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Effects of barley and barley bran contaminated with Fusarium spp.

on the growth and feed efficiency of fattening and growing pigs

Wang-Shik Lee', Hyun-June Lee’, Kwang-Seok Ki!, Hwan-Gook Noh®, Seok-Jin Kang?’,
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Abstract : The present study was carried out to investigate the effect of barley and barley bran contaminated
with Fusarium spp on growth performance and feed efficiency of fattening and growing pigs. In experiment
1, total 48 fattening Landrace pigs were used in a fattening trial for 71 days. Pigs weighing around 75
kg were allocated into different substitution groups containing 0, 10, 20 and 30% of barley contaminated
Fusarium spp. In experiment 2, total 16 growing Landrace pigs were used in a growing trial for 45 days.
Pigs weighing around 29.4 kg were allocated into different substitution groups containing 0, 5, 10 and 20%
of barley bran contaminated Fusarium spp. Mycotoxin concentrations of barley and barley bran contaminated
with 30% Fusarium spp were 0.452 and 1.049 ppm for deoxynivalenol, 8.125 and 17.646 ppm for nivalenol
and 0.023 and 0.029 ppm for zearalenone, respectively. In experiment 1, no differences were found in weight
gain and feed intake between control group (0%) and 10 or 20% substitution groups, but in 30% substitution
group, weight gain and feed intake were significantly lower (p < 0.05) than those in control group. After
slaughtering, the extended haemorrhage of the fundus region in stomach was observed in 20 or 30%
substitution groups. In experiment 2, weight gain and feed intake were not significantly different among
treatment groups. After slaughtering of experimental pigs, the extended haemorrhage of the fundus region
in stomach was observed in pigs fed diet with 20% substitution group. These results suggest that the feeding
of diet with contaminated highly levels of Fusarium spp was negative effect on growth and feed efficiency
in growing and fattening pig.

Keywords : barley, barley bran, Fusarium spp., pig performance
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Fole 549 A5l S Wk ol AlR
o 2¥E 7FAEE Wi = 21]. FARS &9 &
Fol7F AAZE Z40E tricothecenes, fumonisins,
zearalenone(ZEA), moniliformin} fusaric acid 5°] <
w38k gt 54 F44e] miS vkt
Tricothecenes 5-2~°l]+= deoxynivalenol(DON, vomitoxin),
fumonisins®} T2 =4 o] gjow, ddtxoz
tricothecenes 3}3H&9 L HE ALEE 7150 AAsHA
280 7, FE, AsPdde] B, WA 24 5
o] vjepdt}. o] e A2 tricothecenes E247F *ﬂ:ﬁlﬂ
9} Zhoj|A] el RIS JAN T, T2540 F
=H 7158 Foln] =4+ Z(hyperaminoacidemia) 5
Holg Z1o=2 AR Yot [9]. Egh, tricothecenes
Al @iz S WTAA EYER] &
E S7TRI7IBR HoA NREYY &g F7HAIA 2
“9”;(1 atel =52 ¥lo] =M [8], Chung & 212 A=
o] EYERS] o] &8 A HHA A TES ¥
olo] @ & ok skdth Smith 5 [1512 DONeo| tj
2F 2.4 pg/g S ARRO fusaric acid®] S S7HA
71 549 FsAgo] Uehe, 53] F3o|7t A4
She S4v A AMgske 53 S4RT F
Ak FEoA FA ko] vl 73| } Al YeRdtia st
At
ZEAL AR &9 Fgol7t Adtels H4aEA
estrogen¥} frAFRE TF2H Q1 5L 7L Qo] 7150
ZEAY LFE AIEE A WA el ele] H
A, X e 53] o] Z&e vigste] 5, A4 8
59 S48 Koy ZEAE tricothecenes S T=
g2 AlEAFH e FFo] itk BasdT) [14].
S5he FAER B9 E EFusarium
moniliforme) 2] #8017k At T3] FaEA
HA7F TE5E A TES 254" @] verdth
3L AT [20]
FHo7t st 54
aRlEse] FFE HAAN 7
ojt}. fEuEtlA = BEE
A FElY o2 YL F=2
ot 712-0] 23~35°Ce] W 9lo] 2L i Fi= 65-85%
BEEA HAEo] S48l ol 2 Z7do] HiL
Aok AR WA e 545 AAbslE UliEe &%
o] 10~30°C & X oA AFE 75% o]do=
2 AL FEFETT 85% o FolH FA A S
7] V—}UJU}. A 717F A& 2 w2 sy
T w7l ot T/ FBolEe] &3 S
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B AR ) RAelM 1o 4871 F A
&2l $712 st F2 Fgold edd Bl n

