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Effects of Steam Flaking on In situ DM Digestibility and Aflatoxin and Ochratoxin Contents durin

Storage of Corns. Shin Ja Lee, Ji Hun Lee, Nyeon Hak Shin, Jong Hwan Hyun, Yea Hwang Moon,
Sang Suk Lee” and Sung Sill Lee Division of Applied Life Science(BK 21 Program), Graduate School of
Gyeongsang National University, 'Department of Animal Sci. & Biotech., Jinju National University,
*Department of Animal Science & Biotechnology, Sunchon National University - This study was conducted
to investigate the effects of steam flaking of corn grains on in situ dry matter degradability in the ru-
men and contents of mycotoxins (aflatoxin, ochratoxin) during storage. Yellow dent corns imported
from USA and India were flaked, and stored for 8 weeks under the standard temperature and pres-
sure (STP; 25°C/ 1 atm.). Experimental treatments were composed of four corn grains (untreated-USA
corn, USCW; steam flaked-USA corn, USCF; untreated-India corn, IDCW, steam flaked-India corn,
IDCF) with 4 replications according to 9 storage periods (0, 1, 2, 3, 4, 5, 6, 7, 8 week). Two ruminally
cannulated Holstein bulls were used for in situ trial. Pathogen contamination trial was performed by
comparing the mycotoxin contents in corns during storage periods. Dry matter disappearance rate in
the rumen was about 3.0 to 44.1% higher (P<0.05) for USCW than IDCW, but was not difference be-
tween USCF and IDCF. With steam flaking of corn, dry matter degradability in the rumen was sig-
nificantly (P<0.05) increased in corn from India, but was not affected in corn from USA. Aflatoxin con-
tent was very low level in corns from USA and steam flaked corns, but was higher than the tolerance
limit of domestic aflatoxin content regulation when IDCW was stored over 6 week under STP.
Ochratoxin content was low level in all treatments. From above results, it is reasonable that the corn
imported from India might be flaked for enhance the ruminal DM degradability and safe from aflatox-

in pathogen.
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Table 1. Chemical composition of test corns by origin

Corn”

Chemical composition -

USA India
Moisture (%) 13.75 14.54
Crude protein (% DM) 7.43 8.05
Ether extract (% DM) 3.58 3.38
Crude fiber (% DM) 1.21 1.38
Crude ash (% DM) 2.02 2.67
Nifexts” (% DM) 72.01 69.98
Calcium (% DM) 0.02 0.02
Phosphorus (% DM) 022 0.29

UCorns imported from USA or India.
Nifexts: Nitrogen free extracts.

Table 2. Ingredient and chemical compositions of diets fed to
rumen cannulated Holstein bulls

Items Formula feed rice straw

Ingredient,% as fed basis

Yellow corn 58.8
Wheat ground 5.0
Wheat bran 15.0
Tapioca 8.0
Cotton seed meal 4.0
Rapeseed meal 4.0
Cane molasses 0.9
Limestone 1.2
NaCl 1.0
Vitamin-mineral premix” 21
Chemical composition
Dry matter,% 88.08 87.97
Crude protein,% of DM 12.72 512
Ether extract,% of DM 3.29 2.50
Crude ash,% of DM 5.90 17.16
Neutral detergent fiber,% of DM 28.16 82.76
Acid detergent fiber,% of DM 8.17 57.52
Calcium,% of DM 1.02 0.34
Phosphorus,% of DM 0.34 0.11

YSupplied per kilogram of premix: Vitamin A, 6,000 IU;
Vitamin D3, 1,022 IU; K, 0.08%; S, 0.05%; Mg, 0.03%; Zn, 50
ppm; Mn, 40 ppm; Fe, 30 ppm; Cu, 10 ppm; Co 0.5 ppmy;
I, 0.53 ppm; Se, 0.13 ppm.
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Table 3. Effects of steam flake processing and import origins of corns on the dry matter disappearance rate by incubation time

in rumen
Ttem Treatments”
ems USCW USCF IDCW IDCF
Incubation time, hr %
3 22.24+1.18"° 24.53+1.06™ 19.80+0.51°° 25.29+1.18%F
6 36.25+0.85"" 37.67+0.97°C 29.80+1.06® 33.77+1.41%°
9 33.630.73% 34.87+0.37°C 25.15+0.52 36.49+0.54°P
12 33.19+0.86" 35.97+0.91%¢ 32.22+0.98" 39.23+0.63°C
18 50.98+0.30°* 51.76+0.79° 46.07+1.01°* 52.37+1.37%°
24 51.37+0.86 59.42+0.27°* 47.17+0.66™ 56.57+1.02°*

Mean+SE.

