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Abstract

Korea's compound feed industry is highly dependent on imported ingredients, with
approximately 90% of raw materials sourced from overseas. As the rise of the bioethanol
industry in the 2000s, corn distillers dried grains with solubles (DDGS) - a byproduct of
the bioethanol productions - have become an important ingredient in compound feed.
Currently, Korea imports over 1 million tons of USA corn DDGS annually, which accounts
for 5.2% of the ingredients used in compound feed. As interest in sustainable energy
grows, especially in the developed countries, the biodiesel industry is emerging as an
important change in the energy market. The biodiesel and renewable diesel industries
are industries that create energy sources to replace diesel oil by utilizing animal fat and
vegetable oil used in the traditional compound feed market. As a result, the prices of
animal fat and vegetable oil are expected to rise, and the production of vegetable
by-products are expected to rise due to increased demand for vegetable oil. It is very
meaningful to analyze and predict the changes that changes in these other industries
may have on the market for ingredients for compound feed. This is a time when attention
is needed to predict changes in the ingredient market in advance and reflect them in
design and formula preparation. The biodiesel and renewable industries create energy
sources to replace diesel fuel by utilizing animal fat and vegetable oil, which are
traditionally used in the compound feed market. Consequently, prices for animal fat and
vegetable oil are expected to rise, and the production of vegetable byproducts is likely
to increase due to the heightened demand for vegetable oil. Therefore, it is essential
to analyze and predict how changes in the related industries may impact the market for
compound feed ingredients. This paper emphasizes the importance of anticipating
ingredient market changes and adjusting feed design accordingly to ensure sustainability
and economic efficiency in the compound feed industry.

Keywords: Biofuel, Compound feed, Corn distillers dried grains with solubles, Feed
industry, Ingredient
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M E

Ul AR AP 2023 7102 F 89719] HRlo] AfRE 12671 S04 Azt 2,151
T 9] vigALR (compound feed)S AJAFSET It o]E E3f, YU ARE FFTOEZH

TEANA Hdsty 1FAY FEAH dHAS AToles F8% FETY 2UHE At
Ack. = HigAIES P & EALS dR9 1 2Lt Erhe Holrh 20239 AMEE
7108 °oF 80.6%2] URE o)A FYsto] ARG Fofl AH(Table 1). T4t YEE B7HE
© I8 &5 7 A 2 AR S9olA FlEE St U Ne R AAtE
+ HAbEolEhs Ae 1T o, AdA] A 4Rt S HidAbR BAS ARt 9E AN
oA AASh= BIFE 90%C] o] Ett. olHRt EF o= Qlste] S vt bR W SAY A
YA H3to] IS Wol Heths 24 54 7L AHH1,2].

3T A4 F= ARY o7 B R Sad diFE 5 @Y AR 959 =9 @7t
A& o g AJsedo wel1,2], ArHE At 71E AR ¥R HE 'S H37] 9
o G5 FAES TR tiA Alm ¥R ZEol & F52 AL AtH2]. Hlole oS Al
o] o=z FAHk(dried distiller's grains with solubles, DDGS)2] AJAkeFo] F-7}obH A,
DDGS9| Ate 2 Z87HA7F B 2451 JeH3]. 53], &5 DDGSY| 7%, A 209
SR A 07 Yikgo] Frletglon, SeolA® Axt 1005 E9] vl 4% DDGSE
Sletel 20 ARE A4S Folth o9 URAYo] MaslolkE 3ol el ofsEkn
20 93 WEele] B A AL AT AR A9 T FAANH 140z 7
Ao e sy, YAl FUBS FUSA 2T & b FU Ius 2roy 2
k. ofo] & FoAE Hol L ofeE E Hiol e tA 4kJo] A whE A= A
St1l, &5 DDGSY| 35 &7l Aled 959 g % &8 720 vzl &

