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EII05 AW) ST e RS R RE R
Ho4e AR g > d 0 1991-1999 £ T 35 77.95 5 3 4 I
2000-2009 # 82.46 > # 4r & % 5.80 B 7 4 # ; 2010-2019
E@é m&%’ﬁujﬁ$%%:%70@ﬁ@g;ujﬁﬁ
R A L (COVID-19) 5 8 5F » #ims § g iicds §
a2 3 112,11 > H4e:f 8.16% - EHILE hE > 2021 #
Hrd i fedgcdiz - £ A7F 125.04 - #2020 # 99.18 -

16



B4 F i 26.07 F A Bk o

LA S R Ap T 6 0 R ARIRIT S £ B ORT AR
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% ¢ 1991-1999 & F3m2 7415 s+ 3 2010-2019 =
106.69 ¥ 2020-2021 & z. 117.35; {5 4~ b #F P E_d
1991-1999 # T 352 74.82 > 3 +c 3 2010-2019 & 84.26

¥ 2020-2021 # 2. 107.22 -
%1 1990-2021 & FAO #r & ff f547 B 3 4c 5

& ws | ¢& [FAE | BF [ EEe | B
Wt #e(%)
1991-1999 77.95 89.97 61.96 74.15 74.82 75.93
2000-2009 8246| 79.51| 83.08| 8449| 8426| 7275
2010-2019 103.66 97.18 | 107.60| 106.69| 107.22| 105.56
2020-2021 112.11 | 101.83| 110.67| 117.35| 132.25 94.57
(A~ B)

1991-1999 - - - - - -
2000-2009 580 | -11.62 42.17 13.94 12.62 -4.19
2010-2019 25.70 22.22 22.16 26.28 27.25 45.10
2020-2021 8.16 4.78 2.85 9.99 23.34| -10.41

TR kR A

FE#5E § FAO(2022) -
D12 2014-2016 & T35 5 AL H o

OLEEEFEE LS LR
- BB L F B R R RS LR R

g F(FiEFR ] 2)THE . ARG REE LR

A & e % (International Monetary Fund, IMF) = # 3 L
Bpor o B R A RERH A ARE S 251 B 4 2006-2009
# LT 3ok ooeg 168.56 # i 4v T 2010-2019 # 204.65 #
~ » 2020-2021 # £ &% 5 21225 2~ 5 5 2R A
d 2006-2009 & = =v#g 34157 £ ~ % % T 2010-2019 =
412.04 % ~ ¥ 2020-2021 & 2. 428.92 % ~ o iT & F%E |
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(208.42 % ~ /=) B T%(% 2) °

% 2 2006-2021 & ~ F #dr  fe 2 T ioi 2 H Kb

7P # i ERNS )% < B
T o 2006-2009 | 168.56 | 221.35 | 341.57

(£ ~/2w) | 2010-2019 | 20465 |208.42 | 412.04
2020-2021 | 212.25 | 223.01 | 428.92

3 5 2006-2009 - - :
(%) 2010-2019 | 2141 | -584 | 20.63
2020-2021 371 | 700 | 410

FH AR A7 FREE i IMF(2022) -
(Z)R'Eda & 25 § 1T § k2 R F]
FAO%\»T‘F%E:P‘»*%%MX otk 2021 & R TEd T
7 ho3p Hp ok s j\”’jz@@?la\ﬁxha&* s i
Rofra B RMADT £33 = 230 §0% 26 I -
S RF AW P URRRS RT R R 2R AR ¥
B2 S R R REESET R 3 Rk
129 FAO 3 s » £ (2022)& R & § v &0
BeRs GERRIREIBHAARAERF &
AR ERTARE RATE R A ARF DA A
A FiEA T FF A > e £ i@hﬂ%%%‘g
B BB AL L EBEHE SR 2T PR
Mo it 4 (2022) & M s He I B AL FIt A RS
ERETHFFLATBEFTML - B s T rFARF A
Flzo - H_it H iy sﬁ&,mmlﬁ;sw&%ﬁ@m%a
gt F R R - E XSS R - 2w R
Bafrasd ¥- 235 pld BABFRS IR §
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MR AEREZRE S EFAR N IARF DY - R
e PERARE PR Gk
527 COVID-19 £ fitbv ¥ HpFR & > & BP il
SD S ST S B A

T R ER RSN B RA
Flz. - > ¥ F F R #3%(United States Department of
Agriculture, USDA)ﬁﬂﬁﬁ:ﬁ%%ﬁfn , *(2022)&; L E YR

