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ABSTRACT

In order to investigate the physiological properties of velvet antler of elk (Cervus e. canadensis) raised in Korea, antlers
(n=378) were collected from deer in 8 provinces including Gyeonggi-do (n=53), Gangwon-do (n=49), Chungcheongbuk-do (n=62),
Chungcheongnam-do (n=68), Jeollabuk-do (n=52), Jeollanam-do (n=15), Gyeongsangbuk-do (n=30) and Gyeongsangnam-do (n=49).
The exterior characteristics (weight, length, girth and crown) of all antlers were measured, and 18 antler samples were randomly
selected for measurement of interior characteristics such as specific gravity, capacity and diameter of cross section. The mean
antler weight, length of the main beam and mean length of upper section were 4.87+1.79 kg, 83.7£13.2cm and 40.6+11.4 cm,
respectively. Mean girth of the top, middle and base of the main beam were 27.145.9cm, 22.1+3.6cm and 22.91+3.6 cm
respectively, indicating a slight narrowing in the middle of the antler. In each of the tines, the girth at the base was markedly
thicker compared to the top. The depth of the crown at the top of the antler, and the average number of crowns and tines were
14.1+£7.0 cm, 2.1+0.6 and 3.0+0.5, respectively. Although there was no significant difference in mean specific gravity between top
and base, mean specific gravity of main beam tended to increase from top to base of the antler with decreasing capacity.
Additionally, the inner diameter of the base of the antler was significantly reduced compared to that of the top, indicating a
greater integumental thickening due to mineralization. Information on the morphological and physiological properties of elk antlers
is scarce. Therefore, these results may be useful in providing basic information for the physiological properties of antler, and

encourage further studies on antler morphology in other deer species showing species specific differences.
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INTRODUCTION

Velvet antler has been an important traditional oriental
medicine for hundreds of years. More recently, deer farming
which is an alternative form of animal agriculture in many
parts of the world, has grown rapidly in response to an
increasing demand for velvet antler (Sim, 1987). Antlers are
bony protuberances that form on the heads of animals from
the family Cervidae (deer) which have been in recorded
existence for over 25 million years (Chapman, 1975). EIk,
red deer, and sika deer are three examples of the 40 species
of deer that have antlers, and additionally there are four
species that are antlerless (Chapman, 1975). Antlers are one
of the fastest growing tissues in the animal kingdom,
growing by as much as 14kg in 6 months, with a peak
growth rate of 2~4cm day * (Modell, 1969; Wolfe, 1982).
Antlers are male cephalic appendages that cast and regenerate

each year from the apices of pedicles. Pedicles are
permanent protuberances that start to develop from the lateral
crests of deer frontal bone during puberty (Fennessy and
Suttie, 1985; Kierdorf et al., 1993; lan et al., 2000). The
first antlers are generated spontaneously after pedicles grow
to a species-specific height (50~60 mm high in red deer) (Li
and Suttie, 2000). Pedicles and growing antlers are made up
of exterior and interior components. The exterior component
consists of a velvet-like skin and pedicle skin which is
typical of deer scalp skin, while the interior component is
composed of osseo-cartilaginous tissue (Li and Suttie, 1994).
Commercially, the length of the velvet antler is frequently
used as a quality index. Antler length has been shown to be
influenced by environmental conditions, genetics, age, birth
weight, body weight, nutrition, cutting time and deer density
(Moore et al., 1988; Ball et al., 1994; lan et al.,, 2000;
Fierro et al., 2002). Recent studies have demonstrated that
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individual differences in body weight at weaning remain
fixed until 1.5 years of age (Landete-Castillejos et al., 2001).
It has been reported that fodder diversity and nutritional
status of deer have an effect on the length, girth and tine
number of the velvet antler (Ullrey, 1983; Schmidt et al.,
2001). Studies have also shown that the chemical
composition of the antler varies with both the region of the
antler, and with antler size and weight (Turner and Burr,
1993). A number of recent studies have linked velvet antler
consumption with an enhanced sense of well being and
vitality, improved musculoskeletal function, enhanced resistance
to disease and immune system modulation, increased blood
flow and blood pressure modulation, and promotion of rapid
healing in tissues and bones (Elliott et al., 1996; Hemmings
and Song, 2004; Moreau et al., 2004). Although some
studies on the chemical components and bioavailability of
entire velvet antler have been carried out, there has been
little research activity on standardization of farmed velvet
antler, in particular, the physical dimensions and physiological
properties of different areas of the antler.

