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Gender is an important factor in determining the
market price of Hanwoo, but its discrimination is im-
possible after deboning. This study aims at identifying
the variables in Hanwoo deboning data that could be
used for gender identification and classification.
Deboning data of Hanwoo were analysed by discrimi-
nant function analysis. Seven pre-deboning and 24
post-deboning variables were identified and showed
91.3% and 98.9% accuracy in gender identification
respectively. Discriminant power was 98.9% on using
all 31 deboning variables. This result suggests that
physical characteristics of meat parts are suitable fac-
tors for classification of beef by gender.

Keywords: Beef gender, discriminant function analy-
sis, gender classification, Hanwoo, deboning data.

BEEF consumption per capita in South Korea has in-
creased because of preference for high-quality food ow-
ing to the high standard of living. This has promoted
consumer-driven sales and distribution of livestock prod-
ucts'?. The recent trend of preference for high-quality
beef along with food safety concerns continuously stimu-
lates consumers’ interest in Korean native cattle called
Hanwoo. Besides its freshness and short transport route
to consumers (as compared to imported beef), Hanwoo
has a unique taste suitable for Koreans. It has been re-
ported that Hanwoo has higher protein content in the
parts called loin and sirloin, and higher fat, collagen, and
mono-unsaturated fatty acid contents when compared to
imported beef’. However, despite the preference for (and
excellent quality of) Hanwoo, the price competitiveness
of Hanwoo is not sufficient to catch up with increased
meat consumption®®. This is because the pricing of Han-
woo is considerably more sensitive to costs production
and management that are much higher than that of other
livestock products®.

Several factors influence the price of Hanwoo, such as
carcass characteristics, the number of raised Hanwoo, the
amount of imported beef, consumption levels, and cost of
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feeding’. In particular, in individual animals’ weight and
gender, which are related to beef quality, and carcass
composition are the most critical determinants of carcass
yield grade, meatiness and consequently the market
price®. For this reason, some studies have been con-
ducted on various quality factors of beef and Hanwoo,
such as gender characteristics of a beef carcass'®™'%, nutri-
tional effects of forage on meat quality'®, dielectric prop-
erties'*'®, comparison of Hanwoo to another variety of
meat'®. The effect of price on various parameters such as
dressing percentage, weight, physical condition, breed,
sales area, age, etc.'’ and differences in quality factors
between the genders and grades'®. Despite inconsistent
results of previous studies, it is true that there is a price
difference in Hanwoo meat between genders. A study on
the effect of back-fat thickness (BFT) on carcass grade
and the price of a female and steer showed that the price
gradually increases until 13—15 mm but slowly decreases
after that in both female and steer Hanwoo'®. Another
study in US investigated the change in price according to
the weight of cows and steers, indicating that carcass
price was likely to decrease with heavier weight in both
cases>’. Moreover, the price of a cow was higher than that
of a steer, but was lowered after it exceeded a certain
weight. As shown in earlier studies, the quality of beef is
known to be influenced by various factors, but the data
vary among different studies. For this reason, the method
of evaluating the grade slightly differs among countries,
and sometimes gender is not a practical factor for price
estimation. Nonetheless, the actual market price in South
Korea tends to reflect the gender, suggesting that the con-
sideration of gender in price estimation is necessary.

To stabilize the Hanwoo price, the Government and
stockbreeding farms have invested in relevant efforts,
such as providing a subsidy for calf production and vari-
ous consumption promotion events. The price is still un-
stable, causing frequent fraudulent sales and illegal
distribution. For example, cows are generally assigned a
price higher than bulls and steers because of their lower
meat production per carcass, lower appearance frequency
of high grade, and importance in breeding compared to
bulls and steers. As a result, several fraud cases have
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Table 1. General statistics on carcass traits with data on Hanwoo

Deboning stage

Variables

Pre-deboning

Post-deboning

Cold carcass weight (kg)
Rib-eye area (cm?®)
Back-fat thickness (mm)
Moisture (%)

Cooking loss (%)

Shear force (kg/cm?)
Water-holding capacity (%)

Retail cuts weight (kg)
Body fat (kg)
Bone (kg)

