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  Cooking of  various  food materials  at  lower but acceptable  temperatures  preduces  not  oniy  tender  and  tasty foed
but also nutritionally  valuabLe  food relative  to food cooked  by ordinal  methods,  i. e, boiling and  baking.

 imitake (Gwfota.ft'ondosa) extract  contains  proteases  which  have a  high heat resistance  as  measured  by casein

hydrolysis assay.  The  optimal  activity  was  observed  at a  temperature  range  between 50-70℃ , and  30 to 40 per-
cent  of the original  activity  remained  after  heating at 70℃ for 8 hours. Inside round  cuts  of  beef cooked  using  low
temperature  steam  cooking  with  maiLake  extracts  released  more  protein into the soluble  fraction than  cooking

with  ginger extracts  or  by boiling. However, free gultamic  acid,  which  contributes  to umami  taste, increased not
only  in the  solubilized fraction but also  inside the meat.  Histological observation  also presents  a degradation of  pro-
tein in the meat  treated  with  maitake  extract. Both measurements  under  the rheoner  and  sensory  evaluation

showed  a  remarkable  improvement  with  respect  to hardness and  chewiness.  All the results  that are presented
here demonstrate the advantage  of  cembinational  cooking  at  low temperature steam  with  extract  from mctttake
for tenderizing  rneats.  This suggests  a  superior  method  of  cooking  many  other  food materials  to be served  on  the
table.
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lntroduction

  Malnutrition arncng  the elderly  due to inadequate pro-
tein and  energy  sources  (Protein Energy Malnutrition,
PEM)  is a  current  social concern  while  over-eating,  es-

pecially of rich  foods is an  other  problem  (Sugiyama,
2002 a : Sugiyama et  al., 2002 b ; Teshima,  2005).

  Fifteen to twenty  percent of  meat  contains  high quality

proteins which  consist  of many  amino  acids, including
those essential  to humans  as well  as providing on  energy

source,  However,  meat  is a harder food material  relative

to fish because of it's richness  in stroma  protein.  Beef is

especially  hard  re],ative to chicken  and  pork  due  to a

complex  of rich  collagen  and  muscle  fibers. Meat  be-
comes  harder because of  denaturation, shrinkage  and  a

loss of lipid and  water  through  the further heating of

muscle  fibers. On  the other  hand, it has been shown  that

a  tenderer  meat  can  be prepare by heating at  a  lower
temperature  for a longer period (Bramblett et al., 1959 ;

Martens  et  at., l982 ; Nishimura et al., 2004 ; Sainen et  al.,

2003), We  have alsD reported  that  silverside  beeE which
is not  eatable  due to it's hardness, can  be served  as  an

acceptably  tender meat  by cooking  it with  lower temper-
ature  steam  for a  lcnger period (Ito et al., 2003 ; Yamaza-
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ki et aL,  2003 : Yamazaki  et  al., 2006). This tenderizing ef-
fect at  lower  temperature  for a  long period  (low
temperature  steam  cooking)  derives from  a  slow  dena-

turing  of protein and  the  action  of  an  endogenous  en-

zyme,  This type of cooking  utilizes  endogenous  enzyme

activities at maximum  level as  well  as  exogenously  added

enzyme  activities, especially  the action  of various  prote-

ases.  This  combined  protease activity  produces  tender

meat  dishes, particularly good  for the  elderly.  Kiwifruit
and  papaya  are  tropieal fruits known  to contain  proteases

and  have  been used  for tenderizing meats  (Nishiyama,
2001; Sugiyama, 2005 : Tsutsumi  et  at., 1994; Watsuji

and  Miyamoto; 1985). However,  the  sweetness  of fruit

may  alter  the taste of food. Another source  of  proteases,

which  does not  change  taste are  mushrooms  which  con-

tain various  proteases in both their fruiting body and  hy-

pha  (Mizuno and  Kawai, 1992). A  change  of  freshness

and  protease activity in bunashimoji  mushroom  and  oys-

ter mushroom  was  reported  (Nakanishi and  Naruse,

1997). And proteases from maitake  have  demonstrated

degradation of  egg  white  protein (Kimoto et al., 1994).
But rarely  found is research  on  the role of  mushroom  in
tenderizing meat,  We  have developed a  combined  cook-

ing method  of low temperature  steam  cooking  with  mcti-

take  protease, together with  the  basic analysis  of  such

proteases.
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             Materials and  methods

