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Natural Variations of Precursors in Pig Meat Affect the Yield of
Heterocyclic Amines — Effects of RN Genotype, Feeding
Regime, and Sex
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Pig meat shows natural variations in the concentrations of precursors of heterocyclic amines (HCAS),
which may affect formation of HCAs in cooked pig meat. To study this, 26 pigs with an inherent
genetic variation (carriers and noncarriers of the RN~ allele) were subjected to different feeding regimes
(conventional feed compared with feed composed according to organic standards). In addition, the
effect of sex (castrated males or females) was considered when assessing chemical and technological
meat quality parameters. Concentrations of precursors of HCAs, i.e., creatine, residual glycogen,
dipeptides, and free amino acids, were analyzed in the raw meat, and the levels of some HCAs
(4,8-DiMelQx, MelQx, PhIP, harman, and norharman) were then determined in fried meat patties
prepared from these pigs. The RN genotype most affected technological meat quality parameters
and the level of precursors of HCAs, especially the level of residual glycogen, where carriers of the
RN~ allele showed levels four times as high as those of noncarriers (75.3 + 2.6 compared with
17.2 + 2.4 umol/g meat, least-squares means + SE). The increased level of residual glycogen resulted
in about 50% lower amounts of total mutagenic HCAs in cooked meat compared with cooked meat
from normal pigs. Fried meat from carriers of the RN~ allele obtained darker crust color than meat
from noncarriers. Feeding regime and sex did not significantly affect the chemical composition of the
meat or the formation of HCAs.
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INTRODUCTION species, cooked in the same way, exhibits large variations in

Heterocyclic amines (HCAs) can be formed at ng/g levels mutagenic activity (9). In_add?tion, meat _from the same species
during the cooking of meat and fish. Currently, about 20 @nd muscle type may give rise to varying amounts of HCAs
carcinogenic/mutagenic HCAs have been identified. Long-term (7 10). The level of PhIP, one of the most common HCAs
studies of animals have shown that HCAs are carcinogenic atProduced in cooked pig meat (pork chops), ranges from not
multiple sites (1—5) and DNA-adduct formation in human detectable to 4.8 ng/g; and MelQx, from not detectable to 2.6
tissues has also been documen®dAmong the most abundant ~ "9/9 (7)-

HCAs in cooked foods are 2-amino-1-methyl-6-phenylimidazo- ~ More knowledge on the natural variation of HCA precursors
[4,5-b]pyridine (PhIP) and 2-amino-3,8-dimethylimidazo[4,5- for each meat-producing species is needed, and systematic
flquinoxaline (MelQx) (7). Several HCAs, e.g. the IQ and IQx studies in this field are currently lacking.

compounds, are formed from naturally occurring precursors in ~ The chemical composition of pig meat may be affected by
the meat: sugars, creatin(in)e, free amino acids, and somegenetic and environmental factors such as the occurrence of
dipeptides via the Maillard reactioB)( The formation of HCAs major genes or choice of feed for the animals. Over the years,
depends on the cooking conditions (especially temperature anda particular major gene, the dominant, so-called Rillele,
time), the concentration of modulators (e.g., pro/antioxidants), has been proven to significantly influence production and meat
and the concentrations of the precursors already mentiahed ( quality traits in the Swedish slaughter pig population, where
The endogenous concentrations of the precursors in musclest0—50% of the animals are RNcarriers (RN/rn+) (11). The
vary between animal species. Therefore, meat from different dominant allele occurs in Hampshire and Hampshire crosses
(12—14) causing significantly higher glycogen content in
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residual glycogen, i.e., glycogen, glucose, and glucose-6- either carriers or noncarriers of the Rallele, based on two phenotypic
phosphate in the meat post morte8). Another important  traits: (a) measurement of the concentration of glucesgiucose-6-
consequence of the RNallele is low ultimate pH of the meat, ~ Phosphate in the meat juice as described by Lundstrom aridt Ez45
which, in combination with increased glycogen and decreased and (b) enzymatic determination of the concentration of residual
protein content, results in reduced water holding capacity in 9Yc09en (denotes glycogen, glucose, and glucose-6-phoshate) after

b hydrolysis of glycogen using amyloglucosidase in muscle tissue
both fresh and cooked meat). The RN allele also positively homogenized in cold perchloric acid (25). Both methods gave rise to

