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Fig. 1. Comparison of the cooked cured meat color developed with the
addition of four kinds of vegetable juices to minced pork at the
four steps of curing period (5,7,9 and 1ldays) at 5°C.

% ; 5 days curing, #4; 7 days curing, £ ; 9 days curing, [}; 11 days curing.
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Fig. 2. Changes of cooked cured meat
color in sausages during curing for,
at maximum, 13 days at 5°C, pro-
duced with the addition of fresh,
boiled and autoclaved radish juices
and KNO; as a control.

The ingredients used in this experiment
were added at the level of 115ppm as KNO;,
based on the data previously determined.

—o— ; Fresh radish juice,
; Boiled radish juice,
—{|]—; Autoclaved radish juice,
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Table 2. Changes of nitrate and nitrite contents during curing in the
sausage produced by the addition of radish juices treated
under various conditions and potassium nitrate
N03 NO2
(ppm)
Curing period (day) 0 1 13 0 1 13
: Fresh 115 115 42 0 6.0 - 3.3
§ﬁ§25h Boiled 115 92 39 0 3.3 2.0
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KNO; s 113 45 0 3.3 2.0
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Fig. 3. The absorption spectra of met-
myoglobin (Met-Mb) and nitro-
somyoglobin (NO-Mb) solution.

The number in each bracket on graph
shows the wave length where the typical
peaks appeared.

F3° Met-Mb & NO-Mb O ] #34W I AR %88
IRUTR LIZHS, CHULBEHD CRRIZ A 5 11 5 HUEIT)
SN ERER & F - 12— H| U TH D, Met-Mb Tlii
HE 506 nm & 638 nm TR KASH b, —FF NO-
Mb Tix 550 nm & 582 nm TR KD H BT &
BILHALNTHREBY TAERTH ABOMSEE»
RUTz.



144 mEFE - bR K- DBIEEK

(O hours)

(after 6hours)

=
-

03f

Optical density-

0 " . N
450 550 650

Optical density

450 550 650 450 550 650
Wave length (nm)

Fig. 4. Changes of absorption spectra of
myoglobin solutions with the addi-
tion of 0.045% KNO; or 0.5% boil-
ed radish juice (freeze dried), dur-
ing standing at room temperature.
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Fig. 5. Absorption spectrum of myoglobin
solution with the addition of 0,045
% KNO; and 0,5% I-ascorbic acid,
after standing for 18 hours at room
temperature,
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Fig. 6. Changes of absorption spectra of
myoglobin solutions with the addi-
tion of fresh or boiled juice (freeze
dried) at the level of 1%, during
standing at room temperature,
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PEETAE, L UAKRITHAOEITEYITD >
BB ARO 3R E 55D T, RUTERT
XD THAS EBDbNS. CDL S pETiE2
RTEE U THBENERS E L TELIREA LGNS
T2 VEBEIIZZDEITON TR, ARRITKR
RIS DTH A5, KETHRIZ INEGREIT INCE
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Table 3. Reducing capacity of radish juice treated under various conditions and meat
(mg % of cysteine)
Sample 1 2 3 ave.
. Fresh 34.2 35.9 33.7 34.6
%ﬁgﬂl Boiled 29.3 33.7 33.1 32.0
J Autoclaved 31.3 32. 4 31.5 31.7
Meat (fresh pork) 112.2 99.3 107.3 106.5

These data were obtained from the determinations which were carried out separately,

three times.

DN ENSHEEM S FTHREIND L, HIEABII
FES A8 7 T BEIOINBKE ST L 5 Alek:
bENUOBE» sB/EINS LS IK@BbN B, LIt
Do TEELIR, COBTHRZRITAEE LT, KR
THBATHFEET %, ByElDR W d 2FORTFF K
b HANEREDT T BB ERNIERT 33
DT EN S JED S LT LUFO EE % D
o BEOHIE LT, L6 L3 Tie—flews
ULTxh, V—t—vitbdd 10 ppm REDOLED
WS, VUL ETAF L DERRESY RS
WCHRINU TRIE L2856, +aaRadsgshicsn
D

Developed with

Ninhydrin, collidine-reagent

Leu<0.76

ILeu<(.66

Val<0.56

Tyr<0.47
Ala<-0.43

Glu<0.33
Gly<0.29
(Asp)<0.24
0.18
Lys<0.14

Cys<0.10
0.06

0
0
d
39 »ln 3

GSSG
8Cys 8 O ngc

B. KRBT RPOHET I/ BELIUORTF VOB
%=

(1) R=—=Za<w &5 14—

TI/B, XTFRDHL, L ARNITEFEEL,
BOBTHERRTIDENAE, 7T/ BTIILXF
v (Cys), 2574 (CySH) 3, RFFFRTi
TWEFFX IR EDBELIRBA SN ZDT, KRITHE
FRIZd TR SBEREL TSN, FFR—8—on
v ST 4 —REDRE LI

E9, KIBOFEITIK, BIWHE, MEXZIT®R %
ZOFEFAR Y PUTHET &, B7TRFEORD
SRR, 3FE VIXTARI - BIRL

Developed with
PtClg-reagent

Rf. R Rh
Fig. 7.