Visceral fat (kg)
Tender loin (kg)
Hanging tender (kg)
Strip loin (kg)
Loin (kg)

Chuck (kg)

Top round (kg)
Bottom round (kg)
Blade (kg)
Fore-shank (kg)
Hind-shank (kg)
Brisket (kg)

Flank (kg)

Rib (kg)

Fore-leg bone (kg)
Hind-leg bond (kg)
Tail (kg)

Knee bone (kg)
Doggy bone (kg)
Flank fat (kg)

Tail fat (kg)

Bulls (94) Cows (96) Steers (75)
346.61 +39.94° 277.23 + 46.03° 350.70 + 53.96"
87.33 £8.31° 76.64 +9.13° 84.04 +10.95°
423 +2.13% 7.75 +3.89° 7.72 £2.95°
7322 +2.10° 70.73 +£2.76° 66.35 +3.19°
22.57 £3.16 19.67 £3.80° 20.78 +3.49°
7.73 £2.32° 7.90 +1.83° 457 +1.29°
52.46 +3.81° 53.09 +£2.25° 5639 £2.17°

212.99 + 24.60°

157.08 +22.08°

192.97 £ 29.34¢

35.42 +11.63" 38.63 +14.97° 58.20 + 14.80°
48.98 +5.88" 40.05 +4.29° 44.61 +5.12°
3530 +£21.98" 33.64 +15.29° 36.67 +11.48"
5.86 +0.62° 5.12+0.72° 6.03 +0.93°
0.97 +0.28° 0.73 £0.17° 0.97 +0.25°
7.21 £0.91* 6.27 +1.12° 7.78 £ 1.44°
41.05 +5.02° 27.11+5.28° 34.02 + 6.05°
16.51 +3.04° 8.71 +1.64° 10.96 +2.18°
22.99 +2.58° 18.31 +2.28° 20.69 +2.99°
34.63 +4.11° 27.95 +3.54° 32.47 +4.62°
28.38 +3.32° 20.93 +3.02° 2631 +4.56°
7.64 +0.87° 5.76 +0.73° 7.38 £0.97°
7.98 +0.98° 6.46 +0.80° 7.79 £1.11°
32.38 +3.82° 22.63 +£3.79° 29.29 +4.86°
8.78 +1.30° 7.09 +1.36° 9.28 +1.81°
47.29 +7.43% 4142 +891° 54.57 £ 10.87°
7.44 £0.76 5.56 +0.60° 7.04 +0.86°
9.25 +0.96" 7.46 £0.77° 9.09 + 1.00°
11.09 +1.15° 9.32 £1.20° 9.95 +1.49°
1.42 £0.20° 1.20 £0.20° 1.48 £0.23%
20.02 +2.85% 16.52 +£1.89° 17.05 £1.93°
34.46 +11.57° 37.77 + 14.84° 55.65 £ 15.55°
1.04 £0.33" 0.86 +0.30° 1.19 £0.49°

Results are expressed as mean + SD. Means with the same letter in the same rows are not significantly different (»p > 0.05).

been reported where steers are disguised as locally raised
cows”'. Nevertheless, most previous studies have focused
on grade, quality, and physicochemical traits of Hanwoo,
and only a limited number of studies have addressed the
criteria and characteristics of gender classification. This
study aims at classifying Hanwoo by gender via statistical
management of pre- and post-deboning data. In particu-
lar, we first identified effective meat parts or quality fac-
tors that can be used as a criteria for gender classification
of Hanwoo carcasses. The selected criteria were then
applied to classify Hanwoo as male, female and steers.
We then proposed statistical algorithms to show accuracy
of classification.