In this study, we report on the physiological properties of
velvet antler from elk (Cervus e. canadensis) farmed in
Korea. This is the first comprehensive report on antlers from
this species of deer, providing both exterior production
characteristics such as length, girth and crown, and interior
characteristics such as specific gravity, capacity and diameter
of cross section of antler.

MATERIALS AND METHODS
1. Animals

This study was carried out in randomly-selected deer farms
in Korea, from June to August 2006. Velvet antlers (n=378)
from elk (Cervus e. canadensis) were collected in 8
provinces including Gyeonggi-do (n=53), Gangwon-do (n=49),
Chungcheongbuk-do (n=62), Chungcheongnam-do (n=68), Jeollabuk-
do (n=52), Jeollanam-do (n=15), Gyeongsangbuk-do (n=30), and
Gyeongsangnam-do (n=49) in Korea. All deer sampled were
healthy, with no clinical signs of disease.

2. Sampling procedure
Antlers that were harvested from 80 to 90 days after

casting were collected from deer farms in each province.
Samples of antler were taken, rapidly washed in water,

placed into cryovials, weighed and immediately stored at
—40°C until analysis.

3. Measurement

The main beam of each collected antler was divided into
5 sections (top, upper, middle, base, and bottom) and each
tine was measured separately. Samples of each section were
sliced with bone slicer. The exterior characteristics of each
antler were measured (weight, length, girth and crown).
Weight of antler was measured to the nearest 0.05kg using
electronic scale. The inside length of the main beam was
measured from the burr to the tip. Burr and pedicle
circumference were also measured. The width and depth of
each sample were recorded to the nearest 0.1cm using a
digital caliper prior to testing. Samples (n=18) were then
randomly selected for measurement of interior characteristics
such as specific gravity, capacity and diameter of cross
section. Volume was determined from the difference in
weight of the antlers in air and in water; the weight under
water of the more porous antlers had to be recorded rapidly
to prevent water displacing air from the internal spaces. The
dry weight of the antlers was determined subsequently after
drying for 48 h at 105°C. The specific gravity (g dry matter/
ml) of the antler was estimated from the weight and volume
measurements described previously. All measures were carried
out using a measuring tape. The different exterior and
interior measurements taken are shown in Fig. 1.

4. Statistical analysis

All data are presented as mean and standard deviation.
Analysis of variance with Duncan’s multiple range test was
performed to evaluate differences between the groups. The
Statistical Analysis System version 8.01 was used for all
analyses (SAS Institute, Cary, NC, U.S.A). Statistical significance
was defined as p<0.05.

RESULTS AND DISCUSSION
1. The antler weight and length in elk

Table 1 shows the mean weight and length of the main
beam and tines of velvet antler of elk farmed in Korea. The
mean weight of antler was 4.87 + 1.79 kg. Antler weight was
significantly affected by region as shown in Table 1(p<
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Fig. 1. Measurements of Exterior and Interior Elements of Antler in Elk (Cervus e. canadensis).

