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Abstract Preference of taste or both aroma and taste between Wagyu (Japanese Black Cattle) beef 

and imported beef on market was compared to reveal reasons why Wagyu beef is considered to be more 

palatable than imported beef in Japan. Panelists ate heated beef samples and assessed preference on 
taste by pinching their noses and both aroma and taste by not pinching their noses. As a result there 

was no difference in preference on taste between both samples, but in the case of both aroma and taste 

Wagyu beef was significantly preferred to imported beef. Wagyu beef presented a preferable, sweet 

and fatty aroma, which was different from the conditioned raw beef aroma, while imported beef did not 

present such an aroma. Therefore, the existence of such an aroma was presumed to be one of the 
reasons why Japanese people preferred Wagyu beef to imported beef. We proposed to name this aroma 

Wagyu beef aroma. The optimum cooking temperature to generate Wagyu beef aroma was found to

be 80℃. This aroma was almost absent in Wagyu beef immediately after slaughter. The experiment

on additional storage of Wagyu beef slices suggested that a considerable high level of fat-marbling and 

contact with oxygen were necessary to generate Wagyu beef aroma. On the other hand, an anti-

bacterial agent, chloramphenicol, did not inhibit the generation of Wagyu beef aroma in highly marbled 

beef stored under air, indicating that a group of bacteria including Brochothrix thermosphacta which is 

essential for the generation of the conditioned raw beef aroma were not responsible for the generation 

of Wagyu beef aroma. 
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         Black Cattle

 Japanese people prefer remarkably Wagyu (Japa-

nese Black Cattle) beef to imported beef. Japan 

Meat Information. Service Center conducts a survey of 

consumer's preference for beef through housewives of 

2,000 families across the country every year. On the 

survey of beef palatability in 19981), 82.8% of families 

answered that Wagyu beef was palatable and only 

0.6% of families answered that it was not palatable. 

On the other hand, only 3.4% of families answered 

that imported beef was palatable and 35.1% of 

families answered that it was not palatable. These 

data indicated that there is a marked difference in 

either of taste or odor and texture, which constitutes

palatability of beef, between Wagyu beef and im-

ported beef. It is well known that Wagyu beef is 
tender because of high level of marbling. Although 

imported beef is less tender than Wagyu beef, im-

ported beef is now tender enough for us to enjoy such 
texture, because it is conditioned for a long period3). 

Therefore, it is unlikely that superiority in tenderness 

is the only reason why Wagyu beef is considered to be 

more palatable than imported beef. 

 It was reported that the desirable aroma named the 

conditioned raw beef aroma, which is perceived in raw 

beef, was generated by the conditioning of dairy cattle 

beef in air and that this aroma could contribute to the
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palatability of conditioned beef2). The absence of 
such aroma was assumed to be one of the reasons for 

the low palatability of imported beef3). Furthermore, 

investigation on steak restaurants showed that most 

Wagyu beef possessed the conditioned raw beef 

aroma, which appeared to enhance the palatability of 

the Wagyu beef. Therefore, it was presumed that the 

conditioned raw beef aroma fairly contributed to the 

palatability of Wagyu beef, although survey on market 
Wagyu beef has not been conducted. However, pre-

liminary investigation on market Wagyu beef revealed 

that a few Wagyu beef possessed the conditioned raw 

beef aroma, suggesting that the conditioned raw beef 

aroma does not so much contribute to the palatability 

of Wagyu beef against our previous presumption. 

Thus, in this study difference in aroma and taste of 

heated meats between Wagyu beef and imported beef 

was examined. Consequently, a desirable aroma 

different from the conditioned raw beef aroma was 

observed in Wagyu beef but not in imported beef. 

We named such an aroma Wagyu beef aroma and 

investigated conditions for its generation. 

         Materials and Methods 

 Meat samples 

 Two kinds of market beef (Japanese Black Cattle 

(Wagyu) beef and imported beef from U.S.A.) ob-
tained from a retail shop and three kinds of ex-

perimentally-conditioned Wagyu beef (beef A, B and 
C) were used. In Japan, Wagyu beef is used to call 

the meats of Japanese Black, Japanese Brown, Japa-

nese Shorthorn and Japanese Polled Cattles. About 

90% of Wagyu beef consumed in Japan belongs to the 

meat of Japanese Black Cattle which produce marbled 

meat most effectively. Thus, the meat of Japanese 

Black Cattle as Wagyu beef was used in this study. 