affects me,at quality: cooked meat from Car.“ers of th.e. RN 3 bimodal distribution, and the RN phenotyping was done on the basis
allele has in sensory tests been rated as being more juicy andy the valley point of method (b): animals with a residual glycogen
acidulous and as having a more intense meat taste than cookedoncentratiore 35xmol/g meat were classified as carriers of the RN
meat from noncarriers (18—20). gene. First, animals were selected for a more thorough analysis of meat
In the development of more sustainable food production composition, precursors, and level of HCAs using principal component
methods, alternatives to the conventional agrosystems areanalysis (PCA), to ensure that the two different feeding regimes, carriers
evaluated. Today, the most We”_deﬁned alterna“ve System to and noncarriers of the lelele, and animals from both sexes were

produce pig meat in Sweden is the KRAV (translated as the represented in a balanced mode. Second, animals with high or low
control association for organic food production) certified residual glycogen concentrations within genotype were included to build

ducti f . t KRAV i b izati in some variation in the model. The meat of the 26 animals chosen
production of organic meat. IS @ member organization -, ¢ finally genotyped (rit/rn+ or RN7/rn+) according to the

of the International Federation of Organic Agriculture Movement procedure reported by Milan et 4P6).

(IFOAM) and works out standards and monitoring programs — precyrsors of HCAs in the Raw Meat. From the 26 animals,
for organic food producers in Sweden. Pigs reared according samples intended for identification and quantification of free amino
to the standards of KRAV should, among other things, be able acids (400 g) and for cooking experiments800 g) were taken from

to express more of their natural behavior and have free accessehind the last rib, vacuum packed, aged for 4 days 4 4frozen,

to roughage. Furthermore, their feed should be produced andand stored at-20 °C. Residual glycogen was analyzed as described
Composed according to Specia| regu|ati0nsy which means that,above. Creatine and creatinine were quantified enzymatically by a
ideally, most of the feed should be produced on the farm where Boehringer-Mannheim end-point method applied for food sam@igs (
the animals are reared. The addition of synthetic amino acids "¢ mean concentration of creatinine was low, umol/g meat, and

to optimize the nutritional value of the feed, is not allowed in therefore only the level of creatine is reported.

KRAV certified pig feed (21). The content of free amino acids (FAA) and dipeptides in the meat

Thi dv’ A | h . f was analyzed using a Biotronik LC-5001 analyzer at the Department
Is study’s main aim was to analyze the concentrations of Biochemistry, Uppsala University, Uppsala, Sweden. The analysis

HCAs in fried patties of pig meat, originating from the same jycjuded aspartic acid, threonine, serine, asparagine, glutamic acid,
muscle but from different animals, and to examine to what extent glutamine, proline, glycine, alanine, citrulline, valine, methionine,
possible variations were associated with different meat composi-isoleucine, leucine, tyrosing;alanine, phenylalanine, ornithine, lysine,
tion. Another aim was to elucidate which components in pig arginine, and histidine, as well as taurine, urea, ammonia, and anserine
meat are the most important for the formation of HCAs. (dipeptide off-alanine and histidine). Norleucine was used as internal
Technological meat quality and chemical properties of meat Standard. The levels of trypthophan were lower than @r@2l/g meat,
from 26 pigs were investigated. The animals were either carriers Which was below the level of determination. A smaller sample was
or noncarriers of the RNallele and had been fed conventional "n ©on an Alpha-Plus analyzer to determine the level of the dipeptide

feed or organic feed composed according to the KRAy ©&Mosme (B-alanyl-histidine). . .
regulations. Cooking Experiments. The meat was thawed until semi-soft and