AESE % A2

H &2 g 2 F%0] 249 na9 349 &3
A 1): FH#AZ 75kg H2e] A= o] F=1A] 48
T2 FAE] 4xE] x 39, WEY Zhzt 4% )]
ato] 7197F A EALOA] AFRAI L Z=a 3T
Al g = AlFodlA FEE e Be(Put HehE

A8t 30% T AR (T 30% W2 H&
Fgolol] 29 HalE U 19 10, 20 2 30%F
)4 8lo] FodstATh Al AR E 2220} thEuES: 9
F2 8lo] = AL, AFRS] HARUA] 52 3,400
mealkg, ZHMA FFEE 5% AT

SAEN dF FH& TP 29 BIAAY F4 5%
AN¥ 2): FHAF 294kg Hele] A=glo]2 A7
1675 442] x 49HE0 2 FA|ste] JH2] EAOA] 45
A7 AFFA RS TSI AlgAIE = B1E %
20% H7Fete] vt AR (ET)9F 30% Wl &
o7t SHE Bl =4 & Aikd Eﬂﬂ%
71& WAl 5, 10, 20%E ZH2 diAlste] ALEE ues
o Fsith AR E 55t UFeE $5E
HEE o m, AlEALE S AP A] F-2 3,400
mecalkg, ZTHHE F=FL& 155%2 31T

l' mﬂr

Algfate] o el

7+ A2 A YALE
@ o) ARE 4T -
g A A8 AR

PIEAE AFAY 717 B In e
BF, A, g 55 WY
om), APAIY S A AP TEE
A2 VS AAste] 23517] Fof W
S0 ZASSIT,

o, AF2 AEAA F vl 159 o2 SAAA
/\}EMT]E]:O uHo k3
o] A FogFola] ZFe A|sk oz 3Tk A8 A

o] FAIEA2 SAS package program(USA)el < 0}04
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FYsA o, TAREA ol F40] e Aol |
9] t}571%4 ¥ (Duncan’s multiple range test)ol] <] 6‘}0%
A3

29 Helo| 50{ E2HAl

H F3old 2HE B9 ‘%%}_4: g FgolEa
3 *lfMEC’ dFAaTFS £ AI(Table 1)5
EBM duk HejEh A9
3 S FES Hola glon, &
ta t}%b] At 12] 14.90%0) vlste] 2=
e TR Ueh, ol Hele] A
& B F HS T80l 290] Bl IFgAdd %‘
FS F oz YztEn 099 B Fo| F3ol=
o] F7¥ T (Table 2 DON, Nivalenol(NIV), ZEA

0452, 8.125, 0.023 ppm FFC& 3o 3l

01‘

S F3o)7t 098 B F9A AF € AlEAS
% sk A7 St K] AFHstE B 5
Fgolof] eHE Bl FogEe] F uet F 5
A2 7}7} 44.92, 44.68, 35.86 X 34.65 kgl 2 74 H]

Table 1. Nutrient and mineral composition (% as-fed
basis) of normal and contaminated barley with
Fusarium spp.

= A, dFEAFol oM E H=g B
B tH(Table 3).

AE717 F F AFRAAH S g2 T 2132kg, TS
2] 10% %@1% 1948 kg, 20% =1 171.9kg, 30%
FAT 159.7 kgl 2 F-2 #30]ol 2LH9H Bl Fo
i STt et F ARRAFH S AL, I A
SEAAYE H2 FEold 2Fd ®BEle] HIFrEEo]
Z7V¥ghol whel 7+43kA tH(Table 4).