& al
Il

2,

o

Table 1. Raw material utilization for compound feed production in the Korea

ltem KFA member companies Nonghyup and others Total

(1,000 ton) Domestic  Imported Total Domestic  Imported Total Domestic  Imported Total
Cereal grain 171 8,172 8,343 90 3,211 3,301 261 11,383 11,644
Bran and hull 523 390 913 582 461 1,043 1,105 851 1,956
Animal protein source 192 10 202 " 0 " 203 10 213
Plant protein source 746 3,021 3,767 176 1,554 1,730 922 4,575 5,497
Plant fiber source 1 34 35 28 44 72 29 78 107
Animal-derived mineral 5 1 6 1 0 1 6 1 7
Mineral source 527 41 568 239 13 252 766 54 820
Processed by-product 108 206 314 65 116 181 173 322 495
Feed additive 150 44 194 70 8 78 220 52 272
Others 360 12 372 128 8 136 488 20 508
Sum 2,783 11,931 14,714 1,390 5,415 6,805 4,173 17,346 21,519

Data were obtained from a publication of the Korea Feed Association in 2024, based on 2023 statistics.

KFA, Korea Feed Association.
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HIO[R OIEtS AIZ2l 881 S+ FYU9| Alzs}
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Hol 9. ofsheo] Thet B o NS AT ek A 24 AA B BA A6 g
Zo]7] gzt eto s QA AESQoH, 197040) A% BES Zomy BaHel YA
WgAe) dskoz wFat Bebd ol AIH R HolQ ofghe Aol B s k. 5

r
jabad
o

5] 2000 ol S HA HFE SR AP E B8 S A] iAol et
ot oldf wel §44, AW 9 Bejel 42 AFo] FHI drE Hast o
RAsLA, e FAREQl DDGSE 7H5-8 AR & Z-8she Weto] WA AFEo] fei4].

£ DDGS« ollg-s B4t Igoll A A== TE FAEER, Afo] AAEL duid
A7 558 9EARR w2 49 7HE Adoh £54 DDGSe= ¥E 7IE ¥+
31.49%2] ZTHHE(27.3% to 45.4%), 7.0%2] ZAHH(3.5% to 10.4%), 34.5%2] FAAAELA4
£(30.5% to 41.9%) 2 4,950 keal/kg®] &0 2](4,710 to 5,173 keal/kg)& A= o] 7]
el Az A 7HA]7F wTH(Table 2; [5]). ®3, ¥R 3742 98ARY] FITIA A4
23k MAE B G 7S FIAA € 4 okl BT Qioke]. of2fgt dFt
5408 £ DDGS+= AFAQ oUA YRl S0} Tl Z391l tiFdto] Hle] =
7149 da ARE FEACE YA = Qs ¥RE IHA ATHTL

=9 A ARE FERF 9 FE Aol #5351 fieo] &5 DDGSE M2 Yas
A ARSI AN TS ARACE STRART 27] v=A 44 DDGSE BAAE =
Au]S] SR 2T YA A Feba] -0 Ho7h i ZTHB,9. whebA] HiRkAbR Algel
A B £ DDGSE #4 Ho|9] o whar] FEEEd sH7E AUt SHAT offehe
Abdo] A& o g JRstA 37 ArlEe] ti@ae L, At ZeAIAS0] FIEHA oAls 4
o] 4LeH E49] 244 DDGS7F AFAkE| T QJEH10,11]. oAl 20124 <k 465t E0] Q44
DDGS7} 4=4=]%10H, 202310f= 1125 E0 =2 28f 7l7to] ARg=ko] F715t It Table 3). &4
DDGSE= ALRAE Apglo] BES Shaofld &4 9 tiRekS AT 5 Y= dazA o
7] QA SEEAL et 3], U HRkARR Akl AR EE AA 98 F oF 5.2%F AHAIsh=
Z0R Huro] 8 AR 98 F StUE A L UrkFig. 1).