minced twice through a powered mincing machine (Electrolux Assistent,
Sweden), using the final plate with holes 4 mm in diameter. The minced
MATERIALS AND METHODS meat was formed into patties using Petri dishes. The patties weighed
Animal Material. The animal material was a subsample from a 70 g each and had a diameter of 8.5 cm and a height of 1.5 cm. The
larger study designed to monitor the effect of organic feed on production patties were fried for 3 min per side on a temperature-controlled frying
and carcass traits as well as the economic return of the production device set at 200C. Patties (2 or 3) originating from the same animal
system. The original animal material consisted of 240 crossbred (N = 26) were fried simultaneously in 10 g of commercial Swedish
((Landracex Yorkshire)x Hampshire) pigs bought from commercial ~ frying fat (Milda margarin) for each patty. The final internal temperature
herds in western Sweden. The animals were kept indoors in conven-O0f the patties was measured using thermocouples. The temperature of
tional pens. Of the 240 animals, 120 were fed a conventional feed the surface of the frying device was recorded once before the patties
mixture, and the other 120 animals were fed organic feed. A subsamplewere applied and three times during frying using a temperature probe.
(n = 99) was chosen for technological meat quality assessment, andAfter the patties had cooled, they were weighed, and the cooking loss
the selection was further reduced to comprise 26 pigs (13 castratedwas calculated.
males and 13 females, see below for selection procedure) for the Color Measurements/Estimations of Surface Browning of the
analysis of chemical composition and formation of HCAs. The pigs Cooked Meat Crust. Lightness (L*), yellowness (b*), and redness (a*)
were sent to slaughter when they reached a live weight of 107 kg. The of the crusts were recorded using a Minolta Chroma Meter CR-300
animals were transported 30 min to a commercial abattoir, the lairage with a Dss light source calibrated against a white tile. These values
time was approximately 2 h, and stunning was carried out using CO were supplemented by a subjective color score (1 to 5; where 1 was a
Technological Meat Quality AssessmentCarcasses intended for  very light crust and 5 was a very dark crust).
meat quality assessment were transported to the Swedish Meats Analysis of HCAs. As a first concentration stef28), the crust, i.e.,
slaughter plant in Uppsala, Sweden, and cut the second day afterthe brown surface, of the fried patties was removed using a scalpel.
slaughter. All measurements and analyses were carried oM. in From 100 g of raw meat around 16 g of crust was obtained. The crust
longissimus dors{LD). At cutting, ultimate pH (pk)) and drip loss was then stored at20 °C until extraction. From a 4-g sample of crust
were determined as previously reported by Enfélt et24).(Samples pooled from fried patties from the same animal, HCAs were extracted
of LD, weighing approximately 300 g, intended for analysis of the and purified according to the solid-phase extraction method of Gross
water, ash, intramuscular fat (IMF), and crude protein contents of the and Griter (29) with some modifications (30). HCAs were separated
meat were cut 20 cm anterior of the last rib, frozen, and storec2at using reversed-phase HPL&J. The column (ODS 80 TosoHaas, 250
°C until analysis according to Enfdlt et al. (223). x 4.6 mm, 5u id.) was eluted with acetonitrile and 0.01 M
Selection of Samples Representing Carriers and Noncarriers of triethylamine (pH adjusted to 3.6 with acetic acid). Chromatograms
the RN~ Allele. Initially, samples from 99 animals were classified as and spectra were obtained using a photodiode array UV detector (Varian
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Table 1. Effect of RN Genotype, Feeding Regime, and Sex on the Concentration (ng/g cooked meat) of Heterocyclic Amines (least-squares means
+ standard errors)?

RN genotype feed sex

r+/m+ RN~/r+ p value conventional organic p value castrated male female p value

MelQx 19+0.2 15403 0.273 16+0.3 1.8+0.2 0.530 15+0.3 19+0.2 0.247
(n=14) (n=12) (n=12) (n=14) (n=13) (n=13)

4,8-DiMelQx 04+0.1 02+01 0.063 03+01 03+0.1 0.695 03+0.1 03+01 0.479
(n=14) (n=12) (n=12) (n=14) (n=13) (n=13)

PhiP 19+0.3 02+03 0.001 1.0+0.3 1.1+£0.3 0.873 08+0.3 14+0. 0.157
(n=14) (n=11) (n=11) (n=14) (n=12) (n=13)

sum mutagenic HCAs 42+05 20+£05 0.006 3.0+05 32+05 0.775 26+05 36105 0.167
(n=14) (n=11) (n=11) (h=14) (n=12) (n=13)

Harman 0.7+£05 16+05 0.217 04+06 19+05 0.053 09+07 13+05 0.659
(n=12) (n=11) (n=10) (hn=13) n=9 (n=14)

Norharman 19+0.6 34+06 0.094 18+0.7 36+06 0.059 29+0.7 2505 0.650
(n=11) (n=11) (n=9) (n=13) n=29) (n=14)

aBold font denotes a significant (p < 0.05) effect of the fixed factors RN genotype, feeding regime, or sex.

Table 2. Effect of RN Genotype, Feeding Regime, and Sex on the Concentration (zmol/g raw meat) of Some Precursors of Heterocyclic Amines
(least-squares means + standard errors)?