1. Materials

  An  inside-round cut  of  Australian beeC used  3 weeks

after slaughter,  was  sliced  into 1 cm  thick  round  pieces

transversally against  the muscle  fiber and  frozen. Then,

it was  cut  to 5× 5cm  size  in a semi-frozen  state in our

laboratory and  kept in -20℃ freezer until  use,  The meat

was  transferred to a  4℃ environment  and  kept for 15

hours, fo11owed by one  hour at  room  temperature  prior  to

the experiment.  The  weight  of  meat  was  27.23 ± 1.91

grams,

  Mai･take mushroom  produced  by Yukiguni-Maitake

growers, Niigata, and  ginger roots  produced  in Kagoshi-

ma  prefecture were  purchased  from  a  supermarket  one

day prior to the experiments.  The  latter was  used  as  a

control  material.  It also  contains  sorne  proteases

(Navennna and  Mendiratta, 2001) .

2. Preparation of solution  to soak  the above  piece of

    meat

  For the preparation of meat-soaking  solution, extracts

of  maitake  or  ginger root  were  blended with  twice the

extracts'  weight  of  distilled water  and  this was  filtered

through  3 layers of  cheese  cloth,  The  pH  of  the extracts

of maitake  and  ginger were  6.01± O.11 and  6.13± O.12,

respectively  and  the water  used  as the  control  had a  pH

of  5.60.3.
 Heattreatment

  Meat  soaked  with  50 me  of solution  was  placed in 80 ×

100 mm  Nylon-poly  bag  (Fukusuke Industry Co., Ltd,),

shielded  under  vacuum  for 5 minutes  using  Japan vacuum

system,  type KN-25. Heating methods  were  low tempera-

ture steam,  boiling, and  boiling after soaking,  for compari-

son  to each  other. The temperature  of steam  cooking  was

70℃ as  used  earlier  (Yamazaki et al., 2006) and  cooking

time  was  2 hours. Equipment  used  for low temperature

steam  cooking  was  a  test type rice  cooker  <TOSHIBA
HA  Product, Co., Ltd.) shown  in Fig. 1. For boiling, meat

was  kept in 3 liters of boiling water  for 10 minutes.  For

boiling after soaking,  meat  was  soaked  while  in a refrig-

erator, for 110 minutes  at 4℃ fo11owed by 10 minutes  boil-

ing. The total period  was  2 hours. At the end  of cooking,

meat  was  chilled  to room  temperature  using  ice water.

4. Measurement  of protease activity

  Hydrolysis of  casein  was  employed  for determination of

protease activity oi various  mushrooms,  ginger, kiwifruit

and  pineapple (Kobayashi, 2000). Casein was  dissolved in

O.1M  phosphate  buffer (pH7.0) at a concentration  of

       Fig. 1 Low  remperature  steaming  apparatus

            (TOSHIBA, Test-Type)

1.2% as the substrate  solution. 3.0mls of  the substrate

was  mixed  with  O.6 mt  of the extract  and  incubated at  35

℃ for 30 minutes  or  for desired period, The  reaction  was

stopped  by  the  addition  of  3.0mls of 10%  trichlororor

acetic  acid  and  stood  for l5 minutes  at room  temperature,

followed by  filtration. The  reduction  of absorbance  at

280nm  of  precipitate  fraction dissolved in 3.0mls of

phosphate  buffer was  measured,  An  increase of  1,O at

E2so for one  minute  was  expressed  as one  enzyme  unit

The heat stability and  optimum  temperature  of enzyme

activity  were  measured  at  various  points  between 30℃

and  90℃ .

5. Determination of protein released  from beef

  The  soluble  protein  was  determined following BCA

method  using  protein assay  kit (Bio-rad Co., Ltd.), with

BSA  (bovine serum  albumin)  for the standard.

6. Determination of free glutamic acid

  Free glutamic acid  retained  in meat  and  released  from

the meat  into solution  after  heating was  determined by

glutamic acid  determination kit (Yamasa Co., Ltd.).