Materials and methods
Database description

The database used for the gender classification through
multivariate analysis was deboning data on Korean cattle
from 2005 to 2008, and this dataset composed of various
variables, including weight of a specific part of meat,
carcass data, and quality grade. The total number of bulls,
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cows, and steers were 94, 96, and 75 respectively, while
the total number of variables was 31. Because carcass
yield and quality grade are determined before deboning,
we categorized the database into two categories; pre- and
post-deboning data. As a result, there were 7 and 24 vari-
ables for pre- and post-deboning datasets respectively. To
be precise, pre-deboning data included cold carcass
weight, ribeye area, back-fat thickness, moisture, cooking
loss, shear force, and water-holding capacity. There were
24 variables in the post-deboning dataset: weight of retail
cuts, body fat, bone, visceral fat, tender loin, hanging
tender, strip loin, loin, chuck, top round, bottom round,
blade, fore-shank, hind-shank, brisket, flank, rib, fore-leg
bone, hind-leg bone, tail, knee bone, doggy bone, flank
fat and tail fat. The characteristics and comparison of
groups by means of each variable, with separation by
gender, are presented in Table 1. The comparison in
Table 1 was performed by analysis of variance (ANOVA)
and Tukey’s test.

Discriminant function analysis

This is a multivariate statistics method generally used for
classifying two or more populations. Discriminant function
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analysis (DFA) involves discriminant functions (DFs),
which are created from a set of a linear combination of
independent variables, and they were used to classify data
points into corresponding groups®. The basic principle
behind creation of a DF is to find a new axis that maxi-
mizes the variance between groups of dependent variables,
meaning that intergroup variance is divided by intragroup
variance. The linear discriminant is expressed as

z=a+ wx +W2x2+W3X3+"'+ann, (l)

where z is the discriminant score, a the intercept, w; the
discriminant weights of the jth independent variable and
x; is the jth independent variable.

Because of its classification ability, DFA has been
widely used in agriculture and food production. For exam-
ple, DFA has been applied to classify geographic origins
of beef on the basis of data acquired by mass spectrome-
try*® and was used for analysing image processing to dis-
criminate tough and tender meats in bulls**. In addition,
DFA was applied to near-infrared spectroscopy data to
screen beef hamburgers for defective ones®. The taste
grade of Hanwoo beef was also classified by DFA*. For
this reason, we selected DFA to identify the variables ef-
fective at gender classification and to develop the DFs
that could classify deboning data by gender with high
accuracy.

Statistical software

Statistical analysis was performed using the SAS soft-
ware package (ver. 9.4, SAS Institute Inc., Cary, NC,
USA) and SPSS Statistics (ver. 22, SPSS Inc., Chicago,
IL, USA). Statistical significance was assumed when the
p value was less than 0.05.

Results and discussion
DFA with all variables

Applying DFA to the total of 31 variables, Hanwoo was
classified with 98.9% accuracy. The first DF (DF1) and
the second DF (DF2) accounted for 61.6% and 38.4% of
the total variance respectively. In the case of DFI, the
most significant factor was chuck: it was able to correctly
identify 192 out of 265 (72.8%) meat samples, including
76 out of 94 bulls and 74 out of 96 cows. For both bulls
and cows, the remaining samples (18 bulls and 22 cows)
were erroneously identified as steers. This classification
resulted from the weight difference in chuck by gender;
the weight of chuck was found to be significantly differ-
ent and can be ranked as follows: bulls > steers > cows.
Discriminant power increased up to 74.3% with the addi-
tion of loin, whose weight also differs by gender. The
loin was the heaviest in bulls, whereas cows had the
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smallest loin. This gender classification by means of the
difference in chuck and loin weights is consistent with
the finding that the average carcass weight as well as
meat production of bulls is larger than cows and steers’'.
Moreover, meat weight for sale has been reported to be
ranked in the order bulls > steers > cows in all market
weight data’’, showing consistency with our present find-
ing that the larger the amount of meat, the more likely it
is to belong to a bull. Next, fore-leg bone was added to
chuck and loin, and this combination correctly classified
222 of 265 Hanwoo meat samples, thus yielding the larg-
est increase in discriminant power (+9.5%). In particular,
90 among 96 cows were correctly discriminated (93.7%),
while the accuracy was increased by 10% for steers, at
discriminant power of 72%, and 83% for bulls. Other
studies indicated that both the weight and ratio of bones
in a carcass are higher in bulls than in cows and steers’’.
For this reason, the rationale for the drastic increase in
discriminant power (+17.8%) in cows may be due to the
large difference in bone weight when compared to bulls
and steers (Table 1). Subsequently, weights of brisket and
retail cuts were identified as meaningful variables for the
first DF by gender. In addition, moisture and shear force
were significant factors of DF2, which we will discuss in
the results of the analysis of pre-deboning data.