The breed of the imported beef from USA was not 

clear but surely differed from the Japanese Black 

Cattle. Beef marbling grades of market beef were 

evaluated to be 5 (the highest grade of Japanese 

standard) for Wagyu beef and 2 or 3 for imported 

beef. Periods and conditions for conditioning 

(aging) of market beef were unknown. Details of the 
experimentally-conditioned Wagyu beef samples are 

shown in Table 1. All these samples were obtained

Table 1. Experimentally-conditioned Wagyu beef 

used in the present study

a: According to Japanese standard, 5 is the highest 

  grade and 1 is the lowest grade. 
b: All carcasses were conditioned under air.

from livestock experiment stations or wholesale stores. 

 Organoleptic evaluation 

 Trained panelists in our laboratory ate cooked beef 

samples to evaluate a retronasal aroma ascribable to 

the odor sensation caused by odorants traveling from 

the mouth to the nasal cavity via the nasopharynx6). 

In some experiments panelists scored the intensity of 

Wagyu beef aroma by comparison with the standard 

samples, which were market Wagyu beef slices (their 

beef marbling grades are 5) heated in 1% NaCl solu-

tion at 80℃ for 2min. The scores were as follows:

no defined aroma, O; slight or much weaker than the 

standard, 0.5; weaker than the standard, 1.0; equal 

to the standard, 2.0; stronger than the standard, 3.0. 

In almost all experiments, a paired-difference test was 

employed where the panelists indicated the sample 

having a stronger Wagyu beef aroma between the two 

samples prepared under different conditions. Sample 

indicated by a larger number of panelists having 

aroma intensity stronger than another sample was 

decided. This method was used since it revealed 

more readily and correctly the difference between two 

samples than the method using the score of aroma 

intensity. 

          Results and Discussion 

  Wagyu beef aroma as a responsible factor of high 

preference of Wagyu beef to imported beef in Japan 
  A paired preference test between Wagyu beef and 

imported beef using market meats was conducted. 

Thin-sliced Wagyu beef loins and blocks of imported

Anim. Sci. J. 72 (6): 498-504, 2001 499



MATSUISHI, FUJIMORI and OKITANI

Table 2. Preference test between Wagyu beef and 

imported beef

a: Beef samples (ca.4×3×0.2-0.4cm)were cooked

  in 1% NaCl solution at 80℃ for 2min.

b: Significant difference was indicated with **(P< 

  0.01). NS, not significant, 

c: Four panelists joined this preference test. Each 

  panelist evaluated two pairs of samples. 
d: Six panelists joined this preference test. Each 

  panelist evaluated two pairs of samples.

beef loins were purchased in a retail shop. The 

blocks of imported beef were sliced into 0.2-0.4cm in 

thickness in our laboratory. Trained panelists ate

these slices heated in 1% NaCl solution at 80℃ for 2

min and assessed preference on taste by pinching their 

noses and both aroma and taste by not pinching their 

noses. 

  As shown in Table 2, there was no difference in 

preference on taste between both samples, but in the 
case of both taste and aroma Wagyu beef was 

significantly preferable to imported beef. All pan-

elists who preferred aroma and taste of Wagyu beef 

described that the heated Wagyu beef presented a 

preferable, sweet and fatty aroma and that the same 
aroma could not be detected in heated imported beef. 

The quality of this aroma was similar but not equal to 

that (sweet and milk-like) of the conditioned raw beef 

aroma. Moreover, raw Wagyu beef used in these 

experiments did not exhibit the conditioned raw beef 

aroma (data not shown). Therefore, the preferable 

aroma of heated Wagyu beef was considered to be 

different from the conditioned raw beef aroma. This 

result indicated that the good aroma of heated Wagyu

beef was the determinant of the preference. Many 

other experiments were conducted using samples 

purchased at random from retail shops and presented 
the same results as experiments I and II (data not 

shown). Therefore, the name Wagyu beef aroma 

was proposed for the aroma of heated Wagyu beef, 

while we called it the conditioned boiled beef aroma in 

the previous paper5). The existence of this aroma as 

well as the tenderness of Wagyu beef is presumed to be 

a reason why Japanese people extremely prefer Wagyu 

beef to imported beef. 

