1: 38

The Evaluation of Qualities of Beef with Standard Simulation Models: A Method for Evaluating the Degree of Marbling in Beef

H.NAKAL, T.IKEDA, S.ANDO and R.TANABE GJ
National Institute of Animel Industry, Tukuba Nerindanchi Ibaraki 305, Japan \
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SUMMARY: Trials were made to establish an easy and objective method of judging meat color, fat color and marbl ing, which or° tfe/ ‘ X
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important criteria for evaluating meat quality in cattle. The method, which makes use of standard simulation models of beef 2k

fat color and beef marbling, can replace the old way of relying on an experienced eye alone. Since, recently, the extent ©
loin eye (muscle-section of longissimus dorsi) can be appraised accurately with an image analyzer, the authors numerically % iBtiOr‘
extent of marbling in loin eye by comparing with the photographs of 6 grades (+0 to +5) published by the Japan Meat Grading i vaﬂd b
and set the standard values for each grade of marbling. Then, standard models of beef marbling were produced to establish an © 'hgﬂ‘d;
objective method of judging the extent of beef marbling. The authors prepared a set of 12 grades of marbling models, N i 2 blinﬁ
corresponds to 0, 0%, 17, 1, 1, 27, 2, 2%, 87, 3, 4 or 5 of the Japanese marbling grade system. The standard models of beef ’s e |
can be applied to every part of the surface of a loin eye section of beef carcass or loin cut. Judging marbling of beef car A
models were brought near the surface of the loin eye section which was chilled beforehand.
INTRODUCTION: o i}
Before 1988, the Japanese market values for sections of beef was figured by a combination of evaluation based on OVeraH i ot
evaluation based on meat quality. However, since there was no standardized system for carrying out this evaluation Procedure . oo
such evaluation depended largely on the experience of each evaluator, and was thus rather subjective. However with the 'Odernlwill e
of the meat market in recent years, there has been a growing need for the formulation of an objective evaluation standard thatideli”ej ¢
recognized as fair and objective by producers, wholesalers, meat handlers and consumers. It was with this in mind that net 8 )
have been developed. : gto"
The procedure we are advocating was developed with this as a background. Since the evaluation of beef and beef fat c0°f w}mrkef]n '
simulation models has already been published at a symposium entitled “Electronic Evaluation of Meat in Support of \”der’Bm;ed A
held at Purdue University on March 1991, we describe “A Method for Evaluating the Degree of Marbling in Beef” in this paper” t0 ’ere”‘
The usual method for judging the degree of marbling in beef longissimus thoracis loin eye and the surrounding meat & oed by
Judge by eye. There has been an attempt in Japan to meke this mere objective through the use of comparative pictures intr u, e
Japan Meat Grading Asseciation with values of +0 to +5. However, the fine details of marbling were difficult to see IN o
their use reauired a lot of experience on the part of the judge. It was for this reason that the research presented her® . the o
First of all, using the pictures of merbling in the various grade levels, we developed a method of numerical eVal”f’tlon pr e;,ifJ 3
of merbling, and then we attempted to establish standard values that could serve as evaluation standards. Following thets ccuf“te”

- e
ation models of beef marbling based on these standard values believing that they could be used to grade beef marbling wor

easily than by previous methods.
MEASURING METHODS USED IN DETERMINING STANDARD VALUES IN BEEF MARBLING:
1. Methodology
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by 12.5 cm), and were then analyzed spectrographically. Light absorption patterns for areas of red meat and fat were © 85p9 g | Uy
J~ UM

: : ; D
wavelength at which the greatest difference occurred was found to be 563.3 nm. Next, using that wavelength, a Beckmanm oture”

1) Use of a spectrophotometer

. ) 3 jzed 5
The picture negatives used in making pictures of the standard samples of beef loin eye were blown up to a standi*l"dlZ

