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Abstract

This study was conducted to the evaluate nutritional value of corn taffy residue (CTR), a by-product from Korean tradi-
tional tafty, and to investigate the dietary effect of CTR on the yield and composition of milk from dairy cows. Relatively
high concentrations of residual enzymes and sugars were found in CTR. Protein and fat concentrations were high, compa-
rable to those of corn gluten meal. Inclusion of 1, 3, and 6% CTR in total mixed rations yielded more milk (»p<0.05) than in
the control group, and increased milk fat (»<0.05) in high-producing cows (approximately 30 kg). In low-producing cows,
(approximately 20 kg), milk yield was increased by 1 and 6% CTR, and milk protein was enhanced by 3% CTR (p<0.05).
Based on these results, utilization of CTR is recommended for production of high quality and economical animal products
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R

Mg, XY A WMot W A IVt £
A Az BRI AAT AN, A2 2wk
E)= speed mixer(HMF-1000, 3+, dighel=hHz £
& %, Al 20g9] 0.1 M Tris - HCI buffer(pH 6.0)2 10
& 60%7F WHIAA EAE £’ U2 6,000
62 1083 AR T, A5NS 2ELNOR Bol &
A 7 SAS FIg AAHE SRtk 284 W] xylanase
=242 02M sodium phosphate buffer(pH 7.0) 0.25 mL
7} 1.0% xylan(oat spelt xylan) 0.5 mL % Z}Z}9] Z&§4
¥ 025 mLE ol 37°ColA 6083t vESAIZ ¥, 100°C
oA 53t 7FEAElet WS FAAHTE BEEHS
DNS(dinitrosalicylic acid). 2.2 Miller, 1959) 540 nmo| 4]
FAEE SHst AR ARIFLT] TS A=
t}. o], xylanase2] 1unit= 1% 52 1 uMe] xyloseE
Adehs 848 do 2 st
CMCase(carboxymethyl cellulase) % amylase®] 97} =
AL 247t 1.0%2] CMC(carboxymethyl cellulose; medium
viscosity) @ soluble starchE 73+ 0.2 M phosphate
buffer(pH 7.0) &8 7]28&H o2 3} xylanase G7}
AT T IR SASHR O, 540 nm A F

BeZ =3} o]w] CMCase 2 amylase®] 1 unit =
12 52 1 uM 2 glucoses A= G40 SOz 3}
et
AT

ZAIZ] AZSO 24 glucose 2 maltose TS refrac-
tory index detector’} 7FZ® HPLC(Model 1100 series,
Agilent, USA)YE o]&3}o] S35t AFE3E columne
ZORBAX NH,(4.6 mm x 150 mm; Agilent, USA)°|13L,
mobile phase™ 72% acetonitrile solution(AcNO; : D.W. =
72 : 28) £ o]&€3t] 1 mL/min®] &0 &8 =43}
Art.

e FUTEX[Of CHer Eot

A 60°CollA 3947F FFAZTINA ARAIA =
S =4 F E7)(Wiley mill; Model 4, Thomas
Scientific, NJ, USA)Z 48t 2 mm A& 5343 A&
AER o] galgth dutRdw EHOEA A5 AE,
Z3)| 8 Zowld 9 2AHRe ZFZFAOAC procedure
934.01, 927.02, 976.05 & 920.39(1990) HIHol| F3le] £
2135}993l, neutral detergent fiber(NDF; Van Soest %,
1991), acid detergent fiber(ADF; AOAC procedure 973.18)

2 acid detergent insoluble N(ADIN; Goering and Van
Soest, 1970) e HEA319ch.