RN genotype feed sex

m-+/m+ RN~/m+ conventional organic castrated male female

(n=14) (n=12) p value (n=12) (n=14) p value (n=13) (n=13) p value
creatine 36.4+ 0.8 39.7+£0.8 0.010 38.4+0.8 37.8+0.8 0.582 36.9+0.8 39.2+08 0.060
residual glycogen 17.2+24 75.3+26 0.001 456 £ 2.6 47024 0.691 449+25 476+25 0.444
glycine 1.14+0.05 1.36 £0.06 0.006 1.18 £0.06 1.32+0.05 0.077 1.32+0.05 1.18 £0.05 0.078
ornithine 0.19+0.01 0.11+0.02 0.001 0.12 +0.02 0.18 +0.02 0.007 0.17 £0.02 0.13+0.02 0.057
citrulline 0.05+0.01 0.05+0.01 0.636 0.04+£0.01 0.06 +0.01 0.017 0.05+0.01 0.05+0.01 0.483
p-alanine 0.36 +£0.03 0.28 +0.03 0.100 0.41+0.03 0.24 +0.03 0.001 0.33+0.03 0.32+0.03 0.947
sum FAA 10.1+0.6 10.7+0.6 0.521 106 +0.6 10.3+0.6 0.799 10.8+0.6 10.1+0.6 0.405
taurine 1.95+0.08 1.70 £ 0.08 * 1.77+£0.08 1.88 +0.08 * 1.81+0.08 1.84 +0.08 0.734
ammonia 7.00+0.10 6.91+0.10 * 6.81+0.10 7.10+£0.10 0.050 6.93+0.10 6.98+0.10 *
anserine 0.82+0.03 0.69 +0.03 0.007 0.78 +£0.03 0.72+0.03 0.145 0.73+0.03 0.78 +£0.03 0.213
carnosine 29.5+0.75 27.2+£0.81 0.046 29.4+0.81 27.3+0.5 0.061 28.3+0.80 28.4+0.80 0.889
sum dipeptides 30.3+0.8 279+0.8 0.040 302+0.8 28.0+0.8 0.059 29.0+0.8 29.2+0.8 0.055

2 Bold font denotes a significant (p < 0.05) effect of the fixed factors RN genotype, feeding regime, or sex. * Indicates significant (p < 0.05) interaction between the fixed
factors.

9065, Polychrome). HCAs were identified and quantified using retention norharman varied among the samples and are summarized in
times and the spectra from reference samples of known concentrationsTable 1. The amount of PhIP was significantly lower in fried
run under the same conditions. The following HCAs were quantified: meat from carriers of the RNallele (p= 0.001). The total
MelQx, PhIP, 2-amino-3,4,8-trimethylimidazo[4,5-flquinoxaline (4.8- 3 mount of mutagenic HCAs was also significantly lower in fried
DiMelQx), 9H-pyrido[3,dblindole (norharman), and 1-methyl-9H- —oq: from carriers of the RNallele (p= 0.006). Feed or sex

pyrido[3,4-blindole (harman), all obtained from Toronto Research did not ai ise t ianificant diff bet th
Chemicals (Toronto, Canada). In a few cases, a UV-spectrum corre- 1d not give 1ise 1o any significant difierences between the
amount of HCAs.

sponding to the substance of interest could be detected but the amoun '
was too small to allow proper integration. These peaks were assigned Precursors in the Raw Meat. Table 2shows the concentra-

a peak area, known to be below the determination limit, to perform a tions of creatine, residual glycogen, and some free amino acids
statistical analysis of variance. All samples were analyzed in duplicates, that were in some way affected by the fixed factors of RN
and 18 of the 26 samples were run as triplicates, with one of the genotype, feeding regime, and sex. The levels of creatine ranged
triplicates spiked with a known amount of reference compounds to 1 5_fg|d. from 29.1 to 44.2mol/g meat. Meat from carriers of
correct for incomplete extraction recovery. . . the RN allele had significantly increased levels of creatipe (

Statistical Analysis.Data were analyzed using MinitaB2) running = 0.010) compared to meat from noncarriers, but no significant

Pearson’s correlations and the GLM procedure. The statistical model diff btained for feed The Rillel
included feeding (conventional feed or feed composed according to irerences were obtained for ieed or sex. 1he ele was