! . ! . : ; k T \
meter incorporating a Gel scanning device was used to measure the light absorption values along the scanning lines 1P eye o ]
t0
is shown in Fig. 1, the picture of the loin eye was analyzed using the scanner along 3 lines running along the length © osP nded .
t co orre ,Blu
k ¥

caﬂd‘ MZ‘
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. min 0,1
and the width of the spike at half of the peak value. From this data, the total sum and the average values were deter it ot 4

lines running across the eve. The results are shown in Fig. 2. Since the light absorption value peaked at areas tha

marbled fat within the loin eye, the first step in analysis of the data was to determine the area of the spike by usin

tions under which the Gel scanning was performed were: chart speed, 10 cm/min., scanning speed, 2 cm/min and the Scannlﬂg i
2) Using an Image Analyzer feﬂch of !7)

By using an image analyzer, it is possible to determine the dimensions of the major and minor axes and the per imete’ , 3 Joi?
marbled fat seams in the loin eye and the total area of fat within the cross-section. In order to accomplish this: gl deterlin
Loebl Magiscan Model 2 image analyzer, and analyzed pictures of a beef roast cross-section blown up to a standard size Y
total area of marbled fat along with the dimensions of each marbled fat seam.

2. Results and Discussion
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Fading Showg the results obtained from analysis of the six standard pictures of loin eye cross-sections used by the Japan Meat
%wn; SISt)ci*?‘tion,

USe of 4 spectrophotometer

"

4

The analysis was done along 3 lines running parallel to each of the mejor and minor axes of the loin eve (as is
rendi e 1, The total area of fat, which corresponds to the degree of marbling, increases as grades go from +0 to +5, and this

el | ’%l a - Pronounced along the lines parallel to the major axis. However, while the average value, which is obtained by dividing the
" g ig nOth the number of peaks, corresponds quite well with the standard value for marbling when looked at along the major axis, the
i Renerally e for values along the minor axis. This is apparently related to the fact that the lines of marbling in loin eye roast
ol | 'hethe,. ¢ g Parallel to the minor axis. This results in the values of scanning parallel to the minor axis being greatly affected by

[ U lar&e : Sca““ing line happens to run along a marbling seam or not. Moving the scanning line slightly one way or the other can result
gfadf It is ]ffere"Ces in the areas of the peaks.

# abs%ti

op t -

this eason that we decided that meaningful values for the degree of marbling could be assigned from a graph of the light
i

¢ Ll

On
Obta; bt - 4 : ; . ) :
8lned from scanning pictures of roast cross-sections with a spectrophotometer only along the mejor axis of the loin eye.

* We
ig Came to the conclusion that accurate evaluation of the degree of marbling required at least 3 lines of scanning along the

) t .

g ing the average value of the scans.
| an

0 Ty Ihege Anayzer

! %W . Ves the results of a similar analysis of the standard grading pictures of the Japan Meat Grading Association using a image
| ‘Evels Wh i of the readings bore a relation to the degree of marbling, but there was a marked difference between the various grade
i ‘”’e ap CompaPEd as a function of total area and aggregate value of the perimeters of the marbled fat seams. The total value for
2 %&Qrs Pesents the absolute value for the amount of fat in the roast loin eye, and the aggregate perimeter of the marbled fat seams

S : ’ ; .
‘ %nbepr . ® 800d indicator of the fineness of the grain of the marbling. Thus, we came to the conclusion that the degree of marbling
y Qantitized through the use of an image analyzer. The percentage of total area that is marbled fat within the loin eye
2 < 3 . 2
le 3, With the +5 grade showing a value of a whop-ping 32.5% of the cross-section area being fat.