Gh G R G

Paper chromatograms of radish juice and glutationes

Chromatographic runs were done with BuOH-AcOH-H,0 (4: 2: 1)
on Toyo No. 51 filter paper at room temperature.

R ; Fresh radish juice, Rh; Hydrolyzed R (6 N HCIl, 110°C, 24hrs),
G; Glutatione, GSH; Reduced form of G, GSSG; Oxidized form of
G, Gh; Hydrolyzed G (6 N HCIl, 110°C, 24 hrs).
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7z. ZDHT R 0.24 ez h KxgARy b
MBION ZODMEET, ZOEAICHER7 I 2 BER
b BNE 2Ry FBEmRDbN, EETRELI
#E, oAavr (Lew), 4vuaqr (ILeu), s
Yy (Vab), Fwvy v (Tyr), 75=. (Ala), #
nE T UB (Glw, 7y vy (Gly), yor (Lys)
RETHHEVBDP-T. UL L, BTEL2RT
Cys, CySH @i st -t. $BEF Ty
NEFAOEFEARY P UTERT 3L, GOk
HiTich, BB (GSSG) & (GSH) Tl
fn, zhzh 0.06, 0.24 @ Rf fERRLI.

DXL, BT 2HEBRINky B (6N HCL, 110°C,
24 85f0) UTHhoRBELTABEETHKFED Rh @
oLz, bbb, Rf 0.24 fHEDRE
FDSNB U BLLEA L, Glu & Gly icHH%d 32
Fo MBEALIZ. 361 R 0.10 @ Cys 24
T AR AR Y FOSHBIL TR, F72, GSH
DUWT TR RIRE DS CHEBRINK Sy LB L Tox
2L, HBTHD Gh OS5 iR e2EII. FvaF
+ ik Glu, Gly, CySH O3fO7 I /8L b
BDRURTFRT H B, ki CySH &
Cys L 3h T Rf 0.10 ORBIzE LN TS
DLEbLN 5.

O XICHIEEA S 2 N T CySH 13407 Cys
OB 2Tt TAh, RE0.24M4EDAE Y b3
B®HL, ZORFy bz CySH Fi2i3 Cys 3L
FTARCEDHEREINIZ. UEOHRELD, KRR
@ Rf 0.24 OFEISIYHESIN 3 b Did—sEnE s
NRFF U REDRTF B TR EHEE ST,

(2) HBVa~ s 7 14—

=)= uw b TI T4 — L ARFOMET
BONVAFF DR TFRFOFEEVRB I N2 D
T, PXICCOHLEPHERT L L i, ZONRE
I OELRHTATHDIEEZ o~ N5 7 4 —IT
L AKMRITIRD D% Fis-12. COBE, Bt
W, BB, IEARETROMTIEE A EZEN
W EBTTIRAILNL T ADT, 4GEZEINTHRD
HCDNTIT - T2 BN TRERIIE 8 BliTR LT
EBHT, Rf 0.26 DALBICHEKRDAR v h»ED
Nz, O XIEPNTIK 2RISR L T 5B L
TA B EXM Rbh iR RLIc L 51, TORAKDAR
v PO EAEYVHEL, RHICGlu DARy RS
WHLLEBULLMKRTAEE DI Gly Dz A1
K3 Bi3h, CySH L' Cys O2F vy FAHN
Tx1:.

Leu<« 0 0

ILeu<

Val<0.52
CySH<«
Glu <«
Asp <«
Ala <«
Gly <«
0.26

:

- (>

O
Cys « O
Lys <«

C Q

o coofLe o

Rf. Rb Rbh Gh Ph

Fig. 8. Thin layer chromatograms of the
boiled radish juice and glutatione,

Chromatographic runs were done with
BuOH-AcOH-H;0 (60: 20: 20) on Silica-gel
G layer (2504) and developed with ninhy-
drin-collidine reagent.

Rb; Boiled radish juice, Rbh ; Hydrolyzed
Rb (2N HCI, 110°C, 3hrs), Gh; Hydrolyzed
glutatione, Ph; Peptide, hydrolyzed (2N
HCI, 110°C, 3hrs), which was extracted from
the spot, shadowed in the figure.