7. Histological observation

  A  smal1  piece of  the meat  (raw) was  quickly frozen in

dry ice-acetone and  cross  sections  were  prepared  with

cliostat with  8 ptm thickness.  The  sections  were  fixed on

slides  and  were  covered  with  either  water,  ginger  extract

or  maitake  extract  and  kept at  room  temperature  for de-

sired  period. The slides  were  washed  with  phosphate-

buffered saline  to stop  the reaction  followed by hematox-

ylin-eosin staining.  Observations were  carried  out  using

an  optical  microscope.

8. Rupture property

  Measurement of rupture  property was  carried  out  on

the samples  cut  to 3cms  long and  1cm  wide  using

Rheoner RE-3305S  (Yamaden Co., Ltd.) with  plunger

No. 21 knifertype at  the  speed  of  1 mm!sec.  The  samples
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were  cut  in paralle] with  the iiber.

9. Sensory evaluation

  For sensory  evaluation,  four samples,  2× 2 × 1 cm  in
size, prepared  by  steaming  with  water,  ginger extract  or

maitaice  extract  and  boiled with  nzaitake  extract  were

tested. Each  panelist evaluated  them  on  hardness, ease  of

biting, ease  of swa[lowing  and  juiciness according  to the

ranking  test methcd.  The  panel consisted  of 16 students

andprofessors.

tO. Statistical anaiysis

  Each  data values  is presented as  the  mean ± standard

deviation. The significance  tests between  samples  were

performed  by a  multiple  comparison  test using  Bonferro-
ni's  method  after  onemway  analysis  of  variance  (ANO-
VA). The  statistical analysis  of sensory  evaluation  data

were  carried  out  using  Newe}1  &  MacFarlane's test  The

kendall's agreemenz  coeificient  was  also  used  to judge the
degree of agreement  of  the  panel,

              Results and  Discussion

1. Protease activity

  Fig, 2 shows  the casein  hydrolysis activities  of extracts

from mushrooms,  ginger, kiwifruit and  pineapple  at

pH  7.0 at  35℃ , Oyster  mushroom  had the highest activi-
ty followed by  maitake,  which  was  equal  to pineapple,

Ginger extract  gave  the most  scattered  value  of  protease.

  Fig. 3 presents the heat stability  of  oyster  mushroom

and  7naitaice  protease activity.  Oyster mushroom  prote-

ase  activity was  reduced  to 20%  within  1 hour  at 50℃
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   Fig, 2 Proteasc activity  of  various  mushrooms  (n=3T4)
       A  / oyster  mushroom  (Pleurotus ostrear-s>,

       B  / maitahe  (Grpmta,fi'ondosa),
       C / bunashi･mev'i (Htrpsi=ygus ma,iwzoreus),

       D / eringii  (1'teurotzag e7z;ngtt),

       E / winter  mushroom  (Ftamm?tlilna velutipes),

       F  / common  mushroom  CAgaricus bispo7us),

       G / shiitake  (Leutinulaedodes),
       H  / ginger,

       I/ pineapp]e.

       J / kiwifruiz

heating, but no  activity  was  found after  1 hour  at 60℃
and  70℃. In contrast,  wnitake  protease activity remained

at  50%  after1  hour  at 50℃,at 40%  at 70℃ and  30 to 40
%  even  after  8 hours, This wide  temperature  range  may

suggest  the presence  of  two or  more  different types of

proteases, one  with  more  heat sensitivity  and  the other

with  more  heat resistance.  It should  be noted  that  the

highest activity  was  observed  in a wider  range  from 50
to 70℃ (Fig. 4), and  this 7naitake  extract  was  usable  in

cooking  of meat  because of  it's high activity  and  heat sta-
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bility.2.
 Change in weight  of meat  and  volume  of solution

    after heating

  Table1  shows  the  weight  of  the  meat  after  cooking,

Comparing  the  methods  of  heating, less weight  reduction

was  measured  between boiling and  steaming,  when  the

rneat  was  soaked  in water  or  with  ginger  extract.  When

meat  was  soaked  with  ma･itaice  extract,  the reduction

was  larger in boiling followed by soaking  and  steaming.

