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Effect of NaCl on 4-Hydroxy-2-alkenal Formation of
Frozen Pork and Yellowtail Meat

Tadashi Sakal, Saori KirRIAKE, Shusaku OHTUBO, Yukiko SHiIMIZU
Department of Biochemistry and Applied Biosciences, Faculty of Agriculture, University of Miyazaki.

(Accepted on November 26, 2009)
Summary : 4-Hydroxy-2-nonenal contents in pork and 4-hydroxy-2-hexenal contents in yellowtail meat both con-
taining 0, 0.3, 0.6, and 0.9 M NaCl stored at -20 °C were analyzed for 20 weeks. HNE content decreased in all pork
samples during storage period. After 20 weeks of storage, HNE was not detected in all samples. HHE contents in-
creased in all yellowtail samples. After 16 weeks of storage, HHE contents of NaCl added sample were significantly

higher than those of control.

Key words : 4-Hydroxy-2-alkenal, Pork, Yellowtail meat

Introduction

Lipid oxidation is major cause of quality deterio-
ration in meat and meat products (Pearson ez al. 1983).
A variety of secondary reactions occurs and many
aldehydes are formed during the lipid peroxidation
process. Among these aldehydes, 4-hydroxy-2-
nonenal (HNE) which can be formed through
peroxidation of n-6 polyunsaturated fatty acids (n-6
PUFAs) (Esterbauer ef al. 1991) and 4-hydroxy-2-
hexenal (HHE) which can be formed through
peroxidation of n-3 PUFAs (Esterbauer, et al., 1991)
are highly reactive and may be considered as second
toxic messengers which disseminate and augment ini-
tial free-radical events (Benedetti & Comporti 1987 ;
Brembilla er al. 1986 ; Esterbauer, ef al., 1991 ; Poot
et al. 1988 ; Sakai et al. 2000). We have reported that
HNE exists in pork and beef (Sakai et al. 1995) and
HHE exist some fish meats (Sakai er al. 1997). We
have also reported that HNE decreased in the pork
containing sugi wood vinegar (Munasinghe et al.
2003a) but increased in the meats containing NaCl
stored at 0 °C (Sakai ef a/. 2004). In contrast, HHE in-
creased in yellowtail meats containing sugi wood
vinegar stored at 0 °C (Munasinghe ef al. 2003b), but
decreased in yellowtail meats containing NaCl stored

at 0 °C (Munasinghe ef al. 2006). Changes of HNE
contents in pork are clearly different form those of
HHE contents in yellowtail meats although each ex-
perimental condition used was same.

Sodium chloride (NaCl) is added to muscle foods
for a variety of purposes, including flavor and the inhi-
bition of microorganisms. NaCl has been shown to
have an accelerating effect on lipid oxidation of
meats.(Kanner ef al. 1991) We have recently reported
the effects of NaCl on HNE or HHE formation in pork
and beef (Sakai et al. 2004) or yellowtail meat
(Munasinghe ef al. 2006). As mentioned above, the
changes are different from each other. However, the
changes of both aldehydes in the meats stored at
-20 °C is uncertain. Therefore it is necessary to study
the effect of NaCl addition on HNE or HHE formation
in pork or fish meat. In this background, variation of
HNE or HHE were investigated in pork or yellowtail
meat containing NaCl stored at -20 °C for 20 weeks.

Materials and Method

HHE and HNE were synthesized by the method of
Sugamoto ef al. (1997), and identified on the basis of
the 'H-NMR and "C-NMR spectra. Butyl hydroxy
toluene (BHT) was obtained from Tokyo Kasei
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(Tokyo, Japan). Other reagents were of analytical grade.
Yellowtail (Seriola quinqueradiata) samples and pork
were obtained from commercial markets. Both mus-
cles were ground, mixed with revelant amount of
NacCl and stored at -20 °C. In all experiments, 3 sam-
ples from each group were analyzed. MA and HHE or
HNE contents were analyzed after 0, 4, 8, 12, 16, and
20 weeks of storage. 2,4-Dinitrophenylhydrazine
(DNPH) was obtained from Wako Pure Chemicals
(Tokyo). The chemical reaction of HNE or HHE es-
sentially followed the procedure of Goldring et al
(1993). The HNE-DNPH derivative was analyzed by
the HPLC method reported by Goldring et a/ (1993)
and the HHE-DNPH derivative was analyzed by a
slight modification of the HPLC method reported by
Sakai er al (1997). Analytical conditions arc as fol-
lows : column, Ultrasphere C18 (250 X 4.6 mm id.,
Beckman) ; mobile phase, 30 mmol/L sodium citrate/
27.7 mmol/L acetate buffer (pH 4.75) : methanol=25 :
75 (HNE) or=35:65 (HHE) ; flow rate, 1 mL/min;
detection wavelength, 365 nm. All data were ex-
pressed as the mean = SE. Significant differences
among means were determine by the Duncan multiple
range tests (Duncan 1955).

