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Development of High Value-added Food by Effective
Use of Microorganisms and Enzymes
—Development of a Technique to Improve Meat Quality by Enzymatic Treatment —

Sadahito Inour, Tsutomu ABg, Yoshiteru KumaBavasHI
Kunio Yamazakr and Yoshiaki SHIMOBAYASHI

On applying softening techniques using microorganisms and enzymes to low-quality meat pro-
duced in Japan from culled dairy cattle, on improving techniques to promote decomposition of the
hardening factor, connective tissue protein, and to control enzyme activity as well as to effectively use
the treated meat, we report the results of our investigation.

When comparing meat quality between culled dairy cattle (C.D.C.)and fattening cattle (F.C.), both
meat and fat of culled dairy cattle were significantly inferior to those of fattening cattle in terms of
color tone. In the case of culled dairy cattle, cooking markedly increases the ratio of meat hardness.
Meat hardness is largely the result of a qualitative factor of connective tissue rather than a quantita-
tive factor. Based on observation by electron microscope, changes of the perimysium structure due to
aging was assumed to be the main cause of increasing hardness.

Examination of crude enzymes naturally existing in various fermented foods found soy sauce lees
and malted rice to have strong activity and a sufficient tenderization effect. Concurrently, this re-
vealed how enzyme activity affected the production of decomposed protein and its taste . Moreover, it
clarified how protein decomposed during treatment.

Examination of available food ingredients showed that raw bovine serum proved effective in con-
trolling inhibiting the activities of enzymes produced from malted rice.

Our promising results are now under consideration for practical application and are expected to be

used in meat processing for dried meat products or as an ingredient in soups, stews, or curries.
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TOUIRIEE, LA £ —% — (& RS CR— 200
D®) TllE L., BoHliaaAROEEELTE R
oF v 7ol vEFE%E Woessner D 57712 & 0 HIE
L, &SICkEGHIAk D AR DfiEE LTa s -4 v
OINBGERMEZ Hill 0 5L Ik b filE L, 51
B OTE X DK & 75 2§ SATRIR D O s =2, &
BAE TS (HILs—2400) % H W THIEH LES
TR EE L 1Ic k0 H L.

3. HEMBRERUTOF7 —EEHORE

RO OB E LT, PRI TR

ISR R AL CEHi, PRIER, ARG20% k04,
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Table 1 Color hue comparisons of meat and fat between C.D.C. and F.C.

Meat color* Fat color*
L a L a b
C.D.C. 38.26 18.25 9.10 63.73 8.87 26.81
F.C. 41.10 21.04 10.76 75.27 1.37 7.26

* Hunter color numbers
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Table 2 Comparisons of main components between C.D.C. and F.C.

Main components (%)

Crude Crude Total pH Cooking

Moisture protein fat Ash pigment(mg/g) value loss (%)
G.D.C. 74.68 22.35 1. 24 1.12 0.14 5.76 32.48
F.C. 73. 24 21.55 2.71 1.07 0.16 5.52 29. 45

Table 3 Comparisons of shear force value(raw and cooked meat), Hydroxyproline content and

Collagen cooked solubility between C.D.C. and F.C.

Shear force value (gf)

Hydroxyproline Collagen cooked

Raw meat Cooked meat content (¢ g/g) solubility (%)
C.D.C 4874 7014 1180 2.44
F.C. 4377 4315 1515 6.22

kY S8um

b SNES T

x608 882 15KV Soen

5 month old calf
Fig. 1

Comparisons of Endomysium (upper) and Perimysium (lower) of M.Semitendinosus

between 5 month old calf, F.C. and C.D.C.
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VIR TH - 723, BT 5 EFLFEF PN T160.2% & 73
DIEEAANDI8.6% & ik L TRkEL R L. A
MOWER T I /EThA FoFv 7o) vEHRE, 2
I — v OIEGERRYER, & bICHESRNEL D BIEESE
WOHnsE <, fEGHEEETL.2865%, MBVARTET2.55
fEchh, ARNOES FESGHBORMTREL, EHRN
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B S ICEHEICBRER LT WA, FLEA- ORI, &
FESITEL, N PEVERRE S HEE N 2 0
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KAy FEERI OB Ic LY 2EEE TABICERNL
TZo®EPPIC LA LTCLE LKL (Fig. 2 —A). &
WO VWL 32D L7k, Kook v —
M BSAb 303 L, To%YdIsEL 2 (Fig 2 —
B). INEA o UIW IS i3 A AR EGE IR TN L e —
B ES L TR ICED S 2 LIk EicE L 2 (Fig.
2—0). 3357 vom#pEiedEAs Mok s
WP - TIREIC LH L (Fig. 2 —D). F7z, BHEIC
L BWALD 1 = X L Z MRS B 1o, EBRRE T
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RELES I TE BB LI XS B LERL
(Fig. 3A—h), 7u5r7 -tk s &AoN 3RS
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4. BERIEMEDHE

