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Abstract
We examined the effect of using Distiller’s Dried Grains with Solubles (DDGS) as a feed
ingredient on the growth performance, carcass quality and other parameters of finishing pigs.

There were a total of 5 groups in the study, a control group of pigs that were fed a
DDGS-free feed from a body weight of 30 kg up to shipping, 3 treatment groups fed different
levels (10, 15, or 20% of feed) of DDGS from 30 kg to 70 kg live body weight followed by
the same feed as controls from 70 kg up to shipping, and 1 group fed with feed containing
10% DDGS throughout, from 30 kg to shipping.

Fifty LWD pigs (25 females and 25 castrated males) of about 3 months of age were
used, and 10 animals were assigned to each group, and the males and females were reared
separately in groups.

Weight gain, feed intake and feed conversion ratio were measured during the study
period, and the health status of the animals was monitored routinely. Each animal was
slaughtered when its live weight reached 110 kg and the carcass weight, dressing percent,
backfat thickness, meat color and fat color were noted, and the carcass meat graded.

The results showed no significant difference between the DDGS-fed groups and the
control group in growth performance and carcass performance at shipping.

1. Objective
To investigate the effect of mixing DDGS in the feed of finishing pigs on their growth,
meat quality and other parameters.
2. Materials and methods

1) Test substance



DDGS manufactured in the USA and supplied by the US Grains Council was used for the
study.
2) Test animals
Fifty LWD pigs (25 females and 25 castrated males, aged 72-82 days, and weighing
27.6-37.7 kg) that were reared in a pig farm in Ibaraki Prefecture were procured. Before
the experiment, they were subjected to preliminary rearing for 7 days to check their health
status and acclimate them to the experimental environment.
3) Treatment groups

A total of 5 groups were used in the study, a control group of pigs that were fed a
DDGS-free feed from a body weight of 30 kg up to shipping, 3 treatment groups (10-0%,
15-0%, and 20-0% group) fed different levels (10, 15, or 20% of feed) of DDGS from 30
kg to 70 kg body weight and the same feed as controls from 70 kg up to shipping, and 1
group (10-10% group) fed with feed containing 10% of DDGS throughout, from body
weight 30 kg up to shipping.

Animals of each sex were divided into 5 groups with approximately the same live
body weight distribution and each of the female group and the castrated male group were
assigned to each treatment group. They were then reared until they weighed 110 kg.

Table 1 lists the feeds given to pigs for each of 3 body weight stages (30-50 kg,
50-70 kg and more than 70 kg). The nutritional value was the same for the control feed and
the feeds containing different amounts of DDGS. The feeds were designed to meet the
nutritional requirements specified in Japanese Feeding Standard for Swine (2005)". We
used the data provided by the US Grains Council for the normal components, amino acid
composition, and non-phytin phosphorus content of the DDGS for designing the feeds.

4) Rearing management

The pigs were reared in groups in concrete-floored pigpens (2.7 x 3.6 m) with the
floors covered with sawdust. The animals were not vaccinated.

The feeds for the different body weight stages were changed on the first day of the 4™
and 7™ week.

5) Endpoints



(1) Growth performance
The body weight of each animal was measured at weekly intervals from the start of
the study. The feed intake between every two consecutive days of weighing was also
measured for each group, and the daily weight gain, daily feed intake, feed conversion
ratio and days required to reach shipping weight were calculated. In determining the days
required to reach shipping weight, the number of days required beyond the 7™ week was
calculated by extrapolation from the estimated daily weight gain, as the weight
measurements were made at weekly intervals.
(2) Health status
The health status of individual animals was checked daily, in the morning and
evening.
(3) Carcass performance
The animals were slaughtered individually when each animal’s body weight became
110 kg. The carcass weight, dressing percent, backfat thickness (on mid-back, over the
shoulder, on loin, and mean) were measured, the L*, a*, b* values of the meat and fat
were determined with a chroma meter (CR-400, KONICA MINOLTA), and the carcass
meat was graded.
6) Statistical analysis
The growth performance was analyzed by two-way analysis of variance® with the feed
given and sex as the factors. One-way analysis of variance was carried out for each sex on
the carcass performance, taking the type of feed as the factor. As for grading of carcasses,
scores were assigned (High: 5, Medium: 3, and Fair: 1) and analysis of variance was carried
out.
7) Study period
The study was conducted during May 18 to September 15, 2006.
8) Study location
Feed Research Center, Japan Scientific Feeds Association, 821 Yoshikura, Narita, Chiba

Prefecture.