]

O]
Mo 2 we %&

024 844 ol A% JH
ol A7ARES FUALY 944 DDCSY U SHSL 59 AmolA 529
BAE ol

H AAYOR ARE FHIE FUE /AT ek FF AROIAE o 20%
#2747 944 DDGS7 the Q2SS dAlst] 4182 4 9lov, FE U 713 ARdHE

Table 2. Nutritional compositions of corn dried distiller's grains (DDG) with solubles (DDGS) reported in the NRC

Item (as—is basis) DM (%)  GE (kcal/kg) CP (%) EE (%) NDF (%)
Corn DDG 90.8 4,919 28.9 8.7 41.9
Corn DDGS > 10 % oil 89.3 4,849 27.3 104 325
Corn DDGS > 6 and < 9 % oil 89.4 4,710 274 8.9 30.5
Corn DDGS < 4 % oil 89.3 5,098 27.9 3.6 33.8
Corn high protein DDG 91.2 5,173 454 35 33.6

NRC, National Research Council; DM, dry matter; GE: gross energy; CP, crude protein; EE, ether extract; NDF, neutral
detergent fiber.
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Table 3. Trend in U.S. corn distillers dried grains with solubles imports to Korea

Year Volume (ton) Price (1,000 dollar)
2012 468,586 150,143
2013 405,421 144,487
2014 653,394 196,069
2015 667,547 160,250
2016 862,498 184,708
2017 945,113 174,051
2018 1,096,294 245,331
2019 1,147,287 250,912
2020 1,127,894 250,632
2021 1,044,356 313,208
2022 1,134,022 392,120
2023 1,120,178 369,635

Data were obtained from the trade statistics database of the Korea Customs Service.

Fat sources
(1.5%; 324,878 ton)

Molasses
(1.5%;3 326,608 ton)

‘Wheat bran
(2.2%; 465,677 ton)

Rapeseed meal

(2.4%;3 521,101 ton) __— |

Calcium salts
(2.7%; 585,917 ton) __— |
(42.3%3 9,143,604 ton)

Corn
Palm kernel meal _—
(4.7%; 1,013,178 ton)

Others
(14.0% 3,024,751)

Corn gluten feed
(4.8%; 1,040,346 ton)__—

Corn DDGS
(5.2%;3 1,121,945 ton)

Soybean meal
(9.3%, 2,005,191 ton)

Fig. 1. The proportion (%) and usage (ton) of major feed ingredients used in compound feed in Korea. Corn
accounted for 42.3% of total usage, followed by wheat (9.4%), soybean meal (9.3%), corn dried distillers
grains with solubles (DDGS; 5.2%), corn gluten feed (4.8%), palm kernel meal (4.7%), calcium salts (2.7%),
rapeseed meal (2.4%), wheat bran (2.2%), molasses (1.5%), and fat sources (1.5%). Other ingredients
collectively represented 14%. Data were obtained from a publication by the Korea Feed Association in 2024,
based on 2023 statistics.

N

12} oF 10% 2 597} MR AolA A A0 BaE T QeH7). A% AgelAE Az
100\& & Y| U134 44 DDGST S-Sk 48517 glos, 53§ i %
A9 WRHOR O 5 £79] 944 U hEERS AS U Aoz S T
el Ao RYEAE 7940, Sk DDGSE FT 30 Aol szt

=

o 19

o
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A7} w5540 58 A7) D Ax A7jof et Eo] Aolsih WAE A ol
oShe BN AHGE S5 AR G B HolBuk oheh, 8440 1HE o Wt
B, Az A% LE 59 24 24 olo] 7|sHe Ao FelA UTH). E3 34

4 $00] Gfart SEHE BHoIN Bo] BAE W 55 7RsAol glol 7ot
AFHC12]. YHHO R 955 du] oF 34} $E0R FPo| B4v} BHHE O B
m}, £3] Hu]E4](deoxynivaleno) T FH U4l (fumonisin) 1] FA4F 2424 DDGS AHg A] 214
Mol wUEYo] BT 9 E42 A Utk
BEfE Ho|2 OIEE AlFel 44 Btalt S+ 849 018 7tsd

