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ABSTRACT : Color characteristics of pig x wild boar meat were determined with a fiber-optic spectrophotometer. The 
spectrophotometric characteristic of reduced-myoglobin observed after cutting immediately changed to the spectrophotometric 
characteristic of oxymyoglobin after 15 minutes of cutting. The spectrophotometry at 400 to 700 nm after 30, 45, 60, 90 and 120 
minutes of cutting changed slightly. Compared with M. longissimus thoracis, M. rhomboideus had higher reflectance around 400 nm and 
from 650 to 1,100 nm and M. spinalis was lower in the visible light region after 60 minutes of cutting. The pig x wild boar meat was 
similar in reflectance shape with pork but was lower in intensity. The differences depended on the anatomical location. The M. 
rhomboideus from pig x wild boar had greatly lower reflectance than that from pig, the M. longissimus thoracis reflectance was lower, 
but M. spinalis reflectance hardly differed. These results showed that pig x wild boar meat had no special characteristic of blooming 
but had distinguishing 사］aracteristic of meat color among anatomical locations. (Asian-Aust, Anim. Sci. 2001. Vol 14, No. 9 :1321- 
1325)
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INTRODUCTION

Pig x wild boar meat is a special product of some 
districts, Kohochi prefecture, Wakayama prefecture etc., 
in Japan. The meat is expensive and has a dark red color. 
The beautiful appearance of a bright red color is 
important for Japanese cuisine, especially for when the 
meat is served on a plate. A recent optical method for 
meat can obtain detailed color information (Swatland, 
1989, 1995). For example, the fiber optic method can 
evaluate color of fresh and frozen pork directly and 
rapidly and present color information numerically and 
visually (Irie, 1999a). This paper presents data using 
fiber-optic spectrophotometry on color characteristic of 
pig x wild boar meat about blooming after cutting, 
anatomical location and comparison with pork.

MATERIALS AND METHODS

Samples
Samples between the 5 to 6th rib were taken from ten 

carcasses of pig x wild boar and four pig carcasses at a 
Japanese meat market. The samples were frozen at -20°C. 
Samples for analysis, packed in polyethylene bags, were 
thawed at 4°C for 24 hour. The M. longissimus thoracis, 
M. rhomboideus and M. spinalis were (Hit in the middle at 
3 cm thickness at starting time of optical measurement.

Apparatus and optical measurement
Optical properties were measured with a 

spectrophotometer (HRS-6500, Optoelectronics Co., 
Tokyo, Japan) detailed in a previous report (Irie, 1999b). 
Data ranging from 400 to 1,100 nm at 1-nm intervals were 
obtained within one second. To determine blooming after 
cutting, the samples were measured immediately (0), and 
after 15, 30, 60, 90 and 120 minutes of cutting at 4°C.

Statistical analysis
The optical data were selected at 5-nm intervals for 

statistical analysis and analyzed using analysis of 
variance (ANOVA)(Tanaka and Tarumi, 1986). Data 
changes by time after cutting were analyzed using two- 
way ANOVA with time and anatomical location as main 
effects and one-way ANOVA with time as main effect in 
each muscle. For comparison among the anatomical 
location, data after 120 minutes of cutting were analyzed 
using one-way ANOVA. Data for comparison of pig 
versus pig x wild boar were analyzed using two-way 
ANOVA as 2 x 3 (species x anatomical locations) 
factorial arrangements. Where appropriate, differences 
among treatment means were compared using Tukey's 
multiple range test (Tanaka and Tarumi, 1986).

RESULTS AND DISCUSSION

Color changes after cutting
The effect of time after cutting on spectrophotometry 

of M. longissimus thoracis from pig x wild boar is 
shown in figure 1. Although the effect of time was not 
significant at the 5% level (figure 2), tendencies were as

mailto:masairie@os.gulf.or.jp


1322 IRIE AND NISHIMORI

50

汶
을-0

으

』£

o
 

o
 

o
 

O

4
 

3
 

2
 

1

0
400 

汶 9은
용
으

宙

500 600 700 800 900 1000 1100

Figure 1. Reflectance spectra of M. longissimus thoracis of 
pig x wild boar after 0, 15, 30 and 45 min (A) and 60, 90 
and 120 min (B) of cutting. Values represent the mean 
(n 키 0)

follows. The reflectance for the meat immediately after 
cutting was higher at 500 nm but lower at 550 nm than 
that for the meat when the time passed. One reflectance 
minima around 550 nm immediately after cutting changed 
to two reflectance minima after 15 min. At the same time, 
the reflectance tended to decrease around 500 nm and 
increase around 700 nm. These changes in reflectance are 
similar to the results reported for pork (Irie, 1999a) and 
beef (Irie et al., 1999) and show blooming phenomena 
with the chemical changes in myoglobin. Miller et al. 
(1996) reported that the absorbance maxima of reduced 
myoglobin and oxymyoglobin are 434 nm, 557 nm and 
565 nm, and 418 nm, 544 nm and 582 nm, respectively. 
In other words, the spectrophotometric characteristics of 
reduced-myoglobin for pig x wild boar meat 
immediately after cutting changed to the 
spectrophotometric characteristic of oxymyoglobin. No 
significant difference probably originated from the mild 
blooming because of dark color and the individual animal 
difference.