Regardless  of  method,  the  biggest loss was  associated

with  maitake  extract. It is clear  that  reduction  of  weight

of  meat  occurs  with  maitake  extract  and  the rate  is the

highest among  all treatments.

  Table 2 presents the increase of  volumes  of  soaking  so-

lution after cooking.  An  increase oi  volume  was  observed

with  maitake  extract. The  increase was  2.2 to 2.3 times

more  with  maitake  extract  relative  to water  in boi}ing

and  in boiling after soaking,  however, 2.7 times more  was

observed  in the case  of  steam  cooking,  Further, volume

increased more  in boi!ing than with  steaming  in the  case

with  ginger extract, but in the case  of using  maitake  ex-

tract, practically no  alteration  in volume  was  found be-

tween  boiling and  steam  cooking.

  It has been considered  that the denaturation of protein

at  lower temperature  is slower  and  the  weight  loss is

        Table t. Change in weight  by heating (%)

Heatlngmethod
Soaking solution

Water  GingerMaitakff

Steaming 61.54 ± 3.28 62.93 ± 4.56 58,35 ± 2.50'"

smaller.  However, in steaming  with  maitake  extract,  the

drip into the soaking  solution  increased,

3. Amount of proteins and  glutamic acids

  The  amount  of protein released  after heating was  mea-

sured  (Fig.5). The values  are  expressed  after the sub-

traction  of  the  endogenous  amounts  in ginger or  7ncLitake

extract.

  Regardless of method,  more  protein was  eluted  with

maitake  extract  than  wiih  ginger extract  or  water.  In

the  case  of  soaking  with  water,  no  change  of protein con-

tent  was  found, regardless  of heating method.  But, in

soaking  with  ginger or  mattake  extract,  a  slight increase

was  noticed  in the  case  of  boiling after  soaking  compared

with  the case  of direct boiling. In steam  cooking,  a  higher

amount  oi  eluted  protein from meat  was  found with  7nai-

take  extract  than  with  boiling.

  Amount  of  free glutamic acid,  that is a  component  of

umami  taste, in the meat  and  in the  soaking  solution  was

measured  (Fig. 6 and  7). As  one  would  expect  from  an

increased amount  of protein hydrolysis, the amount  of

free glutamic  acid  would  be larger, at  least in elution.

     700 
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Boiling 60,41 ± 2.li 61.13 ± 2.95 59.06 ± 1.64

Boilingaftersoaking  58,41± 1.17 60.20± 1,79 56,78 ± 2.42**

Percent of  weight  remaining  after  heating ver$us  raw  sample

(mean± SD,n=10-15)
"

 / Significant difference at  p<O.Ol  between  ginger and  mattaice

  solution.

  Table  2. Change in voiume  of  so]ution  after  heatlng {%)

Heating  method

Seaking  solution

Water Ginger Mattake

Steaming 8.00 ± 2.65eA 13.86 ± 3.54aB 21.86 ± l.93,,C

Boiling 9,70± 1,49"" ls.23± 2,47bE' 22.lg± 2.osnU

BoMngaftersoaking IO.OO± 1.41"" 18.56± 2.80hB 22.22 ± 1.62aC

Ratio of  increasing volume  in soaking  solution  after heating versus

before heating (mean ± SD, n=  7-12)

a, b / Different superscript  in the same  column  show  significant

    difference (p<O,05)
A, B, C / Different superscript  in the same  row  show  signili'cant

      difference (p<O.Ol or  O.05)

           Water Ginger imitake

                  Soaking solution

      DSteaming  vaBoiling -Boilingaftersoaking

Fig, 5 Amount  oi  protein released  from beef during heating
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  Fig. 6 Ameunt  of free gLulamtc acid  released  from  beef

       during heating (n =3-7)
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    Fig, 7 Amount  of  free glutamic acid  of beef after  heating
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 Significant difEerence at  p<O.Ol  {n-3'4)

More  free glutamic acid  was  found in both meat  and  the

soaking  solution  in steam  cooking.  A  lower amount  of

free glutamic acid  was  found in the soaking  solution  with

ginger extract  relative  to water  or  maitatke  extract,  re-

gardless  oi  heating method  (Fig. 6), The  amount  of free

glutamic acid  in meat  remained  the same  regardless  of

method  of  heating with  water  or  ginger  extract  (Fig. 7).