B2 AlA 2919] HiolQ ofeh AJtk=tolnt. SHA|R Hepdo) viol @ ofjghg Al
TS5 A A 7O g ofghE Bkl F4& olFaL itk shA 2 21
o8 Bitsle Sl s G5otHA Al HiAld] S-S Aot dRted @
St 35| Z71ek1 Yl FAlolt13). Bebd %Y 845 ofsh2 A3k(Unido Nacional
do Etanol de Milho[UNEM]) H|o|E|o] WEH L55F 0|82t ofghs AR 2017/20189]
o 59 2jelol] BWH 7] 2022/2023900 449] |2 gul= AL T2T S5
ofge A A% 0E F7k5te] 20280l OF 809 ¥ ] Hlo Q. ofEhLo] G4 A
ArE A0 Feln Qic14]. 3= BAIY Azol G2w 20239 693} 790] BepEA 25
$ DDGS7h Agom #to] dgsiel dn AndAE S4Ho% A48 48e 7 A0R
Helch I59k Hebdlh §44 DDGSE Hebd R Aol H AT 98 Bo] vEW
5 Saobilol ke GolH AgElolq gom, Bepo] $EA) got BopAlol £5L

Agrsol gick. ShAEk Bekd vlol Q. ok AFolH 44 o] gulgo] ol WA o
HapE A 844 DDGS9] 4:20] 2|&Ho g 2718 Aog A= 7] fiof n|=Ail &
44> DDGSO| ofof Bapdat &4 DDGSY] Ata 4] E-87HA]E mhofetal FH|ehd Hig
AgolH HALRE BT 5 G £ /157 9 Aoz Yz,

HaHA 244 FHHO| ALZY T

BepEAE £ DDGSO] Higt At mls4t §54= DDGSO] HIs) @o] o #A|A] ekttt
2017d0]] £~ Corassa et al.[15]9] AT A= AERFHH D AAAH S o]l Bapdit &
4= DDGSY] ol|A] o] &&= B7IAH. o] ATollA Bepdit §54 DDGS2] 7k4a8t o #|
(digestible energy, DE)= ZV2} 3,739 keal/kg & 3,401 keal/kg(¥E 7|5) 2.2 UG, At
Z(metabolizable energy, ME)= ZFz} 3,691 keal/kg®} 3,213 keal/kg(¥E 7]5) 2.2 YERHT 0]
FA|= NRC[5]oIA] AAIRE ALRHE 6% o114, 9% m|Tte] £ DDGS®| DE(3,582 keal/kg)
% ME(3,396 keal/kg)} A& U= AL s HE. Cargill(Wayzata, MN, USA)oA &
Aek glojgo] W2, nls4l 844 DDGS HebdAl 844 DDGSS] 30| 545 A Qljt
4% 4RO Aol} eI QSITHTible 4, T, D13 S0 BoHRA 2450] 53
o] T S4e] A% 4ol Holrt | thEe] AHOE F7hHe AE HHE 5 Hol
H 2% % 55 A 994 o188 Wil g 44 WP R A0 Awd,

HIO|2 CJ AZel g3 HRALE Het

Hol o, ofghe Ale] 44 olF, F8 AUFES FHOR 715 8L Slat e
429 QRO vlol o T4 AHES QRBtsHe F7hEo] F7hst itk Hole. tlae 34
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Table 4. Comparison of the nutrient composition of corn dried distiller's grains (DDGS) by country of origin
(USA vs. Brazil)

[tem" USA Brazil Difference?
Dry matter 88.9 90.0 -1.1
Crude protein 28.7 31.0 -2.3
Ether extract 6.8 6.3 0.5
Ash 4.6 53 -0.7
Neutral detergent fiber 27.0 29.3 2.3
Acid detergent fiber 7.9 8.4 -0.56
Phosphorus 0.7 0.7 0.0
Sulfur 0.6 0.9 -0.3

Aflatoxin - - _

Ochratoxin A - - _

Fumonisin 612 456 156
Deoxynivalenol 1,836 - 1,836
T-2 toxin 36.4 2.0 344
Zearalenone 71.0 12.0 65.0