KRAV's organic standards), RN genotype{rin+ or RN-/rn+), and also correlated with significantly increased levels of residual
sex (female or castrated male) as fixed factors. Two-way interactions glycogen p < 0.001), but again, no significant differences were
between these fixed factors were included when signifigart 0.05). obtained for feed or sex. The distribution of residual glycogen
Principal component analysis (PCA) was carried out using Unscrambler in this material comprising 26 animals is shownHRigure 3.
(33). The ranges in residual glycogen varied 13-fold, between 7 and
91 umol/g meat. The mean residual glycogen level in meat from
noncarriers of the RNallele was 17.2t 2.4 umol/g meat ww
compared with 75.3t 2.6 umol/g meat wet weight in meat
Heterocyclic Amines. All 26 samples of fried pig meat from carriers (least-squares meahstandard errorsfable 2).
contained HCAs. The concentrations of individual and total A few of the concentrations of individual free amino acids
mutagenic HCAs ranged from not detectable to 8.9 ng/g cooked and dipeptides (anserine and carnosine), were affected by RN
meat. The amounts of MelQx, 4,8-DiMelQx, PhIP, harman, and genotype or feeding regime. The RMllele affected the levels

RESULTS
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Table 3. Color and Cooking Loss of the Fried Pig Meat Patties as Table 4. Effect of RN Genotype on Technological Meat Quality
Influenced by RN Genotype (least-squares means + standard errors)? Parameters (least-squares means + standard errors)?
RN genotype RN genotype
rm+/m+ RN~/rn+ p value n rm+/m+ RN~/rn+ p value
L* 453+19 428+18 0.338 water, % 26 745+0.2 753+0.2 0.003
(n=12) (n=10) crude protein, % 26 228+03 21.7+0.3 0.006
ax 123+0.4 10.6+0.5 0.018 intramuscular fat (IMF), % 26 24+02 24+02 0.943
n=12) (n=10) ash, % 25 1.1+0.02 124003  0.001
b* 172+ 1.0 12.8+1.0 * drip loss, % 26 74+05 9.3+£06 0.022
n=12) (n = 10) PHy 26  554%002 544%002 0001
subjective color score ?'1 * fzi ‘("2 * f()? 0.001 aBold font denotes a significant (p < 0.05) effect of the fixed factor RN genotype.
n= n=
cooking loss, % 3307 36+0.7 0.004 . . .
(n=14) (h=11) the fixed factors feeding regime and sex, whereas the L*