AEE Ma U AI-EMA
A& A2 A Holstein - 1355 = 3252 2k}, 3

FENAERAS), 4% L AF ol HAE A7
AL Ao] o5 A TERE 71EoE A 0, 1, 3
% 6% AR 1T 2 ATl WRste] Mt 3
% §EAS WA 2 AT Wels f3S 71Eo
2 WeHSEEE o 30 kg ASHSERE o 20ke)
o2 454 W F 727k} dHINEL AH 357k A}
FABe AT,

AEAIR o EARSE

2 Aol AH8-E AlE e ARE AlYstae AE &
B 3HAFS (total mixed ration; TMR) HE|= 19 23] F<
stom HIFAEE TMR BiE-8-02 Al 521 AlSE
o]-8-3}th. TMR ®ig A] ©]-8-8F A=} uiEH]= Table
137 2ot S 33 6% H7He dET sidiks 5 o
Tk £ RS e R diAlskda, S 1% 37t
T= HEZTY] FAE ZERlE HAATIA] ¥ 2
2 o] g3tk AR F TS TMRY] ¢ A A2+
A FLdeA TS F e, AR E 9A H
£-2] bermudagrass®} alfalfa AXE AF-Fo slHom 1
ghe] Attt AIEEEY Bl Fekith AT Al
A T8 F $Y7IE ol8sted SAHSAL, FHAt
ol digh dutxAgdi B4 e AR 24 g

A Z-F718 FFA(MMS, Delaval,
SwedemE AFg3le] Z4aom, 04 B 0F 28 %
3 Welel 19 e SPaST FRAR B4
& 3 Ao A RS ZHAN fAE 47
(Milkoscan FT-120, Foss Electric, Denmark)E ©]-83}
Ao}, e, §3 9 FX 2135 (solid-not-fat; SNF)S-
33] ¥hEste] SA3 & HAEgs Fekith FAERA
fr(fat corrected milk; FCM)= (0.4 x ) + (15 x 741

Table 1. Ingredients, amount of feeding, and composition of
the experimental total mixed rations

Amount of feeding  Composition

Ingredients

(& (%)
Commercial grain mix 15,000 49.27'
Corn silage 15,000 49.27
Protected fat 390 1.28
Vitamin-mineral premix 5 0.016
Direct fed microbials 50 0.16
Total 30,445 100

10, 1, 3 or 6% of corn taffy residue according to the treatments.
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)= FeMe] 2418 ol gkl

A2

ey |
AlE AAe] BA] B2 SAS(2002; version 9.1)2] General
Linear Model(GLM) Procedure2 ©]-83}e] AAJSFH oM,
o2 272 Duncan®] tEAHE o] 83t

[

a

A3

dodf, ZA=odft & Mot L &4 %47t

AYF Yoll= amylase, xylanase & cellulase 5¢| =115
Frelol Y Aoz vepton, 9 Az A olgshu
= Mol Woll= amylase G777} £3] =& Ao E YEl
S TH(Table 2). A5 AlE 13 2904 amylase &3] Z+
Z} 403.5 2 462.3 unit/gC B H|523F Ao E YEhd 6t
W Az A9 TAAS] FoRke A &ske
U Aelukroh X4 0 2 (570.5 unit/g) E A0 E e}

& FXE 98 MEAE Wl Frlske dRkARl
F2A9] 97R= S 30,000 unit/g(10,000-50,000 unit/g)
Ardl Ao deiA Ao & Aol AJEE xylanase
of 7t F& 2L oA A A 26,218.1 unit/
g otk Guk JaA 9] widAE U Mt A O
2F 0.1%(0.05-0.1%)°] 22 A wigitag W e a4
9] H7h= 30 unit/gl M Hlws] By 2 AR
188 DS 6% H71etAe 799 amylase 37t
o] AXFEE 34.2 unit/gEA A1HE G4A H7F Aol g
7F =3 FARFATE S Well ghrE Hlwd w2
T 4 Grks WY U 28k S0 =S E A
o2 yE)

(]

o

A

ko] ZF8kdd $hak(glucose + maltose)S HAE 7]
2 o A% AdE 6.01%0]02.H, 60°CollA] 3L
Fo= 1041%% 271519 0H(Table 3). Yukd o
IS AR Al 7|34 SS HHo=E dE o8y
AE P H7t 2 oF 3% ool g W = 2+
FohAT SRS 48-50%0]| 22 3% H7} A] FU=E 213
HIgALE W) 5 ST 3R oF 1.5% ojuielt.