Table 1 Mixing proportions of feeds studied (%)

For the 70 kg to shipping
Ingredients For the 30-50 kg stage For the 50-70 kg stage weight stage

Control DDGS10% DDGSI15%  DDGS20% Control DDGS10% DDGS15%  DDGS20% Control DDGS10%
DDGS — 10.000 15.000 20.000 — 10.000 15.000 20.000 — 10.000
Corn 54.280 49.400 46.958 44.520 57.570 52.645 50.181 47.720 51.690 47.690
Milo 20.000 20.000 20.000 20.000 20.000 20.000 20.000 20.000 20.000 20.000
Soybean cake 17.200 11.975 9.363 6.750 14.700 9.500 6.900 4.300 11.000 5.000
Wheat bran 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 15.000 15.000
Fish meal (CP 65%) 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 — -
Calcium carbonate 0.860 1.005 1.078 1.150 0.880 1.030 1.105 1.180 0.950 1.150
Dicalcium phosphate 0.640 0.450 0.355 0.260 0.410 0.205 0.103 — 0.450 0.150
Animal fat 1.000 1.050 1.075 1.100 0.500 0.600 0.650 0.700 — —
Common salt 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300
B vitamins" 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200
Vitamins A, D & E? 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200
Trace minerals® 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200
DL-Methionine 0.010 0.005 0.003 - — — — — — —
L-Lysine hydrochloride 0.100 0.180 0.220 0.260 0.040 0.115 0.153 0.190 0.01 0.110
L-Tryptophan — 0.015 0.023 0.030 — 0.005 0.008 0.010 — —
L-Threonine 0.010 0.020 0.025 0.030 — — — — — —
Composition
CP (%) 160 (103) ¥ 160 (103) 160 (103) 160 (103) 150 (103) 150 (103) 150 (103) 150 (103) 133 (102) 13.1 (101)
TDN (%) 77.8 (104) 780 (104) 78.1 (104) 782 (104) 786 (105) 78.8 (105) 789 (105) 79.0 (105) 77.0 (103) 773 (103)
Calcium (%) 0.66 (110) 066 (110) 066 (110)  0.66 (110) 061 (111) 061 (111) 061 (111) 061 (111) 0.53 (106)  0.53 (106)
Non-phytin phosphorus (%) 030 (111) 032 (119) 033 (122) 033 (122) 026 (113) 027 (117) 028 (122) 028 (122) 021 (105) 021 (105)
Arginine (%) 0.97 (346) 0.88 (314) 0.84 (300) 0.79 (282) 0.90 (375) 0.81 (338) 0.77 (321) 0.72 (300) 0.80 (444) 0.68 (378)
Histidine (%) 041 (152) 041 (152) 041 (152) 040 (148) 0.36 (140) 0.39 (170) 038 (165) 0.38 (165) 0.35 (194) 0.34 (189)
Isoleucine (%) 0.65 (127) 0.63 (124) 0.61 (120) 0.60 (118) 0.60 (140) 0.58 (135) 0.57 (133) 0.56 (130) 0.51 (150) 047 (138)
Leucine (%) 146 (172) 1.55 (182) 1.60 (188) 1.64 (193) 140 (194) 149 (207) 154 (214) 1.58 (219) 123 (220) 130 (232)
Effective lysine (%) 0.79 (110) 0.79 (110) 0.79 (110) 0.79 (110) 0.67 (110) 0.67 (110) 0.67 (110) 0.67 (110) 0.50 (105) 0.50 (105)
Effective methionine + cystine (%) 049 (111) 045 (102) 043 (98) 041 (93) 046 (124) 042 (114) 041 (111) 039 (105) 040 (138) 036 (124)
Phenylalanine + tyrosine (%) 130 (160) 1.19 (147) 1.14 (141) 1.08 (133) 122 (120) 111 (163) 1.06 (156) 1.01 (149) 1.06 (200) 0.92 (174)
Effective threonine (%) 0.52 (111) 0.52 (111) 052 (111) 0.52 (111) 0.48 (120) 047 (118) 047 (118) 046 (115) 040 (129) 0.38 (123)
Tryptophan (%) 0.19 (119) 0.19 (119) 0.19 (119) 0.19 (119) 0.17 (121) 0.17 (121) 0.16 (114) 0.16 (114) 0.16 (145) 0.14 (127)
Valine (%) 0.76 (131) 0.76 (131) 0.76 (131) 0.77 (133) 0.72 (147) 0.72 (147) 0.72 (147) 0.72 (147) 0.63 (166) 0.62 (163)

Notes ! Thiamine nitrate 1.0, riboflavin 7.0, pyridoxine hydrochloride 0.5, nicotinic acid amide 6.0, D-pantothenic acid calcium 10.9, and choline chloride 57.6, all in g/kg 2 Vitamin A 10,000,
vitamin D3 2,000, both in IU/g; dl-a-tocopherol acetate 10 mg/g. ¥ Mn 50, Fe 50, Cu 10, Zn 60, and I 1, all in g/kg ¥ Number in parenthesis are the percentages of the daily requirement prescribed in the
Japanese Feeding Standard for Swine (2005).



3. Results
1) Growth performance
The growth curves of the different groups are shown in Figs. 1 and 2. Growth
during the 7™ week from the start of the study onwards generally tended to be a slightly
slower because of the summer heat, but there were no marked differences among the
groups.

The daily weight gain, estimated days required to reach 110 kg body weight, feed
intake, and feed conversion ratio are shown in Table 2. There were no significant
differences among the groups. These parameters also showed no clear relationships
with the mixing proportions of DDGS or the duration of feeding the mixed feed.

