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Abstract : The purpose of this study was to invesitigate the effects of the physical consistency
of the diet on the metabolites of the masseter muscle on rats fed a pelleted or a powdered diet. The
effects were evaluted with 'H-NMR ( nuclear magnetic resonance ) spectroscopy ( 'H-MRS ) and
biochemistry. The other purpose was to examine the relationship between the each type of muscle
fiber through identification by ATPase staining and of the metabolites also between the masseter
muscle.

Male Wistar rats were divided into two groups, those fed a pelleted diet and those fed a powdered
diet, at 3 weeks of age. Rats were fed adlibitum untill 9 or 12 weeks. The contents of the
metabolites in the masseter muscle were observed by 'H-MRS. The ratio of different fiber types
was determined by ATPase staining.

The following results were obtained.

1. The weight of the masseter muscle of the pelleted diet group was significantly greater than
that of the powdered diet group at both 9 and 12 weeks.

2. The share of the cross-sectional area of type 2 A fibers in the pelleted diet group was
significantly greater than that of the powdered diet group.

3. The contents of creatine and taurine in the pellet diet group were significantly greater than
in those in the powdered diet group at 9 weeks of age. The contents of creatine, taurine, anserine,
and anserine +carnosine at 12 weeks of age were significantly greater than in those at 9 weeks of
age in the pelleted diet group.

4, From the results of a discriminant factor analysis employing the contents of creatine, taurine,
anserine and carnosine, there was 100% accuracy in predicting between the pelleted and the
powdered diet group at 9 weeks. At 12 weeks there were 91.7% and 83.3% accuracy.

Consequently, it was suggested that the physical consistency of the diet might influence the
contents of metabolites and the share area of the fiber type in the masseter muscle.
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Fig. 1. Experimental protocol

Fig. 2. Masseter muscle portion used for
dissection
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Fig. 3. Flow chart demonstrating sample
processing in preparation for 'H-MRS.
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Fig. 4. Student’s t-test test was used for comparison tests of body weight, body length, and masseter
weight, between the pelleted diet group and powdered diet group. Results are shown as mean=®S.D..
Bracket indicates a significant difference. * : p<0.05, ** : p<0.01
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Fig. 5. ATPase staining in rat masseter muscle cross sections at 9 weeks after preincubation at pH4.5.
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Fig. 6. Distribution ratio of ATPase in stained masseter muscle fibers. The ratio of 2 A fiber in the
pelleted diet group was significantly greater than in the powdered diet group. At 12 weeks of age,
the ratio of 2 A fiber in the pelleted diet group was significantly reduced in comparison to that
at 9 weeks. Student’s t-test was used to compare the results. Results are shown as mean=*S.D..
Bracket indicates a significant difference. * : p<0.05, ** : p<0.01, *** : p<0.001
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Fig. 7. '"H-NMR spectrum of the masseter muscle hydrophilic extracts.
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Fig. 8. A comparison of metabolite contents observed by 'H-MRS in rat masseter muscle specimens
between the pelleted diet group and powdered diet group at 9 and 12 weeks of age. There were
significant differences for both creatine and taurine at 9 weeks between the two groups. There
were also significant differences in the pelleted diet group for creatine, taurine, anserine, and
anserine+carnosine when measured at 9 and 12 weeks. Student’s t-test was used to compare the
results. Result are shown as mean®S.D..

Bracket indicates a significant difference. * : p<0.05, ** : P<0.01, *** : p<0.001
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Table 1. Correlation matrix of the metabolite parameters.

9 weeks lac crn tau ans ans+car car
lac 1.000

crn —0.662 1.000

tau 0.888 % * % 0.673% 1.000

ans 0.075 0.423 0.090 1.000

ans+car -0.420 0.456 -0.263 0.683 * 1.000

car -0.607 % 0.239 -0.375 —0.140 0.600 * 1.000
12 weeks lac crn tau ans ans-+car car
lac 1.000

crn 0.540 1.000

tau 0.510 0.744 % * 1.000

ans 0.174 0.505 0.429 1.000

ans+car 0.347 0.723 % * 0.723 % % 0.860 % % 1.000

car —0.105 0.189 0.303 —0.272 0.164 1.000

Statistically significant * : p<0.05, **: p<0.01, *** : p<0.001
lac : lactate, crn : creatine, tau : taurine, ans : anserine, car : carnosine
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Fig. 9. From the results of discriminant factor analyses employing the contents of creatine, taurine,
anserine, and carnosine, there was 100% accuracy in predicting the differences between the
pelleted and powdered diet groups at 9 weeks, while At 12 weeks the prediction accuracy was

91.7% and 83.3%, respectively.
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