AN

2R

¢

Table 3. Concentrations of glucose and maltose in the corn
taffy residue and malt (%)

Glucose Maltose
Item As fed DM As fed DM
basis basis basis basis
Before drying 0.20 0.34 3.30 5.67
After drying' 3.30 3.47 6.60 6.94

'Dried at 60°C for 3 d.

HEE7EEe] 7P Adsshe sto] ©El]l e 1y &
A =2 JFT g e 715 SR o
Z Aq%s b el Mz A
Ax F 715 olfie X 25(60°0)8F 1=
ol B S dEsIel Htste] Eajike

7 A7) Q] ACE Aps:.

AWt (corn taffy residue: CTR)Q] Lyl AE HAA Ayl=
Table 4°] UERA nle} 2}, Qe o} §4E o] &3}
S W AES Hold ()R EeAIA AxstenE
R 1gEQ S Wk (brewer's grain)o]ut T4t
(distiller's grain)oll B]3] A o] 453 w2 7
o2 JERFOM (T 44.55%), W& 7+E 34 A Ak

= 25FFd YU (corn gluten meal; CGM)ol| BA g
Tkt

A-2(NDF) e CGME 37.00%<1H] ¥kl CTRS
29.60%=2A] Wokal, 2AS CGMI} CTRo| 717} 8.44
9 240%0]Q, ZIELS 77 193 2 3.00%0] T}, 2
ALFA o o] 8-3E CTRS CGMo Bla| Tl Az} x|uh
ol =1L AR o= Ax ekl Qo] veTkE
& AsrtEEMe o Thsde i wrhal & 5 9l
o}h 53 o} AR g2 A PR Wol=rt v
WA e Ao yehd A8AIEE o]&shr]d Aetgt
oz et

MELFHE A AE Het

A7IZE 4531 ARRARE, TAAE R FRATS
3] nE
i puh

Table 59| AT £ A@dAe Ee AHETolA

Table 2. Residual enzyme activity of the corn taffy residue (CTR) and malt (unit/g)”

Item Amylase SE Xylanase SE Cellulase SE
Fresh CTR 1 403.5 11.3 667.1 16.1 322.1 13.5
Fresh CTR 2 462.3 3.2 582.1 12.1 298.6 4.7
Dried CTR 570.5 8.5 682.3 7.8 207.3 11.2
Malt! 17665.7 144 612.8 9.0 107.9 17.5

'Malt used for taffy production.
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Table 4. Chemical composition of grains, taffy residues, and feed ingredients (% DM basis)

Item DM CP EE Ash NDF ADF
Rice 85.86 9.71 0.48 0.73 19.60 2.61
Corn 85.19 8.61 4.78 0.48 9.22 2.07
Rice tafty residue 27.77 39.46 12.42 5.03 - -
Corn taffy residue
Sample 1 53.22 47.01 8.73 3.16 35.72 8.56
Sample 2 58.20 40.95 5.92 1.36 22.82 9.83
Sample 3 58.44 44.60 9.85 1.79 30.26 13.10
Sample 4 56.14 45.62 9.25 1.43 - -
Mean 56.50 44.55 8.44 1.93 29.60 10.50
Corn by-products' 21.00 26.00 6.50 10.00 42.00 10.00
Brewer’s grain 21.00 26.00 6.50 10.00 42.00 10.00
Distiller’s grain 25.00 29.70 9.20 8.00 40.00 8.00
Corn gluten meal 91.00 46.80 2.40 3.00 37.00 3.00

'Adopted from NRC, 1996.

