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Abstract

In the Korean beef industry, the spread of total mixed ration (TMR) is increasing to
reduce feed costs and improve carcass quality. In the case of on-farm self-mixed TMR,
feed costs per head were reduced by about 23% compared to farms feeding general
purchased feed. The use of food by-products such as bread, noodles, and beer waste
as raw materials for TMR is increasing. A feature of the TMR manufacturing process
is the introduction of fermentation technology, which greatly helps in the storage of each
raw materials and products and in improving the carcass performance of cattle. In
addition, moisture addition heating technology has been introduced and is effective at
increasing digestibility. For accurate nutritional formulation of TMR, the Korean beef
TMR computer program provided by the National Institute of Animal Science is widely
used. In the nutritional design sector, there is a tendency to increase nutritional content,
especially protein content, to shorten the fattening period of Korean beef.
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Table 1. Changes in carcass characteristics and auction price for Hanwoo steers

Year Live weight ~ Carcass weight Backfat thickness Rib eyezarea Meat yield index Marbling score  Auction price
(kg) (ko) (mm) (em®) (%) (no.) (KRW)
2001 586 348 10.0 79.1 68.1 3.5 13,050
2004 632 382 11.8 82.8 67.2 43 13,454
2007 657 3% 12.0 84.4 65.4 48 14,918
2010 695 419 12.9 88.7 64.8 52 16,501
2011 701 422 13.2 89.5 64.6 5.2 13,518
2012 701 417 13.1 89.6 64.8 54 14,720
2013 704 420 12.7 89.5 65.0 55 13,951
2014 712 425 12.9 89.9 64.8 5.4 14,961
2015 719 430 135 91.2 64.5 55 16,826
2016 729 436 13.7 91.8 64.3 5.6 18,883
2017 737 440 13.8 92.1 64.2 5.8 17,652
2018 745 444 14.0 93.5 64.2 5.8 18,668
2019 748 446 13.8 95.0 64.1 59 19,033
2020 750 447 135 95.0 61.6 5.9 21,140
2021 761 454 13.2 95.4 61.6 6.0 22,557
2022 774 461 12.8 97.0 61.7 6.2 20,842
2023 787 467 12.7 97.7 61.7 6.2 18,489
Difference (01-'23) 201 119 2.7 18.6 6.4 2.7 5,439
Difference (01-23; %) 34.3 34.2 27.0 23.5 94 77.1 41.7

KRW, Korean Won.
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Table 2. Example of total mixed ration formulation for Hanwoo steers

Item Growing stage Early fattening stage Fermented feed Ingredient price (KRW)

Ingredient composition (%)

Basal diet - - 32.0 530
Molasses - - 3.0 480
Corn flake 3.0 26.5 - 520
Soybean meal 1.0 5.0 - 855
Rice bran - - 31.0 250
Enoki mushroom 24.7 4.2 - 55
Bread meal 7.0 5.0 - 350
Brewer's grain 7.0 95 - 100
Fermented feed (self-produced) 22.0 22.0 - 292
Alfalfa pellets 6.0 B B 620
Alfalfa hay 5.0 B B 750
[talian ryegrass 15.6 - - 250
Wild grass 7.8 B B 285
Rice straw - 15.0 - 257
Ryegrass (imported) - 25 - 400
Salt 0.3 0.3 0.5 250
Limestone 0.6 - - 100
Vitamin premix 0.02 0.005 - 10,000
Urea N B 0.2 800
Probiotic culture broth (self-produced) - - 3.0 270
Water - 10.01 30.3 1
Total 100.0 100.0 100.0 -

Total cost 273.6 330.7 269.0 -

Chemical composition

Moisture (%) 4.7 40.5 41.0
Roughage content (%, DM) 41.0 18.9 -

Total digestible nutrients (%, DM) 67.3 80.5 85.0
Crude protein (%, DM) 16.7 14.4 18.3
Crude fat (%, DM) 55 5.4 12.2
Neutral detergent fiber (%, DM) 43.0 29.1 29.5
Acid detergent fiber (%, DM) 26.2 17.8 13.8

KRW, Korean Won; DM, dry matter.

Aol7t §9la, TMR Ateie] EA5T0] e ©9-& %3 QIrH11,12]. 3 TMRE W]y
VYR EE0] WS Fol, g BHRY BY oA B3 DUAE ] e e A7
st Evh gt o= HIET SIEH1-s)
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Table 3. TMR feeding program for Hanwoo steers"