Kfrd 23R 69% P R E o 60%#&t f- 51%-]
"},IJ’KW&P] £ R ATz ‘,frv;}%‘_ﬁi:;‘ﬁ._;_"
_’: m;;ﬁ}'ﬂ’ o

FTEE AT HRAFEIEEZS F R P

3759 3 (COVID-19)# >t 2019 # & 7 =t b3 3
KETs 2020 £ A7 iLiE BT 2 t B > iR BrEE 2Tk 7
P W RRE A BREAT 0 B RARAF TR

90 S DR R RS RS S PR
BPaea g %y L FRE 10T 4% COVID-19 %
%@%&aéar%@xﬁ g 7

CULEREEX bt TSN RO

=50 & R s 2 Rk ¥ 2% (Food and Agriculture
Organization of the United Nations, FAQO) st F L >
2019-2021 # s § e dp B P T AoB 1 ooron (Y
2014-2016 & L3535 £ #)-2019 & 12 * COVID-19 %
Bl 2 pF o RIS B fedpdics 10101 fw - i 2
(98.63)3 4r 2.41% ; 2020 & 1 * F§3 5 10252 > 2
pEERTEARE  F E 57 2 KMOL14 2 3 &
B3 2021 & 11 ® 2z 13492 :Fi7#37% > &5 ¥ RE
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PE3 1 48.05% 0 @ 2021 & 12 % @ f fadn Hovk '
13368 & a3 AHHF 2 3 2020 & A e L 1
FoE R PIT L ig'rtvg;;; 32.35% -

B4 ,if";}’ﬂ B g e Bp g 1% ;}ﬂﬁ'x’fr-}i‘a '% 2
Apdcle 4R TR S A8 % S B P g G 0 2019 &
127 5 9740 > 2 {8 R Mg #oAk% > 2020 & 7 7 dpdc s
97.27 > 2. {53i& * i+ 3 2021 £ 11 " 141.44 > f i< BLRS
(2020 = 7 7 )3ty 45.41% ; 2021 # 12 7§ ¥ dp Hood
" % 140.53 {21~ i 2F 4~ 1 4p #2019 & 12 » 5 101.50 -

,Q_me‘g forEARE > 2020 £ 5 7 dpdc s FITH AT
7777 > 2. 133% 2 W43 2021 # 10 * 184.84 > figdp i
B:(2020 # 5 7 )3 tyaE 81.83% ; 2021 & 12 * i #edpdc
iR L 178490 k& w3 o £l A 61 2022 & }% 2K
POt SR RIS A e ARE > g B 5
45.22%2 81.83% -

2014-2016=100
200

7 184.56
— R B H 7
180
RO EE TR
160 it
141.44
140 o
120 134.92
101.77 98.63 /
100 w -
95.57
93.32 ~—
80 93.16
80.26
60
2019/1 2019/7 2020/1 2020/7 2021/1 2021/7 £/

B 1.2019 - 2021 & FAO #z & ff tedq i ? T
TR %R 1 FAO(2022)

(Z)FT5 % LA RHRE S R 2P PR BE
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- H ¥ COVID-19 B Ay w2 § 811 %
PR P EIAE A ZEP(TERER D 2)R R A
o 155 R% h R A £ 2 (International Monetary Fund,
IMF) 2 # ¢nF 437 7 0 2019-2021 & R4 | 2§17 F
Ao 2 577 > e f 2019 & s X R T TP A o AR
FooF oA ud S 2wy 33495 £ A
167.06 # ~ » & 2021 # 5 ? £ 3|5 4% 2. 576.97 £ ~ &
304.30  ~ - H# y & W|:iE 72.86%% 82.38%; 2 {8 i fe ik
g Tk > 2022 £ 11 P = ey e W] G 454.58 i~y
248.77 % ~ » R vy 2019 =& F # 7k tgiE 36.53% &7
49.53% - F*E ] & LR e o d 2019 &£ & & o wE 165.25
A0 1272021 # 11 7 131744 3 2 > EiTH B
oo i 2019 £ B Hp R iE 101.51% o d b iEF dvo B
HE% 2852512 G RF D %% RYBFES
W4 B 4e 35.71% ~ 48.91%% 92.09% 0 H ¢ & &2
3K 2020 #5 rEF)sER ) $REE 3 2021 £ &
maIF AT -

ERWENL

600
- FREE R JEE R R .
500 ERFS A R 454.58
oo [EEIFE/NERERS
400 334.95
317.44
300 :
200 |., = KRR ’ 248.77
-’ —-..{"‘-.'.'-..-' """"""""""" )
165.25
100
0
2019/1 2019/7 2020/1 2020/7 2021/1 2021/7 #/R .