Table S. Effects of feeding corn taffy residue (CTR) on feed
intake and body weight in lactating dairy cows’

Item Control CTR 1% CTR 3% CTR 6%

Feed intake (kg/d)

TMR 30.45 30.45 30.45 30.45

Bermudagrass 2.69 245 2.67 2.46
Alfalfa 1.14 1.06 1.11 1.02

Total intake 34.28 33.96 34.23 33.93
Body weight (kg)

Initial BW 623.7 635.9 664.8 598.0

Final BW 620.5 656.9 664.6 591.4

Differences 320 210 +0.2° +6.6°
*Mean, n = 8.

**Means within a same row differ significantly (p < 0.05).

TMR Fo3a AREd sk3l7] dZol TMRAH ZlA
T2 YA &t ARFFAE g olf= Ae
e Q8] ATE Akl 7sAde] =5 A
o= oigHo] tixTrel Bla] A 7S TMR A
o] ZokAA Y Sl A7t A 25k Fdolut
W9 g SRlo R 1% AL Y adE 89l o)
718tk TMRAFHF S71= Q8] 3712 A3 9
o] a3k 89l & & 7] wiEolot. AR A3 = A
FE AAEE SFAAT AR AT 22T
Zb Zpol7k YehA] ggkom o|& Qlal HA| el
FEFS PIXA A

FEuer AEAE] R AR Sl i 2
7 A A= Tl AFet dAolmr tE 4
Fob HHAA Hlue & 4 glvh 22u H2 A8 o
ghe ALko g MlEo] F58kal e S55779 1 (corn
distiller's grains}& -5 oeh&E Hg A7)aL FS F
AHEo]7] wiol] FAe] Ty Ao 2 A Skt
TARE FH 54S AL flo] HlaL Euksitt

Itz o2 9ol FAHURS Fo StRs W Als
AAole FEFE vXA &= AoE BasEa QAR
(Carvalho et al., 2006; Hubbard et al., 2009; Sasikala-
Appukuttan et al., 2008), & 0| AE 7|FO=Z 30%
oldeld AlEAAE AAE FE T 4 Q). Birkelo 5
(2004)S TMRO) FAES 31.2% T S uf L8443
2ol 10.9%4 HAdke 3s BESIATE ol HUXRAT]
A & AFAES Foste] Als W 7 o] 40-
50% o)/do] =W Hrpgt FEo= Q18| AFH o] AgS
W=t B e} AX|gH}(Lahr ef al., 1983). Anderson 5
2006y BFAE e AX FHE 10 © 20% F=0
M izl Blsl AlsAdFH ] HHade AdS vE
WL g B Ae] S 5o & 6%C10AL, TMR
AbgS] FHERFO] 40% olstl7] wiwel 2ANE AFHT
% FEFS XA FUH o HHET

A5 sl Atz 735 AlFo] 23] ot 7k
stRoU BE S A7HAE AlFe] ozt STk A
o2 vephston, 53] S 1% H7HrellAs Ald7Ael
HI3) E5 Aol 21 kgolv 71 A0 = Yehdtt. o]
= A 1% H7HAE v s wigulE wd Al
1A 3 F7I2 A 1%E H7BI7] WEe] Aoz
FRHAN AT STVl Wi =eS 1 S 1 A
1S st dixTolA AFo] g o-f= TMR
S AR AR 229k7] Wil S Akl Hagh

PRI

Ny

FFTe ] A ARG Adyde] &de &
vk Aog FudEnh auy A 3% HWrrelMe

)zl S92t QAT Sk 6% Mo A=
o] F71e Ao HlRo] B w(p<0.05) ol e}
T GEFH 54T o8 &) vk | Aol AHnh

78, #X2 ¥ 4% FCM
B A7PE 5, RS, 4% FCM B 718 fr2AdE
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Table 6. Effects of feeding corn taffy residue (CTR) on milk
productivity in lactating dairy cows