Results and Discussion

Table 1 shows the changes in HNE contents in
pork containing 0, 0.3, 0.6 and 0.9 M NaCl. HNE was
detected in all control samples at 0 week. After stor-

age of 4 and 12 weeks, HNE contents in the control
samples were significantly higher than those contain-
ing NaCl. HNE was not detected in all samples at 20
weeks of storage. Addition of NaCl may suppress
HNE formation in frozen pork. This result was differ-
ent from those of refrigerated pork containing NaCl
(Sakai et al. 2004). In the refrigerated pork, addition
of NaCl accelerated HNE formation.

HHE contents in all samples fluctuated during
storage. HHE contents in the samples containing 0.3
and 0.6 M of NaCl significantly increased after 20
weeks of storage but those in control samples did not
increase during 20 weeks of storage (Table 2). Those
containing 0.9 M of NaCl increased after 20 weeks of
storage, although the difference was not significant
(Tablc 2). Wc have previously reported that the HHE
content was significantly higher in the control than in
the samples containing NaCl in the yellowtail meats
stored at 0 °C (Munasinghe et al. 2006). Effects of
NaCl on HHE formation in frozen yellowtail meats
may be different from those in the refrigerated meats.

Results obtained present study also showed that
HNE formation mechanism in pork was different form
HHE formation mechanism in yellowtail meats al-
though each experimental condition used was same. It
is uncertain why these differences occurred. Further
studies must be necessary to elucidate why these dif-
ference occur. Studies along these lines are currently
in progress in our laboratory.

Table 1. The variation of HNE contents (nmol/g tissue) in the control and the pork that contained
0.3, 0.6 and 0.9 M NaCl during 20 weeks at -20 °C storage

Weeks
Sample
0 4 8 12 16 20
Control 0.10£0.03 0.07£0.03"" 0.10x0.02*" 0.07£0.03™* 0.03£0.03"" ND"*
0.3M NaCl 0.18 ' 0.07** ND** 0.10£0.02*" 0.01£0.00%* 0.0010.00"" ND™*
0.6M NaCl 0.12£0.06** ND"™¥ 0.10£0.04*~ ND™? 0.01£0.01"* ND™*
0.9M NaCl 0.76+0.25 ND"¥ 0.12+0.04" 0.01£0.01™ 0.02£0.02"* ND"*

a-c Mcans (n=3) = standard crror within thc same row with no common superscript differs significantly (P < 0.05)
x-y Means (n=3) & standard crror within thc samc column with no common supcrscript differs significantly (P < 0.05).

ND : not detected (< 0.1 nmol/kg)

Table 2. The variation of HHE contents (nmol/g tissue) in the control and the yellowtail meat that
contained 0.3, 0.6 and 0.9 M NaCl during 20 weeks at -20 °C storage

Weeks
Sample
0 4 8 12 16 20
Control 0.62+0.27"* 0.10+0.04"* 0.0240.01" 0.16+0.00"" 0.11+0.02" 0.17+0.05"
0.3M NaCl 0.1410.06"~ 0.03x0.01"" 0.03 0.00"" 0.170.05** 0.520.07" 0.5910.08"
0.6M NaCl 0.12+0.06** 0.024+0.01" 0.05+0.01"* 0.15+0.00"" 0.49+0.02"* 0.80+0.45"
0.9M NaCl 0.1740.03*" 0.06£0.03* 0.1210.04*" 0.1540.05** 0.5610.20" 0.51+0.37""

a-b Means (n=3) T standard error within the same row with no common superscript differs significantly (P < 0.05)
x-y Means (n=3) & standard error within the same column with no commeon superscript differs significantly (P < 0.05).
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