T kiR 1 FAO(2022)
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CRE A ZIA e F e o B A 2021 #
11 7 v B3 23 4% ©
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Al s@yr IFFRE 28585 R
FAEIBR Y HPRITR - > FILEBARLI LSS E
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DI AHHFITERD > BEFAHARILEEC W2 F RS
EFHFIEAL > BREREARPMEFRU 22D Ho
VI ET B2 A 4R
LERZKEPN D B2 fiin
miﬁxﬁ%@fééﬁ
RITEREAS R ERDE M ERE
«ﬁﬁ&@’ﬂﬂ RN AR s SIS
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iRl 2021/22 & £ R 3 K fE4E 22 qHE & Af TR I i
A= A W[RE A 2.97%2 3.75% 0 5 3,780 F 2R
3,456 § 2F o FpHp 2021/22 £ £ W1 A B HNER
o FHMAem B o IFH 5 3% 8390 F 2w wow
— & B 4 T.00% 0 vk KT E frd = § 2016/17 & ¢h
378,480 F 2 o 1P B WAFLAES 0 F T F AR
FAhE B RAF ARG RE S HAEFHAE LA
B~ B RAE TR 2022/23 & £ W~ E e o ff H4F
FHL o G E RS D B FE S G
QLK 0 BRI R TR @ RR I AE
B A TE L 3,622 20 0 £]2018/19 £ Uk 2K 4
Eh i o

%3 EFRMIAPETRR

EYY 202021 | 2021/22 | &1 &R

5 2 OB | (i) (@) | )
i e A (F 2F) 3,630 3,671 3,780 103.0
Yot A (F 2 F) 3,290 3,331 3,456 103.8
H =5 4 A4 & (9 2F) 10.51 10.76 11.11 103.3
iRk (F F 56.4 48.7 31.4 64.5

HE)

e | AR (F F ) 346.0 358.4 383.9 107.1
e £ (F §9) 1.1 0.6 0.6 100.0
&+ (7 3 77) 403.4 407.8 415.9 102.0
BN (F 7o) 309.5 306.5 315.9 103.1
L 149.9 142.2 142.9 100.5
2 4 gL r ok 159.7 164.3 173.0 105.3
" 4 R EE 123.4 127.8 135.9 106.3
ho 2(F §9) 45.1 69.9 63.5 90.8
&3 (F 3) 354.6 376.4 379.4 100.8
B % B 5(F ) 487 314 36.6 116.6
B % B 5 5 (%) 13.7 8.3 9.6 1.3

7R & & - USDA
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QF R 3 F BEET R
g iz 2021/22 # 2 WL K Rp L A4 R o3 o
A B g_r"#gﬁ:-ﬁéttn)jﬁ.r’]}gﬂj\gétmﬁ&w_
Mty P 20199% 0 5 4 7/ 1,590 F oweE - 2021/22 &
EC A O R ’ﬂWP\fé?:E‘_ﬁié‘&—ﬁigéc
3.07% > 2Rd v Ffim— & & byt 9.16% > 4 518
TR E(ZN0)5 37,9408 v mw - B
Mot 4 0.80%; ARZERZRP & * > EFL
SRR 3ok TE 2 FEpE R & e - & 3 4 6.34%
1% 3590 8 2w m &plel * 2(8 5 f3 2 1
OBl kR ‘E_ﬂﬁ”?{rﬁ—ﬁéo\%li‘gﬁ 4.87%&
091% - 5 1% 7,230 32 17 4,350 3 2@ o
TAEEFRIATLAFTIRHE R il § B Y
TR 4 RXERP YR EF R
RE R B HREE ZRp 2020ﬁ3”ui X
FREN G LS RABDYEEFRS 2
FEpE g Rl d s T 52020 & 34 0 BB H 4
mAE TS FEDY L EFREMSH R BRI
B3R 4 A0 EHKR4p 2021 # 9% ¢4
o XRERM BREAY > REFARAP 2 TIHG
Faf4e >3 F H ARG AT 4 o 19I5 F W oaw R IT
(USDE) fs 3+ » 2021 # % R 2 FiFp 2 & # 3 8%2
150 @tem > £ 2010 & kB S HE 0 FP 2 F
mﬁﬁﬁ%ggaﬁﬁgm%o@&wﬁﬁﬁﬁ@é@%
[

émb
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%

Cwn A b ) RS AL G
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(3)% B2 234 i

