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Abstract — The high amounts of residual nitrate,
nitrite and N-nitroso compounds (NOCs) in cured
meats are harmful as carcinogenic substance for
human. However, the effect of digestion on the
structural changes of carcinogenic substances has
not been studied. This study was performed to
evaluate the structural changes of nitrite, nitrate,
and N-nitrosodiethylamine (NDEA) during in vitro
human digestion. Contents of nitrite and nitrate
were significantly decreased during in vitro human
digestion (p<0.05). In addition, no NOC was formed
during the whole digestion steps. Digestive enzyme
and juice shown to have influence the changes of
nitrate and nitrite during in vitro human digestion.
Therefore, harmfulness of nitrate, nitrite and NOC
in meat products will be decreased during human
digestion.
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. INTRODUCTION

Sodium nitrate and nitrite positively affects the
flavor, appearance, safety, and quality of cured
meats [1]. Especially, addition of nitrite in cured
meats gives the characteristic pink color [2] and
flavor [3] by preventing rancidity by inhibiting
lipid peroxidation [1, 4]. Moreover, nitrite
improves safety of meat by inhibiting the growth
of microorganisms, notably Clostridium botulinum
[5, 6]. However, sodium nitrate and nitrite can
produce carcinogenic substance such as N-Nitroso
compounds (NOCs) with cooking, smoking or
drying. Humans are exposed to NOCs from
exogenous sources and of endogenous synthesis.
Exogenous NOCs are directly derived from certain
types of food, such as processed meat, salted or
smoked fish, and pickled and dried vegetables [7].

Endogenous NOCs are formed from nitrosation of
secondary amines or amides by N,Os and (H,NO,)
*, both of which are nitrite-derived nitrosation
agents. Although numerous studies have reported
that NOCs in the foods are carcinogenic substance,
the effect of human digestion on the structural
changes of carcinogenic substances has not been
studied. Therefore, the objectives of this study was
to determine the structural changes of nitrate,
nitrite and NOCs during in vitro human digestion.

I1. MATERIALS AND METHODS

A. In vitro human digestion study

A human gastrointestinal digestion model that
simulates the mouth, stomach and small intestine
was used in this study. This was a modified
version of that described previously [8]. Transit
times were chosen on the basis of physiology as
reported previously [9-11] although the transit
times depend on the condition of each sample. In
general, transit times were 5 min for the mouth
step, 2 h for the stomach step and 2 h for the small
intestine step. The pH values for the digestive
juices and gastrointestinal tract were selected
based on existing human anatomy and medical
physiology literature [12-14] and our previous
study [11]. In general, pH values were 6.8 + 0.2
for the mouth step, 1.5 + 0.2 for the stomach step,
8.0 = 0.2 for the small intestine step, and 7.0 £ 0.2
for the large intestine step.

B. Digestive enzymes, inorganic and organic
solutions of in vitro human digestion

Digestive enzymes, and inorganic and organic
solutions used in this study were modified from
those described previously [11-13].
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C. Enterobacter bacterial preparations used for
large intestine digestion

During in vitro human digestion, enterobacter
bacteria were applied to samples during the large
intestine digestion step. This is the first in vitro
method to be developed that includes this step of
human digestion.

E. coli liquid agar was prepared using 2.5 g LB
Broth, Miller (Luria-Bertani) (Difco) with 100 mL
deionized-distilled water (DDW). L. casei liquid
agar was prepared using 5.5 g Lactobacilli MRS
Broth (Difco) mixed with 100 mL DDW. Each
agar preparaton was sterilized by autoclave at
121°C for 15 min and cooled in tap water. Frozen
(-80°C) stock E. coli and L. casei were melted at
room temperature then warmed to 37°C. One
percent of E. coli and L. casei stocks were added
to 100 mL of the appropriate sterilized liquid agar.
E. coli and L. casei agar solutions were incubated
at 37°C for 12 h for activation. The activated E.
coli and L. casei were applied again to 100 mL of

sterilized liquid agar for an additional 12 h at 37°C.

After incubation, the final number of E. coli and L.
casei colonies was log 10%-10%. For the large
intestine digestion system, 38 mL of the liquid
agar E. coli and L. casei solutions were applied to
samples (after small intestine digestion) and
incubated for 4 h at 37°C.

D. In vitro digestion procedure for the analysis of

structural changes

1. Initial system: 5 g samples.

2. Mouth: 5 g samples were mixed with 5 mL of
simulated saliva solution (pH 6.8) and then
stirred for 5 min at 37°C.

3. Stomach: 10 mL of simulated gastric juice (pH
1.5) were added and the mixture was stirred for
2hat37°C.

4. Small intestine: 10 mL of duodenal juice and 5
mL of bile juice were added and the mixture
was stirred for 2 h at 37°C.

5. Large intestine: after small intestine digestion,
38 mL of liquid agar containing E. coli and L.
casei were applied to a sample previously
digested in the small intestine step and
incubated at for 4 h at 37°C (see above
Enterobacter method).

E. Quantification of NOCs by high-performance
liquid chromatography (HPLC)

Concentrations of sodium nitrate, nitrite and N-
nitrosodimethylamine  after  digestion  were
analyzed using HPLC (HP agilent 1100, Hewlett
Packard Co.) on a Fortis H,O column (250 mm x
4.6 mm, 3 um) using a water : methanol gradient
(70 : 30, viv) at a flow rate of 1 mL/min. The
volume of sample injected for analysis was 10 uL,
and the detection wavelength was set at 230 nm.
All samples were passed through a 0.45-um
Whatman membrane filter before injection onto
the HPLC column.

