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A Method for the Determination of Nitrite in Meat Products.

Because of the employment of various food additives in
processing meat products, the mechanism of the formation of
cured meat color has become extremely intricate. Not only
to clarify this but also from the standpoint of food hygi-
ene, it is of profound importance to determine the accurate
amount of nitrite in meat products.

It has recently been shown in our laboratory than in an
aqueous model system the accurate amount of nitrite cannot
be estimated by any of the colorimetric methods usually
employed for the determination of nitrite in foodstuffs
when nitrite coexists with any reducing substances, and
that this is due to the fact that nitrite decomposes ra-
pidly at the low pH range required for the formaticn of
azo dye by diazotigation and coupling in the presence of
reducing substances 1,2).

Using an Orange I reagent as the color-developing reagent
therefore, a lot of studies have bzen made and a succesaful
method which can estimate the accurate amount of nitrite
coexisting with varicus food additives in an aqueous model

system has been developed 2),

In the previous work 3), it has also been found that when

nitrite coexists with reducing substances in an aqueous
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from mea% products, at the pH range about from 5,5 to
6,5 in the presence of such reducing substances as sul-
fhydryl groups of muscle proteins, other naturally
existing substances and the remaining ascorbate or/and
iscascorbate added, it is possible that the decomposi-
tion of nitrite may take place during the process of
extraction.

To confirm this and to find out the extracting condition
under which nitrite can be extracted completely from
meat products with-out decomposition, the effects of

pH and heat treatment on the decomposition of nitrite
coexisting with reducing substances were investigated

to begin with, using an aqueous model system,

(1) Preparation of sample solutions
Each sample solution was prepared by dissolving
0,002 % NhNOZ, 0,02 % sodium ascorbate and 0,02 %
cysteine in each of the veronal buffer solutions
of pH 5, 6, 7, 8, 9 and 10, respectively.

In the experiment with an aqueous model system,
cysteine was used for observing the effect of
sulfhydryl groups of muscle proteins.

Into a glass tube with a well-fitting glass stopper
20 ml of each sample solution was measured and
heated at 80°C for 60, 90 and 120 minutes respecti-
vely, then the remaining amount of nitrite in each
sample solution’ after heat treatment was determined.

(2) Determination of nitrite in sample solutions
The amounts of nitrite in sample solutions were
determined by a colorimetric method proposed by the

authors in the previous paper 2), using Orange I
reagent.

As a result of experiments with aqueous model system,
it has been found that among the food additives
usually employed in meat processing ascorbate,




isocascorbate and hexametaphosphate, besides cysteine,
interfere with this colorimetric method.

oposed method, therefore, potassium ferri-
is added first to an aqueous model system

ing nitrite and verious food additives to
oxidize the reducing substances. Potassium ferro-
cyanide formed by the reaction of potassium ferricy-
nide with reducing substances interferes with this
colorimetric method too, lead acetate, consequently,
added to precipitate it, whereupon hexametaphospha=-

s

te is also precipitated by lead acetate simultane-
usly. By filtering off these precipitates, the
¢

sl
iltrate becomes absolutely free from interfering
bstances, and accordingly the accurate amount of

nitrite coexisting with various food additives can
be estimated by determining the nitrite in the fil-

te colorimetrically following the procedure given

(i) Orange I reagent: warm 360 ml of distilled
water and 50 ml of glacial acetic acid to 50°C
and pour into a dark glass reagent bottle

( =4

(600 ml) containing 0,25 of powdered sulfa-

l0e]

nilic ecid. Shake until dissolved, then add
0,2 g of -naphthol :nd dissolve by shaking.
Cool the solution with running tap water to
room temperature, and adjust the pH of which
to 4,0 - 0,05 with 10 % aqueous ammonia sclu-
tion.

Potesaium ferricyanide solution: Dissolve po-
tasgium ferricyanide in distilled water to

give a final concentration of 10 mM.

(1ii) Lead acetate solution: To prevent the formation
of white turbidity by CO,, dissolve lead ace-
tate in “02 free distilled water, adjust the

pH of which with 10 % acetic acid solution to

659




5,5, dilute with CO, free distilled water to
give & final concentration of 0,1 M, then filter.

