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Table 1. Recipe*for sausage manufactu-
ring experiment 1 of curing

agents.
Samﬁims NaCl | KNO, | NaNO, %fiﬁ?
1 2.5 —_ - S
2 25 | — | —| o5
3 25 | — | 0.003] —
1 25 | — | 0.003] 05
5 25 | 01 | 001 | —
6 25 | 0.1 | 0.0 0.5

+ %, 100W/W of lean beef trimmings.

Table 2. Recipe* for sausage manufactu-
ring experiment 2 of curing

agents
Smﬁg?“ NaCl | NaNO, | shoshares %ﬁjﬁ*
1 25 | — | — | —
2 2.5 | 0.001| —— | —
3 25 | 0.001 | — | 0.5
4 2.5 | 0.000] 0.3 | 05
5 25 | 0001 — | Lo
6 2.5 | 0.000| 03 | 1.0

* %, H00W/W of lean beef trimmings.
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Table 3. Recipe*for pigment extraction
experiment 1 of curing agents

Agents NaCl | KNO, | NaNO, | Lys. | Arg.
Samples
C, 2.5 | — —_— | —
C, 2.510.05] 0.005| — | —
S, 2.51 0.05, 0.005 0.8 —
S, 2.510.05} 0.005| —| 0.8
S, 2.5 1 — _— 0.4 0.4
S, 2.510.05| 0.005 0.41 0.4

*05, 100W/W of lean beef trimmings.

Table 4. Recipe*for pigment extration
experiment 2 of curing agents

SampA]f:nts NaCl NaNO, ]_,(yls—:_/}r)g phosphates
C 2.5 — — —_—
S, 2.5 0. 001 —_— —
S, 2.5 0.001 0.5 —_—
S, 2.5 0. 001 0.5 0.3
S, 2.5 0. 005 —_— —
S 2.5 0. 005 0.5 —
S 2.5 0. 005 0.5 0.3
S, 2.5 0.01 — —
Se 2.5 0.01 0.5 —
S, 2.5 0.01 0.5 0.3

*%, 100W/W of lean beef trimmings.
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Table 5. Recipe*of curing agents for
experiments on determination of
heme pi gment{experiment 1)

Sam:]f:nts NaCl :(yf:Al;g phosphatei NaNQ
C 2.5 — | —1 —
1 25] — | — 1 0.0m
2 2.5 0.5 — | 0.001
3 2.5 0.5 0.3 ] 0.001

- 4 | 25| — — | 0.002
5 25, 05 —| 0.002
6 25| 05| 0.3] 0.002
7 2.5, —— | — 1 0.004
8 2.5 0.5 | R
9 2.5 0.5 0.3 0.004
10 25| — | — | 0.006
11 25| 05| — | 0.006
12 2.5 0.5*L 0.3 | 0.006
13 25| —— | — 1 0.008
14 2.5 0.5] —— [ 0.008
15 2.5 0.5 0.3] 0.008
16 25| — | — 1 0.01
17 2.5 05| —— 1 0.0
18 2.5 0.5 ai* 0.01
19 2.5 — | — ] 002
20 2.5 05| — | 0.02
21 25| 05| 03] 0.02

*%, 100W/W of lean beef trimmings.
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Table 6. Recipe of curing agents for
experiments on determination

of heme pigment(experiment 2).

cam :l‘egz"ts NaCl Lﬁ:’}r)g phosphates] NaNG,
control 2.5 _— e _
1 25| — | —1 o0.001
2 25 05| — | 0.001
3 25| 05| 0.3] 0.001
4 25 — | — | 0.002
5 25 0.5 —— | 0.002
6 251 05| 0.3] 0.002
7 25| — | | 0.003
8 25| 05| — | 0.003
9 25| 05| 03] 0.003
10 25| — | — 1 0.005
11 25| 05| ——| 0.005
12 251 051 03] 0.005
13 25| —| | 0.006
1 25 05| — 0.006
15 25| 05| 0.3] 0.006

*%, 100W/W of lean beef trimmings.
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Table 7. pH values and color(L, a, b val-
ues) of experimental sausages*

Sambles pH L a b
1 6.17 50.2 5.70 11.1
2 6.32 47.2 6.60 10.6
3 6.12 49.7 9.20 10.3
4 6.35 47.0 | 10.50 10.3
5 6.30 47.5 | 14.30 9.7
6 6.39 46. 1 15.50 9.7

* Curing agents listed in Table I were used.
Sample numbers were the same as in Table L

Table 8. Changes in color(L,a,b values)
of experimental sausages*before
(A) and after(B) 2 hr—exposure
under the sun light

Color (A) (B)

Samples | L. a b L a b

1 52.3|+ 7.0 +12.4 46.0; + 7.0] +11.8
52.7 9.7 11.7] 45.2 7.2] 1L.5
53.5| 10.7| 11.9| 42.0 9.0/ 11.6
51,01 13.0( 11.3| 41.0| 10.5] 11.2
51.4| 13.6) 11.8] 40.3| 11.4] 11.9
50.7] 13.8] 1L.6| 38.1| 12.8| 11.2

| A~ W N

* Curing agents listed in Table 2 were used.
Sample numbers were the same as in Table 2.