(lightness) value was not affected by any of the factors studied.
L*, a* and b* values were not correlated with the residual
glycogen content of the raw meat. By subjective assessment of
the degree of surface browning, fried meat samples from RN
of glycine, ornithine, and the dipeptides anserine and carnosine carriers were scored as significantly darker (4.2 compared with
whereas feeding strategy affected ornithine, citrulline, and 2.1;p < 0.001) than those of noncarriers. The subjective color
B-alanine Table 2). Neither RN genotype, feeding regime, nor  scores were highly correlated (0.86;< 0.001) to the residual
sex affected the total sum of free amino acids. The levels of glycogen content of the raw meat. The yield of PhIP and the
taurine and ammonia were subject to significant interactions subjective color score correlated negativei0(58;p = 0.003)
between the factor pairs of feeding regime and RN genotype’ but the other HCAs and the crust color did not correlate.
and sex and RN genotype, respectively. The concentrations of The temperature on the surface of the frying device was
the other free amino acids determined were not affected by anymonitored at four times during each cooking session. When the
of the factors considered (data not shown). The concentrationmeat patties were placed on the surface the temperature fell
of individual free amino acids was low, in the ranges of 8:02  slightly from 205°C to 195°C, but gradually rose back to 205
2.5 umol/g meat, where (besides tryptophan, which occurred °C during the frying. Mean and maximum temperatures of the
in concentrations below the limit of determination), citrulline surface of the frying device did not influence the color formation
had the lowest values and alanine had the highest. When the(data not shown).
concentrations of all free amino acids were summarized, the The mean cooking loss, calculated as percentage of weight
lowest level of total free amino acids was §hol/g meat in  10ss during frying, amounted to 344 2.4% (meant SD) in
meat of one animal, compared with a highest level of 16.7 this study. The cooking loss was significantly larger for the fried
umol/g in another single animal. The dipeptides, anserine and Meat patties made of meat from RNarriers p = 0.004;Table
carnosine, also varied about 2-fold in the ranges of-0.3 3).
and 20.3-35.2umol/g meat, respectively. This shows that rather ~ Technological Meat Quality Parameters.n this study, the
dramatic differences in the levels of precursors of HCAs occur RN genotype considerably affected the technological meat
between individual animals within the same species and muscle.quality parameters measured; i.e., pigs that were carriers of the
Relationships Between Precursors and HCAsThe cor- RN~ allele produced meat with significantly higher water and
relation between residual glycogen and PhIP in all sampies ( ash content, increased drip loss, and lower ultimate pH and crude
= 26) was negative (—0.58 = 0.003). In the subgroup with ~ Protein content than meat from noncarrief@ifle 4). These
high residual glycogen values, representing the carriers of theresults agree with those from another study (22) and are in line
RN~ allele, these variables correlated negativeld67;p = with the standard of attainment of the effect of the Rallele
0.033) but in the group with low residual glycogen values, the on these specific traits. The strategy of feeding (conventional
concentrations of residual glycogen and PhIP did not correlate. o organic feed) and the sex of the animals did not affect the
Also, the concentrations of residual glycogen and the levels of technological meat quality traits considered in this study (data
MelQx or 4,8-DiMelQx formed in the cooked meat did not not shown).
correlate. In addition, we found no significant correlations
between the level of creating in the raw meat anq the HCAs p1scussion
analyzed in the cooked pig meat. The formation of the
comutagens, harman and norharman, in the fried pig meat To our knowledge, this is the first study investigating whether
samples was not affected by the factors RN genotype and sexnatural variations of HCA precursors in raw pig meat affect
but concentrations tended to be higher in the meat of organically the yield of HCAs after cooking. Moreover, this is the first report
fed pigs (Table 1). None of the variables measured were on HCAs in fried minced patties made of meat originating from
correlated to the level of harman. For the meat originating from animals of different RN genotypes. HCAs were detected in all
carriers of the RN allele, urea and ornithine correlated samples of fried pig meat, and, interestingly, the amounts of
positively with the level of norharman (0.67 and 0.5 PhIP and total HCAs for the two genotypes differed signifi-
0.042), whereas phenylalanine correlated negatively.70; p cantly. The levels of MelQx, 4,8-DiMelQx, and PhiFPaple
= 0.024). 1) were in the range of those from other studies where whole
Color Formation and Cooking Loss. Measurements using  pork chops were studied (280).
the Minolta chroma meter showed that crust of meat from In an attempt to elucidate which components in pig meat are
noncarriers of the RNallele had significantly higher a* values, the most important for the formation of 4,8-DiMelQx, MelQXx,
i.e., the crust had a more saturated red colab{e 3). The b* PhIP, harman, and norharman a principal component analysis
(yellowness) values were affected by an interaction between (PCA) was performedHRigure 1). The bi-plot shows that the

@ Rows in bold font denote a significant (p < 0.05) difference between animals
of different RN genotypes. *Indicates significant (p < 0.05) interaction between the
fixed factors.
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Figure 1. Principal component analysis (PCA) bi-plot. Loadings of measured variables (creatine, residual glycogen, sum of FAAs, protein, IMF, water,
pHy, cooking- and drip-loss of the raw meat, as well as internal temperature and HCAs in the cooked meat). Scores of samples clustered into two groups
representing the two RN genotypes.

