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Effects of Steam Flaking of Corns imported from USA and India on the in vitro Fermentation
Characteristic and the Mycotixin Contents of Logistic Processing Line. Shin Ja Lee, Ji Hun Lee,
Nyeon Hak Shin, Jung Hun Han, Jong Hwan Hyun, Yea Hwang Moon' 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 - The objective of this study was to examine the effects
of steam flaking treatment of corn grains imported from USA and India on in vitro gas production,
microbial growth and contents of aflatoxin B; and ochratoxin A. Each treatment was composed of total
4 treatments including @ USCW (US corn-whole type), @ USCF (US corn-flaked type), @ IDCW
(India corn-whole type) and @ IDCF (India orn-flaked type) with 4 replications x 6 incubation times (3,
6,9, 12, 18 and 24 hr). Mycotoxin (aflatoxin B; & ochratoxin A) contents in test corns tended to increase
gradually with increasing logistics periods from the harbor, hopper, silo to processing line. The con-
tents of aflatoxin By in India corn (IDCW) and US corn (USCW) were 11.71 and 1.78 ppb, respectively
when measured at the hopper. After steam flaking, both contents of aflatoxin By in USCW and IDCW
were 0.00 ppb. It means that Aspergillus flavus could be decreased by steam flaking. However, this
trend was not observed in ochratoxin content. The gas production rate of USA corns (USCW & USCEF)
was significantly (P<0.05) higher than India corns (IDCW & IDCF), and that of steam flaked corns
(USCF & IDCF) was higher 1.5~2% than whole corns (USCW & IDCW) after 3 hr incubation in in
vitro experiment. pH value was optimally maintained for microbial growth during whole incubation
times with the value of 6.05 to 6.54, and was not significantly different between treatments, but USCF
was somewhat lower than other treatments. pH value decreased following 12 hr of incubation but gas
production increased rapidly during the same period. In addition, in vifro microbial growth rates also
increased with up to 18 hr of incubation period, thereafter experienced a decrease with extended in-
cubation time. In conclusion, US corn was superior to India corn by origin based on the results of
in vitro and mycotoxin contents. And steam flaking process of imported corns tended to decrease my-
cotoxin contents such as aflatoxin B; and ochratoxin A as well as improve in vitro gas production and
microbial growth rates.
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Table 1. Chemical composition of test corns by origin
1)

Corns

Chemical composition -

USA India
Moisture (%) 13.75 14.54
Crude protein (% DM) 743 8.05
Ether extract fat (% DM) 3.58 3.38
Crude fiber (% DM) 121 1.38
Crude ash (% DM) 2.02 2.67
NFE? (% DM) 72.01 69.98
Calcium (% DM) 0.02 0.02
Phosphorus (% DM) 022 0.29

UCorns imported from USA (US No. 3 corn) or India.
NFE: Nitrogen free extracts.
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Table 2. Ingredients and chemical composition of basal diets
for 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 40

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 5.12
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 0.34 011

USupplied per kilogram of premix: Vitamin A, 6,000 IU;
Vitamin D3, 1,022 IU; K, 0.08%; S, 0.05%; Mg, 0.03%; Zn,
50ppm; Mn, 40 ppm; Fe, 30 ppm; Cu, 10 ppm; Co 0.5 ppm;
I, 0.53 ppm; Se, 0.13 ppm.
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Table 3. Mycotoxin including of aflatoxin By and ochratoxin A contents in test corns produced from USA and India sampled in

the line of logistics or processing

1)

Treatments
Sampling spot
USCW USCF IDCW IDCF
......................................................... ppb

At the harbor 0.00+0.00° 5.81+0.05°C 9.95+0.05" 0.01+0.01°
At the intake hopper 1.78+0.01% 5.88+0.03° 11.710.07** 0.06+0.01
2days after stored in silo 1.54£0.25% 5.90+0.01° 10.55+0.05" 0.00+0.00"
Before steam flake 2.62+0.01 7.73+0.12" 9.46+0.01°° 0.07+0.024
After steam flaked 0.00+0.00° 8.97+0.03* 0.00+0.00"" 0.08+0.07°

Y Abbreviated USCW: US corn-Whole type, USCF: US corn-Flaked type, IDCW: India corn-Whole type, IDCF: India corn-Flaked

type.