A total of 5 pigs, 2 castrated males and 3 females, were culled during the study
period. Their details are given in Table 3. These animals were excluded from the start

of the study in the analysis of daily weight gain and other parameters.
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Table 2 Growth performance

Contro  10:0% 150% 200% 10-10%
Sex 1 group  group group  group goup  Mean

Daily weight gain (kg)

Castrated male 0.98 0.82 0.87 0.92 0.95 0.91
Start-3 weeks

Female 0.78 0.70 0.82 0.77 0.78  0.77

46 K Castrated male 0.91 0.86 0.87 0.91 1.03 0.92
-0 weeks Female 0.92 0.74 0.81 0.85 0.81 0.83
o Castrated male 0.90 0.91 0.96 092 0.87 0.91

7 weeks-shipping Female 083 073 078 080 079 0.79
hini Castrated male 0.92 0.87 0.92 0.92 0.93 0.91
Start-shipping Female 084 072 079 080 079  0.79

Estimated days needed to reach shipping weight
Castrated male 78 81 79 77 77 78
Female 88 101 91 91 91 92

Daily feed intake (kg)

Castrated male 2.39 2.12 2.09 2.26 2.20 2.21
Start-3 weeks

Female 1.88 1.69 1.95 1.90 1.89  1.86

Castrated male 2.71 2.70 2.71 2.87 3.13 2.82

4-6 weeks Female 246 221 234 245 234 236
ks-shiooi Castrated male 3.03 3.04 3.16 3.13 2.98 3.07

7 weeks-shipping Female 2.78 249 255 275 260  2.63
o Castrated male 2.81 2.75 2.81 2.85 2.83 2.81
Start-shipping Female 252 229 238 252 242 243

Feed conversion ratio

Castrated male 2.44 2.59 2.40 2.46 2.32 2.44
Start-3 weeks

Female 241 241 238 247 242 242
K Castrated male 2.98 3.14 3.11 3.15 3.04 3.08

4-6 weeks Female 267 299 289 288 289 2.86
o Castrated male 3.37 3.34 3.29 3.40 3.43 3.37

7 weeks-shipping Female 335 341 327 344 329 335
. Castrated male 3.05 316 3.05 310 3.04  3.08
Start-shipping Female 3.00 3.8  3.01 315 3.06  3.08




Table 3 Details of culled pigs

Group Sex (ID No.) Particulars
Castrated male Developed arthritis of the left hock 4 weeks into the study, and culled at
Control No.60) completion of 4™ week.
group Female (No0.100) Seen coughing 3 weeks into the study. Culled at completion of 8"
week because of stagnation in growth.
15-0 % Showed growth stagnation from 2" week of the study. Culled at
group Female (No.82) completion of 7™ week.
20-0 % Showed growth stagnation from 5™ week of the study. Culled at
group Female (No.104) completion of 7™ week.

10-10 % Castrated male Showed growth stagnation from 4™ week of the study. Culled at
group (No.76) completion of 7™ week (pleural pneumonia).

2) Carcass performance

Table 4 shows carcass performance data. Among both the castrated males and the
females, there was no significant difference between the groups in the carcass weight,
dressing percent, backfat thickness, and carcass quality score. There were also no
definite trends in relation to the percentage of DDGS mixed in the feed or the duration
of feeding it.

Among castrated males, the b* value of meat color in the 20-0% group was
significantly higher than in the 10-0% group. In fat color, the a* value was significantly
higher in the 10-0% group than in the control group. However, there were no definite
trends in relation to the percentage of DDGS mixed in the feed and the period of

feeding it.