Procedure: Immediately after the heat treatment
t 80°C, cool 20 ml of each sample solution to
room tempersature with running tap water, adjust
the pH of which to 7,0 with 0,1 N HC1 or 0,1

N NaOH, cool to 0°C with ice water, add 10 mM
K,Fe(CN),. solution_ until the color of the sample
sélutionvgives a faint yellow, keep at 0% for
30 minutes in ice water, add 10 ml of lead
acetate solution, let stand at room temperature
for 10 minutes, dilute with distilled water to
200 ml, filter, to 5 ml. of the filtrate add

5 ml of Orange I reagent, keep at 30°C for 30
minutes, cool with running tap water for 10 mi-
nutes, then measure the absorbance at 479 mp.

(3) Effects of pH and heat treatment on the decomposition
of nitrite
The results given in Fig. 1 indicated that the de-
composition rate of nitrite increased with decrea-
sing pH and increasing heating time at 80°C in the
pH range below 8,0, principally in the pH range
from 5,0 to 6,0, but that no decomposition took
place in the pH range above 8,0, i.e., from 8,0 to
10,0, even after being heated for 120 minutes at
80°%C in the presence of reducing substances.

2. Condition of extracting nitrite from meat products

(1) Effect of pH on the amount of nitrite extracted
from cooked sausage

As it has come to be clear in an aqueous model
system that the decomposition rate of nitrite varies
with pH, expecially in the pH range from 5,0 to 6,0,
in the presence of reducing substances by heating
at 80°C, the effect of pH on the amount of nitrite
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Preparation of cooked sausage:

chuck gt three days after 8]
*i‘sza'and fat were removed as
then the beef was ground three time with a
inder. Immediately after mixing thoroughly

with 2 % NaCl, 0,02 % NaNO2 and 0,1 % sodium

ascorbate, the ground beef was stuffed into a
Krehalon (vinylidene chloride-vinyl chloride

co-polymer) casing and cooked

On
at 75°C for one

e - 05

(o
hour, then stored in a refrigerator at 4 °C

until use.

(i1) Extraction of nitrite from cooked sausage: Two
grams of cooked sausage sample was homogenized
with 10 ml of distilled water for 3 minutes in

a Waring blender and then diluted to 150 ml

with distilled water. To cach 150 ml of meat

slurry of cooked sausage prepared in this way,

5 ml of 0,5 M socium diethylbarbiturate aque-

ous solution was added, and the pH of which

was adjusted with 1 N HC1l or 1 N NaCH to 6,0,

7.0, 8.0, 9.0 and 10.0 respectively. They were
1

transferred into a 200 ml v flask
- A s - e =

each, heated at 80 C in a water bath for 380

minutes with occasional sha the

sam-

ples at various pH values with running tap
vater for 10 minutes, adjust the pH of which

NaOH, cool in ice
ml of 10 mM




30 minutes

keep at 0% for
water, add 10 m of 0,1 M
solutiopn

ion, let stang at room temperature for
10 minuteg, dilute with distilled water to
s

295 ml, filter, to 5 ml of
5

lead acetate

the filtrate add
reagent, keep at 30% for

s Cool with running tap water for
) minutes, t}

Lienl measure the absorbance at
479 mp.
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occasion for 30, 60, 90 and 120 minutes respectively,

and the amounts of nitrite extracted were determined

by the proposed method colorimetrically throughout.

Accordihg to the results represented in Fige 4, the
amounts of nitrite extracted .t pH 5.9 showed much
less values than those extracted at pH 9.0. In the
former case the amounf of nitrite extracted increa-~
sed appreciably with extracting time and varied aig-
nificantly with the stirring condition, while in the
latter case the amount of nitrite extracted increa-
sed slightly with extracting time to a maximum value
at 60 minutes and then remained unchanged until
120 minutes regardless the stirring condition.