**Means in the same row with different superscripts are significantly different (/%0.05).
*PMeans with different superscripts in the same column are significantly different (/<0.05).

=5 A

Aflatoxin B9} 57P8 38 7]ES B, vl5e BE 4
F3 AR 3 aflatoxin BiEHFOZA 20 ppbZE A 35}
Aom F A% (The European Union, EU)& AFE ] o
3 3 87)&q dAsed 589 we 5~200 ppbz EM
Ath. 53] ot e QAE oL S - 2FA TN =
oh-g Aol thel Mro] 71ES 474, Iuk AFl Hla] Eﬂ
A4 71ES ALt A fHYEE FF-FRET
A7l Waf 10 ppbE At glom Abgol] oA
98 AFRE 50 ppb, M EALEE 10~ 20 ppb: 73
t}. Ochratoxin A9 =7}¥ &&7|F 9, i] LES
2299 5 FE EUT7HA 1A 0]'—’ At <
#2-He 5 —.-rr°ﬂ &l 5~50 ppbe] W= A 8kAL
M A oAt 29l FAA 5~30 ppbe] 7IE
Asto] qrAlstaL itk EUE oFF &87]F0] X
o} 4~5 ppb AEZ =251 3t} g ygh= ochra-
toxin A°ll tgh 318 7]F 200 ppbE THE YtEdl HlEl o
5;01—1;].[25]
oM AFE 3718 mycotoxin®] & 7|EE 135
7BE JAEA $547) 8ol 3192 o aflatoxin By &
9.95 ppb= 8|&7]F oldtz BIHH Ao Y A=At S
aflatoxin B; @& 8§71 ol A sk obF w2 F
Wk olye} F3ole 259 F27F et 5479
3t7] ol ejustell Ao &&, B, 7heAE, AR
Hﬂi} gAtg e 5 717 T F3e] 549 F7h= I
g 4 glo] dojd 4 Jorz AL ABHsloo) stk E
3], BlAF = &4 ochratoxin A 3% 5.81 ppb &%
& EUZ} 8§ 471F0 2 ugdta Y& 4~5 ppb FERTG =
S AoR o] B w3 AYF A S 247}
ojFofzjok & How AZHT

o Y W =it S5 aflatoxin By &
&2 1.78 ppb, ochratoxin A= 5.88 ppb, AEAF &4

l:!

E_
R
&2

AN Lo rlo ru[o

L > e

aflatoxin By fé}‘”*-o— 11.71 ppb, ochratoxin A &2 0.06
ppbEA FFEUS WET £F SUbsATh AU
=23 /\}E%ZJA silool] A 29 %F A 7+g F-o mycotoxin
FFe sy QaHUS Ho 2 2}017} %101‘3}

Steam flake A2 & stAs W |54k S5 2 = A
9] aflatoxin By |7} 0 ppbZ Sto}zl Zi% T A

}1\_].—
/\1 0.08 ppb (A=LHE L]-E}"‘*Tl} Aflatoxm B9 =93 E
A F9 e =& 9 AFAOE 280~300°Col A EaH
O Busa[4]] JAT B AFoM= aflatoxin B &
Aol = B33 steam flake A 2|2 913}4] aflatoxin
B &l AY AZHA & o daixe B} o]
v A7 Festtty AydEch E3 aflatoxin Biol A <}

+ 28 ochratoxin A %2 steam flakingdl &3t 3
FEE WA ¢3 23Y %7}0}% 7o) At

7t 22K Gas production)

S50 YA ¢} steam flaking*I 2|7} in vitro 742~
Ak WA= S 2 A= Table 4049 2} In
vitro Wl 6 AITHE 7EoR USCW USCF, IDCW %
IDCF A &] 9] 7k S g 42t S44 1 g 975, 9.97,
928 2 9.75 mLEZA A AEZ % ]3*L(USCW?9} USCF
T) S5 A=AHIDCW -9} IDCF) SRt 7pAa
Aol %o 7t EEE steam flaking A 2] (USCF
T IDCFH)+9 A2lakA] -2 F(USCWTF IDCW)
Azl g YEh Al ktH(P<0.05). ol ¢ dS BE
BEE 9] Hl FA A T LAl Ut Al e dgten] vk
Hj ok 12 Aol A= SAIA Q] Afol= ol ARt o) A3t
Sh= dh o] AEgS B dAAEEE AR S5 1|
A SFFRG faEA o] 29ton Tt A ek e
447} steam flaking A2 ¢ SE¢FET 7h2 WA o
=3t §559 449} steam flaking A 2]l #A §lo]