samples form two well-separated clusters: the carriers of the pigs (Table 2). According to Lebret et al3§), the RN allele
RN~ allele (denoted RN-) to the left and the noncarriers to the leads to an increase in the relative areas of oxidative type IIA
right (denoted rn+). PhIP, and to some extent 4,8-DiMelQx and I1IBr fibers in LD. We hypothesized that this shift in
and MelQx, covaries along principal component 1 (PC1) with myofiber characteristics may lead to differences in the metabolic
variables such as pH, protein content, and sum of dipeptidespattern of LD and may cause the higher level of creatine
(anserine and carnosine) of the meat together with the scoresobserved in meat from carriers of the RMdllele than that of
of the noncarriers. The levels of harman and norharman on thenoncarriers. However, as Laser-ReutemnaM@7) pointed out,
other hand, tend to covary with variables that are characteristic white fiber types have a more rapid energy metabolism, and it
of carriers of the RN allele, i.e., residual glycogen levels, water could therefore be supposed that the creatine levels should be
content, and drip loss of the meat. The closer to the origin the higher in these fiber types. Obviously, other explanations are
variables are plotted the less important they are for explaining plausible and further research on the effect of the RN genotype
the variance in the model. In the present model, the explained on creatine content of muscle and meat is needed. No significant
variance is low (PC1 explains 27% of the variance) but the plot differences in creatine concentrations were found between the
gives a picture of how the most important precursors and HCAs two sexes or between the two feeding regimes.
relate to each other. Another important observation in this PCA  Fried meat from carriers of the dominant Rislllele contained
plot is the clear separation of the two RN genotypes, which only about half of the total mutagenic HCAs (sum of MelQX,
suggests that each group might have to be modeled separately4,8-DiMelQx, and PhIP) found in fried meat from noncarriers.
As mentioned in the Introduction, pigs that are carriers of The yield of HCAs would be expected to increase with
the dominant RN allele are known to have significantly higher increasing creatine content, as creatine is a necessary precursor
levels of glycogen in glycolytic muscles. The exact mechanism for the formation of HCAs 8). Instead, the much higher
behind this glycogen accumulation is not yet known. It could residual glycogen concentration in the Risarriers negatively
be a result of either a dominant negative mutation inhibiting affected the yield of HCAs. When the level of PhIP was plotted
AMP (adenosine monophosphate) activation and glycogen against residual glycogen (Figure 2) the plot gave a good
degradation or a gain-of-function mutation leading to an illustration of how the samples with low and high residual
increased glucose transport and/or glycogen synth@&s ( glycogen are separated into two groups. It is clearly seen that
However, the effects of the RNallele cause the large variation  high levels of residual glycogen inhibit the formation of PhiIP.
of the level of residual glycogen, ranging from 7 to @&hol/g Formation of HCAs is influenced by both the levels of
meat (wet weight) in our study. Our results on the levels of precursors and the ratio between them. An optimal effect on
residual glycogen in LD correspond well with recent results the formation of HCAs in model systems has been reported
obtained inM. semimembranosuis another Swedish slaughter when mono- or disaccharides are present at about half the molar
pig population 84). A residual glycogen value of about 20 amount of creatine and free amino acids; however, when the
umol/g meat could be regarded as normal in the part of the concentrations of sugar increased, the formation of mutagens
Swedish slaughter pig population that does not carry the RN decreased (389). The meat from carriers of the RNallele
allele, i.e., in approximately 60% of the total pig population of contained, on average, 4-fold higher concentrations of residual
today (11,19). glycogen compared with meat from noncarriers (i.e., normal
The levels of creatine found in this study agree with creatine pigs). This may explain the reducing effect that we observed
levels previously reported in pig meat (38). Similar to the on the total amount of mutagens, PhIP and to some extent
residual glycogen, the content of creatine was higper 0.010) MelQx and 4,8-DiMelQx, in fried meat from pigs that were
in meat from carriers of the RNallele than that of normal  carriers of the RN allele (Table 1). The observed effect of the
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Figure 2. Concentration of 2-amino-1-methyl-6-phenylimidazo[4,5-b]- Figure 3. Distribution of the residual glycogen concentration (.mol/g raw
pyridine (PhIP) as a function of residual glycogen concentrations in pig meat) of the 26 pig meat samples. Gray bars represent meat from
meat. Samples with high residual glycogen values represent meat of the noncarriers, and white bars represent meat from carriers of the RN~ allele.

carriers of the RN~ allele and those with low residual glycogen values . ) o . )
represent meat from noncarriers. The most interesting observation in relation to the frying was

that a subjective assessment of the degree of surface browning

RN~ allele on the concentration of some other important showed that cooked meat from RNarriers was significantly
precursors and modulators (anserine and carnosine, and soméarker than that of noncarrier$gble 3). The subjective color
FAAs, as well as pH and fatty acid composition of the meat Sscores were highly correlated (0.§6;< 0.001) with the residual
(40)) may play a role for the formation of HCAs, but at this glycogen content of the raw meat. The higher residual glycogen
stage we cannot isolate this effect from that of the increased content of meat from carriers of the RNillele was probably
residual glycogen values. important for crust color development, presumably leading to
Furthermore, our results of concentrations of free amino acids, @ more pronounced Maillard reaction. There was, however, no
some of which have previously been shown to produce HCAs correlation (or in the case of PhIP, a negative correlation),
when heated in model systen® (were interesting. Generally, between the amount of HCAs and the degree of surface
our results on levels of free amino acids and dipeptides in browning. This indicates that the degree of surface browning
porcine LD agree broadly with those of Aristoy and Tol#4a) is not a good indicator of HCA formation in pig meat in which
and Cornet and Boussetd). Using model systems, phenyl- the RN allele is present.
alanine and creatine have been shown to act as precursors for The cooking loss (34.4 2.4%, meant SD) is in the range