Items Control CTR 1% CTR 3% CTR 6%
Total
Milk yield (kg/day) 28.76°  24.03° 22319  26.20°
Milk fat (%) 2.10° 2.91° 2.90° 2.79°
4% FCM (kg/day)  20.56®  20.10"  18.63°  21.44°
Milk protein(%) 3.13° 3.36° 332 324%
Lactose (%) 437 4.39 4.35 4.30
SNF (%) 8.54%® 8730 8.67° 849"
High producing cows
Milk yield (kg/day) 29.12°  31.01®  31.67°  33.27°
Milk fat (%) 2.19¢ 2.25¢ 273 243
4% FCM (kg/day) 21.21°  22.87°  25.64°  25.43°
Milk protein (%) 3.04 3.06 3.15 3.03
Lactose (%) 4.65 4.72 4.71 4.57
SNF (%) 8.44 8.57 8.62 8.33
Low producing cows
Milk yield (kg/day) 17.63°  19.93*  16.72°  21.15%
Milk fat (%) 3.16 3.64 3.62 3.33
4% FCM (kg/day) 15.41°  18.85*  15.77°  19.02°
Milk protein (%) 3.62° 3.59° 4.02° 3.56
Lactose (%) 4.68° 456® 418 4.46°
SNF (%) 9.04 8.85 8.88 8.74

*d\Means within a same row differ significantly (p < 0.05).

of mx]= J&kol tigh A3= Table 60 UERH v} 2
ot A ST g +A s E el Ao A Eke)yS T
ZT-(28.76)7F 7FF =9kom oyt 6% FH7H(26.20), A
1 1%(24.03), S5 3%(22.31) =02 YERFEO L (p<0.05),
FAES ZE S A7 vzl Bl Sk 3o
2 UERGTtHp<0.05). o]2 <la] FCME 4 6%t 73
=%om v it 3%7F 7P SEATH(p<0.05).

Y 7S AHEEE ol 539wt
© BE 4 A7 izl vl Aol =41 U
ERH(p<0.05), A4t 6% H7F(33.27)>A% 3%(31.67)=
B 1%31.01)>tHZET(29.12) oM EA S F7Ho] =
S5 ARl A YEidT fAEE A 1% 37t
T U279 Y Ao E Yo YR vt 3
7H= tiETl Bl o302 S7FsHATHp<0.05).
FCM% 4hradat vlssgl 733ke =4 St 3% 3H71H(25.64)
=18} 6%(25.43)>A% 1%(22.87)=tZTF(21.21) <O 2 A
velgth 1822 bt 6% 7S tiET9 s
H AkgERHol A 14.3%(4.15 kg), FCMOE+= 19.9%(4.22
kgt S7Fekr. =3 AN 3% H7HEE g2} vl
HH ARFERIA 8.76%(2.55 kg), FCMOZEE 20.9%(4.43
kgt 71ttt

AsggaollMe dhrEe]l S 6% H7HH21.15)=H
1 1%(19.93)>tHZ7-(17.63)=3% 3%(16.72) =22 e}
o, A& TR IR EHA] 3dtt. FCM & 4k

frgo 22 AFgo=A AW 6% H7F(19.02)=H 4
1%(18.85)>%W} 3%(15.77)=thET(15.41) <22 Vet
ok SR 3% H7EF AT WHollA tixTe) FdEA
R o= 1 A9e BRI 3% WU T Y
o] 3] w2 A7} A7) W] Aoz AEH, o]
2 8 WA 7 HIwA Y A ® s vA o
Z79] 2hraEFe] AR A7l wis| 2318 A et
Aog Foldrh Tyt S 6% 1% Aol o1
3] thTrell HIsH =A Vel O™ (p<0.05), S5 6%t T
Z75 Alasfid Aol Al 20.0%(3.52 kg), FCME
2] 23.4%(3.61 kgt S7FISATE. T EE AbR W St
H7he 2589 Aeyfol A glo] % SX &
7F e AR Yehgon 599 g fA& S3
go= QA=A