Table 9. pPH values of experimental
sausages*after curing and
smoking.

Sample 1 2 3 4 5 6

No.
pH

after 5.70 1 5.886.136.35} 6.36 | 6.37

curing

PH

after 6.48|6.60 | 6.50| 6.55| 6.88 | 6.72

smoking

*Curing agents listed in Table 2 were used.
Sample numbers were the same as in Table 2.
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(NaNO,) & il & 7Bz EnaR/EK
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Table 10. Concentrations of heme

pigments extiracted and pH

values of experimental

press hant
(A)Total |(B)NO- | Ratio to
Samples PH |heme conglheme conc| B/A
(ppm) "} (ppm) C,

C; 6.06 282.2 _— —
C, 6.02 282.2 | 269.70 1 0.96 1.0
S, 6.06 282.2 | 234.90 0.87
S, | 6.72| 282.2| 184.15| 0.65 | 0.68
S, 6.36 282.2 —_— | —
S, | 6.46| 282.2] 171.10| 0.60 | 0.63

*Curing agents listed in Table 3 were used.

Signs of samples were the same as in Table 3.

Table 11. Concetrations

of heme

pigments

extracted and pH values of experi-

mental press hams*
{A)Total | (B) NO- Ratio to
Samples PH |heme conclheme conc| B/A

(ppm) ) {ppm) ~ 51,54,87
C |59 326 —1 —| —
S | 6.05] 302.6| 100.05| 0.33] 1.0
S. |6.40] 302.6| 73.95| 0.24] 0.73
S, |6.59] 3026 78.30| 0.26] 0.79
S. | 6.06| 302.6| 294.35] 0.97 }1.0
S, | 6.50] 302.6 ] 207.35] 0.80| 0.82
S, |6.66] 302.6 | 181.25| 0.60] 0.62
S, |6.20] 302.6| 246.65| 0.82] 1.0
Se | 6.42| 302.6| 218.95| 0.72] 0.88
S, | 6.68 302.6| 211.70] 0.70] 0.85

*Curing agents listed in Table 4 were used.

Signs of samples were the same as in Table 4.
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Fig. 1.  Effect of amino-acids on the formation

of NO-heme-acetone complex extracted
from experimental press hamgs™

* Sings of samples were the same as in
Table IIL
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Fig. 2. Effect of amino-acids on the formation
of NO-heme-acetone complex extracted
from experimental press hams*
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L 1
100 200 {ppm)

NaNO, Added

Extractability of NO-heme-acetone
complex as a function of added NaNO,
concentration

-0- ; NaNQO,, -x- ; NaNQO, +amino-acids,
-A- ; NaNO, +amino-acids+phoshate.
For added curing agents, see Table V.

Fig. 3.
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o
w
T

10 20 30 2 50
NaNO, Added

Extractability of NO-heme-acetone
complex as a function of added
NaNQO, concentration Symbols were
the same as in Fig. 3. For added
curing agents, see Table VI.
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Fig. 5. Effect of amino-acids on the formation
of MbNO S, ; Mb+0.5 M NaCl+0.4 mM
NaNO,

S, ; S, +42.5 mM lysine

Ss ; S, +30 mM arginine

Ss ;5 S,+425 mM lysine and 15 mM
arginine

Mb concentration ; 0.042 mM with 20
mM phosphate buffer (pH6.0)

S, —

'\ i
0.4 480 . 540 E 567
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Effect of amino-acids on the extract-
ability of NO-heme-acetone complex
from heated model systems shown in
Fig. 5
Symbols were the same as in Fig. 5.

Mb concentration ; 0.047 mM. Heating
conditions ; 70°C for 10 min at pH 6.0.
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Fig. 6.
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Contribution of Nitrite, Lysine and Arginine
to the Color of Cooked Cured Meat Products.

Yoshitaka Takeoka**, Takao Nagahashi* and Tsutomu Yasui**

(Experiment Farm* and Department of Animal Science**,
Faculty of Agriculture, Hokkaido University, Sapporo, Japan)

Summary

1 .In the absence of nitrite, basic amino-acids, L—lysine and L —arginine, as food additives have been
found to exert no direct influence on the development of cured meat color.

2. When used with nitrite, these amino-acids increased the ¢ value (redness) of the color of ex-
perimental sausages and to some extent protected the color from fading under the light.

3. Amount of extractable heme-pigment of cured meat products in the presence of the amino-acids
was less than that in the absence of the amino-acids.

4 . Minimum dose of nitrite required for the formation of cured meat color (NO-hemochrome) is 1.4
times greater than the concentration of total heme pigment present in the material meat on the molar
basis.

5. The overall reaction product of myoglobin and nitrite under the reduced state was nitric oxide
myoglobin, irrespective of the presence or absence of the amino-acids.

6. The amino-acids used in this experiment acted as the inhibitor for extraction of NO—heme by
standard acetone extraction procedure used for the determination of the pigment in cooked cured meat
products.