 In our previous paper2) on the conditioned raw beef 

aroma, it was supposed that the aroma was left in 

dairy cattle beef even after cooking, contributing to 

the superior flavor of conditioned-cooked beef. 

However, the conditioned raw beef aroma was shown 

to be easily lost on heating (unpublished data). 

Therefore, it is likely that Wagyu beef aroma but not 

the conditioned raw beef aroma would have con-

tributed to the superior flavor of conditioned-cooked 

beef. The conditioned raw beef aroma might be im-

portant in the raw beef cuisine such as tartar steak. 
When a block or split carcass of beef was conditioned 

in air but not under vacuum, the conditioned raw beef 

aroma was demonstrated to generate in the surface 

part composed of fat and lean meats, because some 
bacteria such as Brochothrix thermosphacta were in-

volved in its generation5). Therefore, this aroma 

seems to be a useful indicator to know whether or not 

a beef block or carcass has been conditioned in air, 

because the conditioning of beef in air instead of 

vacuum is suggested to be favorable for the generation 

of Wagyu beef aroma, as described below. 

 Optimum cooking temperature for the generation of 

the Wagyu beef aroma 

  Patties prepared from market Wagyu beef slices

were heated at 40,60,80 anal 100℃ and compared the

intensity of the Wagyu beef aroma to determine the 

optimum cooking temperature for the generation of 

this aroma. Meat patties were used instead of sliced 

meats, so that exactly the same size of samples could 

be prepared for a uniform heating. As shown in 

Table 3, the intensity of this aroma was in the order of

80℃>60℃>40℃=100℃. The patties heated in

vacuum packs at 100℃ showed higher scores than
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those heated without vacuum packs at 100℃ but still

lower scores than those heated in vacuum packs at

80℃,suggesting that the odorants could be lost on

Table 3. Comparison of the strength of the Wagyu 

beef aroma among Wagyu beef patties heated at 40, 60,

80 or 100℃

a: Figures mean average scores of the strength of the 

  Wagyu beef aroma evaluated by 7 panelists for 

  paired samples as described in "Materials and 
  Methods". 

b: Meat patties (ca. 3cm in diameter and 0.5cm in 

  thickness) were prepared after mincing market 

  Wagyu beef (loins) slices. The unpacked meat 

  patty was cooked in 1% NaCl solution for 2min. 
c: Meat patties were prepared as mentioned above and 

  vacuum-packed. The vacuum-packed meat patty 

  was cooked in 1% NaCl solution for 2min.

heating at 100℃ because of the vaporization and/or

some heat-induced reactions. These results demon-

strate that optimum cooking temperature is 80℃,

which is known to be the best cooking temperature of 

sukiyaki and shabu-shabu served in highly-ranked Jap-

anese restaurants. 

 Conditions necessary for the generation of Wagyu 

beef aroma 

 Two Wagyu beef loin blocks (beef A and B) within 

one week postmortem were obtained from two live-

stock experiment stations and immediately examined 

their Wagyu beef aroma intensity in comparison with 

market Wagyu beef slices and imported beef. As 

shown in Table 4, Wagyu beef aroma of both beef A 

conditioned for 3 days postmortem and beef B condi-

tioned for 6 days postmortem was weaker than that of 

market Wagyu beef and was as weak as that of im-

ported beef. These results indicate that conditioning 
for fairly-long periods are necessary to obtain meats 

rich in Wagyu beef aroma, suggesting that this aroma 

is almost absent immediately after slaughter. 