Table 1. Production and Length of Different Sections of Antler in Elk (Cervus e. canadensis)

Mean weight Mean length  Mean length Length of the tines (cm)
of antler of main beam  of the upper

(kg) (cm) section (cm) First Second Third Fourth
Gyeonggi-do (n=53) 483+1.78°  85.0+15.0% 422+153" 41.1+124* 359+12.8%° 30.6+10.9"™
Gangwon-do (n=49) 5.19+2.09°  88.1+152™ 422+ 85 408+ 95° 33.1+ 9.7° 30.3+ 8.4™ 34.3+65™
Chungcheongbuk-do (n=62) 3.93+1.28  756+11.9"° 350+ 9.9° 39.0+ 9.2° 321+ 92° 26.7+ 6.4° —
Chungcheongnam-do (n=68) ~ 4.53+1.64°  845+10.7° 404+ 9.2°° 441+11.7" 3374124 280+ 7.4° 31.3+9.8"
Jeollabuk-do (n=52) 5.26+2.12"  81.8+153" 469+ 9.8° 389+ 95° 34.3+10.5° 331+ 95° 38.1+4.9°
Jeollanam-do (n=15) 545+156™ 841+ 93 364+ 9.2 491+ 7.0° 39.8+104° 31.7+116° 26.8+45°
Gyeongsangbuk-do (n=30) 6.02+1.62° 895+ 9.7°  44.1+109% 47.2410.4° 39.9+12.2° 29.0+ 8.7 24.6+9.1°
Gyeongsangnam-do (n=49) 4.96+1.32°  86.0+ 7.9% 37.2411.7" 419+ 9.9° 37.2¢11.0° 27.5+ 597 -
Average 4.87+1.79 8374132  40.6+11.4  41.9+106 349+113 294+ 87  31.8+83

Values are means with their SD (n=378).
abcde

0.05). Antler weight was significantly higher in Gyeongsangbuk-
do (6.02+1.62kg) compared to Chungcheongbuk-do (3.93 *
1.28kg; p<0.05). Previous studies by our group have
demonstrated that antler weight, mean length of main beam
and girth at the base of the main beam are all affected by
dietary protein level (Jeon et al., 2005). Moreover, other
studies suggested that antler weight accounts for 1~5% of
body weight and antler production is positively correlated

Means in each column with different superscripts differ (p<0.05).

with body weight (Ball et al., 1994; lan et al., 2000). Mean
length of the main beam was 83.7 £13.2 c¢cm, and a similar
regional pattern was observed in main beam length to that
previously observed for antler weight. The length of the
main beam was significantly longer in Gyeongsangbuk-do
(89.5+9.7 cm), compared to Chungcheongbuk-do (75.6 +11.9
cm; p<0.05). Mean length of the upper section was 40.6 +
114cm, and the length of upper section in Jeollabuk-do

—239—



Jeon et al. ; Physiological Property of Velvet Antler in Elk

(46.9£9.8cm) was significantly longer than in Chungcheongbuk-
do (35.0+9.9cm; p<0.05). Several previous studies have
suggested that antler length is affected by environmental
conditions, region, nutrition and dietary protein level (Muir
and Sykes, 1988; Jeon et al., 2005). The length of the first
tine was significantly longer than that of the third tine (41.9
+10.6 cm for first tine vs. 349+11.3 cm for second tine
vs. 29.4+8.7cm for third tine; p<0.05). The length of first
and second tines was significantly longer in Jeollanam-do
and Gyeongsangbuk-do than in all other areas (p<0.05).
However, the length of third tine was longest in Jeollabuk-
do (33.1£9.5cm; p<0.05) and shortest in Chungcheongbuk-
do (26.7 £6.4 cm; p<0.05). Moreover, the mean weight of
antler was positively correlated with the mean length of
main  beam and upper section. Several studies have
demonstrated that body weights at the end of the first antler
growth period are positively correlated with final antler
length (Moore et al., 1988; Gaspar-Lopez et al., 2008). Also,
Gomez et al. (2006) described a positive correlation between
weight at weaning and some characters of antler quality,
such as length and basal perimeter. Therefore, it appears
advantageous that maximal body weight is
achieved by the end of the first antler growth period to
improve subsequent antler production.