Y USCW, US corn-whole type; USCF, US corn-flaked type; IDCW, India corn-whole type; IDCF, India corn-flaked type.
“!Means with different superscripts in the same row are significantly different (P<0.05).
**Means with different superscripts in the same column are significantly different (P<0.05).
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Table 4. Effects of steam flake processing and origins of corns
on the degradation parameters and effective rumen
disappearance rate of dry matter

Treatments”

USCW USCF IDCW  IDCF

Items

Degradation parameters

a 189 1942 1562  19.83
b 6206 7245 9525  76.23
c 0.0326  0.0309 0.0178 0.0282

ED” (%) r=0.06 4081 4405 3741 4420

l)USCW, US corn-whole type; USCF, US corn-flaked type;
IDCW, India corn-whole type; IDCF, India corn-flaked type.

PEffective rumen degradability calculated with the equation
of ED=a+b[c/(c+k)], where k is set at 0.06 of passage rate
in rumen.
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Fig. 1. Dry matter disappearance rate (%) of the test corns,
USCW (¢—4), USCF (A—A), IDCW (H—H) and
IDCF (*k —>), in the rumen of Holstein bulls in in
situ trial.



1565

Z] S A
449
70%7HA &

7
steam flake
= 01 ;(
o)

}0

Ao zn o 7
Age] AR 84 o
RS Yol A plA B 93 ®alse A
e "b"ZEE 62.06~95.25% 2 A "a"Fko]
g, AEA &5 E
A5
\__7_‘0
AR 2o AES
73[36,44,48]°l we} A Eo] Db
cellulose?} hemicellulose®] £33 =9 wax cuticle =9 2}9]
) < A& F27}
sto] W9 m A Eol| g FHo] §o]stal[l], amylose
== ==
H1.0
[e)
/\—1—

Journal of Life Science 2008, Vol.18. No. 11
A 1562~1983% FE2EA AL S50 7] E3& qee &4 EHE 103~151%, 24 54 422% A
o] m|ZAF &4 H T} WUk o L) steam flake A2 E o EH o, 38 mmZE flakex] &3 L4 294%, 2.8 mm=E
A A 7bol vl FFo 2 /UG vt S5 A flaked] 2]+ &54= 36.0%, 1.5 mmZ flakeH 2] 3 S5
£ 27] B &2 steam flake Aol o3& Al F&FS v 511% SYTh & S[41]9) A} vime] FA, B A
BRo Y JAEA &5 o 27% U F7HE AT 0} S[12] o Az EAEFTS 3 mm FAY flakex 2] S5
7 A E AlFoA &, flake 2 AR EHA TEA AR A7t B EFFdA s o 3 ol
E] Al "a" gkl Z47F 128, 21.7 E 214%ekaL 3] ¥ flake Ro}, flake A FoAA 2.8 mm flake M EFFETG=
7 AT oo, A a9t B S FEOIAY
o] S0]& WS BHEEE AT 6% (k=0.06)F 7
AEFES YE Lo W, A3 ¥, Be, S5 8 A8 SEs
whotd oAt 27} 59.26, 86.45 2 4953% 2 A B, B, S5 £O02
8 AERAEI} wo S, S5 e & A Y
H A e AAE ek 379 w9 of EaE
o] o]gA AoluE olfr= FFH 70~80%= FHH e
AA o] 27 o] (amylose®} amylopectin 33 5)ol
2 B o A4 °01 A 9GS TS F UG5 &
=M gle gAY g ¢

T UL, F7Y FI
A 314

2o 26]. Ee
=ol| o 3
o} B9 o] SFFHT AFor Fou (3] ut
[¢]
5] =Ne) 77!
9 ) P

V)
r-{m

L A

| SleiH =
29 W 240 B4 ALE PAY) MR BHE(K)
3 28gol 9L ol Z1AA Hed, MEY TR

}_,

3 Bge
sto X "p"zro]l ¢k 20% ol Tl "b"ZEE
A 7HEC HFZY oA AAH o7 B ss BEoZA 43}
% e E "e'gho]
9 Wl A &3]
& 7}

&F 9557} 7}
Al
Azt
!
A

&'EI

& 242 JeNE 0T 2
=4 ngE oo} B, =,
8 WA Asae a%l o7

]_ 1:11:10 [N} l:ll:l ]

waEE 2

A7k
e

A7V 6%[47]~8%[26]2t L FHThH, ALg 9]
A A ZH(rumen rtention time) 16.7~12.5A ZH11] &2 A
¥l s 2t B AR WA Sk
= =4 727t L8ed aA FFS
Ao Aol S dE 2483 &
Sl41] R o] [20]
oW EafEd

w

Hk
= FAY ¢
& 3sfo

} 5[12], Thomas [44], <&
AVek Ak B w
N
EE

|

Az
ol A

dl,
o A

N

2
3
11
b
o3

A=
91 WellA
, Thomas [44]7}
Foldith,

~0.03269]

_'C_)r
gae, vl

Holu} flake A 2]
A & HE
B go

T°r 1st 4
«1?{1 745«1 £
I%
e o,
13} flake &

HAoe= AL ou)3
FollA &2 HolH,
=3 x4
[42]°] &4 &
l
N
t
10 2.2[89,32] ©l
Ao

eV
gatofor & Ho=z

e I LI )

ﬁWrﬂr&rﬁ&ﬁ%mﬁmlm
M

o=
O| %1%;
EFx

>
- 0
r; i)
g

9

AflatoxinZ} ochratoxin
ZA ARE A A
oA 85 Tt RASIHEA wjF

toxin®] % W3l= Z+Z Table 5

B
ko
rO

kY
rlt
)

>

Uoroh b Ay
(o

b

z
5

S

flo

o}m;:,jg.