Table 4 Protease activities in various fermented foods
(Absorbance/g of enzyme source paste)

Protease activities

(Abs/g of enzvme source paste)
After 24hr After S5hr
incubation incubation
Soy sauce lees 0.68 0.10
A.oryzae 0.41 1.30
A.sgjae 1.76 1.45
Hi.sojae - 1.39
Miso 20 0.17 -
Miso 30 0.16 -
Silver vine 0.06 -
Fish sauce lees 0.25 -
Fish sauce lees and A.oryzae 0.30 =
76
5000 p
74 [Raw meat]
4500
72
]
270 é 4000 F
g0 < 3500
66 F —®—A.Sojae »
o o e
64 I : —l — A.Oryze
= = = Hi Sojae
62 2500 L
0 1 2 3 4 0 1 2 3 4
A Weeks B Weeks
12
5000
10 p
4500
% g8
8 4000 | E
< as00 | 2
E —0— A.sojac A---a AT
3000 b —I—A:ory.zaa
= = = Hisojae 2 ——@—ASgae
il == A.Oryzae
2500 . |- A= Hi ?Qjae ) )
c 0 1 2 3 4 o | ) 3 .
Weeks D Weeks
Fig. 2 Changes of moisture content, shear force value (Raw and

Cooked meat)and collagen cooked solubility of C.D.C. meat

during enzyme treatment
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Enzyme solutions

8] 1%Soy sauce

.1%Hi sojae soluti
B 0.1%Hi sojae solution lees solution

B 1% Hi sojae solution

1%Plasma solution

10% Heated salmon

10%Heated bovine
serum solution

Inhibitor sources

10%Bovine serum
solution

0 20 40 60 80 100
Inhibition(%)

DELEMIA S I SN TV B HEEIIR X B IRIZED
shsh -tz (Fig. 4).

5. MEBROE SRR

(1) 7cAELLBORH Ny — v

TCA "JiEE S & IdHEX & ik LT, wWIh ol
Xb&F LML, D@BETLTVWEZERDNS
(F— % —3ARBE). F, S OICEMICHEE 2 BI%K
3% HMTSDS—PAGE 217 -7 (Fig. 5). &A%
B A v vEHE (MHC) HE->Twa (Fig. 5
A), A vFax—REIMDTHL LD S SITEST
o~y FHIZEAETHEE L THRALAILEIC X 0 53 fEhH
IS N HEN D - 72 (Fig. 5B). AL 13&K

Fig. 3  A:Endomysium (a) and Perimysium (b)
structures of enzyme treated C.D.C. raw
meat

B:Collagen microfibril structure of
C.D.C. raw meat before and after en-
zyme treatment

(a,b: Endomysium c,d: Perimysium a,c:
untreated b,d: treated)

Fig.4 Protease inhibition activities in various natu-

ral sources
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K IREZ1TCT Aw0.95K0 & THREAR T 508, AT
(2—-1,2-0) TbLOMMPETL, KTHITE
MHC 354z LTz (Fig. 50).

(2) B OEHEFA

WX GERERNE) &, BHRBRIFTH 308ED,
BRICZ L 77 2F v — bl - 7o, EWAEENE &
BOAZ RIS EFRFEORY, HWAHTHE LB,
L L, BEiEenE R Ba LTS ENoEEE
NbHb., EWEEFEHLZGDR, Bk v 2EBLE
WAl & 75 - 7o, BB IR & ik 5 & 2 S
FHENHETWSE EVWIFHEE 2D, BEFRIC K 20O
SRS KI TR S,

IV Start

M Cont I I m
Before incubation C

Raw ham type

I Iv2-Cont2- I 2- I Start

L

1 AL EEFEFOWEO KT, B ILRESD
WKk Ol & biGic$ 5. FLEEERIMEAUC X 21 S
OERENIFFICRE L, oS 3SR T
32 <, EMERPRE CGEBL TV S, BFEiEsl
KOFERD S, TIPS i G DA b F Ik S
DEERDOFENE 1 - TV B RS .

2 SEFEBESFICRRICELAT 5 AE S BORE
PHERGET U7 fER, B Rk OB O IEHEDEE Y &
n, +o R EREILIERS S 0, [ Y O ZHRD)
WHS i o e, 7, MEBRRICE T 572AE<

B

After incubation

Fig.5 SDS-PAGE of proteins extracted with HS-solution from various enzyme treated

meats
M, Molecular Weight maker;

CONT, Control plot; I ,Experimental plot I ;1I,

Experimental plot II;Il,Experimental plotIl;IV,Experimental plotlV;Start, Second day
after slaughter; 2-Cont, Control plot in the second experiment;2- I ,Experimental pl
ot I in the second experiment; 2-1I, Experimental plotIl in the second experiment
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