Table 4 Carcass performance

Control 10-0 % 15-0 % 20-0 % 10-10 %
group group group group group
Carcass weight Castrated
(kg) g male 73.943.9 73.3+1.8 71.843.6 71.942.7 74.3+1.7
g Female 70.5+2.1 72.7+1.8 71.3+2.4 72.542.5 71.6£2.2
D . Castrated
gfcs;ft“c({o/) male 69.2+3.0  68.9+0.6 67.5+1.8 68.4+2.9  69.3+0.9
p 0 Female 66.6:1.6 68.3£0.6 66.4+2.5 67.7£1.8 67.1£1.0
Backfat thickness ~ Castrated
(cm) male 4.25+0.39  4.65+0.30 4.20+0.53 4.33+0.97 4.27+0.42
mid-back Female 3.724+0.17 3.81+0.66 3.71+0.60 3.92+0.05 3.83+0.15
Castrated
Shoulder male 2.07+£0.28  2.47+0.47 2.32+0.28 2.23+0.38 2.27+0.15
Female 2.144+0.32 1.64+0.35 1.84+0.52 1.94+0.50 1.87+0.38
Castrated
Loin male 3.03£0.26  3.23x0.45 3.23+0.60 3.33+0.24  3.52+0.22
Female 3.27+0.45 2.71+0.37 3.20+0.25 3.20+0.30 3.21+0.46
Castrated
Mean male 3.12+0.23  3.45+0.26 3.25+0.43 3.30+0.51 3.35+0.22
Female 3.04+0.24 2.72+0.40 2.92+0.36 3.02+0.23  2.97+0.31
Castrated
Meat L* male 53.344290  53.85+4.65 53.2643.02 60.12+7.59  54.69+3.65
Female 54.1644.72  51.1748.16 51.694+3.32 49.06:2.20  55.11+6.64
Castrated
a* male 5.97+0.86  5.08+1.10 5.67£1.58 7.36£2.06 4.60+1.98
Female 5.2840.78  6.01+1.53 6.81+1.80 5.50+0.84 6.52+1.11
Castrated
b* male 561"£0.66  5.12+1.03  5.52"+0.62  7.63"+127  5.82%+1.47
Female 5.14+1.33  5.73+2.49 5.67+1.84 4.74+0.77  6.18%1.71
Castrated
Fat L* male 73.90+£7.45  76.99+3.63 76.75+3.13 76.69+4.41 74.4344.64
Female  74.06£2.94  73.27+4.41 72.24+4 .45 73.25+4.87  76.56x4.14
Castrated
a* male 3.35+1.72  3.03+0.54 2.18+0.61 2.98+0.70  3.36+0.78
Female 2.82"+1.18  4.12%+0.57 2474042 2554033  3.05"+0.76
Castrated
b* male 6.52+1.29  6.07+1.02 6.04+1.20 6.80+0.94  6.83+1.01
Female  5.62°40.93  7.89+0.84  6.63"+0.84  6.02°+0.93  7.59"+1.27
Castrated
Carcass score male 4.5+£1.0 3.0+£2.0 4.6+0.9 3.4+1.7 5.0+£0.0
Female 4.5+1.0 3.4+1.7 2.5+1.0 4.0+1.2 4.2+1.1

Notes: Carcass score: Calculated after assigning scores of 5, 3, or 1 for high, medium and fair quality.

Means marked with different letters a and b were significantly different (p<0.05).



4. Discussion
DDGS is a byproduct of ethanol fermentation. Production of ethanol from corn is
expanding in the US. Therefore, the production of DDGS is expected to increase.

In the present study, we investigated the effects of feeding DDGS on the growth
performance and carcass performance of finishing pigs, by mixing 10-20% of DDGS
with the feed of pigs weighing 30-70 kg, and feeding mixed feed containing 10% DDGS
to pigs from 30 kg bodyweight up to shipping.

In both the feeding modes, i.e., 10-20% DDGS during the 30-70 kg stage and
10% DDGS during the 30 kg-shipping stage, there was no effect of DDGS on the
growth and feed intake of the pigs. This was a natural result because the control and
DDGS mixed feeds were designed to be identical in nutritional value in this study.

On the other hand, DDGS contains high amounts of xanthophyll originating
from its raw material, the corn. There was some concern that this xanthophyll would
affect the fat color when DDGS is fed at the late stage of finishing. However, the color
of the meat and fat were not affected even when feed containing 10% DDGS was fed
throughout, up to shipping.

We may conclude from the above results that the use of DDGS in swine feeds up
to the time of shipping would not adversely affect productivity or meat quality.

In the present study, the test feeds were designed by partially replacing corn and
soybean cake with DDGS, under the assumption that 34% and 53%° of the phosphorus
in corn and soybean cake and 90% of the phosphorus in DDGS® were non-phytin
phosphorus. Because of this, when 20% DDGS mixed feed was given during the 30-50
kg stage, the content of dicalcium phosphate mixed was reduced to 0.26% against
0.64% in the control. Similarly, in the feed for the 50-70 kg stage, it was reduced to 0%
in the DDGS mixed feed against 0.410% in the control. For the 10% DDGS feed for the
70 kg onwards stage, it was only 0.15% against 0.45% in the control. In spite of this,
there was no effect on the growth of the test animals, as discussed above. The results

suggest that the phosphorus contained in the DDGS was effectively utilized by the



animals and feeding DDGS was an effective way of reducing the environmental impact

of DDGS.
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Appended table 1-1 Change in body weight of castrated males (kg)