In the former case, an appreciable amount of nitrite
must have been decomposed by coexisting reducing
substances at pH 5.9, i.e., at the natural pH of the
cooked sausage analyzed, during the process of extrac-
tion, and the nitrite contained in the cooked sausa-
ge sample may have not completely been extracted at
this pH, even though stirred continuously at 80°C
for 120 minutes. Probably these are the principal
reasons why the amounts of nitrite extracted at pH
5.9 by the AOAC method were much less than those
extracted at pH 9.0.

Accordingly, the following is recommended as the
condition of extracting nitrite.

Adjust the pH of meat slurry to be extracted to 9.0
+

- 0,2, then extract nitrite at 80°C for 90 minutes
with occasional shaking.

3. The procedure of the proposed method for the deter-

mination of nitrite in meat products

As described above, the pH of meat slurry to be
extracted can surely be adjusted to 9.0 & 0,2 idn
general by adding 5 ml of 0,5 M sodium diethyl-




Add 3 ml of ‘e;ﬁh}s solution to the meat slurry
ad justed at pH 7.0 = 0,1, keep at 0°C for 30 minutes in
e £ M lead acetate solution, let

r 10 minutes, dilute with

hen filter.

te freed from interfering

substances and proteins add 5 ml of Orange 1 reagent,

B
lo)

let the color develop by keeping at 30°C for 30 minutes,
e

-

»00l with running tap water for 10 minutes, then measure

absorbance at 4

i
/

9 mp.




Recovery test of nitrite
In the previous work with an aqueous model system 2),

the recovery of nitrite determined by the proposed method
from the sample solutions containing various food addi-
tives at their respective levels usually employed in

meat processing was 100 %.

In the present work too, the recovery test of nitrite
from the cooked sausage samples containing various food
additives at their respective levels usually employed

in meat processing was performed in the following waye.

To each 150 ml of meat slurry prepared from 2 g of
cooked sausage sample and adjusted at pH 9.0 = 0.2,

2 ml of each food additive solution containing each food
additivé at the concentration given in Table 1, together
with 50, 100 and 150 ppm of sodium nitrite respectively,
was added, then the amount of nitrite was determined by
the proposed method described just above.

In this case too, the average recovery of nitrite from
the cooked sausage samples containing various food
additives was found to be 100 % with extremes of 99.6 to
100,3 %.

Comparison between the findings for nitrite determined
by the AOCAC method and those determined by the proposed
method

Using the very same sample, the amount of nitrite in
cooked sausage was determined by the AGAC method and
the proposed method, respectively.

According to the results represented in Tabel 2, the
amount of nitrite determined by the ACAC method was
considerably less than that determined by the proposed
method. Furthermore, the addition of ascorbate resulted
in a significant decrease in the amount of nitrite

found in the AOAC method, while the addition of ascorba-
te did not interfere at all in the proposed method and

666




C




90

80

70

Fig. 1

Remaining percent of nitrite after
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(Bach sample solution contains 0,002 % NaNQ,,
0,02 % sodium ascorbate and 0,02 % cysteine.)
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Effect of sodium diethylbarbiturate on the pH
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of meat slurry
(To each 150 ml of meat slurry prepared from 2 g
sausage sample, varying volumes of 0,5 M sodium

diethylbarbiturate aqueous solution were added.)
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Concentration

Additive

Concentrat

=
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ion Concentratio
(L 3 % Maz H2P2C7 0,5 %
b Q2 % 14'84;\2()‘7 045 <%
Na-ascorbate 0,2 % Na_ P, 0, - 0.5 %
’ 5> 3Y10 i ]
Na-igoascorbate Os2 % Yaf?.ﬁlu 23S
icotinamide 052% Sorbic acid 0,2 %
w‘xH2PO4 055 % K-sorbate &2 B
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N~ PC 0 [ = A n 21 \ 0D & o
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to ¢
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solution was

of 1 part of AF 2 and 49 parts
Accordingly, the AF 2 solution contains
AF 2, l.es, 2-(2—furyl)-3—{5—nitro—2—fury1)
& new preservative permitted in J

of soluble starch.
5 ppm of AF 2.

acrylamide, is
apane.