With the use  of maitake  extract,  steaming  produced  a

significant  increase of  free glutamic  acid  in meat,  in con-

trast to boiling and  boiling after  soaking.

  Increase of  free glutamic  acid  by  steam  cooking  corre-

sponded  with  results  obtained  by  using  silverside beef as
reported  earlier  (Yamazaki et  at,, 2006). Involvernent of

peptidase in production of  free amino  acids  during aging

of meat  (Okiya, 2000) and  retention  of  amino  peptidase

M  activity in meat  after  a  long period  steaming  at  70℃

(Yamazaki et al., 2005) has been reported.  imitake  prote-

ase  contains  heat stable  amino  peptidase that  cleaves

peptide  bonds  at  the  amino  end  of lysine (Nonaka et  al,,

1995). Together  with  these  reports,  we  have speculated  a

contribution  of  peptidase on  the increase of  free glutamic
acid  in steaming,

4. Histological observation

  Fig.8 presents histological figures of  meat  sections,

non-treated  and  after  l-2 hours treated with  water  or

ginger or  maitake  extract.  Practically no  difference was

found between  the  non-treated  and  treated sections  in
water  or  ginger extract.  The  tissue treated  with  maitake

extract  showed  many  holes in the  cells'  cytoplasm.  The

size  of  these holes grew  larger after  l to 2 hours. As  the

period  of  treatment with  maitake  extract  lengthened  a

reduction  of  staining  was  observed,  Such a tendency  was

also  observed  in the  tissue  treated  with  ginger extract.

Staining of  collagen  showed  much  less change.

  The hardness of meat  arises  from muscle  fiber protein
consisting  mainly  of  actomyosin,  and  connective  tissues

consisting  of  collagen.  This analysis  suggested  that ten-

derization came  mostly  from  a  breakdown  of muscle  fiber

protem.5.

 Rupture property

  Rupture  energy  is generally  smaller  in samples  cooked

with  steaming  than by boiling (Fig, 9). Only half of ener-

gy  required  in boiling was  needed  for rupturing  meat

steamed  with  maitake  extract,  and  it was  lower than for
steamed  meat  with  ginger extract  or water,  The rupture

energy  for meat  cooked  after  soaking  in ginger or  rrutita-

ice extract  was  lower than direet boiling. This is conceiv-

ably  due to the fact that maitaice  enzyme  was  active

even  after  a  Iong period of heating (Fig. 3 and  4), and  be-
cause  protein released  from meat  increased, even  in case

of boiling (Fig. 5). With ginger extract, meat  became ten-

derer in some  cases, but not  in others.  This could  be ex-

plained by the observation  that  protease activity  of  gin-

ger varied  widely  (Fig. 2),

6, Sen$ory evaluation

 The  result  of sensory  evaluation  is shown  in Table 3 , It
is expressed  in a total score  ranking  on  hardness, ease  of

biting, ease  of  swallowing  and  juiciness. The  steamed

meat  with  ginger or  maitaice  extract  was  significantly

tenderer and  easier  to bite, relative  to that  with  water.

The  steamed  meat  with  maitake  extract  was  tenderer

and  easier  to bite, than the boiled sample,  in agreernent
with  data obtained  through  the rupture  property  test

(Fig. 9). Meat steam-cooked  with  maitake  extract  was

the easiest  to swallow  among  the samples.  A  difference

in score  of juiciness was  not  evident  between  samples.

  From  these resuits,  the use  of maitake  extract  for ten-
derizing meat  especially  with  the application  of low tem-

perature steam  cooking,  has a  value  in food preparation.