TS Folshd o] eyt fIAUBirkelo er al.,
2004; Carvalho et al., 2006), Z7}sld= H7 3+ =}
ol =7 Yeh}A] 2=t} Anderson 5(2006) 1% 2
AFAEE 10 = 20% H7H8Ide o szl vis)
Ao fdo] F7FIAAT A1t fFo)xe vERY
2] ot} ek FAukS 28 5% 714 RS W o}
< fel® fraFo] 22kg7HA Sk Ae B Sk
ATk, 7 el e £ S a9 gt By
% $Jth(Sasikala-Appukuttan et al., 2008). ©]= yreluyt
ks 71 of U ouA] 2wy ghero g
o7 Wl AeE wgdE) 18y ofEg ¥4k
EES A43] o] & u FdHo=E 7HFo] w2 o
Fulgl o Qg4 g 938 ¥ =3 a3t e
< I F ATk

Frede] A9 AR Ao 2E txTol HIs) QW 1%
AW 7P =koH, foate QIFEA kot A
7 3%} 6% tiaTell RIS Skehe ¥l ek
ot aFEele Xt R JIAFEA] %o
U, Asdole Qgt 3%vto] ofel xlg]Ttel] mls
frejH o =7 Yepdth(p<0.05). #73 g WA $
T3 5 B9 FoRE JIAEA Ro v, A
gGoMe 27 7P =k AR 3% 7P wisk
tH(p<0.05). SNF &2 A xgae] vla A] Ayt
6% -5to] ThE A2l Hlg)] fojFoz VAl YEhgS
W(p<0.05), 35899} A5E-9-2 £ Aol M3t
o] ztol7} 9178 A] ket

IubH o2 FHuke A& S vIXA] e Fe
2 BuE 9JtiCarvalho ef al, 2006; Hubbard et al.,
2009; Sasikala-Apukuttan er al., 2008). A Da Cruz 5
2005y FA8F Fo=Z Q& 3|8 FA&L Fasta
e Ay 92 Srkeke 3iS wESiYh ey
Aol M}t v 2 ZAo] Hke] W) HaE by}
Al 4 J= TMR FEZ Fo9S wie T4 31.2%

L
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7R Foslole fehid e AR F218-2 S8
tha sldckBirkelo er al, 2004). & ARrE= 254
T F AW 3%l AT freel el S #EE =
bl AUAA w2 759 FHEL Sppi Ao ofn)
EAE Foll= 53] lysineo] F5317] Wil 2318 ¢
WAL AsAZ 4 Yoty B EYTHCarvalo ef al,
2006).

2 A7A%E EUE B o oA AUES 6%7HA
A7FetA AlEAFA TS TAATIA goiX AT
2 fAE& 9 fFd g I/ F e A=
UERTE Sko 2 o]gf gt FAHEES ZAdA #rt oy
2 B8-S 2 geriEoAx HT FE3ehd SAE
S 1o @A LIRS Al FF8kaL, Sl SAHE
o] =7} AAEES woled w0l 2 F US o= &
I

o OfF
) =

B AT AEYRAE A AR WS Sl
o G Hsh oM FF D f2YEl
e Ge FEstA AAsdch. ke BRse
Ak 2 U Pgo] ¥, BuEs A Gl S5
=

[e}
Bttt 2H-polAl SdueAbE FElE S 1, 3 ¥
6% FostAE W WEHSTEHTHF 313 kel
izl vl 3 T3 a9t =R, Y 3%
TAME FAEE STFIATHp<0.05). AT H-T(HT
3 189 kgoll A= A9t 1 F 6% H7RANA fdo] 5
7¥FA o™ (p<0.05) Rt 3%wrolxle Fred e 5
7FIATHp<0.05). LHBEZ - AAF A] olyke] AHFA
QB8 FAAES Hu A TEshetl =wol
F AS Aog wadh
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