  To determine whether or not the air was necessary 

to generate Wagyu beef aroma the experiments were 

conducted using the following conditions. As shown 

in Table 5, slices and small blocks were prepared from 

Wagyu beef loin of beef A and stored under various 

conditions. In experiment I slices and blocks were

stored in 4℃-air and -80℃-air, respectively, up to 11

Table 4. Comparison of Wagyu beef aroma intensity of Wagyu beef conditioned for short 

periods with market Wagyu beef and imported beef

a: Loin slices (0.2-0.4cm in thickness) were cooked in 1% NaCl solution at 80℃ for 2min.

b: This shows average scores of the strength of Wagyu beef aroma evaluated by panelists as 

  described in "Materials and Methods". 

c: Beef A was used for experiment I and beef B for experiment II. Details of beef A and B 

  were shown in Table 1.
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Table 5. Wagyu beef aroma of Wagyu beef (beef Aa) stored additionally in air or vacuum

a: Details of beef A are shown in Table 1.

b: Loin slices (0.2-0.4cm in thickness) were cooked in 1% NaCl solution at 80℃ for 2min. Trained panelists

compared the intensity of the Wagyu beef aroma as described in "Materials and Methods".

c: Loin slices (ca.4×7×0.2-0.4cm) were stored in 4℃-air for the indicated periods.

d: Small loin blocks (ca.4×7×3.7cm) were stored in -80℃-air for the indicated periods. After storage, each

block was thawed in tap water and then sliced into 0.2-0.4cm in thickness.

e: Loin slices (ca.4×7×0.2-0.4cm) were vacuum-packed with a nylon/polyethylene film (50μm in thickness)

   and then stared at 4℃ far the indicated periods,

f: Small loin blocks (ca.4×7×3.7cm) were stored in 4℃-air for the indicated periods. After storage, each block

  was sliced into 0.2-0.4cm in thickness. 

g: evaluated by 5 or 4 panelists. 
h: evaluated by 5 panelists. 

i: evaluated by 7 panelists.

days. After 5 and 11 days the slices showed a 

stronger Wagyu beef aroma than the blocks prepared 

as the blank reference. In experiment II slices were

stored in 4℃-air and in 4℃-vacuum up to 5 days.

After 1 and 5 days the slices in 4℃-air showed a

stronger Wagyu beef aroma than the slices in 4℃

-vacuum . In experiment III blocks were stored in

4℃-air and in-80℃-air up to 5 days. After I and 5

days the blocks in -80℃-air showed a stronger

Wagyu beef aroma than the blocks in 4℃-air. These

results suggested that contact with oxygen at the 

unfrozen state was necessary for the generation of 

Wagyu beef aroma and indicated that slices were more 

favorable than blocks for its rapid generation. 

 In order to confirm these results the same experi-

ments as above using beef C were conducted. As

shown in Table 6, in experiment I the slices in 4℃-air

showed a stronger Wagyu beef aroma than the blocks

in -80℃-air after 5 days-storage. And in experi-

ment II the slices in 4℃-air showed a stronger Wagyu

beef aroma than the slices in 4℃-vacuum after 5

days-storage. These results thus confirmed the above-

mentioned suggestion that contact with oxygen was 

necessary for the generation of Wagyu beef aroma. 

  Moreover, the same experiment as shown in Table 5 

using beef B was conducted and the obtained results 

are shown in Table 7. In experiment III in Table 7, a 

similar result was obtained as in experiment III shown 

in Table 5. However, in experiment I the slices in

4℃-air did not show a stronger Wagyu beef aroma

than the blocks in -80℃-air after 5 days contrary to

the result shown in Table 5. Moreover, even in ex-

periment II the slices in 4℃-air did not show a

stronger Wagyu beef aroma than the slices in 4℃

-vacuum even after 5 days-storage , while for the

former two samples (beef A and C) the slices in 4℃

-air was the most favorable conditions for the aroma 

generation. The beef marbling grade of beef B was 3, 

which was lower than that of beef A and C, i.e., 5. 