  Mushroom  is rich  in dietary fiber and  vitamin  D, and  is

said  to have anti-tumor  effects, so  that the use  of  mattcv-

he is increasing in popularity as  a  heakhy  fbod. According

to a survey  by  the Japanese Department  of  Agriculture

and  Fishery (2002), 50.6% of people eat  mushrooms  2-3
times, a  week  and  22.4%  of people eat  it 4-5 times a

week.  The  older  people are, the more  mushroorn  is con-
sumed.  Another  survey  by Muramatsu (2004), using  stu-

dents and  their families, shows  that 70%  of  people  eat

mushrooms  more  than once  a  week  and  the  preferred

ones  are shtttake,  bunashimeji, and  maitake  in that  or-

der, Of these, wbaitake,  which  is a special product in the
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Fig. 8 Cross section  of  beef nfter hcmatoxyhn-eosin  staining

c, c' non'lreatment

w1/  ",ater'trcatmcnL1h  w2  water-treatment2h

g1  ginger-treatment1h,  g2,gtnger-treatrnent2h,

m  1 vn,an,take'treatment  1 h, m  2 maztaicc-treatrnent  2 h

Niigata area,  is preferred in meat  cuisine  Use  of  maztaice

for meat  cooking  may  stimulate  the  self-sufficiency  raUo

through  the local consurnption  (ch7san-chz,s'izo, in Japan>
There  is a report  that enzyme  treatment  of meat  produc-

es bitter pepudes  (Gerelt et  at., 2000), but nzattake  has a

special  flavor which  may  eliminaze  their bitterness. It is

known  that over-hydirolysis  of meaL  protein by the en-

zymes  may  infiuence  the iaste and  flavor Thus, careful

controi  of  the  Iength of  cooking  and  temperature  is indis-

pensable for the cooking  of  meat,  but Lhis  can  bc facilitat-
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 SignificanL difference at p<O.Ol  (n=16-301

Table  3. Sensorv  ex,aluation

]

Sleaming BoiLing

W'ater Ginger Ma･itake Maitake

Hardness 2147"'62.**L,,i,-,30

Ease  of biting ,i,933n,t,k2oa**b**48

Ease of  swa]Iowing523831u* 39

JuLciness 444044 32

Total score  of ranking  en  hardness, casc  o[ biting, ease  of  swal-

lowing andjuiciness  (n=161i'
a / x,ersus  steaming  with  water.  b / versus  boiling with  maTtaice
'

 SignificaT)t difference at  p<O.05
"

 Signiiicant differcnce ut  p<O.Ol

ed  by  using  our  low temperature  steatn  cooking.

 Successful tenderizing of  proteinmrich  beeC making  the

meat  easy  to eat, may  relaze  to an  improvement  of  PEM

and  a heightening of  QC)I. of  the  elderly.

 Studies along  this line have  a  value  to expand  the prac-

tical use  of  low temperature  steam  cooking.

Acknowledgment

  We  ackno",ledge  Toshiba HA  Co. Ltd. for providing  us

with  steam  cooking  apparatus  and  SKYLARK  Food  Sci-

ence  Institute for providing a  granl-inTaid.

References
Bramblett, V. D., Hostetler. R. L., Vail, G, E. and  Draudt, H. N.

  
/.]959.i,

 Qualities oi  Beef as  Affected by Cooking at  Very

 Low  Temperatures  for Long Periods of  Time, Food  1bech-
 ?zol., 13, 707'-7]O
Gerelt, B., ikeuchi, T., Suzuki. A. (2000), Meat  Tellderization

 by proteo]ytic enz},mes  after  osmotic  dehydraLion, illeat  Sci,,

 56, :31]-318
Ito, N., Yarnazak{. T., Takaku, A., Hotta, Y., Murayama,  A. and

 Hirayama. I. (.2003), Change of  Nutritional Components dur-

  ing Lew  Temperature  Steam Cooking 7?ze IVVigata ,Jou7nzal

  offfeatth a7zd  VI,'eCfure, 3, 57-61

Japanese Department  of  Agriculture, Forestry and  Fishery

  (2002), Flow  of  Mushroom  Consumption, Second monitor-

  ring  rcport  on  food  consumpLion  in 2001, Tokyo, 11-26,

  http/,'/www.library.maff.ge,jpf'GAZO!3-OOOO129900,htm

Kimoto,, K., Hayashi, A., Kusama, M., Sugawara, T,, and  Aoya-

  gi, Y. (1994), Effccr oi  Proteinases from Gri･fota.fl'o7zdosa on

  Gelling of  Egg  W'hite. J. .(Pn.  Soc. N?Mt  Food Sci., 47, 43-48
Kobayashi. H. (2000), Enzyme  en  prorein  and  amino  acid.