Bh th

e . ! .
Use of either of the above methods, namely that of the use of either a spectrophotometer or an image analyzer, we were

=

% l&rket ot fat marbling could be quantified and a standard value given to the +0 to +5 grades used in evaluating loin eye on the

b <
o
=
=7

Thg
h Prey,; SANDARD VALUES FOR BEEF FAT WARBLING:

S g .
J " the €ction, we described the methods used to evaluate beef merbling and the results, that were obtained. From among these
o | )
o ¢

Va]
3 Ues developed from the image analyzer for the percentage of total area of the eye that is fat and the fineness of the
laj B .
4 7 " that Is indicated by the aggregate perimeter value were shown to be well suited for use as standard values for beef fat
AR € me
8Sured values for the 6 standard pictures labeled +0 to +5 used by the Japan Meat Grading Association are shown in Table

U] va)
u X . .
Valg s for the percentage of the total area that is fat and the perimeter of the marbled area increase at more or less regu-

hat 5 Co.p(])"e 8oes from +0 to +6. Since the value of area ratio at +5 is 32.5%, if we assign a value of 0% to the +0 grade, that
! %Fd g s +ztely r.'esular increase in value would come to 6.5% per grade level. These values are shown in Table 4, and with the
g/ ‘m% I tor 5 ranking, the values conform closely with the actual observed values. Thus, we chose to use these values as the stan-
o |y fop e . ® Tatios of marbled fat area in the cross-sections of loin eye of the +0 to +5 grades. Since the abibaite perindter

/| Yy Mteny i $tade was 244 cu (Table 3), we rounded this off to 250 cm while at the same time, in keeping with the arbitrary 0% for

‘ [»Valzr&de, &:dt?: J_rU 8rade, we wet the aggregate perimeter value at 0 cm. As is shown in Table 4, this gives a neat 50 cm increase for

: 0[]8' ' IS these values that we chose for our standard values. In actuality, of course, a +0 grade will never have a totally
| ThZSTRUCTIU ,O::SS;S indicated in Table 4, those samples with values considered in the range of 0 are graded +0.
| atandar‘:()l % prOCMULATIUN MODELS FOR BEEF FAT MARBLING:
i Mzew Pag; picteSS, as is illustrated in Fig. 3, was used in the construction of simulation models for beef fat marbling: (1) the
/| w&&tep 4 lOi . Crures used by the Japan Meat Grading Association were used,with the film negatives blown up to approximate the actual

iQDnSid t o abOOSS‘sectlon; (2) the pictures were reproduced while adjusting the light and dark contrast and were transferred onto

‘QD%&QZP% Ut 1.5 cm in thickness; (3) the areas corresponding to the fat marbl ing seams were carved out in sharp outline to

i

epth -
fks h the excess plaster outside of the shape of each of the loin eye forms was removed; (5) these molds were then

i ;
N ddition N resin to make female molds; (6) these were then used to form male molds using dental molding material (alginate);

X to
@ thig , the above process,

| Yoy Y wyg "dified to conform to the size of the loin eye pictures used in steps (1) - (6), and a male mold of the prescribed

a female mold complete with the texture of an actual specimen of loin eye was made with silicon

€ wi s
b Ith silicon resin; (9) soft polyester was used to make female molds corresponding with the male mold of (8); (10)

&le
mo|dg of(B), a silicon resin compound colored to resemble beef fat, and containing ethyrole, hardener, and hardening
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ot

accelerator was poured into the grooves of the molds; (11) the contents of these grooves, which correspond to the marbled fot . P
then transferred to the female molds of (9) mede of soft polyester; (12) around these, then, silicon resin colored to look like ™
was poured into the molds and hardened to form the final product (13). AP
During the beginning of our experimentation with standard simulation models, we made them in accordance with the 6 grade 2 in i
to +5 that were in use at that time, but since the distribution of grade levels on the actual meat market are. as is illust”’te
4, highly skewed towards the lower values, during our third trial, we added levels between the +0 and +3 grades of +0.5, .5
giving a set of 9 simulation models. gl

’ : y 2 ] : ol
As our experimentation continued, we then increased the grade levels to the same 13 levels used in the meat color simulgt! of of
e : . el$
series with values of +0.5 to +6.5. Our next adjustment was to increase the number of levels to 19 by first taking the 9 wod oI5
¥

S8
third trial and changing the numbers, going from the level with the least marbling, to 1,9156; 2,82.5:43, 9.5,54%:5; and B- dtioﬂ“