Table 2 shows the structure matrix presenting a corre-
lation between each variable and a standardized canonical
DF. The standardized discriminant coefficients can be
used to investigate the discriminant power of each inde-
pendent variable, but the reliability of discriminant power
may decrease due to multicollinearity. For this reason,
DF loading, representing a correlation between a variable
and DF, is more useful in this regard. In general, a variable
with DF loading greater than 0.3 is considered significant
(effective at discrimination)®®. Wilks’ lambda, another
statistical index, is used to determine whether there is a
difference between group means when the variance
within the group is less than the total variance. Therefore,
discriminant power increases as Wilks’ lambda of the DF
approaches zero. In the case of DF1 and DF2, the values
were 0.019 and 0.168 respectively, suggesting that the
functions were significant (p < 0.05). In addition, canoni-
cal correlation coefficients of DF1 and DF2 were 0.943
and 0912 and were close to 1.0, meaning that the
discriminant power exerted by DFs was reliable®.

In conclusion, discriminant analysis using all variables
could derive significant DFs, and this result suggests that
the current deboning variables can classify Hanwoo meat
by gender. In particular, the main factor that successfully
classified the Hanwoo meat by gender is the weight dif-
ference between some meat parts.

DFA with variables before deboning

We then subdivided the deboning data into pre- and post-
deboning variables as previously mentioned. As a result
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of the use of seven pre-deboning variables, discriminant
power reached 91.3%, and the first discriminant function
explained 60.2% of variance caused by gender. Wilks’
lambda value was significant (0.151), and the canonical
correlation coefficient was 0.811, suggesting that the dis-
criminant ability of DF was high enough. Because a sig-
nificant correlation was observed among pre-deboning
variables, the discriminant function loading in the struc-
ture matrix was indexed for selection of variables impor-
tant for gender discrimination. The meaningful variables
of DF1 were moisture, back-fat thickness, shear force,
and water-holding capacity, and discriminant power was
69.4% with these variables. Additionally, shear force and
water-holding capacity showed higher correlation in DF2
than in DF1 (Table 3). The moisture variable correctly
identified 78.7% of bulls, and 73.3% of steers, but the
discriminant power involving moisture was only 50% ac-
curate in cows. This problem may be due to the differ-
ence in moisture contents. The moisture content was the

Table 2. Significant variables in the structure matrix used for classi-
fying Hanwoo meat by gender
Discriminant
function loading
Discriminant

Variables DFI1 DF2 power (%)
Chuck* 0.508 —0.049 72.8
Loin* 0.372 —-0.142 74.3
Fore-leg bone* 0.333 —0.283 83.8
Brisket* 0.321 -0.217 834
Retail cuts weight* 0.306 —-0.186 85.7
Fore-shank 0.282 -0.278 87.2
Blade 0.276 —-0.205 89.8
Top round 0.258 —0.104 94.7
Bone 0.250 -0.101 95.5
Doggy bone 0.246 0.018 95.1
Bottom round 0.224 —-0.149 95.5
Tail 0.210 —-0.039 96.2
Back-fat thickness —0.190 —0.045 97.0
Rib-eye area 0.154 —0.106 97.4
Cooking loss 0.124 —0.028 97.7
Moisture* 0.230 0.356 98.1
Shear force* 0.066 0.339 99.2
Body fat —-0.104 —-0.286 99.6
Rib 0.039 —-0.281 99.6
Hind-leg bone 0.246 -0.269 99.6
Flank fat —-0.099 -0.259 99.6
Cold carcass weight 0.177 -0.247 99.6
Flank 0.122 —-0.241 99.6
Water holding capacity —-0.089 -0.232 99.2
Strip loin 0.075 -0.221 99.2
Knee bone 0.119 -0.219 99.2
Hind-shank 0.201 —-0.206 99.2
Tender loin 0.108 -0.197 98.9
Hanging tender 0.121 —0.151 98.9
Tail fat 0.037 —-0.150 98.9
Visceral fat 0.008 —0.031 98.9