nd rd th th th th th th th th th th
1D st 2 3 4 5 6 7 8 9 10 11 12 13
Groups No. Start 1% week week week week week week week week week week week week week
77 36.2 41.5 46.9 55.7 61.5 67.7 73.9 78.3 86.3 93.4 101.0 108.1 113.2
61 39.9 46.1 50.5 58.4 64.0 70.4 74.9 78.8 85.3 91.2 96.9 103.5 109.0 110.4
63 37.5 43.6 49.6 56.3 64.5 71.3 77.2 84.4 91.6 98.9 106.1 113.7
Control 60 36.1 40.3 46.1 50.3 42.5 Culled
58 43.8 51.5 59.0 69.1 75.7 83.0 89.5 95.7 100.8 106.5 114.7
Mean  39.4 45.7 51.5 59.9 66.4 73.1 78.9 84.3 91.0 97.5 104.7 108.4 111.1 110.4
62 33.9 40.5 47.0 54.4 60.9 66.6 73.7 80.9 83.1 91.9 98.7 105.6 110.4
66 37.9 41.6 47.1 53.1 58.9 64.6 71.2 76.9 82.9 90.2 96.4 103.4 110.0
64 43.8 47.5 54.0 60.5 66.6 75.3 80.3 87.4 93.4 97.1 107.8 117.2
10-0% 83 40.6 455 50.2 57.3 62.9 68.8 75.0 80.3 89.0 91.4 100.5 107.1 114.3
79 41.9 46.7 52.3 58.2 63.4 68.6 73.9 80.1 82.0 88.6 94.2 101.5 108.8 110.9
Mean  39.6 44 4 50.1 56.7 62.5 68.8 74.8 81.1 86.1 91.8 99.5 107.0 110.9 110.9
59 36.6 41.8 47.5 54.5 62.5 68.7 76.6 81.0 87.8 95.7 103.5 111.3
56 36.8 38.9 45.2 52.2 57.4 65.2 68.9 75.1 77.7 83.6 91.8 97.7 103.8 110.0
78 38.5 46.8 54.4 60.2 69.7 68.7 72.0 75.9 79.4 85.2 95.2 102.3 110.0
15-0% 75 39.0 43.9 50.1 56.6 63.6 71.0 77.0 84.9 90.2 96.2 104.5 113.7
67 41.1 44.1 51.7 60.5 66.1 74.5 81.2 89.9 94.7 100.5 108.7 117.4
Mean  38.4 43.1 49.8 56.8 63.9 69.6 75.1 81.4 86.0 92.2 100.7 108.5 106.9 110.0
74 39.7 46.4 52.6 59.4 65.4 71.6 77.6 84.2 91.2 97.4 104.1 110.2
69 35.6 41.6 49.1 55.9 64.1 70.1 78.5 84.2 89.2 97.6 105.1 114.0
71 38.5 43.9 49.6 56.4 62.6 69.5 75.0 82.8 88.4 94.4 101.5 105.5 111.4
20-0% 68 39.7 41.7 49.0 55.9 61.8 66.7 72.0 77.8 83.8 88.7 95.1 101.9 110.0
70 44.8 51.2 58.7 67.6 75.2 81.1 87.1 93.7 100.4 105.4 111.4
Mean  39.7 45.0 51.8 59.0 65.8 71.8 78.0 84.5 90.6 96.7 103.4 107.9 110.7
76 36.7 41.6 47.3 54.5 56.7 60.7 66.4 66.4 Culled
57 34.3 39.8 45.4 52.4 59.6 67.7 74.8 82.2 88.1 94.3 93.8 100.5 107.1 114.3
55 43.4 48.8 57.5 65.7 72.7 79.3 85.2 91.6 96.8 103.0 106.6 111.2
10-10% 72 34.6 40.6 46.4 54.0 60.8 69.2 76.8 84.7 89.8 98.3 101.8 110.7
65 41.8 47.5 55.2 62.2 70.7 78.2 83.4 93.1 99.9 106.0 110.2
Mean  38.5 442 51.1 58.6 66.0 73.6 80.1 87.9 93.7 100.4 107.5 107.1 114.3
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Appended table 1-2

Change in body weight of females (kg)

lst an 3rd 4th Sth 6th 7th 8th 9th loth llth lzth 13th 14th 1 th 16th
Groups ID  gtart S
No week week week week week week week week week week week week week week week  week
95 350 39.0 437 500 56.0 634 732 755 81.8 873  93.2 99.5 106.1 106.4 110.0
102 38.6 432 477 543 594 640 729 779 788  89.5  91.0 97.6 1059 110.1
88 345 396 467 550 60.0 66.8 734 797 848 926 97.6 103.7 1109
Control 94 387 422 472 526 577 656 699 792 846 91.1 984 1046 112.6
100 384 451 505 579 589 664 734 76.1  69.3 Culled
Mean 36.7 41.0 463  53.0 583 650 724 781 825 90.1 951 101.4 1089 108.3 110.0
96 345 392 447 512 564 622 669 726 776 80.7 863 92.6 100.0 101.3 108.4 115.6
97 375 41.1 458 519 585 62.1  66.8 744 752 794 846 89.9 953 100.1 102.6 108.9 110.2
. 87 40.0 43.1 482 543 587 629 67.8 720 748 80.1  83.5 89.1 928 964 101.7 1062 110.5
10-0% 99 409 448 492 549 592 652 714 788 822 883 937 975 1053 110.0
91 372 402 446 509 563 61.7 678 73.0 764 825 875 947 101.6 104.8 114.6
Mean 38.0 41.7 465 526 578 628 681 742 772 82  87.1 92.8 99.0 1025 106.8 1102 110.4
82 375 422 454 491  53.0 573 597  63.6 Culled
93 344 390 456 523 576 646 704 760 825 865 924 1012 105.3 114.8
107 362 402 444 506 563 63.1 689 757 788 850  90.9 95.8 102.8 106.4 111.7
15-0% 101 42.1 478 539 588 641 703 749  80.0 834 889  91.9 97.2 101.6 108.5 110.3
84 41.1 444 517 606 642 704 757 80.6 86.6 89.8 964 103.0 1082 114.9
Mean 38.5 429 489 556 60.6 67.1 725 78.1 828 876 929 993 1045 1112 111.0
103 346 40.1 468 532 595 661 72.0 781  83.1 856  92.8 99.0 106.6 110.6
86 347 382 419 493 558 609 66.6 721 733 777 847 89.9 949 101.7 1032 110.1
89 403 434 506 568 639 704 752 8.2 875 943 979 105.1 111.3
20-0% 104 352 398 447 494 539 584  62.0 659 Culled
70 423 474 526 565 621 680 734 797 848 888 942 101.2 108.1 115.5
Mean 38.0 423 480 540 603 664 71.8 78.0 822 866 924 98.8 1052 109.3 103.2 110.1
106 365 37.7 460 531 594 664 725 798 839 904 947 102.8 107.8 113.6
108 356 402 453  51.0 559 623 664 712 752  80.5 843 90.4 94.0 101.0 1042 108.9 113.8
92 345 396 479 543 609 67.1 727 79.8 836 892 955 998 107.7 111.2
10-10% 80 37.6 43.0 49.6 553 594 662 712  78.8 848 922 965 1029 110.0
105 464 49.6 537 587 649 701 745 81.8 864  88.0 945 99.1 103.6 110.5
Mean 38.1 420 485 545 601 664 715 783 828 881 931 99.0 1046 109.1 1042 108.9 113.8
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Appended table 2 Daily weight gain and days required to reach the body weight of 110 kg