5,8
corresponding to less than 1 on the scale were labeled 0.5,while those above a 6 were labeled 6.5, and in between those Jevel

rbliné’
levels of 1.25, 1.75, 2.25, 2.75, 3.25, 3.75, 4.5, and 5.5 were also added yielding a total of 19 grade levels of beef fat e cnf”ra

r 10 -
At this point, however, the new market standards adopted by the Japan Meat Graders Association came into play, and in order nu,ber‘”'
to the new judging standards for fat marbling, we came out with a final product of a set of 12 graded simulation models uS! for

U
system of 0, 07, 17, 1, 1%, 27, 2, 2%, 87, 3, 4, and 5. Table 5 gives the model numbers together with the grading stand”d ;

the degree of marbling, followed with their equivalent grades in the older systems. ! Lharﬂ‘”:
For the purpose of grading actual meat samples by comparison with the simulation models, any cross-section of the longisSlm4 gmeaf

will do, but the best results are obtained by using a cut of the loin eye between the 6th and 7th ribs. Likewise, when Comparln

from two or more head of cattle, it is important to use samples from the same part. 0 {he

When preparing a sample for grading, it is important to use a side of beef that has been chilled, and then to expose the g0
air for approximately one hour ( “blooming” ). Then, the sample can be laid along side the models under sufficient 1ight e
light lamp if natural lighting is insufficient) in order to grade it according to which of the models it most closely reses?

THE ADAPTABILITY OF STANDARD SIMULATION MODELS FOR BEEF FAT MARBLING:

All tolled, 3 trial sets of simulation models for beef fat marbling were made. Each trial run began with the taking of P sob“ﬂ

; . ; h . ; : V8
meat samples, blowing those negatives up to a standard size, and then analyzing them with an image analyzer to see if the

. . tan 0
for the ratio of total area that is fat and the aggregate value for the perimeters of the marbled fat seams matched the S Bred ¥

: : : : . : A p 007
The results are as is shown in Table 6. The first trial run of simulation models yielded values that were rather low ¥ rbhﬂg

. 0
the standard values, and since, with the exception of medel No. 1, they were roughly 1/2 the standard values, the amount g
L
the simulation models was significantly increased for the second trial run. jose" J
P i

The values resulting from the second trial run were still slightly low when compared to the standard values, but were P’

: : ) ! . : . gion:
the first run. So at this point, we enlisted the help of professional graders from various markets to give us an evalu intenS'

consensus of opinion was that we should use a standardized shape and size for the loin eye simulation models, that e shOUId t0
the color of the red meat sections, and that we should add luster to the overall appearance. These recommendations %eré )
account in the making of our third set of simulation models. which sh‘?:(;
The results of the use of the third trial set of simulation models in an actual meat market setting are shown in Figg~ axi’u' i
the frequency distribution of the various grades for both Japanese Black and Holstein cattle. As the bar graph sho¥S: o ’his reﬂ_;oﬂ |
are concentrated in the grades with little marbling and thus, there is not a normal “bell-shaped” distribution. It 15 o d*g o
that we widened the scale for the lower numbered grades and added rankings between the +0 and +1, the +1 and +2, and the * |

o
: ] gres? 5!
rankings to give a set of 9 simulation models. The results were a set of simulation models whose total fat area and 28 ﬂndﬂrd

5

th
values matched very closely with the standard values. They were evaluated by professional graders and judged to match 4
G

well with the exceptions of model numbers 3 and 4 being slightly low. Is be”ﬂ ’
Next, we took the evaluations of the third trial set of models and, as is shown in Table 7, divided them up into 6 y yalv? dl,ﬂ |
as standards, and then added appropriate levels below 1, above 6 and at various points in between. These were then agel" : m'“k
the meat market. The results of the comparison between the graders’ grade levels and the judgements based on the usé ° W"’”itc
models is shown in Fig. 5. There was a high correlation of 0.94 between the two, and data fit a linear regression our¥ g with y
These showed that the use of the third set of simulation models gives accurate and quick grade evaluations for both Hols v
relatively small amount of marbling, and Japanese Black, with its high degree of marbling. aﬂd i i-w |
The fourth trial set of 12 grade levels that is based on the new market standards is a refinement of the third triel fet i