Therefore, these results suggested that a considerably 

high level of fat-marbling was necessary for the gener-

ation of Wagyu beef aroma.
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Table 6. Wagyu beef aroma of Wagyu beef (beef Ca) stored additionally in air or 

vacuum

a: Details of beef C are shown in Table 1. 

b: Meat patties (ca. 3cm in diameter and 0.5cm in thickness) were prepared after 

  mincing loin slices and blocks stored under various conditions, and then cooked in

1% NaCl solution at 80℃ for 2min. Seven trained panelists compared the intensity

of the Wagyu beef aroma as described in "Materials and Methods",

c: Loin slices (ca.5×7×0.2-0.4cm) were stored in 4℃-air for the indicated periods.

d: Small loin blocks (ca.5×7×4cm) were stored in -80℃-air for the indicated

periods and thawed in tap water.

e: Loin slices (ca.5×7×0.2-0.4cm) were vacuum-packed with a nylon/polyethylene

  film (50μm in thickness) and then stored at 4℃ for the indicated periods.

Table 7. Wagyu beef aroma of Wagyu beef (beef Ba) stored additionally in air or vacuum

a: Details of beef B are shown in Table 1. 

b: Meat patties (ca. 3cm in diameter and 0.5cm in thickness) were prepared after mincing loin slices and blocks

stored under various conditions, and then cooked in 1% NaCl solution at 80℃ for 2min. Seven trained

panelists compared the intensity of the Wagyu beef aroma as described in "Materials and Methods".

c: Loin slices (ca.2.5×5×0.2-0.4cm) were stored in 4℃-air for the indicated periods.

d: Small loin blocks (ca.2.5×5×3cm) were stored in -80℃-air for the indicated periods and thawed in tap

  water.

e: Loin slices (ca.2.5×5×0.2-0.4cm) were vacuum-packed with a nylon/polyethylene film (50μum in thickness)

  and then stored at 4℃ for the indicated periods.

f: Small loin blocks (ca.2.5×5×3cm) were stored in 4℃-air for the indicated periods.

 Contribution of bacteria to generation of Wagyu beef 

aroma 

 It was reported that a desirable odor, the condi-

tioned raw beef aroma, was generated by conditioning 

dairy cattle beef in air and such aroma was presumed

to contribute to the palatability of conditioned beef2). 

Although the conditioned raw beef aroma is perceived 

when one sniffs raw beef, Wagyu beef aroma is 

perceived when one eats cooked beef as shown in 

Table 3. The conditioned raw beef aroma was
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Table 8. Effect of chloramphenicol treatment on 

generation of Wagyu beef aroma

a: Five and four panelists evaluated the strength of the 

  Wagyu beef aroma in experiments I and II, 

  respectively. 

b: This shows average scores of the strength of the 

  Wagyu beef aroma as described in "Materials and 

  Methods". 

c: Market Wagyu beef block was sliced into 0.2-0.4

cm in thickness and stored in 4℃-air for 5 days.

After storage the slices were cooked in 15% NaCl

solution at 80℃ for 2min.

d: Market Wagyu beef block was sliced into 0.2-0.4 

  cm in thickness and soaked in a 200ppm chlo-

  ramphenicol solution for 15sec. The slices taken 

  out from the chioramphenicol solution were stored

in 4℃-air for 5 days. After storage the slices were

cooked in 1% NaCl solution at 80℃ for 2min.

assumed to be produced by some kinds of bacteria 

including Brochothrix thermosphacta at the site con-

taining both leans and fats in the presence of 

oxygen2,4). The generation of Wagyu beef aroma has 

been suggested to need oxygen and marbled fat as 

shown in this study, but contribution of bacteria has 

been unknown. 

  In order to clarify whether or not bacteria were 

responsible for the generation of Wagyu beef aroma, 

the effect of an antibacterial agent, chloramphenicol, 

on the generation of the aroma induced by condition-

ing of highly-marbled beef under air was examined. 

Chooramphenicol was observed to depress the genera-

tion of the conditioned raw beef aroma in our previous 

paper2). As shown in Table 8, chloramphenicol 

treatment did not inhibit the generation of Wagyu 

beef aroma, suggesting that chloramphenicol-sensitive

bacteria, including some bacteria producing the condi-

tioned raw beef aroma, are not responsible for the 

generation of Wagyu beef aroma. Therefore, Wagyu 
beef aroma is assumed to be generated by the mecha-

nism different from that of the conditioned raw beef 

aroma. 
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