°
Z

%—’F—’F—‘C
B oAt A9 7 F16]
Lr-u% Eljri‘:

4o H0 Ho
=
v
4 =

X2
2£°J}o

A=, ole 2

)
mt
M
:?l_"‘
R e I
SE >
oo
o>
ox.
A
L 32
:L
u\'_
ol
Fo =
2
Sz
o>, \D e

4
12 Hr
5 ¥

Tt r
o

33 A, (k—0.0B)i o
20.8%, flake] 2]

=
4y o

()

Jo
O H oo

=P R o - P P A - T e
it

>

oo Aste
20] w

i
Jjo
-h

66.8%2}1 Bpo], B
P,
W AA A 7] Z
7] ot} &

% (k=0.06)Z #-&3t3l< o, fr&

o 1P
oM

[e)
EX )
T
%
w
NI

wlok

9
Fol Bt
6 =

oz 4
_r_‘d
4)«

r = Ly fr
2

ofl r\‘

L

/\]

-~ TR W

b AT

(STP, 2% D5 C/1 713H
T ble 6o A BE ule}

T @39 Aflatoxin FFE Hx 5 4/\101]“ el
O] = 0.
Os5 3 Ayt ofdth Aol A

ppb)°l ] 22262 ppb)ell HE <F 36uj7} ©



1566 A 3183 %] 2008, Vol. 18. No. 11

Table 5. Changes of aflatoxin contents in the test corn by storage periods under standard temperature (25°C) and pressure (1

atm.)
. Treatments”
tems USCW USCF IDCW IDCF
Storage, week ppb

0 2.62+0.01"* 0.00+0.00F 9.46+0.01°" 0.00+0.00F
1 1.73+0.01°%¢ 0.06+0.01F 9.98+0.42" 0.12+0.01°
2 1.56+0.01°%¢ 0.000.00" 11.04+0.02°F 0.710.01®
3 2.09+0.03%® 0.14+0.05" 10.39+0.01% 0.05%0.01°
4 1.14+0.52°P 0.04+0.02F 9.75+0.01°" 0.110.01
5 1.7240.13%¢ 0.40+0.30°P 17.91+0.01°° 0.72+0.01®
6 0.77+0.09*° 0.86+0.01° 25.80+1.64°C 1.27+0.02°*
7 2444013 0.49+0.11° 51.32+0.02°® 0.75+0.03®
8 1.73+0.01¢ 2.53+0.02" 83.01+0.01% 1.24+0.02%

Mean+SE.

YUSCW, US corn-whole type; USCF, US corn-flaked type; IDCW, India corn-whole type; IDCF, India corn-flaked type.
“Means with different superscripts in the same row are significantly different (P<0.05).
“*Means with different superscripts in the same column are significantly different (P<0.05).

Table 6. Changes of ochratoxin contents in the test corn by storage periods under the standard temperature (25°C) and pressure

(1 atm.)
. Treatments”
tems USCW USCF IDCW IDCF
Storage, week ppb

0 7.73+0.12°* 8.97+0.01 0.07+0.03® 0.08+0.07®
1 3.7240.03 0.03+0.02° 0.15+0.03°* 0.01£0.00®
2 0.05+0.01°" 8.82+0.01°" 0.01+0.06™ 0.06+0.01"
3 0.00+0.00¢ 3.27+0.01° 0.0120.01 0.08+0.04"
4 0.01+0.01" 0.59+0.01°F 0.07+0.15" 0.00+0.00"®
5 1.25+0.01° 1.89+0.02°° 0.04+0.01 0.19+0.02®
6 0.09+0.00F° 4.34+0.00™ 0.00+0.01° 1.40+0.09°*
7 0.19+0.01°° 0.73+0.01" 0.03+0.01°¢ 0.68+0.03"
8 0.00+0.00" 1.2540.00° 0.01+0.03™ 0.02+0.02"

Mean+SE.

1)USCW, US corn-whole type; USCF, US corn-flaked type; IDCW, India corn-whole type; IDCF, India corn-flaked type.
a-d . . . . e .

Means with different superscripts in the same row are significantly different (P<0.05).
*“Means with different superscripts in the same column are significantly different (P<0.05).
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Fig. 2. Ascospores of Aspergillus flavus attached on the surface
of test corn (SEM Images; x2,000, x5,000).
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