to ensure

2. Girth of velvet antler in elk

Table 2 shows the mean girth of the top, middle and base
of the main beam and the top and base of each tine on the
antler in elk. The mean girth of the main beam was 27.1 +
59cm at the top, 22.1£3.6cm in the middle, and 229 *
3.6cm at the base, which indicated a narrowing of the main
beam from top to bottom. The girth of the antler was again
significantly affected by region, and a similar pattern was
observed to the previous antler weight and length of main
beam results. Ungerfeld et al. (2008) reported that the girth
of an antler was positively correlated with velvet antler
production. Separately, Kruuk et al. (2002) reported that both
antler size and girth are heavily dependent on an individual
animal’s nutritional state. Although several studies described
the relationship between antler production and environmental
factors such as nutritional status, heritability, and body
weight, no research has been carried out looking at the
physiological properties of antlers across different farming
regions.

In the present study, the girth at the top of the main
beam was largest in Gyeonggi-do (29.0 £5.9 cm) and smallest
in Jeollabuk-do (25.2+6.4 cm; p<0.05). The girth at the
middle of the main beam was largest in Gyeongsangbuk-do

Table 2. Girth of Different Sections of Antler in Elk (Cervus e. canadensis)

Gyeonggi- Gangwon- Chungcheong Chungcheong Jeollabuk-

Jeollanam- Gyeongsang Gyeongsang

do do buk-do nam-do do do buk-do nam-do  Average
(n=53) (n=49) (n=62) (n=68) (n=52) (n=15) (n=30) (n=49)

_ Top 29.045.9° 27.0+4.5™ 255456  27.5+6.4™ 252+6.4% 26.9+4.0™° 28.3+52% 27.9+6.1%° 27.1459
Qﬁeﬂ’ai?]'”h Middle 205+3.0° 23.0+4.1% 2114307 22.3+38™ 212434 224+22%° 24.1+36" 23.7+38" 22.1+3.6
beam (cm) Base 23.0+3.9° 235+3.9" 220+3.0° 221#32°  227+2.9° 236+4.2° 251+41° 228436 22.9+36

_ Top 9.3+1.8° 89+1.8° 95+23° 92426  93+12% 100+1.4° 111+2.9°  0.1+24% 94422

st Base 14.9+1.7° 153+2.4" 145+1.9° 153+1.8° 150+2.0° 17.14#27° 16.2+¢2.7™ 14.9+31° 152423

Top 93+12° 88+1.6" 89+1.7°  85+15 8.741.2" 9.0+14® 93+14°  92+10® 89+14

Mean girth Second Base 145+2.1°°14.242.4° 137418  14.4+22™ 136+1.9° 151+1.7° 153%25°  151+2.4% 143+22
of tines Gm)  7op 105+21° 95:23 107428  95:20°  105:28 124443  99+17'  102+16° 102425
Third Base 15.7+2.6'° 16.7+3.3 156424 16126 156423 163+24 158+24  166+24 16.0+26

Top —  120+24 — 110407 147445 127423  14.0+16 - 12.9+2.9

Fourh Base  —  20.0+238 - 256+90 196438 175+23  17.3+21 - 19.744.5

Values are means with their SD (n=378).
® Means in each row with different superscripts differ (p<0.05).
N.S.: Not significant.
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(24.1+£3.6cm) and smallest in Gyeonggi-do (20.5 + 3.0 cm;
p<0.05). Similarly, the girth at the base of the main beam
was significantly biggest in Gyeongsangbuk-do (25.1+4.1
cm) and smallest in Chungcheongbuk-do (22.0 £3.0cm; p<
0.05). In the present study, the mean girth of the main beam
was strongly related to antler production. The girth of the
top portion of the main beam which includes the first,
second, and third tines, was significantly thicker than that at
the base of the main beam (p<0.05).