Castrated males Females
Groups .. _ Daily welgillt gain (kg) Days needed to D Ne Daily welghﬁ:[ gain (kg) It)oazsalgﬁe{iﬁ()i
0.  Start-3 th 7 L reach 110 kg _ th 7 Start—shippin
woek 46 week o shipping Start-shipping Start-3"week - 4"-6"week hipping e kg
77 0.93 0.87 0.94 0.92 80 95 0.71 1.10 0.66 0.77 98
61 0.88 0.79 0.72 0.77 91 102 0.75 0.89 0.76 0.79 91
63 0.90 1.00 1.04 0.99 74 88 0.98 0.88 0.89 0.91 83
Control 60 - - - - - 94 0.66 0.82 1.02 0.88 81
58 1.20 0.97 0.90 1.01 65 100 - - - - -
Mean 0.98 0.91 0.90 0.92 78 Mean 0.78 0.92 0.83 0.84 88
62 0.98 0.92 0.87 0.91 84 96 0.80 0.75 0.77 0.77 98
66 0.72 0.86 0.92 0.86 84 97 0.69 0.71 0.62 0.65 112
, 64 0.80 0.94 1.05 0.95 70 87 0.68 0.64 0.61 0.63 111
10-0% 83 0.80 0.84 0.94 0.88 79 99 0.67 0.79 0.79 0.76 91
79 0.78 0.75 0.76 0.76 90 91 0.65 0.80 0.84 0.79 92
Mean 0.82 0.86 0.91 0.87 81 Mean 0.70 0.74 0.73 0.72 101
59 0.85 1.05 0.99 0.97 76 82 - - - - -
56 0.73 0.80 0.84 0.80 91 93 0.85 0.86 0.91 0.88 86
, 78 1.03 0.56 0.90 0.85 84 107 0.69 0.87 0.76 0.77 96
15-0% 75 0.84 0.97 1.05 0.97 73 101 0.80 0.77 0.63 0.70 98
67 0.92 0.99 1.03 0.99 70 84 0.93 0.72 0.80 0.81 85
Mean 0.87 0.87 0.96 0.92 79 Mean 0.82 0.81 0.78 0.79 91
74 0.94 0.87 0.93 0.92 77 103 0.89 0.90 0.79 0.84 90
69 0.97 1.08 1.01 1.02 73 86 0.70 0.82 0.69 0.72 105
, 71 0.85 0.89 0.87 0.87 82 89 0.79 0.88 0.86 0.85 82
20-0% 68 0.77 0.77 0.90 0.84 84 104 - - - - -
70 1.09 0.93 0.87 0.95 68 90 0.68 0.80 0.86 0.80 85
Mean 0.92 0.91 0.92 0.92 77 Mean 0.77 0.85 0.80 0.80 91
76 - - - - - 106 0.79 0.92 0.84 0.85 87
57 0.86 1.07 0.81 0.88 85 108 0.73 0.73 0.68 0.70 106
, 55 1.06 0.93 0.74 0.88 76 92 0.94 0.88 0.79 0.84 89
10-10% 72 0.92 1.09 0.97 0.99 76 80 0.84 0.76 0.92 0.86 84
65 0.97 1.01 0.96 0.98 70 105 0.59 0.75 0.73 0.70 91
Mean 0.95 1.03 0.87 0.93 77 Mean 0.78 0.81 0.79 0.79 91