No significant interaction of time x anatomical
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Figure 2. Spectra distribution of F-values of ANOVA for 
time effect after cutting for M. longissimus thoracis from 
pig x wild boar. Straight line shows the value of F-table 
at 5% significance level

location was observed, showing under 0.8 of F ratios with 
two-way ANOVA. These results also showed that the 
bloom time among M. rhomboideus, M. longissimus 
thoracis and M. spinalis from pig x wild boar hardly 
differed. The spectrophotometric measurements from 400 
to 700 nm after 30 min changed slightly after 45, 60, 90 
and 120 min. Irie (1999a) showed that spectrophotometric 
measurements for pork changed rapidly within 5 min after 
cutting, mildly from 15 to 30 min and hardly on and after 
30 min. Wulf and Wise (1999) reported that the L*  values 
stabilized after approximately 30 min bloom time and that 
a*  and b*  values stabilized after 78 min bloom time, and 
recommended that the bloom time was 10 min at the 
minimum the same as USDA guidelines. Blooming for 
pig x wild boar meat was similar to pork and beef in 
point of the rapid progress within 15 min. Detailed 
reflectance data were obtained in this study. Because of 
the amount of data collected, the reflectance data can be 
converted in to values of L*,  a*  and b*  easily with a 
computer, if preferable (Izumimoto, 1999).

Anatomical location
The spectrophotometric data for three muscles from 

pig x wild boar after 120 min of cutting, and F-values 
by ANOVA determined at all wavelengths are illustrated 
in figures 3 and 4, respectively. The M. rhomboideus 
tended to have higher reflectance about 400 nm and on 
and after 650 nm and had significantly higher reflectance 
on and after 740 nm than the M. longissimus thoracis. The 
M. spinalis had significantly lower reflectance than the M. 
longissimus thoracis at wavelengths from 455 to 605 nm 
(p<0.05), and tended to move toward lower reflectance 
than the M. rhomboideus at all wavelengths determined. 
From the reading method for spectrophotometry (Hirai,
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Figure 3. Reflectance spectra of M. longissimus thoracis 
(L), M. rhomboideus (R) and M. spinalis (S) of pig 어、 
wild boar at 120 min after cutting. Values represent the 
mean (n=10)
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1989), these results indicated the following phenomena. 
The M. spinalis tended to absorb visible light at all 
wavelengths more so than M. rhomboideus and the M. 
longissimus thoracis, and therefore have M. spinalis 
appears dark. Both of M. longissimus thoracis and M. 
rhomboideus have light but differed color characteristics. 
Compared with M. rhomboideus, the M. longissimus 
thoracis had flat spectrophotometry, which results in a 
pale color. The reflectance for M. rhomboideus was 
widely different between minima and maxima around red 
light (600 to 700 nm), and therefore M. rhomboideus was 
a bright red color.

Comparison with pork
The F values by ANOVA for pork and pig x wild 

boar meat after 60 min are illustrated at all wavelengths in 
figure 5. The main effects for species and anatomical 
location were significant (p<0.01) at all wavelengths, and 
their interaction was significant at almost all wavelengths 
(p<0.05). That is, ANOVA showed that reflectance 
differed between pig x wild boar meat and pork, and 
among the anatomical locations, and that the differences 
in color characteristics among anatomical locations 
depended on the species. These conclusions are revealed 
by the spectrophotometric data illustrated in figure 6. The 
reflectance spectra of any muscles from pig x wild boar 
were similar in shape to the reflectance spectra of the 
same muscles from pig but differed in height (figure 6). 
The difference in color between pork and pig x wild 
boar meat did not originate from differences in 
reflectance at shorter wavelengths but from the 
differences in reflectance at longer wavelengths. The 
differences in reflectance give one's sight the difference 
in brightness. In other words, the reason why one sees pig 
x wild boar meat to be dark is mainly resulted from the
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Figure 4. Spectra distribution of F values of ANOVA for 
effect of anatomical location on reflectance spectra of pig 
x wild boar meat at 120 min after cutting. Two straight 
lines show the values of F-table at 1 and 5% significance 
levels

400 500 600 700 800 900 1000 1100 
Wavelength nm

Figure 5. Spectra distribution of F values of ANOVA for 
effects of anatomical location (A), spices (S) and their 
interaction (I) on meat spectra at 60 min after cutting. 
Straight lines show the values of F-table at significance 
levels

physical phenomenon that the meat absorbs all visible 
light. This optical phenomenon differed from the causes 
of the color hue among the anatomical locations detailed 
above.