  Ha'redbooic of Foods  a7t,al/usis, Sugawara, T. and  Maekawa,

  A., Ed., Kenpake.esya, Tokyo, 352-363
Martens, H., Stabursvik, E. and  Martens, M. (198Z), Texture

  and  Colour Changes in Meat  during Cooking Related to

  Thermal Denaturation of  )-,Iuscle Proteins, ,1 7lextu;'e Seud-
  tes, 13, 291-309
Mizuno.  T., Kawai. pt{. (1992), Chernistry and  Biec/hemistry el'

  rnushroom  gakltaisyu.ppcw't ce7!,ter, Tokyo,  197-204
pt,Iuramazsu, K., Suzuki. A., Terashiina, Y.. Tsuchihashi, N.,

  Watanabe, T., (2004)', Des{rabilizy of  Mushrooms  by Stu-
  dents Studying NutriLion, J. Home  Eco're, .lpn., 55, 725-732
Nakanishi, Y. Naruse, A. U997), Changes in Freshness and

  Protease Act{viry of  Bunashiineji rv'Tushroom and  Oyster
  }v,Iushreom after  Harvesting  er  Purehuse,  ,J. IJo'm.e F;con.

  lp･ra. 48, 131-1,36

Navennna,  BM., Mendiratta SK., (12001), Tenderization  of

  Spent Hen  Meaz using  Ginger Extract, Br  f'oult Sct., 42,
  34,1-349
Nishimura, K., Mi},arnoto, Y,, Higasa, T. C2004), Tenderer

  Chicken Breasrs  V'acuuin-Cooked  at  75℃ ,
 J. Ho7ne Econ,

  ･lpn., 55, 605-615
Nishiyaina, L (2001), pl{-Dependent  Preteo[ytic Eft'ects of

  Actinidin on  Myofibri]lar Proteins. J. Hofne  Ec'o}i. J)Jn.. 52,
  1083-1089

Nonaka, T,. Ishikawa, l-I., Tsumuraya, Y., Hashimoto, Y,, Duhm-

  ae  N., Takio, K. C1995). CharacterizaLion of  
ca
 Thennosrabte

  Lysine-Specific Metalloendopeptidase from Lhe  Fruiting

  Bodies  of  a Basidiomycete, G}'Vbiab'ond.osa, ,J. Btochem,.

  118, 1014-1020
Okiya, A., C2000}, Cooking of  meat,  Science of meat,  Okiya, A.,

  Ed.. Asakura 1'ub. Co., Tokyo. 80-82
Sainen, S., Shibata, K., Yasuhara. Y. (20C)3), Study on  Chicken

 Breasr )･IcaL after  vaeuurn  Cooking 'CO / Cornposition of  ihe

 Physical Propertics  and  Sensory Attributes aEter  vacuum

 Cooking and  Boiiing, ,J.  Honzo Eco'n. .lp}z.,  54, 591-600
Sugiyama, M  t12002a),  Clinical nutrition  in 21 st centurv  di-

 etary  evaluation,  Ex,aiuaLion of  nutrition,  low lex,el status  of

 protejn  and  energy  among  the elderlv,  Progv'ess ioz med?'-

 cl'tze, 198. 991-998
Sugiyama, M,, Gomi, I.. Shimizu, R, (2002 bl), DIctary colltrol  of

 lhe elderLy  under  home care.  Nutritional evaluation,  ,Y;JREN

 24, 627-6,35
Sugiyama. S., Sato. K., Hirota  .AL., Iwai, S., Ohtsuki, K,, and  Ishi-
         'rt
 naga,  M.  (.200n,/, Effecrs of 1're-Treatments ",i'th Kiwifruit

 Juice and  Ginger Juice on  the  Lipid Contents in Cooked

 Meat, J. ffo7fie Econ. J))n., 56, 607-615
Teshima, T., C.20051/, Nutritional contro/  and  dining care  fer

 the  elderly,  Heatth  gcien.ce. 47, 104-]09
Tsutsunii, C., Miyoshi, K.. Tani, T., Senbokuya, S,, Tonozuka,  F.,

16 iC182)