. r . ; : : = mest
now been made into the standard for grading beef fat marbling. A comprehensive evaluation of its application on the

ever, not yet complete and is awaiting the collection of data after the new standards are fully implemented.
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SIoN-
' %Q:;;\lgﬂ' The standard merbling simulation models that we have described in this paper are made in a scientific, objective way, and
L™ t "eProduced in mass without dependence on subjective, sensory perception. It is for this reason that NAKAI et al.(1987, 1988)

L &
g M&%St %t a |I.S. Patent on this procedure and its application and on a similar set of simulation models for grading beef color.

8 .
g | Moy ’ ldard Simulation medel sets for beef meat and fat, pork meat and fat, and beef marbling are already on the market, and we are
e

(4 0 i . . .
)? R Ping o similar thing for grading chicken meat.
RN

MKA
| \ L H, IKEDA, T., ANDO, S. and OZUTSUMI, K. (1987): “Method of Making Standard Marbling Models Used for Judging and Grading

f.n
o | ™ U.S. Patent, 4,668,457 (May 26, 1987)
|
‘ 473' i, IKEDA, T., ANDO, S. and OZUTSUMI, K. (1988): “Method of Making Standard Color Models Used for Judging Beef.” U.S. Patent
Al 18]
o 23 (Nar. 15, 1988).
?ﬁble
" |
for . Total B ! .
i 2long SEak areas(cn®) and average values(cn®) for scanning Table 3. The ratio of fat to total loin eye cross-section
r € major and minor axes of loin eyes graded at +0 to +5. area and the aggregate perimeter of the marbled
[ - fat seams for the standard pictures of the +0 to
\ \\\\\\\\\\\\5‘_ Degree of fat marbling +5 grade values of the Japan Meat Grading Associ-
: ation as measured by an image analyzer (average
b Tmax +0 i 2 +3 4 *9 and standard deviation of 5 measurements)
by
[ e, are,
Tqaﬁe alye 2? Tf ll?e 1 g'j S'S g'; lg'g lg'g 1?‘? Grade ‘ Ratio of marbled fat Aggregate perimeter
,‘wer kar Ine. . . X . . .
T Valye o o ";e 2 g-l g'j g-g ‘é-; 18-2 ‘g~g +0 3.740.2(%) 35.8+2.3(cn)
by, Peak o Ine . . . . . . +1 7.0+0.2 54.0%1.3
hh?emh$f?oflme3 G887 8L 1126 16.0 “1558% 21L4d 42 } 15.640.7 116.83+7.7
ﬁ\,Era Peg) areq llne.S 0.4 0.5 0.7 0.9 0.7 1.2 +3 21.940.7 145.0%3.5
")T.a]ge Valye 0? of line 4 3.7 3.8 4.3 9.4 1.3 8.3 +4 24.4+1.1 176.249. 1
| Vg, 22 g L;"T_4 e e - > g-g 2'2 +5 32.5+1.6 244.1%9.2
| Tty Valye e ine : ; ’ ; ; .
J| by, Peak o OF line 5 0.5 09 03 06 07 0.8
Pl NBe vy 25 0f line 6 | 2.6 4.4 10.9 6.5 56 8.4
’ © of line 6 0.8 0.3 1.0 07 06 0.8
Tab
lg
To : ; o
théal area of fat marbling, and aggregate values for Table 4. The se?tlng of sFandaId values for grade levels
/ . €ngth, maximum width and perimeter of each of according to ratio of marbled fa; area to the
‘ the "rbled fat seams of loin eye determined from total area and the aggregate perimeter value.
i ‘ the jse of an image analyzer on grading pictures of ; ;
\:\\\\ 3pan Meat Grading Association. Grade Ratio of marbled fat Aggregate perimeter
agq
Area(cm") Length(cm) Width(cm) Perimeter(cm) *0 0 (%) (0 - 4%) Q (cm) (0 - 40cm)
X0 +] 6.5 50
& 1.7 17.0 6.2 35.8 *2 13.0 100
*2 3.2 8.2 54.0 +3 19.5 150
4 7.2 43.2 16.2 116.3 - el &
. 10.1 471.8 22.4 145.0 e 5.8 &
11.3 59.0 25.8 176.2
| 5.0 63.9 29.5 244.1