U EOERRR— =202 5571 —DFRE
REZNEDTHADT, 22X RE 0.26 DKy
DI RHI DELD, KTHH L2, HREIKD R
(2N HCI, 110°C, 38§H) LTAF v b UBBELT
AlcE A, FH8K, Ph RUIZL 5 IskiRyg
stz Tabb, Glu B350 AL %L, D
T Asp (FR/FFUMR), Gly v oh, Cys
LIHERRRE TR b AR 3. DLEDFERD» S,
Rf 0.26 OAIBEDAFX v diE, Glu, Asp, Gly,
Cys #7212 CySH O 4 D7 2/ Bh 5 AL -> T
ARTZFFT, D55 Glu g hZLE&ENT
WAHHDThHAEHEINI.

B 44K v 574 —

RN —BIOHEH I o N T T 4 — ik BRI
HIEROBTHE LDV T O BHEERE» S, CySH
T2t Cys 2804 BO7I/BLOLR A& LA
D, PEHEIFDORTF K OEIEIHET I N2,

ZLTHOERIDRTF R 2RBCHEEL, ZOM
B2ETHLMCLINEE L, KIRITKOEEL S
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Ninhydrin color value
(0.D. at 570 nm)
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Fig. 9-A. Ion-exchange column chromato-
gram of the freeze-dried radish
juice.

One ml of 1% aqueous sample solution
was applied on a column (Dowex 50X4, 1
X50cm) and eluted with a cation concen-
tration gradient buffer system (Pyridine-
Formic acid (pH 3.1), 0.1-0.2M) at 35°C,
Each 2ml of eluates was fractionated at
the flow rate of 15ml/hour, and then, the
ninhydrin color values were estimated ac-
cording to Moore and Stein!®’,

DRERLUCEARI L. Bt 7 »57 v 7 2G—
10 {T& 25 VAEEET RERAA TN, CORTF
K DADHFL s BEHIKNETH - 12DT, Xt
FRO D, XhAEYHE BbN b 44 o HE
Dowex 50X4 Z2NAC & &L, Bl 2HEL B
UTCRER, BI—-ARKIEBLIL X Ik, Yo r—F
FRRR MR 2 IV TR C S RCIBIEIC X D, IITBEW
ETBRTF P OBBEDABEE K- 1. 59 —AXH
DE—IVBZNR2RLTOAS, ki3, LOE¥—-ST
WBARSHS Ala 2EFLTOIY (BI—BER),
CHFRA—&HYTY 7o b33 &icdh, JITHR
M.

CDEHITLUTA A 2ZHigIcE A 0w b oS
7t =L KREHBEAICEEN 2T F R, 336
PTR D IHd C &M T X208, TORE 27775 - T
AT, RRFKIRTHAIEEEh T3 NO; 7
0w b7 A RIBIT AL GO TR L. Z
DOFEFUZBIOMT R LT HThHY, T-14F
TENTH- 128, BEERHNE L THICRTF RO
— 2 EF S I A—DNBICEHT AT ENRE SN
0. COBRIAEEKENIOTHD, d UBMES
NB3RTF R NO; BEAL T30 THHE, K

6

0.52

Q L]

0
Y o]

MG% 0
8

[
.

Rf. RbIV V (VI+VID)

Fig. 9-B, Thin layer chromatograms of the
fractions separated by the column
chromatography shown in Fig. 9-
A,

Procedures used in this experiment were
same as described in Fig.8. The spot sha-
. dowed shows the peptide.

2.0p

e
[

Optical density

s -

Tube number

20

Fig. 10. Behavior of nitrate in radish juice
on the ion-exchange column chro-
matography.

Chromatographic procedure was same as
described in Fig. 9-A. Dotted line shows
ninhydrin color value measured at 570 nm
and solid line shows nitrate color value
measured at 335 nm according to Hartley’s
method,!”

RO § PAMRREDROFERETNTLORS
FRIEOLVELNAEZELERAS. ZRHREL T
SHBH 2ES AMETH 5.

(4) 7 3 7 BERIH

AZX KB Iuw b5 T7 4 =12 D —ISRTk
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RHBAROBTENTF FIZEBEIN DT, DX
LORFFRD7 2 7 BBIER % BB OHHIC L b 97
LTz, 228 Cys 3kor CySH 1338 SRER Lk Ic &
hoxF4VBELUTERLI.