3. Exterior characteristics of crown of antler in elk

Exterior characteristics of the crown of the antler in elk
in Table 3. In the present study, the mean
number of crowns was 2.1. The number of crowns tended to
be higher in Gangwon-do and Gyeongsangbuk-do, compared
to Chungcheongbuk-do. The mean depth of the crown was
141 £7.0 cm, with the depth of crown deepest in Gyeonggi-
do (16.5+7.0cm) and shallowest in Jeollabuk-do (11.6 £ 6.8
cm; p<0.05). Landete-Castillejos et al. (2007) reported that
the cortical bone depth of antler was affected by the mineral
or food availability. The mean girth of the crown was 17.2
+5.5cm, with the girth of the crown largest in Jeollanam-
do (19.0£3.0cm) and smallest in Chungcheongbuk-do (16.1
+3.6 cm; p<0.05). The mean number of tines on each antler
was 3.0. The number of tines was highest in Jeollanam-do
(3.2) and lowest in Gyeonggi-do and Gyeongsangnam-do
(2.8; p<0.05). These results suggest that strong differentiation
of exterior characteristics occurs in antlers of elk in different
regions of Korea.

are shown

4. Weight, specific gravity, capacity, diameter of cross
section of antler in elk

In the next stage of the study, we compared the exterior
and interior characteristics of elk antler. For this purpose, we
randomly selected 18 antler samples for measurement of
interior characteristics such as specific gravity, capacity and
diameter of cross section (Table 4). Each antler was cut into
5 sections (top, upper, middle, base, and bottom) of main
beam and the 3 tines were removed. The mean weight of
each section of antler and its percentage of total antler
weight (%) tended to be highest in top and bottom sections
and lowest in the middle sections (top: 769.8 +278.5¢, 18.9
%, upper: 527.5+161.49, 12.9%, middle: 505.0+91.6 g,
12.4%, base: 513.0+157.0g, 12.6% and bottom: 604.0 £
160.0 g, 14.9%). The mean weight and percentage of total
weight (%) of each tine markedly decreased from the first
tine to third tine (1™ tine: 454.0+171.0g, 11.2%, 2™ tine:
397.0+212.09, 9.8% and 3" tine: 293.0 + 167.0g, 7.2%).
Specific gravity tended to be highest in base and bottom
sections of the main beam (top: 1.07 +0.07, upper: 1.09 +
0.07, middle: 1.13+0.08, base: 1.16 +0.08 and bottom: 1.16
+0.08). Specific gravity of tissue from the three tines also
gradually increased from third tine to the first tine (3 tine:
1104008, 2™ tine: 1.14+0.09 and 1% tine: 1.17 +0.08).
Capacity was 0.93ml/g in the top, 0.92ml/g in the upper,
0.89ml/g in the middle, and 0.87 ml/g in the base and
bottom sections of the main beam, and 0.87 ml/g in the first,
0.89 ml/g in the second, 0.91ml/g in the third tine. Specific
gravity of the antler was therefore negatively correlated with

Table 3. Exterior Characteristics of the Crown and Number of Tines of Antler in Elk (Cervus e. canadensis)

Region Number of crowns Depth of crown (cm) Girth of crown (cm) Number of tines
Gyeonggi-do (n=53) 2.240.7% 16.5+ 7.0° 18.545.5° 2.8+0.5"
Gangwon-do (n=49) 2.3+0.6" 15.0+ 5.9 16.4+4.6° 3.0£0.7%
Chungcheongbuk-do (n=62) 1.9+0.6° 12.6+ 5.8% 16.143.6° 2.9+0.4%
Chungcheongnam-do (n=68) 2.1+0.6® 14.8+ 5.4° 16.7+3.8° 2.9+0.4%*
Jeollabuk-do (n=52) 2.2+0.5" 11.6+ 6.8° 16.2+4.6° 3.1+0.5%
Jeollanam-do (n=15) 2.140.4% 14.8+ 5.7° 19.043.0° 3.240.4°
Gyeongsangbuk-do (n=30) 2.3+0.7° 11.9+ 6.2° 17.2+4.6" 3.1+0.7"
Gyeongsangnam-do (n=49) 2.140.6" 15.4+10.1% 17.5+4.4% 2.8+0.4°
Average 2.1+0.6 141+ 7.0 17.2455 3.0+05