F. Statistical analysis

Statistical analyses were conducted for 3 batches
of samples. Data for each batch were analyzed for
structural changes of nitrate, nitrite and NOCs
using the SAS software by the generalized linear
model procedure. The Student-Newman-Keuls
multiple range test was used to compare
differences between means. Significant difference
(p < 0.05) between mean values of quintuplicate
samples were determined for structural changes of
nitrate, nitrite and NOCs.

11 RESULTS AND DISCUSSION

Initial concentrations of both of sodium nitrate and
nitrite, and NDEA were 150 ppm and 10 ppm,
respectively. Then, the concentrations of sodium
nitrite, nitrate, and NDEA were changed by in
vitro human digestion. After digestion in the
mouth, nitrite and nitrate contents was 120.1 and
117.2 ppm, respectively and then the values were
gradually decreased by in vitro human digestion
(p<0.05). In case of NDEA, more than 50% of
reduction was occurred after mouth digestion step
(4.60 ppm) and its concentration was gradually
decreased during in vitro human digestion
(p<0.05).

In the human body, nitrate is a stable, inert
compound that cannot be metabolized by human
enzymes. However, the nitrate-reducing activity of
commensal bacteria may convert nitrate into nitrite
and other bioactive nitrogen compounds that affect
physiological processes and human health. After
ingestion, nitrate is readily absorbed from the
upper gastrointestinal tract. Up to 25% is actively
excreted in saliva, where about 20% is converted
to nitrite by bacteria in the mouth [15]. It has also
been suggested that approximately 25% of
ingested nitrate is recirculated into the saliva and
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that 20% of salivary nitrate is reduced to nitrite,
yielding a conversion of 5% of exogenous nitrate
to endogenous nitrite [16-18]. According to this
theory, most human nitrite exposure would be
from the consumption of vegetables common in
the diet.

Table 1. Changes of sodium nitrite, sodium nitrate, and
NDEA through in vitro human digestion (Unit: mg/kg)

Progress of digestion

Compound Initial Mouth Stomach  Intestinal
digestion  digestion  digestion
NaNO, 150.0°  120.1° 82.7° 58.9°
NaNO, 150.00  117.2° 90.6° 61.7¢
NDEA 10.0 4.60° 3.58° 3.62°

#0 \Means with having different superscripts within same row
are different (p<0.05).

After small intestinal digestion, each compound
was subsequently reacted with E. coli and L. casei,
respectively. Two enterobacterium affected the
amount of nitrite, nitrate and NDEA.
Concentrations of all compound was decreased
after reaction with enterobacterium (Figure 1)
(p<0.05).

Figure 1. Changes of concentrations (ppm) of nitrite,
nitrate and NDEA after reaction with E. coli and L.
sakei.

Nitrite Nitrate NDEA | Nitrite Nitrate NDEA | Nitrite Nitrate NDEA

Before reaction Reaction with E. Coli Reaction with L. sakei

Some microorganisms, i.e. E. coli and
Streptococcus aureus accelerate  nitrosation.
Bacteria role in nitrosamine formation consists of
nitrate reduction to nitrites, protein degradation to
secondary amines, generating the enzyme
catalysing nitrosation and formation of suitable

environment for the reaction, i.e. acidification [19].

There have been many attempts to reduce the N-
nitroso-compound concentrations in fermented
foods. Lactic acid bacteria are found to contribute
to the depletion of nitrite in many foods [20, 21].

According to Dodds and Collins-Thompson [22],
two mechanisms, namely chemical depletion
resulting from acid production during LAB growth
and enzymatic depletion, lead to the depletion of
nitrite in APT broth. It is shown that certain LAB
possess a nitrite reductase enzyme system that
reduces nitrite under anaerobic conditions,
suggesting that LAB contribute to the depletion of
nitrite in many foods [23]. L. sakei has nitrite
reductase and heme-independent nitrite reductase
that converts nitrite to NO, NO,, or N,O under
anaerobic conditions, suggesting that L. sakei
contributes to nitrite depletion [24, 25]. Faster
nitrite depletion was also observed at lower pH
values [26]. In this study, the production of lactic
acid by L. casei which leads to a sharp pH drop
may contribute the nitrite reduction and depletion.

V. CONCLUSION

Structural changes of ingested nitrate, nitrite and
NDEA as carcinogenic substance were occurred
during in vitro human digestion progress. Their
levels were significantly decreased during in vitro
human digestion (p<0.05). In addition, none of
other NOCs was formed during whole in vitro
human digestion steps. Effect of E. coli and L.
casei on the changes of nitrate and nitrite, and on
the formation of NOCs was also evaluated. Both
of E. coli and L. casei reduced levels of sodium
nitrate, nitrite and NOC after in vitro human
digestion (p<0.05). In conclusion, digestive
enzymes, juice and enterobacteria can reduce the
residual nitrate, nitrite and NOCs during in vitro
human digestion. As a result of this study, we
assume that potentially harmful substances in meat
products will be decreased during human digestion.
Basically, the amount of potentially harmful
substances (residual nitrate, nitrite and NOCSs) is
small in meat products. Therefore, carcinogenicity
of ingested meat products will be very low.
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