Appended table 3 Daily feed intake (kg/day)

1t ond 3rd 4th 5th 6t 7th gth gth Lot L ot 13t 14 15 16 Start 3¢ 4h_gh 7" week— Start—

Sex Groups o
week week week week week week week week week week week week week week week week week week shipping shipping
Conrol 2 226 2.79 281 271 261 261 3.03 349 320 3.64 3.17 2.10 2.39 2.71 3.03 2.81
Castrated 10-0% 1. 203 243 243 281 284 293 306 277 347 3.64 3.49 190 2.12 2.70 3.04 2.75
15-0% 1.71 1.94 261 274 279 261 271 327 277 327 371 347 2091 2.09 2.71 3.16 2.81
male 20-0% 1 226 259 286 284 291 311 3.04 3.14 331 3.19 299 2.26 2.87 3.13 2.85
10-10% 1 221 259 3.00 320 320 329 329 277 261 284 279 324 2.20 3.13 2.98 2.83
Conrol 1 1.87 2.19 227 241 270 266 254 291 297 3.06 3.19 276 2.11 1.88 2.46 2.78 2.52
10-0% 1.43 1.56 2.07 2.17 220 227 254 199 224 250 260 270 259 297 270 2.06 1.69 2.21 2.49 2.29
Female 15-0% 1.66 197 223 219 227 257 256 253 217 254 270 279 271 240 1.95 2.34 2.55 2.38
20-0% 1.66 1.89 2.16 224 250 260 2.67 253 234 259 289 299 316 239 3.19 1.90 2.45 2.75 2.52
10-10% 1.49 2.01 2.17 217 239 247 264 250 253 254 267 284 253 236 239 3.01 1.89 2.34 2.60 2.42

Appended table 4 Feed conversion ratio

Sex Groups Start-3" week 4" 6" week 7" week—shipping Start—shipping
Conrol 2.44 2.98 3.37 3.05
10-0% 2.59 3.14 3.34 3.16
dcaStrlate 15-0% 2.40 311 3.29 3.05
male  50.0% 2.46 3.15 3.40 3.10
10-10% 2.32 3.04 3.43 3.04
Conrol 2.41 2.67 3.35 3.00
10-0% 2.41 2.99 3.41 3.18
Female 15-0% 2.38 2.89 3.27 3.01
20-0% 2.47 2.88 3.44 3.15
10-10% 2.42 2.89 3.29 3.06
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Appended table 5-1 Carcass performance of castrated males

) Backfat thickness (cm) Meat color !’ Fat color®’
G ID No Carcass Dressing Carcass
roups . ; 0 - ) 2
weight (kg) ~ percent (%) Shoulder II;/Ialgk Loin Mean L* a* b* L* a* b* score
77 70.5 66.4 4.02 244 289  3.12 52.99 6.53  6.09 7225 559  7.76 5
61 72.5 68.7 3.83 1.79 275  2.79 57.03  6.80  6.27 79.07 224  5.26 3
Control 63 73.0 68.1 4.59 212 3.12 328 5337 5.65 4.95 64.06 3.80 7.49 5
58 79.5 73.5 4.57 1.91 335 3.28 4996 491 5.14 80.23 1.78  5.57 5
Mean 73.9 69.2 425 207 3.03 3.12 5334 597 561 73.90 335 6.52 45
62 72.5 68.7 4.38 203 324 322 55.62 525  5.07 70.64 3.62  6.89 5
66 71.0 68.1 4.63 2.18  2.83 321 58.95 6.47 637 77.89 278  6.77 3
64 75.5 69.7 435 320 3.94 3.83 51.54 3.92 459 79.11 239  5.23 1
10-0% 83 74.5 68.6 5.08 231 285 3.41 47.01 401  3.73 77.80 3.55  6.74 5
79 73.0 69.3 4.79 264 327 3.57 56.14 5.73  5.83 79.50 279 4.70 1
Mean 73.3 68.9 4.65 247 323  3.45 53.85 5.08 5.12 76.99 3.03  6.07 3.0
59 71.5 68.4 4.88 279  4.04  3.90 5632 555  6.42 72.02 271  4.69 3
56 71.0 68.0 3.55 2.17 327 3.00 54.11 823 5.50 79.85 1.18 5.17 5
78 67.0 64.4 3.84 208 236 276 51.85 4.65 5.71 7933 232 7.12 5
15-0% 75 72.5 67.4 421 226  3.15 3.21 48.75 5.79  4.75 76.01 2.61  7.43 5
67 77.0 69.2 4.50 228 335 3.38 5527 412 5.23 76.55 2.06  5.80 5
Mean 71.8 67.5 420 232 323  3.25 53.26 5.67 5.52 76.75 2.18  6.04 4.6
74 72.5 70.1 5.83 2.80 3.75 4.13 48.01 10.56 6.36 76.99 249 574 3
69 73.0 67.9 4.78 220 331 3.43 63.80 638  7.89 69.04 4.12  7.90 5
71 70.0 66.0 3.60 203 317 293 60.51 6.65 6.35 80.01 2.57 6.15 1
20-0% 68 68.5 65.6 3.67 1.80 3.18 2.88 68.47 8.03  9.26 78.48 321  7.64 3
70 75.5 72.5 3.76 234 325 3.12 59.80 5.17  8.29 78.92 252 6.56 5
Mean 71.9 68.4 4.33 223 333 330 60.12 736  7.63 76.69 2.98  6.80 3.4
57 75.5 69.0 4.42 243 384 3.56 58.92 7.13  7.79 67.59 222 590 5
55 75.5 70.3 4.08 233 343 328 56.45 333  5.71 7591 3.95 7.81 5
10-10% 72 72.0 68.2 4.78 224 343 348 51.01 2.76  4.25 76.25 3.76  7.60 5
65 74.0 69.7 3.80 2.07 3.36 3.08 5238 5.17  5.53 77.95 3.51  6.01 5
Mean 74.3 69.3 427 227 352  3.35 54.69 4.60 5.82 7443 336  6.83 5.0