highest in bulls but lowest in steers. Cows had an inter-
mediate moisture content (between bulls and steers), in-
dicating lower discriminant power in cows. This finding
is consistent with one study that revealed a difference in
moisture content by gender: bulls (73.23%), cows
(70.65%), and steers (62.32%)''. Nonetheless, we may
need to consider that bulls do not always have the highest
moisture content and it is variable depending on the mar-
bling score. In general, beef with a lower marbling score
tends to contain more moisture’® . In addition, another
study showed a significant correlation between moisture
content and fat (r=-0.92, and p < 0.01)**. This finding
may be related to back-fat thickness, which is the second
significant factor among the predeboning variables, and it
was ranked in the order bull < steer < cow. The results of
ANOVA indicated that back-fat thickness of bulls was
significantly different from that of cows and steers, but it
was not significantly different between cows and steers.
This is why the discriminant power of bulls increased by
5.3%, when compared to cows (2.1%) and steers (0%)
with the addition of back-fat thickness into DFA, and the
overall discriminant power increased up to 69.4%
(+2.6%). The difference in back-fat thickness resulting in
an increase in discriminatory ability was demonstrated in
another study showing that average back-fat thickness of
Hanwoo steers is ~0.64 mm thicker than that in cows, and
that gender affects carcass grade and price'’. Addition of
shear force — the third significant predeboning variable —
into DF1, resulted in discriminant power of 75.8%, yield-
ing the largest increment in the overall discriminant
power. This is because sheer force in the steer group was
significantly different from that in cows and bulls
(p <0.05 in ANOVA), facilitating the discrimination of
steers from cows and bulls. A study on shear force in beef
showed that this force is significantly different in each
meat part and tends to decrease with increasing meat
quality grade®. This result suggests that shear force could
be a criterion for gender classification as well as a factor
of quality indices. When we added water-holding capac-
ity, which is the fourth significant variable, into DF1, the

Table 3. Discriminant loading of the structure matrix and significant
variables for pre-deboning

Discriminant

loading
Discriminant
Variables DFI1 DF2 power (%)
Moisture* 0.655 —0.423 66.8
Back-fat thickness* -0.384 -0.104 69.4
Cooking loss 0.215 0.172 74.0
Cold carcass weight* 0.177 0.622 86.8
Shear force* 0.337 —0.553 89.1
Rib-eye area* 0.222 0.344 90.2
Water holding capacity” -0.313 0.335 91.3

*Identified as significant variables yielding the absolute value of dis-
criminant function loading greater than 0.3 in DF1 and DF2.
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*Identified as significant variables yielding the absolute value of the
discriminant function loading greater than 0.3 in DF1 and DF2.

CURRENT SCIENCE, VOL. 114, NO. 5, 10 MARCH 2018



RESEARCH ARTICLES

® Male
6 1 O Female
V¥ Steer

DF2
o
!
|
|
|
|
|
|
|
|
|
|

[e) L ]

-8 6 -4 2

Figure 1.

Table 4. Discriminant loading of the structure matrix and significant
variables for post-deboning
Discriminant loading
Discriminant

Variables DFI1 DF2 power (%)
Chuck* 0.536 -0.092 72.8
Loin* 0.409 0.060 743
Fore-leg bone* 0.391 0.240 83.8
Brisket* 0.368 0.164 83.4
Retail cuts weight* 0.347 0.132 85.7
Fore-shank* 0.338 0.250 87.2
Blade* 0.320 0.163 89.8
Hind-leg bone 0.299 0.250 90.2
Top round 0.285 0.047 94.7
Bone 0.276 0.047 96.6
Bottom round 0.256 0.112 97.7
Doggy bone 0.252 —0.095 97.4
Hind-shank 0.242 0.187 97.4
Tail 0.225 -0.016 97.4
Hanging tender 0.150 0.145 97.7
Body fat* —-0.063 0.374 98.5
Flank fat* -0.061 0.340 98.9
Rib 0.084 0.296 98.5
Flank 0.165 0.252 98.9
Strip loin 0.114 0.243 98.9
Knee bone 0.158 0.227 98.9
Tender loin 0.144 0.204 99.2
Tail fat 0.062 0.169 98.9
Visceral fat 0.013 0.034 98.9