Values are means with their SD (n=378).
@< Means in each column with different superscripts differ (p<0.05).
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Table 4. Weight, Specific Gravity, Capacity, Diameter of Cross Section of Different Sections of Antler in EIk

(Cervus e. canadensis)

Item Top Upper Middle Base Bottom  1%tines  2tines  3"tines
Mean weight (g) 769.8+£278.5 527.5£161.4 505.0+91.6 513.0£157.0 604.0£160.0 454.0+171.0 397.0+212.0 293.0+167.0
?,Zr)cemage oftolWeight  159.38 120426  124:20 126424 149+18 112¢42  98:39 72441
Specific gravity 1.07+0.07 1.09+0.07 1.13+0.08 1.16+0.08 1.16+0.08 1.17+0.08 1.14+0.09 1.10+0.08
Capacity (ml/g) 0.93£0.06 0.92+0.06 0.89+0.06 0.87+0.06 0.87+0.05 0.87+0.05 0.89+0.06 0.91+0.07
Diameter of  Greatest
Crosssection  gaoes 75£24 661 62410  63£10 7613 4806  50:12 5719
(cm) C
east
diameter 4.910.4 4.9£0.6 5505 5.3+0.6 5.5£0.5 3.7£0.6 3.8£0.6 3.9104
Inner
diameter 0.8+0.2 0.9+0.2 0.9+0.2 0.9+0.2 0.1+0.02 0.8+0.2 0.8+0.3 1.0£0.5

Values are means with their SD (n=18).

capacity. Hyvérinen et al. (1977) reported that both antler
weight and antler specific gravity were related to body
weight. Also, the concentrations of ash, phosphorus and
magnesium in dry matter showed significant positive
correlations with specific gravity (Hyvarinen et al., 1977).
Antlers grow in length by endochondral ossification and in
diameter by intramembranous ossification (Banks, 1974). The
pattern of measurements of the greatest diameter cross
section of the main beam were similar to the earlier girth
measurements (top: 7.5+ 2.4 cm, upper: 6.6+1.1cm, middle:
6.2+1.0cm, base: 6.3+1.0cm and bottom: 7.6 +1.3cm). In
contrast, the least diameters of the cross section were similar
across all regions of the main beam, and in each of the
tines. However, the inner diameter of the antler was smaller
in the bottom section of the main beam compared to other
sections (top: 0.8+0.2 cm, upper: 0.9+0.2cm, middle: 0.9+
0.2cm, base: 09+0.2cm and bottom: 0.1+£0.02cm; p<
0.05). In general, it has been reported that the diameter of
cross section, an indicator of mineralization, is closely
related with collagen content of antler (Goss, 1983). Collagen
has been suggested to be a major protein in antler (Goss,
1983). The proportion of collagen in elk antlers increases on
moving down the antler, from the upper section to the base
section (approximately 1.4, 2.5 and 3.2 times higher in the
upper, middle and base sections, respectively, than in the tip
section), with a concomitant increase in mineral content
(Sunwoo et al. 1995). This is a similar pattern to our results
which showed an increase in specific gravity moving down
the antler. Antler growth requires a partial demineralization

of the skeleton because the diet cannot supply the enormous
amount of minerals required for their rapid growth (Muir et
al., 1987). Recent evidence has shown that antler bone
chemical composition varies both with antler region and with
the size and weight (Landete-Castillejos et al., 2007). The
current study provides basic information on the differentiation
of physiological properties such as velvet antler production,
mean length of the main beam and tines, antler girth and
depth of the crown in elk across Korea. Although regional
differences in the chemical composition and biological
activities of velvet antler have been suggested, there is no
research evaluating the physiological properties of velvet
antler by region. Also, there are no criteria for quality
standardization of velvet antler throughout the world.
Therefore, further studies on morphological and physioche-
mical indicators as a quality index for velvet antler are
required to differentiate domestic velvet antler from the
imports.
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