B AN E Be Bl oPE uelB AR F

o

o] 20% o] EEsle] Fsk= Aol AL A5t
ZE o, Solgt ARdde AT AR F
trichothecenes?ll 80| =49 2 Hd 71¢lsl= ALEA
A et e IS Ilse AL w30l
ool o7k YIS getehs A Hdste] 7 ol

$ A F9] shuelth Aoz FgolEi Y
B AEe] HH o 95t UehE 54 4

o2 AsA UehH, 55 HA AR 8lshE 14
e 7IdEHE AEg E8 38 DON =5

9
o,

%: FRol7t 249€ B FAA F7AS: ARRA

48 T HAE =53t WF 7)) HslE A

A3} & Fold o Hal 20% EFF FoJ+

H 2 71AFe F - o] Al YEESH, 7h

= B oFsh wlalmbg Eo] AakElon 7+ Ak
= W

iérﬁl’ni

TR Z_Hﬂm] M Seldh el BRA 89
TH(Table 5). AE ¥a] 30% &3 FolTolAE o
A BHeE 712% o] UeistaL, Zholl A i 73t
Al o] 2w 9 O UK(Table 5), 7 AEHE-9]9] Al
ol 5ol WHo] dEA] skt AAE 2 20%

pil

Items Normal barley Contaminated barley
Moisture ) 14.13 13.05 Table 2. Mycotoxin concentration in barley contaminated
Crude protein 14.90 9.61 with Fusarium spp.
Crude fat 1.22 1.12 o -
Crude fiber 525 5.07 Htems ycotoxin (ppm)
Crude ash 2.01 231 Deoxynivalenol Nivalenol Zearalenone
Ca 0.06 0.04 Contaminated
P 023 028 barley 0.452 8.125 0.023
Table 3. Changes of body weight gain after feeding with contaminated barley in fattening pigs
Substitution level of contaminated barley (%)
Items
0 10 20 30
Initial body weight (kg) 76.28 £5.84 75.05£6.72 74.35£6.61 73.38£5.71
Final body weight (kg) 121.74* £ 7.17 120.14* £ 7.56 110.24™ +6.20 108.09" + 6.73
Total body weight gain (kg) 45.46° +5.08 45.09°£5.53 35.89% +6.31 34.71° +4.45
Average daily weight gain (kg/day) 0.640* £0.072 0.635* £0.075 0.505% +0.089 0.489° £ 0.051

*®Means with different superscript within row differ significantly (p <0.05). All data are expressed as the mean * SD.
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Table 4. Changes of feed intake after feeding with contaminated barley in fattening pigs

Substitution level of contaminated barley (%)

Items
0
Total feed intake (kg) 197.91* £ 13.50
Daily feed intake (kg/head/day) 2.79*£0.19
Feed conversion ratio” (feed/gain, kg/kg) 436 +0.34

10 20 30
180.87®° +10.13  161.30*+16.56  151.52°+10.77
2.55% +0.14 2274023 2.13°£0.15

4.0240.13 4.50+0.52 436 +0.09

*®Means with different superscript within row differ significantly (p < 0.05). “The number of kilograms of feed that are used
to produce one kilogram of body weight. All data are expressed as the mean £ SD.

Table 5. Pathological changes of internal organ in fattening pigs fed with experimental diets

Substitution level

General lesions of internal organs

of contaminated barley (%) Stomach Small intestine Large intestine Liver
0 _ _ _ _
10 - - - -
20 + — _ +
30 ++ + + ++
—: Absent, +: Moderate, ++: Severe.
ok 30% &3 FoAAl ] Z1ARe] BT F - 29 A Table 6. Nutrient and mineral composition (% as-fed
Ee goTae] FETE AdAe AFS Hol basis) of normal and contaminated barley bran

21tH(Table 5).

SHE0 st 52 FE0| 29 22|72 g0{ &2
74 ME 2)

FS 3o 2Hd RIAAY Y2 L 52 &
B F2 FHold & HYE =% $o AskA
B A i F7F oWzl
A 9 e 29E BaAYE oA 28wk
ZA, 23583 g 3
UERSTHTable 6).

2EE HEA Fo FFo|HAhe] FTHE T
DON, NIV, ZEA7} 242} 1.049, 17.646, 0.029 ppm 55
2 FEo] AATHTable 7).

F& F%0ld 2949 BHA FAA AT € A=A
AF A8k A7 T SANEY ATHEE AR
W izl vsle] od® BaA 5% 10% 5o+
oM SAFo] Tk =& ATE BIou BAAA &
o2 A TH(Table 8).