*Identified as significant variables yielding the absolute value of dis-
criminant function loading greater than 0.3 in DF1 and DF2.

total discriminant power did not change and remained at
75.8%. In particular, the number of discriminated indi-
viduals slightly changed, but the number of individuals
discriminated into correct gender stayed the same. Based
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Scatter plot of gender classification by using DFA applied for pre-deboning variables.

on the results of ANOVA, the average water-holding
capacity and shear force in steers was significantly dif-
ferent from those in bulls and cows, in agreement with a
study by Lee et al.'' suggesting that water-holding capac-
ity in steers is the highest but is not different between
cows and bulls. Consequently, the effect of water-holding
capacity on the gender classification algorithm of DFA
was similar to that of shear force, probably resulting in
unchanged discriminant power. Furthermore, the first
meat quality grade of steers showed the highest water-
holding capacity index, indicating that water-holding
capacity may be more effective at assessing meat quality
within the gender because of its positive correlation with
the marbling score'”.

Overall, it is conclusive that moisture, back-fat thick-
ness, shear force, and water-holding capacity among
pre-deboning variables were identified here as significant
factors in DF1 for gender classification of Hanwoo meat.
Additional variables, such as rib-eye area, cooking loss,
and cold carcass weight were less significant in DF1 as
compared to the aforementioned variables, but they could
increase the discriminant power up to 85.3%, 87.9% and
91.3% respectively. Cold carcass weight, shear force,
moisture, rib-eye area, and water-holding capacity were
meaningful variables in DF2. That is, all the pre-
deboning variables except cooking loss were effective in
the DFs. Specifically, variables’ shear force and water-
holding capacity were effective in DF1, and both had a
higher correlation in DF2. Their low significance in DF1
could be explained by the results of ANOVA, which re-
vealed that the three above-mentioned variables did not
differ by gender. Figure 1 shows a scatter plot of the pre-
deboning variables with coordinates constructed by DF
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Figure 2. Scatter plot of gender classification by using DFA applied for post-deboning variables.

Table 5. Discriminant power when we used significant variables in DF1 and DF2
DF1 DF2
Significant variables DP* Significant variables Total DP®  Total variables
Total Chuck, loin, fore-leg bone, brisket, retail 85.7% Moisture, shear force 93.6% 98.9%
cuts weight
Pre-deboning Moisture, back-fat thickness, shear force, 75.8% Cold carcass weight, shear force, 91.3% 91.3%
water holding capacity moisture, rib-eye area, water
holding capacity
Post-deboning Chuck, loin, fore-leg bone, brisket, retail 89.8% Body fat, flank fat 92.1% 98.9%

cuts weight, fore-shank, blade

’DP, Discriminant power. “Total DP, Accumulated discriminant power for both DF1 and DF2.

loadings in the structure matrix, revealing that Hanwoo
was classified successfully by pre-deboning variables, but
there were some instances of misclassification.

