Met% ) of cold storage beef. Measurements made on the samples stored for 7 days included : evaluation
of myoglobin oxidation rate by photospectrometry and ARCs are determined by HPLC as [reshness index.

Methods:

Matcrials ;

Mecat used in this study was muscles biceps femoris of Japanese Black Cattle obtained {from Minamikyushu Chikusan Kogyo K:K'
It was vacuum packed and stored 4 days in chilled refrigerator after slaughter. Humidity stabilizing sheets ( containing stabilizing
agent at different levels :()g/cm3 as rct’crcncc,lOg/mzAOg/cm’)were obtained from Showa Denko Plastic Products K.K. Gl)/Cc'ro
was used as humidity stabilizer in this study. Fig.1 shows the cross-section of the humidity stabilizing sheet. Humidity slabili?‘"g
agent is spraycd onto pulp containing absorbing polymer. This pulp is held between nonwoven-fabric sheet and polyethylenc film-
Sample preparation;

Muscles biceps femoris was divided into S pieces of a 200g portion. Each portion is wrapped with a humidity stabilizing sheet
put into Tapper-ware and covered tightly with a lid. Portions wrapped without sheet or wrapped with sheet having no glycer®.
were also tested as a reference. Each Tapper-ware was kept 7 days in refrigerator at 4 °C . From each sample, a 1g portion of
2cm squarc was removed {rom surface of meat and pretreated for further analysis.

Percent metmyoglobin;

Myoglobin was extracted [rom meat portion with cold (0 °C ) water. 1g sample was homogenized twice for 1 min with a 105
interval on setting 5 using Polytron homogenizer in 15ml of water. Homogenates were centrifuged for 20 min ( 16000rpm, 2 °C d
and the supernatants were filtered through Advantec No.5 filter paper. Absorbance of the filtrates was measured at 525, 572 an

730 nm using Bio Spec ( Shimadzu ) model 1600 double beam spectrometer with 1 cm crystal cell. Percent metmyoglobin was
calculated using the following formula described by Krzywicki ( 1979 ) * with the turbidity correction suggested by Goldbloo™

and Brown ( 1966 ) :"

Mectmyoglobin (%)= [1.395- { %22;2: E ﬁ;gg :: iig ; %}J X 100
ATP and rclated compounds; 3
ATP ( adenosine triphosphate ) , ADP ( adenosine diphosphate ) , AMP ( adenosine monophosphate ) , IMP ( inosin®
monophosphatc ) , RHx ( inosinc ) and Hx ( hypoxanthin ) are determined by HPLC as ARCs. ARCs were extracted from the mé?
portion with cold (0 °C ) trichloroacetic acid ( TCA ). 1g of minced sample was homogenized twice for 1 min with 2 105
interval on sctting S using Polytron homogenizer in 20ml 5%TCA and stored 1 hour at 4 °C . Homogenate was centrifuged for 20
min ( 16,000rpm, 2 °C ) and supernatant was filtrated through Advantec No.5 filter paper. Ppt was extracted again with 20 ml 57
TCA. Two supernatants are combined and 5% TCA was added until 50 ml. 5 ml of supernatant was extracted 3 ml of dielhlelhCr
3 times. Dicthylcther was removed [rom aqueous layer by rotary evaporator. Water was added until Sml. 0.2ml of solution W45
diluted with cluent and was used for HPLC analysis. ARCs were determined by HPLC on HAISIL ODS 100-C18-4D ( Show?
Denko K.K. ) column with MctOH:20mM KH:PO:-5SmM tetra-n-butyl-ammonium hydroxide=3:7, and the absorbance of the Cluf_‘w
was mcasured at 254nm. K value is regarded as freshness index. It is calculated using the following formula described by T. Sail?
ctal. (1969 ) :"

K(%)=

RHx+Hx
ATP+ADP+AMP+IMP+RHx+Hx
As formula shows, [resh meat gives small K value.
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Resujs and discussions:
Creent metmyoglobin;

asy“glﬂhin oxidizes, changing in color from pink-red ( oxymyoglobin, MbO2 ) to brown or gray ( metmyoglobin ) . This is known
o0e of the major reaction of undcsirable beef surface discoloration. To keep Met% low is effective for keeping color of the

mcal\ Portions. Fig.2 shows photospectroscopy of meat portions stored 7 days at 4 °C , examined in this study, and Fig.3 shows

Slucrlc(ﬁ (\l: meat portions c.ul.cu]alcd from the rc§ull of ph.olospcctrosc‘opy. Samples stored wilhoul sheet give §a:90% of l\/gctf%’, those

i with a shccl.conlammg no gliy(.:cml ( drlg absorblr{g she‘el ) give ﬁO%, (hOSf: sl(}red.Wth a shcel. c‘onlamlr.lg 'IOg/m lec 50%,

e 10s¢ stored wnlh a shcc.l containing 4()g/n.1‘ give 35%. Drip gbsorbmg sheet is effective and humidity stabilizing sheet is more
Clive for preventing the increase of Met% in cold storage beef.

ATP ang rclated compounds;

CO]C _Chﬂngcs of c.:xlruclivc components in relation to freshness of beef have been studied extensively. ARCs component ratio is
\Sidered as a (reshness index of the meat. ATP is metabolized into uric acid through ADP, AMP, IMP, RHx, Hx. Progress of
IS metabolism s regarded as deterioration of the freshness. Fig.4 shows the ARCs determination of the meat portions wrapped

ol’llR glycerol containing sheets and stored for 7days and Fig.5 shows Kvalue calculated from ARCs dclcrminuliop rcsqll. As pcz.lks

Hx and Hx were not baseline resolution, RHx + Hx is described as Hxs in this study. Portions wrapped with drip absorbing
“cLand portions stored without were also examined as a reference. Metabolization from ATP to IMP is known as fast reaction.

Sc::: of ARCs“dct.crmi.ncd in. lhi‘s .sludy were IMP and Hxs. Storing the .porlions by wrapping Wilh' the ‘shcct containing glyce.ml

of lms o be cffective for maintaining the total ARC and IMP concenlranon.' Hx consumption to uric acid may cause a reduction

al ARC consentration of portions stored without glycerol. IMP/Hxs ratio of portions stored without glycerol also decreased.

Cun‘:.ayu-c —-[rcshnL:ss index-- of the portion stored without shcclﬂ was 67%, with drip ab§0rbing sheet was 70%, with a _sh'cct

Hdining 10g/m* was 48% and with a sheet containing 40g/m" glycerol was 51%. Portions wrapped with a sheet containing
¥eerol gives lower K value. From these results, glycerol is considerd effective for keeping the freshness of cold storage beef.

Lunclusiuns:
of ¢ use of the sheet containing humidity stabilizing agent ( glycerol ) inhibits the increase of percent metmyoglobin and K value
cold Storage beef. It is cffective for keeping freshness of exposed beef during refrigerated storage.
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