ArEAFH S gzt 09 BEA 20% Fof 7ol
Hgte] 0 WA 5%} 10% FolT-2] A8 F #o)
S7kle ASS Ron AlEAAEES BEA 5%
Tl tha 2 A5 YERNITK Table 9).

2 #9010 298 BEA F9A) BTN 2

with Fusarium spp.

Items Normal Contaminated
barley bran barley bran
Moisture 12.54 11.96
Crude protein 15.33 16.37
Crude fat 3.86 2.44
Crude fiber 6.30 7.77
Crude ash 7.04 4.89
Ca 0.10 0.07
P 0.51 0.65

Table 7. Mycotoxin contents in barley bran contaminated
with Fusarium spp.

Mycotoxin (ppm)

Items - -
Deoxynivalenol Nivalenol Zearalenone

Contaminated

barley bran 1.049 17.646 0.029

1A FojAle] F7|Hsl(Table 10)=
VS 9 AR F -2l AsiA
e Kok odd HaA 10% & FATe
Aol 5 - Sdo] oFaAl ey, od® B
0% &% A= folA o A 71AR 5 -
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Table 8. Changes of body weight gain after feeding with contaminated barley bran in growing pigs

Substitution level of contaminated barley bran (%)

Items

0 5 10 20
Initial body weight (kg) 29.35+9.60 29.35+6.65 29.33+5.74 29.40 +5.81
Final body weight (kg) 55.08+11.28 62.73 +6.06 56.65 +10.82 53.68 + 6.60
Total body weight gain (kg) 2573 +1.71 33.38+2.42 27324635 2428 +0.86
Average daily weight gain (kg/day) 0.572 +0.038 0.741 +0.054 0.607 +0.141 0.540 +0.019

All data are expressed as the mean £ SD.

Table 9. Changes of feed intake after feeding with contaminated barley bran in growing pigs

Substitution level of contaminated barley bran (%)

Items
0 5 10 20
Total feed intake (kg) 82.81 90.98 87.06 78.63
Daily feed intake (kg/head/day) 1.84 2.02 1.93 1.75
Feed conversion ratio” (feed/gain, kg/kg) 322 2.73 3.18 3.24

"The number of kilograms of feed that are used to produce one kilogram of body weight.

Table 10. Pathological changes of internal organ in growing pigs fed with experimental diets

Substitution level

General lesions of internal organs

of contaminated barley bran (%) Stomach Small intestine Large intestine Liver

0 _ _ _ _

5 _ _ _ _

10 + - _ +

20 ++ + + ++

—: absent, +: moderate, ++: severe.

i BUAGAN GRS sERE FBo) Ba
<, DON, NIV, 4-acetylnivalenol(4-ANIV), 3-acetyldeoxy-
FASE FFolo 72w Bale o84S Hrtst nivalenol(3-ADON), 4,15-diacetylnivalenol(4,15-DANIV)
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=Nl liil°ﬂ Hlgle] @ HE R oy o] W
At oy A] FFEoF gF7] 98t A oy
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Trichothecenes”] =Fo|542] AHF ol 238l 2] 874
o} & S trichothecenesl &3 o]540f 25
ol EYET o] /K]—/‘E]j_ Yo EHER L =

7] fZolth EHERLS AAAY EAA AREU]
Aol oA oJste] A &R 3}, S TE T4
o] frtEltta B E S 9t} [2, 8, 12]. 2232 DON
S AAT HA oA ¥ A ZEDF} 5-hydroxyindolacetic
acid7} R 72 DONS A8 HA oAM= #Es
Aok BaE vp 9l [10].

A8 Agere F2 30
F Foll 20%01d el =
7} AFE Qo) Eo)st
trichothecenes| =8
g A9 7F
o0 TLyo]Eio] o
o 78 o3& A
FolEio)| LAH AlEe] HFAZE Qs
A JER AT FF AR RS 518t
7l =e ARt 4 W DON $=5 Yepla 2l
t}. Trenholm & [17} AWt Al¥ 2] S| 57l A
trichothecenes 5590 2 T E, AlR A F A5} HA7}
s o] AR AlERAS s A3 @A) 014 pg/g
T2 DONe| Q9= AATiar Barslsi=e, o
FEE =% DONG| oA Bl Ha5d % o]
Sto|H, 73k DONS 553 4oz zdxoz oY
HAEE HAE WEY 54 Sl Aria Bysta
Atk 4, 5].
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