DFA with variables after deboning

DF loading in the structure matrix was compared among
post-deboning variables because of multicollinearity
(Table 4). The DFA result on post-deboning variables
was the same as the result on all variables in terms of the
identified significant variables. Among the post-deboning
variables comprising divided meat, bone, and fat, DFA
indicated that chuck was the most significant variable for
gender classification, explaining 72.8% of variation
caused by gender. With chuck, 80.9% of bulls were clas-
sified correctly, while the remaining meat samples were
incorrectly assigned to steers. For cows, 77.1% of sam-
ples were adequately discriminated, but 22.9% were mis-
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classified as steers. The addition of the second variable,
i.e. loin, increased discriminant power by 1.5%, to
74.3%. This small increase might be explained as fol-
lows: the weight difference in loin by gender has a ten-
dency similar to that observed in chuck: meat with higher
weight is likely to be classified as bulls whereas lower-
weight meat is considered to come from cows. The dis-
criminant power was increased by 10% to 83.8% after
fore-leg bone was added. There was large increment in
cow discrimination (18% increase), and steers also
showed a 10% increase in discriminant power. This large
improvement in discriminant power was due to a large
difference in the average weight of fore-leg bone between
bulls and steers. Addition of the next variable, which was
brisket, reduced the overall discriminant power by 0.4%.
However, subsequent addition of weight of retail cuts in-
creased the discriminant power only by 2.3%, and a 3%
increment was seen after addition of fore-shank and
blade, yielding the overall discriminant power of 89.8%.
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Table 6. Gender classification results when we used all available deboning data
Bulls (94) Cows (96) Steers (75)
A B C A B C A B C
Total variables 93 1 98.9 96 0 100 74 1 98.7
Before deboning 86 8 91.5 89 7 92.7 67 8 853
After deboning 93 1 98.9 95 1 98.9 74 1 98.7

A, Correctly classified number; B, Misclassified number; C, Discriminant power (%).

This result was the same as the finding on the discrimi-
nant power for all variables, suggesting that gender dis-
crimination is possible only with significant variables.
Among post-deboning variables, the significant vari-
ables in DF1 were chuck, loin, fore-leg bone, brisket,
weight of retail cuts, fore-shank, and blade for DF load-
ing, but brisket reduced the overall discriminant power.
The significant variables in DF2 were body fat and flank
fat. The accuracy of gender classification was 89.8% with
these variables, and yielded 98.9% accuracy when we
used all 24 post-deboning variables. Figure 2 shows a
scatter plot of the post-deboning variables with coordi-
nates constructed by means of DF loadings in the struc-
ture matrix, indicating that Hanwoo was successfully
classified by gender using post-deboning variables.

Analysis of gender classification by all or
significant variables

Table 5 shows significant variables used in either DF1 or
DF2 with good discriminant power. The result suggests
that significant variables among all, pre-deboning, or
post-deboning variables could classify the Hanwoo gen-
der with 93.6%, 91.3% and 92.1% discriminant power,
respectively. This result suggests that the use of signifi-
cant variables may be more effective than the use of all
variables because there was only a ~6% difference in dis-
criminant power between all variables and significant
variables. Table 6 shows the results of individual classifi-
cation by gender with discriminant power, i.e. classifica-
tion accuracy, when we used all available variables.
Finally, post-deboning variables showed higher classifi-
cation accuracy than pre-deboning variables, and the
result was consistent with the data from application of
both pre- and post-deboning variables simultaneously.
These results suggest that post-deboning variables, i.c.,
the beef part in the market, are more useful than physico-
chemical properties evaluated before deboning.

Conclusion

It has been reported that consumers prefer Hanwoo to
imported beef, and cows to steers and bulls because of
the recent increase in high-quality beef consumption. As

CURRENT SCIENCE, VOL. 114, NO. 5, 10 MARCH 2018

a result of high-quality fattening in Hanwoo, the appear-
ance ratio of the 1+ grade is expected to increase, but il-
legal distribution of Hanwoo via gender fraud may
continue because of the high price of Hanwoo. On the
other hand, it is possible to weaken the quality and price
competitiveness of Hanwoo as high-quality, low-price
beef continues to be imported. This means that strict clas-
sification by gender and quality control are urgently
needed. Besides, it is necessary to strategically solve the
supply and consumption of Hanwoo by improving the
structure of beef distribution. For example, intensification
of the beef traceability system would help acquire the
trust of consumers. To provide basic information and to
demonstrate the possibility of gender discrimination of
meat by means of various deboning variables, in this
study, we classified Hanwoo by gender using features of
deboning parts and an appropriate statistical algorithm.
Gender discrimination reached 98.9% using only the sim-
ple deboning parts, suggesting that deboning data and
DFA could be used for gender classification of Hanwoo
instead of expensive analytical tools, such as an elec-
tronic nose, PCR, or DNA analysis. However, a more ac-
curate and significant DF is necessary that involves not
only the carcass and meat features but also factors that af-
fect the quality grade and sensory characteristics.
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