195 # B B 3R(USDA) 5L+ » 2007-2021 = FF %
FF P 28 (No.2 Yellow)# * L 327 -3 % &
o2 287 TR RS i’fi*”‘ 0.17-0.19 % =~/
”“(i@$°”ﬁlb%ﬁ T ERINRRA
2008 # ~ 2011 # 2 2021 # 3 PP &g b 7k o AT L
Fireep 2020 # BAr k> HE R A B RESP
FRE 2021 £ B 2R LN E TR 2020
£ 014 2~/ 7843 2021 £ 024 2 ~/2 7 0 7k
beik 63%; M % rAm = o p 20202 87 Mk ERIT
F R A e > 2021 £ 5 P E R F R
% 028 %~/ 0 2865 EH FREF R o

N e
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Drskz 24 effEi
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o — EH A 713% > 5 12 % 614 7 2w A& 1
Fh e R2ZERSTF S PREEE LT A
T #-A wow - & H 4 7.11% ~ 33.33% ~ 1.92% %
3828% ; B AR E > E KW A 45 ”
fifg > REFTFE ARL EROI A EBEEF R
JrEORBBEE 2RI N ER -

o

2021/22 & 2 2 K AR FEET fam - £
HeRERR S > A n % 2% 9,215 § SwE 11 8211 ¥
SWR o R LK A R sk 0 A R 2R K
Mo ety Pk 413% 0 5 16 73 8,471 F v o
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£ 2 I N BB T RO - E R RIEER
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B9 g e

-
~m

ERIRIN R e o JpEp 2021/22 F 28 2 3%
Me FE KRB E A e - £ 4 8.17% 5 173 9,700
P E B S nE T d > Hdlr s e -

50 5% 4450 3 o BriNfRRiEs S % - 4 Ao
R HEx 5 %7 ~ v {2z ARy B3 £ 12.78% >
2 450 g o HuwT A v @2 2R PRE
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A .»./ ﬂ’ 5 :
A‘F*FEO_:L/‘:RE-T:'E ‘&r_ﬁ’j’\

Z ) = *‘];’K & 89% 11 F oo

2010 & { F 3% "% 111.64%> 17+ & ) 4F & 95.81%-

EREAY i\//;fﬂfé«]”\i » 2011 Eum i BT np;

AR
AR

;2020 # AL K

s @“1—-‘7}43-‘7 18
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5 > 19.06% 16.38%% Bl % § % W eI = F 4
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e g4
Er | wrg | ere |AEAE | RF AL
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2006 511 32,921 504 101.30
2007 443 40,603 481 92.11
2008 434 48,083 456 95.09
2009 463 39,590 455 101.84
2010 512 76,292 459 111.64
2011 421 48,223 439 96.00
2012 439 52,123 437 100.45
2013 410 44,818 456 89.89
2014 425 37,679 472 90.09
2015 425 34,423 469 90.69
2016 428 25,848 459 93.22
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2018 428 25,736 451 94.84
2019 494 30,226 465 106.36
2020 456 26,092 466 97.87
2021 434 36,948
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. y o e A I A
£ R B g | BT E Ba kg 7 f R
2006 239 20,697 239 100.00
2007 238 27,647 238 100.00
2008 209 36,911 209 100.00
2009 236 33,935 236 100.00
2010 254 37,493 255 99.61
2011 234 38,347 235 99.57
2012 235 42,860 234 100.35
2013 214 38,006 237 90.32
2014 238 40,593 232 102.38
2015 270 36,729 258 104.51
2016 245 32,383 252 97.02
2017 255 32,280 261 97.80
2018 263 31,994 261 100.74
2019 268 31,529 264 101.63
2020 260 30,333 263 98.68
2021 258 41,517 - -
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TABLE 1 The chemical analysis of experimental barley (g/kg) on a
DM basis: (unless otherwise indicated)

High
quality
Low quality barley barley
Chemical characteristics
DM 888.8 844.8
Ash 25.6 20.2
GE (MJ/kg) 18.2 18.2
EE 19.3 18.4
CcP 127.0 105.8
CF 40.9 274
NDF 196.7 186.1
ADF 68.9 57.8
Starch 578.0 602.7
B-glucans 304 361
Xylose 229 23.0
Lysine 4.4 34
Physical characteristics on a fresh weight basis