NII-Electronic  



The Japan Society of Cookery Science

NII-Electronic Library Service

The 　Japan 　Sooiety 　of 　Cookery 　Soienoe

Tenderizing　of　Meat 　by　Using」Mait αke （σγゆ ‘α ノi
’
o ？zdos α）Extract　with 　Low 　Temperature 　Steam　Cooking

　NagahirO，　E．，　KOUnO，　S．，　and 　YOSh［naka ，　T ，〔1994），TenderiZ−

　ing　Effect　of　Kiwi　Fruit　 on 　Pork，」．　Home 　E
’
con ．　Jpn ．，45，

　 603−607
Yamazaki，　T．，　Ito，　N ．，　Takaku，　A ．，　HQtta，　Y．，　Murayama ，　A ，　and

　Hlrayama，1．（2003），Morphological　and 　Histologica！Changes
　 of　Sweet　Potato　and 　Mino （Wall　of　Cattle　Stomach）during

　Low 　Temperature　Steam　Cooking，　The　Nii．ga，ta，　Jouma αl　qプ

　Health　a71ci　H／btjin7’e，3，51−56
Yamazaki，　T．，　Iwarnori，　H ．，　Ito，　N．，　Hotta，　Y．，　and 　Murayama ，　A ．

　 （2005），The 　 effect 　 of　protease 　on
”
n α ica’fdticu”during　Low

　temperature 　steam 　cQQking ，　Report　oγz　Annu α
・t　Meett’ng げ

　CooJcev’／y　Sc・i，e・nce 　ofJJap〔鵬 ，抽 ：乞9αオα

Yamazaki ，　T．，　Iwamori，　II．，　Ito，　N．，　Hotta，　Y．，　and 　Murayama ，　A．

　（2006），Utilization　and 　CharacLeristics　 of　1＞ακα痂 な2石 using

　LQw 　Temperature　Steam　Cooking，訊 σoo 細 Ψ Sc¢．」遡 ．，39，
　 346−353
Watsuji，，　T ，，　Miyamoto，　T，，〔1985），Tenderizing　Effect　of　Kiwi−

　fruit　on 　Beef，　Science 　qブCookery，18，128
−132

（Received　NQv，2L　2007　Accepted　Feb ，21，2008）

マ イ タケ抽 出液 と低温ス チ ー ミ ン グ調理 併用 に よ る食 肉軟化 につ い て

山 崎 貴 子
＊§

伊 藤 直 子
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　大 島
一

郎
＊

岩 森 　 大
＊
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和文抄録

　マ イ タ ケに 含まれ る プ ロ テ ア
ーゼ の 作用 と低温 ス チーミン グ調理 の 併用に よ る牛肉軟化 に つ い て 検討 した。

　マ イタ ケ抽出液 は 50−70℃ で 最 もカ ゼ イ ン 分解活性 が 高 く，70℃ で 8h 反 応 させ たあ とで も 30−40％ の 活性 が 残 っ て

お り，熱安定性が 高か っ た。マ イタ ケ抽出液 と と もに 牛モ モ 肉を低温 ス チーミ ン グす る と，茹 で た場合や ，水また は し ょ

うが 抽 出 液 を使 っ た場 合 に比 べ て，溶出す る タ ンパ ク量が 多 か っ た 。 しか し，うま味 に 関係する グ ル タ ミ ン 酸は特 に 溶出

は増 え て お らず，む しろマ イ タ ケ と と もに ス チ ーミン グ した肉で 有意 に増加 して い た 。 組織観察の 結果，マ イタ ケ抽出液

で 処理 した もの は タ ンパ クが分解され て い る様子 が 観察 され た。破断測 定お よ び官能評価 で は，マ イ タ ケ 抽出 液 と と も に

ス チ
ー

ミン グ した もの は有意 に軟 らか く，噛み切 りやす い とい う結果 とな っ た。

　 マ イ タ ケ と低温 ス チ
ー

ミン グ調理を併用す る と，効果的に 食肉を軟化 で きる こ とが 示唆され た。

キ
ー

ワ
ー

ド ：低 温 ス チ
ーミ ン グ 調理，マ イ タ ケ，プ ロ テ ア ーゼ ，’

卜肉 軟化
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