In addition, the difference in reflectance between pork 
and pig x wild boar meat depended on anatomical 
location, as seen by the significant interaction (p<0.05). 
For reflectance of M. rhomboideus, pig x wild boar 
meat is lower than pork. The reflectance for pig x wild 
boar meat was very lower for M. rhomboideus than that 
for pork (figure 6, A) and lower for M. longissimus 
thoracis (figure 6, B). However, there was little 
difference in reflectance for M. spinalis between both 
species (figure 6, C).
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Figure 6. Reflectance spectra of M. longissimus thoracis 
(A), M. rhomboideus (B) and M. spinalis (C) from pig x 
wild boar (W) and pig (P) after 60 min of cutting. Values 
represent the mean (n=10 and n=4 fbr pig x wild boar 
and pig, respectively)

These phenomena may originate from the difference 
in improvement among muscles. Essen-Gustavsson 
(1993) reported that the oxidative capacity is higher in 

wild pigs and m cross-bred pigs compared with domestic 
pigs and that the percentage of red (oxidative) fibers 
decreases, and mean fiber diameter increases with the 
degree of selection of domestic pigs. For the pigs, the M. 
longissimus thoracis and M. rhomboideus^ whose fiber 
diameter and white fiber ratio were increased with 
improvement fbr meat quantity and economical 
importance, become paler because of the high reflectance 
of light than those fbr pig x wild boar. On the other 
hand, M. spinalis might not generate a similar difference 
because of little effect by genetic improvement.

In addition, the differences in color between 
anatomical locations are known to differ among pigs in 
the Japanese market and have become a problem to be 
solved. The above results indicating that the problem may 
be caused by a genetic factor may become a method to 
settle it. Further study is needed.

The res니ts in this present study showed that pig x 
wild boar meat had no special characteristic of blooming 
compared with other meats and that the distinguishing 
characteristics of meat color among anatomical locations 
were explained using spectrophotometry.

ACKNOWLEDGEMENT

Partially funded by the Japanese Ministry of 
Agricultural and Fishery through the Research Grants 
Program. The authors thank M. Hashizume of Kinki 
University fbr technical assistance.

REFERENCES

Essen-Gustavsson, B. 1993. Muscle-fiber characteristics in pigs 
and relationships to meat-quality parameters - review. In: 
Pork Quality: Genetic and Metabolic Factors. (Ed. Puolanne, 
E. and D. I. Demeyer). C • A * B International, Oxon, UK. 
pp. 140-159.

Fernandez-Lopez, J., J. A. Perez-alvarez and E. Sayas-barbera. 
2000. Characterization of the different states of myoglobin 
in pork using color parameters and reflectance ratios. J. 
Muscle Foods. 1 1:157-167.

Hirai, T. 1989. Iro Wo Hakaru. Japanese Standards Association, 
Tokyo, Japan, pp. 69-85 (In Japanese).

Irie, M. 1999a. Optical techniques for evaluation of pork color. 
Bull. Osaka Agr. For. Res. Ctr. 35:55-59 (in Japanese with 
English summary).

Irie, M. 1999b. Evaluation of porcine fat with fiber-optic 
spectroscopy. J. Anim. Sci. 77:2680-2683.

Irie, M., K. Fujita and K. Sudou. 1999. Changes in meat color 
and a -tocopherol concentrations in plasma and tissues 
from Japanese beef cattle fed by two methods of vitamin E 
supplementation. Asian-Aus. J. Anim. Sci. 12:810-814.

Izumimoto, K. 1999. Gyuunikusikityou to sono Sennsyokukano 
Kikou. In: Fl Seisann no Rironn to Jisssen. (Ed. K. Mitani). 
Nikugyu Sinpoo Sya Co., Ltd., Tokyo, pp. 167-178. (In



COLOR OF PIG x WILD BOAR MEAT 1325

Japanese).
Miller, S. J., B. W. Moss and M. H. Stevenson. 1996. Some 

observations on the absorption spectra of various myoglobin 
derivatives found in meat. Meat Science. 42:277-278.

Swatland, H. J. 1989. A review of meat spectrophotometry (300 
to 800 nm). Can. Inst. Food Sci. Tech. J. 22:390-402.

Swatland, H. J. 1995. On-line Evaluation of Meat. Technomic 
Publishing Co., Inc., Pennsylvania.

Tanaka, Y. and T. Tarumi. 1986. Pasokon Toukei Kaiseki 

Handbook HI Jikken Keikaku Hou hen. KyoritsuCo. Ltd., 
Tokyo. Japan, pp. 1-92 (In Japanese).

Tsuruga, T., T. Ito, M. Kanda, S. Niwa, T. Kitazaki, T. 
Okugawa and S. Hatao. 1994. Analysis of meat pigments 
with tissue spectrophotometer TS-200. Meat Science. 
36:423-434.

Wulf, D. M. and J. W. Wise. 1999. Measuring muscle color on 
beef carcasses using the L*a*b*  color space. J. Anim. Sci. 
77:2418-2427.