Note 1) Measured by a chroma meter; L* lightness, a* redness, b* yellowness 2) Evaluated according to the criteria of Japan Meat Grading
Association and assigned scores of 5 high, 3 medium and 1 fair quality.
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Appended table 5-2 Carcass performance of females

. . Backfat thickness (cm) Meat color!’ Fat color'’
G ID No Carcass weight  Dressing Carcass
roups . 0 - ) 2
(kg) percent (%) Shoulde Mid Loin Mean L* a* b* L* a* b* score
r Back
95 73.5 68.8 3.85 222 323 3.10 57.09 541  6.32 71.81 1.97  5.06 5
102 69.0 66.6 3.64 1.79 283 2.75 55.10 633  5.24 7224 179 4.98 5
Control 88 70.5 66.3 3.53 254 390 3.32 5721 4.65 5.75 73.95 433 6.98 5
94 69.0 64.8 3.87 201 3.12  3.00 4722 474 326 78.24 3.17 5.44 3
Mean 70.5 66.6 3.72 2.14 327 3.04 5416 528 5.14 74.06 2.82  5.62 4.5
96 74.5 67.8 4.89 1.87 3.18 3.31 63.45 729  9.50 66.56 435  8.82 5
97 72.5 68.3 3.22 .12 277 237 41.78 424  3.28 73.50 3.73  7.70 1
87 70.5 67.6 3.36 1.48 2.15 233 46.82 4.88 3.78 7227 488  8.72 3
10-0% 99 71.5 68.7 3.78 200 279 2.86 50.01 7.82  6.60 7833 3.41  6.99 5
91 74.5 68.9 3.82 1.74 268 2.75 53.78 5.81  5.49 7571 422 7.2 3
Mean 72.7 68.3 3.81 1.64 271 2.72 51.17 6.01  5.73 7327 412 7.89 3.4
93 73.5 68.8 431 2,57 345 3.44 50.08 6.62  3.93 68.35 2.55 5.71 3
107 68.0 63.0 3.50 143  3.00 2.64 49.12  6.24 5.74 71.96 191  7.38 1
15-0% 101 71.0 66.4 4.07 1.51 296 2.85 56.53 931  8.19 70.10 2.48  7.30 3
84 72.5 67.4 2.96 1.84 338 2.73 51.03 5.05 4.80 78.54 292 6.12 3
Mean 71.3 66.4 3.71 1.84 320 2.92 51.69 6.81  5.67 7224 247  6.63 2.5
103 73.0 68.6 3.90 1.79 2.88 2.86 4928 528 430 67.69 2.71  5.51 5
86 69.0 65.0 3.98 131 324 2.84 4736 6.70  5.13 71.08 293  7.37 3
89 73.0 68.6 3.95 244 359 333 4751 475 391 7542 230 5.88 5
20-0% 90 75.0 68.6 3.86 220  3.10 3.05 52.10 528  5.60 78.81 225 5.30 3
Mean 72.5 67.7 3.92 1.94 320 3.02 49.06 5.50 4.74 7325 2.55  6.02 4.0
106 73.0 68.0 4.05 229 392 342 5441  7.02 540 76.56  3.87  7.79 5
108 74.0 67.2 3.78 133 282 2.64 44.15 4.92 3.54 69.85 3.82  9.36 3
92 72.0 66.5 3.91 1.90 3.11 2.97 60.86 6.79  7.55 7986 217  7.75 5
10-10% 80 70.5 68.2 3.72 2.15 337 3.08 59.66 6.02  6.97 76.44 272 7.25 5
105 68.5 65.7 3.68 1.66 284 2.73 56.45 7.85 7.45 80.11 2.66 5.82 3
Mean 71.6 67.1 3.83 1.87 321 2.97 55.11 6.52  6.18 76.56  3.05  17.59 42

Note 1) Measured by a chroma meter; L* lightness, a* redness, b* yellowness 2) Evaluated according to the criteria of Japan Meat Grading
Association and assigned scores of 5 high, 3 medium and 1 fair quality.
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