=

|

o



Journal of Lite Science 2009, Vol. 19. No. 1 69

Table 4. Effects of origins and steam flaking processing of corns on gas production rate in inn witro trial

Treatments”
Incubation time (hr)
USCW USCF IDCW IDCF
............................................................ ml/g corn

3 7.58+1.00 9.48+0.05*P 9.30+0.14°¢ 9.05+0.29"°°

6 9.75+0.62° 9.97+0.15"" 9.28+0.59° 9.75+0.15""

9 11.00+0.25%® 10.75+0.38° 11.25+0.05% 10.35+0.44°¢

12 9.98+0.21°® 9.00+0.36™ 10.40+0.28°%¢ 9.55+0.23"P

18 11.85+0.93"® 12.38+0.33"® 10.90+0.64°° 11.63+0.33"®

24 11.48+0.54°* 13.13+0.68** 12.08+0.56™ 13.5540.52*

Y Abbreviated USCW: US corn-Whole type, USCF: US corn-Flaked type, IDCW: India corn-Whole type, IDCF: India corn-Flaked

type.

**Means in the same row with different superscripts are significantly different (/%<0.05).
*PMeans with different superscripts in the same column are significantly different (/<0.05).
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Table 5. Effects of origins and steam flaking processing of corns on gas production parameters and effective gas production rate

in in vitro trial

Gas production Treatments”
parameters USCW USCF IDCW IDCF
............................................................ ML/ QO woeeeesesessemis st
a -3.62 0.03 -2.38
b 15.86 11.12 13.47
C 0.4011 0.2780 0.6307 0.6536
EGP?r=0.06 10.18 10.38 10.18 9.96

Y Abbreviated USCW: US corn-Whole type, USCF: US corn-Flaked type, IDCW: India corn-Whole type, IDCF: India corn-Flaked

type.

JEGP: Effective gas production calculated with the equation of EGP=a+b[c/(c+k)], where k is the rate of passage set at 0.06.
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Fig. 1. Gas production rate (ml/g corn) of the test corns,
USCW (—4), USCF (A-4A) IDCW (H-H) and
IDCF (x—Xx) in in vitro trial.
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Table 6. Effects of origins and steam flaking processing of corns on the changes of pH value in in vitro trial

Treatments”
Incubation time (hr)
USCW USCF IDCW IDCF
3 6.54+0.01%4 6.49+0.01°* 6.51+0.01"4 6.51+0.01"4
6 6.46+0.02° 6.48+0.00°° 6.49+0.02°* 6.46+0.007°
9 6.44+0.017%¢ 6.48+0.02° 6.48+0.01™* 6.47+0.01™48
12 6.40+0.01°¢ 6.44+0.01°® 6.45+0.00°* 6.43+0.017®
18 6.23+0.05°° 6.21+0.01° 6.29+0.04%° 6.27+0.03°
24 6.05+0.00°F 6.12+0.03"° 6.20+0.03"C 6.14+0.04™°

Y Abbreviated USCW: US corn-Whole type, USCF: US corn-Flaked type, IDCW: India corn-Whole type, IDCF: India corn-Flaked

type.

**Means in the same row with different superscripts are significantly different (/%0.05).
**Means with different superscripts in the same column are significantly different (/%0.05).



Journal of Lite Science 2009, Vol. 19. No. 1 71

S JAE ool wet UL 238 FHog A 5[22]9 Hie} IA5FATE Hale [13]& &44E flaking
#E 7IHE F Aok Basko At AL YA Aepdsiea, whae] oA 23
28U ZAIEE FAdlalol Fle HIERE RG] 9o & 24k A TS F7HAA A/P (acetate/ propionate) 1 & 7+
FAERRS g w9 At AskEol| i e A 2AIIGAL Stk A/PHIZY A4St fA&L stEtE e
B} glol A& A7} o] Fo]A 2L 31tH29,31,48,50,52]. A &S A 18 BE AEe] Agdss %*o
HEEEY AR o] 84S FEATN] A FR/RE 7Hest A1717] 918 flaking 9] 7A€ AF¢ AARRGE B
= B WS d7Ho st oBHoE EHE FF T AtEC loA Bo adAolgta & 4 AT
AMEAAES] i AR EHAS F7HA7IH AA H]
HEEE oM Asts ST o A SUHE D|ME gz
7t AFRY YARE A E4E B 6l 5 In vitro W% ¥ A2t WA Eo] AFFS S8 A
7vei, e lH QAo o Aeld %59 WEE 2% & Table 791419} 2tk USCW, USCF, IDCW % IDCF ]
F2go] mET84346]. Sharp S[39]2 &5 oA F 7o oa At MAE AEe 247 019, 0.20, 0.20