Table 5. Relationship of the beef marbling simulation models and the traditional beef
[ marbling evaluation standard to both the old and the new standard grades.
The terms used in the old grade express similar meanings in English as follows:
| Nami-Fourth, Chu-Third, Jo-Second, Gokujo-First, Tokusen-Prime. In the new grade,
such terms are simplified to Arabic numerals.

BMS.M.No. | Nol| Noz| No3 | Noa | Nos | Nob| No7| Nod | No3 | No10 | Noll] Noiz

Evaluation |0 o [ 1- |1 [1* |2 |2 |2 |3 |3 |4 |35
Standard

Nami Chu Jo Gokujo|  Tokusen
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Table 7. Numeralization of fat marbling in relation to

the third set of simulation models for beef
fat marbling.

Comparison relative to the model

Evaluation number

Below Model No.1

Corresponding
Between Model
Corresponding
Between Model
Corresponding
Between Model
Corresponding
Between Model
Corresponding
Between Model
Corresponding
Between Model
Corresponding
Between Model
Corresponding
Between Model
Corresponding

Over Model No.

to

No.

to

No.

to

No.

to

No.

to
No
to

No.

to

No.

to
No
to
9

Model
1 and
Model
2 and
Model
3 and
Model
4 and
Model

.5 and

Model
6 and
Model
T and
Model

.8 and

Model

No. 1
2
No.2
3
No.3
4
No.4
5
No.5
6
No.6
7
No.7
8
No.8
9
No.9

[S210 35 ~J O DD (3]
o o o

~] O DD ~J
o o o

o

DT B B W WWWDMNDDN DD — o — O
o

o

Table 6. Comparison between the standard values and the
ratios used in the simulation models as was de

by analysis with an image analyzer.

Grade Standard values Trial 1 Trial 2
+0 0 (%) 1.8 (%) 2.6 (%)
+0.5
+1 6.5 3.5 6.7
(il
+2 13.0 6.1 15.1
+2.5
+3 19.5 1 17.8
+4 25.0 29.6
+5 32.5 16.0 30.3

Fig. 1. Scanning line positions along the major and minor axes of the

loin eye cross-section at the Bth rib.
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18. 2. Graph of light absorption at 563 nm measured with a Beckmann DU-8 spectrophotometer
scanning the picture of a loin eye cross-section along its major axis. Each peak
in the graph corresponds to a section of fat marbling, and thus by calculating the
area of each peak, one can estimate the degree of marbling.
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Fig. 3

Process used in the manufacture of beef marbling simulation models (refer to the main body
of the manuscript for further details). A:picture used by the Japan Meat Grading Associ-
ation; B:plaster board; C:carving out marbling pattern; D:cutting out the plaster board to
the size of a loin eye; E:making female mold; F:making male mold G:female mold with texture
of loin eye; H:making male mold; I:making female mold; J:making fat marbling sections; K:

hardened sections of simulated fat; L:red meat sections; M:beef marbling simulation model.
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Fig.

Grade levels by graders
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Grade levels by graders

: S + marke
fig. 4. Frequency distribution graph of grade levels for sides of beef on the meat wa!
.o are
Holsteins and Japanese Black as graded by traditional method. The black bars

Japanese Blacks and the white bars are for Holsteins.
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Measurements from the models

Relationship between the grade levels assigned by graders and the levels determined
from the use of the standard beef marbling simulation models (third trial run) when
applied to 1500 Japanese Blacks and 490 Holsteins on the meat market.

A=t 01X =575 r = 0.941