I LCOEE, Bl xS F KR I
Do IO LRI U FA S loc & &, B
DHENZDI AR SN ed - 1203, SMHE
REF4RICRUIZES O TH S, ROBES LWL
Pigkish, Glu PRk BRITETHTNT, 10
ENEEHIN, DT Asp 1 e, Gly ER
BETh-172. Cys 3L CySH o Tid oo
— IONTHHERLE -0 ES, bIFOIEET
ADLEDNS.

UEDHED & KRH T T T 38 miE~
TF R, FREER T U D N U A 2D 12H3,
Glu %23EHIE{AH, 2O Asp, Gly, Cys ¥
7212 CySH 2803 DThHAH>EEZ LN A.

ok, TOBIGHRTF RO 2/ BHEROHEE,
VRS 1T TR 4% 3 5 IKhige 2653 3£ T
HAb.

Table 4. Molar ratio of amino acids con-
stituting the peptide found in

radish juice

Kind of amino acid Molar ratio

Glutamic acid 10

Aspartic acid 1

Glycine trace

Cystine or Cysteine trace
E #

ARFFE T, DIE I TE R %2 AV TR
e FEE S W A TTEES AL SO Blid B3, Th
ISR D 2 BETH A0 T ERMNIC T OEE % HE
U, B3P & AR RO TIREY: 2HEE T 5 &
&b, FEEREEKRERT 2B CRADEIE
I L, AR THEIEET 2MEICOV TR L
7.

1. $PAROAR, F oY, F—L B, A
S, EAF2MAL, FEH R 2R THEERI >
FICEHEHTRIMEAL (1~6%), r—vu
OV TV ——UE UL D%, 5°C THIE (BX
I HET) LItBREBEL, Z2hsD3HEE%» CC-
MC 258 U THIEE LI E T3, KIBMED BARE
ZIRL, EXAFVRIET, iz 5 O Bl TH-
2. 23S, HEEEMIZ 1 AEOBE TRV,

ITHRIRINEIZ 2O BEENREE 2NN R,

[RIKHTHEAD NO; 35L8 NO, SR % EB LT
5, NO; iZKBTREL T, ,147.7ppm) ExFT
B’ (142.5 ppm), {3 & DRI TChH 122 & H>
5, FBEEE NO; BE OIS LBREOH B &
VIR SN T b T, BRI 3Rt
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FOIF S0 DANLERESL, MAGIZ= oY
NEITRE-TUDERING EVS, BEORME
DOFGBBICE 2 BT INI.. NO, OB
BRICEEN 2380 —RicPel, V—e—ohOE
HELbTH Q~4ppm) TH-1z.

2. REEROERIN 2BREL2EHL, BFEAK
X OBERT ABRTIA V0 L BRL LRI ES
WVIRIT KETTIRD BASHERY % 0.5 BHRINL T B
U, AIEEBOCHBOEIL 2B LIzE s, SBRT
WREBIZ = eV I XS0 B ERT AT
LB oI, TOHEELLWHTHETIIIASIC
=hOVIF I ue~SUMNERIND T EIBHEES
nrc. chiel, SHEE LT Y Y & AD3 20
UIZADTRA NI F o DAMBERL, T
I T H -2 L &5, KRH KA ITIZ Y
WAs, »AEOBTHEMEDTFENZA SN, #
CTHRITNZHELTA S E, MBHBEOH LS
FRHTRE D 8 DTOTRIDAVKRTHEZOTF 22
WECVBRIZE23DTRSH 29, BLIOEKITS
ZEDRTF R, b AVIWIET T 7 BOKERNS
BCiRgnhEEL NI

LIt TR —BIOEE I 5T 4 —
TRHLTAILE LA, P YBEIFEEDN AHE
BRTFEDVHEET B EE, 2Dz Leu, ILeu,
Val, Tyr, Ala, Glu, Gly, Lys 2 &5t 7 2
BRE UTHEL T, BTk %73 Cys, CySH
R Ihieh- 1z,

KIRTTHE RN AMRET B & T F Fidpgske Ly
re by ak, Glu, Gly OxHy bddk X < 72
b, #oizic Asp, Cys DRFy M SEbIhIZC &
P56, TOXRTFFiE, Glu, Asp, Gly, Cys I 7r
i3 CySH 95255V 2 F4 U RTPF K T30
"EELLNIC.

DEIXAFA LM IuT N T T T 4 —TLORFF
F2RMEST 522 SR LY, C DB NO; O%E)
CONTERIFLIcETH, ZawhsSat, O
RTFREFE > I A—MIBIOAHIN TN B &8
Db Y IR ICHRRBENEESRH INI:.