the formation of PhIP (43). In model systems, PhIP has also gf that from another study in which whole pork chops were
been formed from creatine heated with leucine, isoleucine, or grjjled to a final internal temperature of 88C (48) and

tyrosine (7). Here, we found no correlation between phenyl- somewhat higher than that in a Danish study in which ground
alanine levels in the raw meat and the level of PhIP in the pork was fried to an internal temperature of 7G (49).

cooked meat, and no correlation between leucine, isoleucine,compared with these studies it can be noted that the mincing
tyrosine, or any other free amino aC|d_ and_ the PhiP levels. NO o e meat did not considerably affect the water holding
strong correlations existed between individual FAAs and the capacity during cooking. The cooking loss was larger for the

level of MelQx and 4,8-DiMelQx in the cooked meat. . fried meat patties made of meat from RMarriers (Table 3).
The comutagens, harman and norharman, occurred in lowerryq 4ecreased water holding capacity, judged as higher cooking
concentrations in all fried pig meat samples (LD) than in other loss in RN carriers, is probably due to the combined effect of

types of meat. Harman and norharman have been detected i : :
amounts up to 4.8 and 19.3 ng/g, respectively, in beef steaksrtgg ngg allele on ultimate pH and glycogen and protein levels

fried at 190°C (44), and up to 22 and 30 ng/g, respectively, in
grilled bacon strips 45). The low levels of harman and
norharman in our study might be due to the low levels of CONCLUSIONS
tryptophan in pig meat; tryptophan occurred in concentrations _ .
below 0.2umol/g meat in the pig meat, whereas beef has been . The natural variation of the congentratlons of HCA precursors
reported to contain 1.46mol/g (46). In a model system, the N Pig meat was 13-fold for residual glycogen, 1.5-fold for
formation of harman and norharman has been shown to increasé€@tine, and 2-fold for both total free amino acids and
with increasing tryptophan concentrations, whereas increasingdiPeptides. These variations in the levels of HCA precursors
amounts of creatine or glucose did not affect the yidig)(In ~ Were best explained by the RN genotype of the animals, whereas
our study, none of the measured variables were correlated withneither feeding regime nor sex significantly contributed to the
the level of harman, and the relationships between norharmanvariation. The highest levels of residual glycogen were analyzed
and urea, ornithine, and phenylalanine in meat from carriers of in meat from pigs that were carriers of the dominant RiNele.
the RN allele need to be studied further. Increased residual glycogen concentrations significantly reduced
Placing the different precursors and other factors measuredthe yield of total HCAs, in particular PhIP, and resulted in about
in order of precedence for the formation of the various HCA 50% lower amounts of total HCAs in cooked meat of RN
was difficult in this study. Indeed, our experimental model was carriers than in cooked meat from normal pigs. Clearly, proper
not adequate to draw any far-reaching conclusions on the impactassessment of human intake of HCAs requires further knowledge
of specific precursors on the yield of HCAs. The large impact of the level of HCAs in cooked meat from different species
of the RN allele (e.g., the bimodal distribution of the residual and also on the intra species variation due to genetic factors.
glycogen levels Kigure 3) with two extreme mean values), The observation that a higher degree of surface browning of
makes the model better suited to explain how the RN genotype fried meat does not necessarily mean higher levels of HCAs is
affects the formation of HCAs. also important for dietary assessment studies.
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ABBREVIATIONS USED

HCAs, heterocyclic amines; MelQx, 2-amino-3,8-dimethyl-
imidazo[4,5-flquinoxaline (CAS 77500-04-0); 4,8-DiMelQX,
2-amino-3,4,8-trimethylimidazo[4,8quinoxaline (CAS 95896-
78-9); PhIP, 2-amino-1-methyl-6-phenylimidazo[4}pyridine
(CAS105650-23-5); Norharman, 9H-pyrido[3indole (CAS
244-63-3); Harman, 1 -methyl-9H-pyrido[3Bindole (CAS
486-84-0); FAA, free amino acids; IMF, intramuscular fat; PCA,
principal component analysis; LD, Nlongissimus dorsiAMP,
adenosine monophosphate.
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