"The data were analyzed by Cargill.
IDifference = corn DDGS from USA-comn DDGS from Brazil.

fatty acid methyl ester(FAME) 7|5tQ] 14t} Ho]Q Ty} 43515 E3) AJAtEE A4 oA
2 FEvh(Table 5). 942 ¢ "AlAA] 5 AAoAA] 7Hd-o]-§-Ha S o <3t
o] 20309714 Bo] @ YA o F ARG HlE2 AY 3%ClA 8%7HA dishs ARe A5t
Ut vrol2 oA Atdo] FE3fof sk o= Hol2 HA gAY b F2 =Tt AR
AAdolA ZEHI s F= 74 2 AEA AR Aol Al 53] Adxl=se] A HE
O AME WlEg el wet g o] digt A 3t 8 FAol datkE Zew ddEn
[16]. ol w=} AtEAtolA of& 7hsdt &4 B A 749 718 282 AdAe=
HAT 7Fs/ge] Ut WEbA Zh=] vhol 2 oAl A WekZ ofsfstal IF 74| AFe] et
€ dScte A2 AEARY A ZE SHAM F8% AV € Aoz gddn

Table 5. Definitions and characteristics of diesel and biofuels

Item Source Production process Characteristics
Fossil diesel Petroleu Conventional petroleum  Produced through petroleum refining process
refining
Bio diesel Vegetable oils and Esterification or First-generation biofuel
animal fats transesterification Produced mainly from energy crops

Renewable diesel

Vegetable oils or Hydrotreating
waste oils/fats Chemically identical to petroleum diesel

Relatively simple production process
Replace up to 20% of diesel in blends

Second-generation biofuel

Fully compatible with fossil diesel infrastructure and transport
systems

20 | http://www.e-ait.org
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Biodiesel (fatty acid methyl ester [FAME])

Hhol@ tAE Af 7t AR tiote g, A5 Zgelu sEA A 22 A et
AL Bl AArEL. s1skd o2 vlo]Q AL o AH WEHHS(transesterification) E5f 71
AAE 1EE 7 & 4 ol AH EekEo|ti17]. vl yAE HRE Aed 715
+ 29 AR i vd da £ 77 dizl[18], @A AMEHE diEEe] RS
A < ek 22y @4 71€ oA ol HAe] A @7t dRE AR l"-"%L
o] qlom, 7]&4] Ao Qs F4o] £A] &2 HAY 7§ € AS ¥uE AMShe

0] AtElof glof A8 A& 7I5H &4 ATl AEsHor sh= A H{19].

Renewable diesel (hydrotreated vegetable oil [HVO])

197 AR Lo AW DAL 28 Aet shas), Sue) 8 v)e Qs 7]

$2 59 AEE B8i%a0lth volo DAk ge) A 43 fet 127 QAo
4% DA% BY B, £4 59 oldol B L oA dzols, 14 Hlole tATH:
9] Zo2o] XYH IG5 Bt YAT 4 ke B0l Sk o FYEE A
v Hlo]@ ofghg The0 o] Au|EL vlole ¢l % sfttolnH19l vl A HA g
2 7]g} vlo]Q 7 ZHE XA 58 EuAo] w2, 20239 19 19 FA] o= 1274
o 17709 A8 o A AlEdS st Jlom, & A 582 ATF oF 309 gallon(113%]
2JE), §0) oF 1Y A% AM8eol Sg)olch. 2022 TIFHO) A4 T AAEFE oF 159)
gallon0| Y1, =4 A HA 39 gallonS EFSF F 179 gallono] AH|F T

XA Cl&Tp AL AR
w9 vlo] Q. AR AHG-S ulol . ofggolH 241 A WY o5z FH%ol st
313 AeH(Fig 2 [20]). ol 241 A4 Tido] 141 vlole. tiguTh 49 Timst 2 4
O A B 4 9, Ushe WRE EFt] AGT 5 U] Eolth. 149 Hol. tg
© 4§ galn 22 LEold AR Web] the], 48 Aot AgHe] 4§ ofele
4ol AR QAZE] ABE ST AV HSIch A2 AIS] FHANE A o]