150 mEFE - IS

e

=D BIERK

7 BEBDTETIORTF FOT 2/ BER
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WBDICOFH, APEOXRTICH 2 D, BAAY
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Summary

It is a very interesting fact that, in Japan, a method for color-developing the meat prod-

uct by the use of some vegetable juices has been practically employed in the actual meat-
products-manufacturing, So, first, whether this fact could be clarified scientifically or not, was
investigated, and then the possibility of color-development in meat-product with the use of
some vegetable juices was surveyed. At the same time, the mechanism of color-development
was investigated in the course of searching the essential quality of pigment formed and the sub-
stances relating to color formation in those vegetable juices.
1. Five kinds of vegetable, radish, cabbage, spinach, carrot and onion, were purchased at the
market near the unversity campus, brought to laboratory and the respective fresh juices were
prepared with the use of juice mixer, while fresh pork (shoulder) was also purchased from a
butcher and minced through a meat chopper. The minced pork was mixed well together with
salt and juices (1 to 6 % of meat), stuffed into casing, cured in the cold room at 5°C for, at
maximum, 11 days. After that, they were boiled, cooled and estimated to ascertain the degree
of color development through deterniming the “cooked cured meat color” (CCMC) by Gantner’s
method,

The results obtained showed that the radish juice gave the maximal color development, on-
ion juice, the minimum, and the others, the intermediate. And the longer the curing period as
well as the larger the amount of juice added, the higher was the color development.

The amounts of nitrate in those juices were determined with the following results ascer-
tained; the radish juice contained the maximum amount (2,147.7 ppm), onion juice, the min-
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imum (142.5 ppm), and the others, the intermediate. Therefore, it was clearly confirmed that
the degree of color development was closely correlated with the amount of nitrate existed in
each juice. At the same time, the mechanism of color development of meat product, when the
vegetable juice was used, was inferred to be in accordance with the ordinary, well-known one;
the mechanism in which nitrate is to be reduced to nitric oxide via nitrite by some reducing
agent, and then, nitric oxide is brought to combine with heme in the myoglobin in meat to
form nitrosomyoglobin, If boiled at that time in meat, nitrosohemochromogen were to be
formed. The amount of nitrite was, however, very little in any juice or sausage,

2. For the purpose of tracing the course of pigment-formation and for making the pigment
itself clearer, the myoglobin solution as a model system on meat, to which the lyophilized rad-
ish juice was added to 0,5 9%, was made stand at room temperature, with the absorbance curves
watched in the visual zone for, at maximum, 30 hours, After 30 hours, in the system was
found the formation of nitrsometmyoglobin which can easily be changed into either nitroso-
myoglobin, when some reducing agent exists; or nitrosohemochromogen, when heated in meat.

On the contrary, myoglobin solution, to which potassium nitrate was added, showed only

metmyoglobin throughout the whole standing period of 30 hours with no change, at all. The
difference between those two phenomena is to be attributed to the reducing capacity surronud-
ing myoglobin in the solution, So, some relatively active reducing agent was assumed to be in
the radish juice. Heated radish juice showed the reducing capacity a little higher than fresh
juice when chemically determined ; therefore, the source of this reducing capacity was assumed
to be derived not from ascorbic acid but from some peptide or from the synergistic effect of
some of the free amino acids in juice,
3. At the next step of this study, paper and thin layer chromatographic technics were applied
in the search of those substances, On the chromatograms, were found out a remarkable peptide
spot of seemingly high molecule and eight spots of free amino acids, i. e., leucine, isoleucine,
valine, tyrosine, alanine, glutamic acid, glycine and lysine, but were found out no spot of re-
ducing amino acid, i, e., cystine or cysteine, Further, a few chromatographic runs were tried
on the HCl-hydrolysate of radish juice, On the chromatograms, the spot of that peptide van-
ished clearly; on the other hand the spot-area of glutamic acid and glycine became wider with
the appearance of the spots of aspartic acid and cystine.

The fact observed above seemed to suggest that the peptide found in the radish juice was
composed of four kinds of amino acid, i, e,, glutamic acid, aspartic acid, glycine and cystine
or cysteine, though with the respective molar ratio, unascertained,

4. In the following step of this research, isolation of the peptide from radish juice, according
to ion-exchange resin (Dowex 50X4) chromatography was attempted and fortunately succeeded.

By the way, the chromatographic behavior of nirtate was also surveyed with the peptide
isolation. This attempt presented a very interesting result that nitrate contained in the radish
juice behaved just together with the peptide,

The amino acid composition of the peptide above mentioned was determined with the use
of autoanalyzer, but the result could only show the ratio of glutamic acid to aspartic acid to
be 10 to 1, with failure,