S5t B4 $44 B} 99 Ulo| A acetate”} propio-
nate®} butyrate= 9] &g o] o} WY o] o] &&
o] S7ketsltkal ®arstlor, Olten S[30]2 Hl5-5-f 3l
o] ZAIEE FH9aHA ¥ 100% FFAIEHS F9e A

TETTFE Fosde W 7154 SAEe] SUbedla,

2 0.18 OD value2 A A2zt FA 2 zko] glo] Ao FUs3}
At olH S FAL HhE 9AZH0.17~0.189] W9}t WE
12A417-0(0.19~0.239] WM E FdatA dAetg o) &
21247 74 | ZfolE BolA &trt o] =]
Al F7beke s & F AMAT A S7hske B

HH 9] W VFASH NHs-N o] vt i pHE =obslth & Hold gttt Z8HOE in vitro W A A E
I SHGiTh gub oz 67 EE o]ste] ofd HEFItEE A BAAFS SAS AFde AT A7t BAEA Fa
APt Thsetn R JbE AYE ST 28EE St Hj AR ool webME FEig nAEe] SUHEdS
A g lo, 78 AEFE oo E AFR A 7HA] TAT + T
Bee ofdh g g o] AFFEY TFAERE F olgg AFE A& A WA olf=, 29 93 B4
oAste A5 & SFTFE Folste A Boh €34HY F & Eo|7] A3t BEFFE TtEA Tl Al AR o
STTE 9T W 5% 4FEHR 7% AEEE N & 5545 9u9] &4og 2480 FUtE e AL wiAl
#7t deton, 7heH &S Aot & Ay 55 vdT AF71A 7] 9138t steam flaking A2 & & S A2
7} A el A EkTH17,35]. A P L4544 BEES 2 mm screen® 2 3147 W&
£ ATl A 9T o steam flaked# 2] 9] pH7} S7} o in vitro W] %A Pl Eo] ALR QAR attachment & 4

%1:}7} o]F ThAl HAdte d42 uE9] Ul cellulolytic
bacteria®] 4] 74 9 £3)) &5 WE[36]o doAd Aol
A7 E Y g2 B2 F7} steam flaking # €] ol H] &
o 4 H pHE BHYed o] AL LFH 277} steam flak-
ing ARG o M W59 W AEE FATHE Lee

F3to] w7 wEolth YN0 steam

ﬂakmg Ziﬂ SFETFE ¢ SFEFEG G 279 o g
E3} in vivo AF AT

W P Eo| attach-

23ES TA FEA

o
2
H

8

0]

=
$L

22 a9

fr do

=]

rg

2

o

olN

N

N

ol

Table 7. Effects of origins and steam flaking processing of corns on the microbial growth rate in in vitro trial

Treatments”
Incubation time (hr)
USCW USCF IDCW IDCF
......................................................... OD Value (550 nm)
3 0.18+0.01% 0.19+0.01*48 0.15+0.00° 0.15+0.01°°
6 0.19+0.01°® 0.20+0.02*® 0.20+0.02%® 0.18+0.00°°
9 0.18+0.02°® 0.17+0.02°® 0.17+0.017¢ 0.17+0.01°"
12 0.19+0.02°® 0.22+0.00"® 0.19+0.01%® 0.23+0.00°®
18 0.22+0.01°*8 0.26+0.00"* 0.25+0.02° 0.25+0.00°*
24 0.23+0.00°* 0.25+0.00*® 0.24+0.01°° 0.25+0.00™*
Y Abbreviated USCW: US corn-Whole type, USCF: US corn-Flaked type, IDCW: India corn-Whole type, IDCF: India corn-Flaked

type.
**Means in the same row with different superscripts are significantly different (/%0.05).

*PMeans with different superscripts in the same column are significantly different (/<0.05).
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