45 7 =Biodicsel
~ 4.0 4 mRenewable diesel
-~
g 35 4 Other biofuels
S 3.0
g
S 25
z
= 2.0 -
£
= 1.5 4
£
Z 10
=
© 05

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Fig. 2. Consumption of biodiesel, renewable diesel, and other biofuels in the USA from 2010 to 2022.
Biodiesel consumption increased until the mid-2010s, after which it stabilized. In contrast, renewable diesel
consumption has risen rapidly after 2016. As a result, total biofuel consumption has increased in recent
years, primarily due to the growth of renewable diesel.
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kg
=

1= Exisiting capacity

4 ® Currently under construciton

i
=

Proposed or announced

b
]
N

b
=
L

=
=]
L

Production capacity (billion gallons/yr)
e .
>

=
=

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

Fig. 3. Existing and expected USA renewable diesel production capacity from 2010 to 2024. The production
capacity for renewable diesel has grown rapidly after 2020. Total capacity, including facilities currently under
construction or proposed, is expected to exceed 5 billion gallons per year by 2024.

AEEE ARt e S5 AR EoR BEHE 424 /15 $2A Aoles {
o4 Bt Hol7h Qick. et ZHo) AA wge] whe A FFAEC] A AFRche
A T AR A S THsAo] T etk B3, 39 AN AS7sT g9
oJ5ALg H1@ o] B7Rite] uhe} 27h41el vlol e Qi Aol £ AgelcH1g]. olo] we,
Hlko] A4 oA A4 o] 2024d7HA] 509 gallon©.2 WA AAFO] 15H) 450 B
Ao AgolthFig. 3 [21)). A T8 228 $257] 99l 23709 A7 o5 294 2%
o] AA FolAU & WA 58S BT 9low, ol Ba) tE A4 Seo] oF 34%
B71% AoR WS Ytk AR A4 DA $2 B2 U9 A=A 718 9 524
Aupe] 2871 5748 7hsAle] AL, ol s A 718 ol 45 A0 Rl Edh,
T4 34 24 59 dFoz FF 24 o] w20 GEH 52 ofelo] hE Srislo] o
o} 71Ao] odsl 2e] obfgom Askd THsHol AN Atk oUA FFUCE FEA
242 wol AHSSHL e TR HRMAIE AHNE S2H 94 @ A4 Aol o o4
AR Aol A ARG ofele Aol & 4 Qleng ol that Zul7t Wad Aow
oA YA walzE 15 TR Hg) /M W0l HH Bt Aol A4
oA A1 AAH 0] Fhdo] Shetstal Sgstel] Agerel Z7ke A2 el ¥ 4 itk
= Aolt22). FF 51 Yol oleie Wste Wape A A7 2 wighlo] ojEA WY
Al dhgt Q77 B asie.

48

o) Wbt Abgle Sl AlEArEe] SR Qla) Yol 90% oL Selo] oEst
9o, A 9 g AglolA WASH: 242 Age] ZhiAe] AHH0R sl itk 2000
W3 E A2 vlol o o Aelo] WHOR ola) $AREQ] 844 DDGSTH 52 AHRRA
o F1A12 AT, PelA A8 4 At Bk Hlol o ofehg ARRIo|A] S AME
ol WA Z7kHEA Bekast 854 DDGSS ARA XS WA AR A
A7t 98 o thigieh Eat, MRS FHOE T AN T ojFs gL Augon
ABEY 524 §A% 424 159 02 U] AR B2 HolA7|T 9o, of
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AR oA 25 S0 B 37 SR A% 279 dustn gtk et
A o2t MSHES 2 olsish, WRMAR 41lo] WA e Telsel duAAY s
2 Zuldth, A47EsR 4B SustA 2EAE Hele] B the e Ao ZuF
& gle Aol
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