Feed intake (as—fed basis, kg/day)

ltem Age Body weight Avgrage daily Monthly gain -
(month) (k@) gain (kg/day)  (kg/month)  FTMR growing F][MR early Growing stage o\
attening feed
Stock 6 180 - - 4.0
7 205 0.85 25.0 5.0
8 231 0.85 26.0 11.0
Growing stage 9 257 0.85 26.0 12.0
(712 month) 10 283 0.85 26.0 13.0
1 309 0.89 26.0 13.0
12 336 0.89 27.0 14.0
13 363 0.89 27.0 15.0
14 390 0.92 27.0 7.0 7.0
15 418 0.92 28.0 14.5
16 446 0.95 28.0 14.5
Early fattening stage 17 475 0.98 29.0 15.0
(1322 month) 18 505 0.98 30.0 15.0
19 535 0.98 30.0 15.5
20 565 0.98 30.0 16.0
21 595 0.95 30.0 16.0
22 624 0.89 29.0 16.0
23 651 0.85 27.0 13.0 2.0
24 677 0.79 26.0 13.0 2.0
25 701 0.79 24.0 13.0 2.0
Late fattening period 26 725 0.75 240 13.0 2.0
(23-30 month) 27 748 0.69 230 13.0 2.0
28 769 0.52 21.0 13.0 2.0
29 785 0.49 16.0 13.0 2.0
30 800 - 15.0 13.0 2.0
"otal TMR intake is 9.8 tons, and total TMR production cost is 3.44 million KRW per head.
TMR, total mixed ration; FTMR, fermented total mixed ration; KRW, Korean Won.
Table 4. Total feed cost for Hanwoo steers over 24 months”
ltem Feeding period Price Feed intake Feed cost
(month) (KRW/kg) (kg) (KRW)
Growing stage 7 t0 13 630 1,170 737,352
Early fattening stage 14 to 22 640 2,478 1,585,664
Late fattening stage 23 to 30 640 2,006 1,284,096
Hay 7 to 14 650 866 563,160
Straw 14 to 30 257 1,034 265,635
Total - - 7,554 4,435,907

"Data were as of May 2023 sourced from Livestock Cooperative A in Chungcheong—do, Korea.
KRW, Korean Won.
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Fig. 1. Comparison of oleic acid contents of intramuscular fat (i.e., marbling) in beef fed to total mixed ration
(TMR). Sources from Consulting report on the pilot project for enhancing competitiveness of Hanwoo farms
through feed cost reduction in response to FTA. 2017. Boryeong Agricultural Technology Center. FTA, Free
Trade Agreement.

Table 5. Beneficial fermentation microorganisms for ruminants

Microorganism type Characteristics Fermentation conditions

Inhibition abnormal fermentation of intestinal
spoilage bacteria Primarily anaerobic
Improvement of gut health and intestinal regulation

Lactic acid bacteria
(Lactobacillus plantarurm)

Bacillus Production of protease and amylase, enhancing Primarily aerobic
(Bacillus subtilis) feed efficiency and digestibility v
Yeast Improve palatability and disease resistance

(Saccharomyces cerevisiae)  Activation of beneficial intestinal bacteria Primarily aerobic

Rich in enzymes, organic acids, amino acids, and  Increases with longer

Fermentation byproducts unknown growth factor fermentation duration

It ,““

" i ul'“ m’” i

. i il | ’
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Fig. 2. Fermented feed for total mixed ration. (a) Outdoor fermentation, (b) indoor warehouse fermentation
during winter.

58 | http://www.e-ait.org https://doi.org/10.5187/ait.2600002



Park et al.

(a) 7 (b)

Fig. 3. Total mixed ration (TMR) wrapping equipment. (a) TMR wrapping process, (b) wrapped TMR

fermentation.
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Fig. 5. Results of self-mixed fermented total mixed ration (FTMR) at the farm. Analysis was performed at the Feed Analysis Laboratory, Seoul Livestock
Cooperative.
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Fig. 6. Total mixed ration (TMR) mixer capable for steaming and Hanwoo steers fed steamed TMR. (a) TMR
mixer for steamed TMR production, (b) TMR mixer for steamed TMR production.
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Fig. 7. National Institute of Animal Science software (2022 version). (a) Screen at the beginning of the TMR
calculation program, (b) screen for calculating nutrient requirements and ingredient formulation ratios for
Hanwoo cattle.
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Fig. 8. Nutrient requirements of Hanwoo steers by age in the total mixed ration formulation software.
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Table 6. Chemical composition of total mixed ration (TMR) products from a commercial feed company

ltem (%) Dry matter basis As—fed basis

Growing stage TMR

Moisture - 41.97
Crude protein 20.44 11.86
Crude fat 6.49 3.77
Crude fiber 15.76 9.15
Neutral detergent fiber 47.35 27.48
Acid detergent fiber 20.19 11.72
Crude ash 8.74 5.07
Calcium 0.85 0.49
Phosphorus 0.65 0.38

Fattening stage TMR

Moisture - 39.94
Crude protein 23.04 13.84
Crude fat 6.67 4.00
Crude fiber 12.76 7.67
Neutral detergent fiber 40.84 24.53
Acid detergent fiber 16.74 10.05
Crude ash 9.13 5.49
Calcium 0.87 0.52
Phosphorus 0.64 0.38

29 ASAH Aol B £ 73 ek B SAVIEE EYslo] 2518 Sriol LS
B3 96 AR ASl AT ATAAR el st el A
TMR 42 I30] 98] 85T gtk GaA BRoIAE 90 H8/12 952 9%
JPHE 53] T o] F74HE Aol Utk FF TR 71 BROIAY A Ho]
5% Hlgos wa TMRe] 4 9o /HNE A55H 37449 A7k Aslolor & Aol

ol

-

£
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