Hectolitre weight (kg/hL) 58.3 611
TGW (g) 35.6 50.2
Screenings 67.9 12.1

DM, dry matter; GE, gross energy; EE, ether extract; CP, crude protein; CF,
crude fibre; NDF, neutral detergent fibre; ADF, acid detergent fibre; TGW,
thousand grain weight.
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TABLE 2 Composition of experimental diets on an as-fed basis

Ingredient (g/kgF
Barley s500.0
Full fat soy 1250
Soy bean meal 0.0
Flaked maize 742
Lactofeed" 50.0
Soy protein concentrate 45.0
Minerals and vitamins® 290
Whey powder 200
Soy oil 15.0
Sugar beet pulp ground 125
sucrose 12.5
Wheat 125
Monocalcium phosphate 750
Silica 250
Salt 200
DL-Methionine 0.50
L-Threcnine 075
L-Trytophan 025
L-Lysine HCI 0.50
Celite 0.30

‘p-glucanase and (-xylanase enzyme was added to the diets in order to
achieve different levels of dietary treatment (T1) low quality barley diet
with no enzyme supplement, (T2} low quality barley diet containing 0.1 g/kg
p-glucanase and f-xylanase enzyme supplement, (T3) high quality barley
diet with no enzyme supplement and (T4) high quality barley diet contain-
ing 0.1 g/kg p-glucanase and fi-xylanase enzyme supplement.

bl actofeed (source of lactose approximately 70%) from Volac International,
Orwel Royston, 5G& 50X, UKL

*The premix provided vitamins and minerals (per kg diet) as follows: 0.01 g/kg
of retinol acetate, 0.16 g/kg of alpha tocopherol acetate, 0.007 g/kg of
menadione, 0.00125 g/kg of thiamine mononitrate, 0.005 g/kg of ribofla-
win, 00025 g/kg of pyndoxine HCL, 0.003 g'kg of cyanocobalamin,
0.0229 g/kg of nicotinamide, 0.0138 g/kg of calcium-D-pantohenate,
0.06 g/kg of copper as copper sulphate, 04147 g/kg of iron as iron sul-
phate, 0.0804 g/kg of manganese as manganese oxide, 0.0032 g/kg of io-
dine as calcium iodate, 0.1389 g/kg of zinc as zinc oxide, 0.0056 g'kg
selenium, 1.24 g'kg of calcium.
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TABLE 3 Analysed composition of experimental diets on an
as-fed basis (g/kg) (unless otherwise stated)

T1 T2 T3 T4

f-glucanase activity Q 1,500 0 1,600

{umits/kg)
Xylanase activity 0 2,700 o 2,600

(umitskg)
DM 208 205 883 883
CP 139 159 178 177
Starch 364 344 388 388
MNDF 116 120 1046 1046
CF 402 402 349 349
EE 570 570 57.5 575
Ash 593 594 549 539
GE (MJ/kg) 168 170 16.6 16.7
f-glucans 154 154 13.0 180
Xylose 141 141 14.0 140
Lysine 139 139 135 135
Methicnine and 89 89 89 89

cysteine
Threonine 2.0 2.0 2.0 2.0
Trytophan 25 25 25 25
Calcium® 75 7.5 7.5 7.5
Phosphorous® &0 6.0 6.0 6.0

T1, low guality barley diet with no enzyme supplement, T2, low quality
barley diet containing 0.1 g/kg p-glucanase and f-xylanase enzyme supple-
ment, T3, high quality barley diet with no enzyme supplement and T4, high
quality barley diet containing 0.1 g/kg p-glucanase and f-xylanase enzyme
supplement.

DM, dry matter; CP, crude protein; CF, crude fibre; EE, ether extract; NDF,
neutral detergent fibre; GE, gross enerngy.

“Calculated for the tabulated nutritional composition (Sauvant et al_, 2004).

He2 $ 4% R-DNA 55~ 2 2 § R & fe4aF L (QPCR)
AR S 17T P ~ 18 P BRFHREATH L

THAFT R pﬂ’g 3‘; o 1 QIAamp DNA stool kit

R k&P

EETE A N ﬁ’x T ;Jgt f;{; (ND1000; Thermo

Scientific, Wilmington, DE, USA) - # QPCR Z_& 4 #7

ik O'Shea % 4 Lw 787 7 » 1 & i « DNA P34k
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7z 2ul &7 DNA fi45 ~ 1yl & » %2 & » primers (100
pM) > 10 ul SYBR Green PCR Master Mix (Applied
josystems, Warrington, UK) and 6ul nuclease-free water
i# 17 PCR evfzdg s 47 » e 78 PCR A 472 1t

T REEEUE S P ERBIC O BE - B &GS B
¥ B Fe el 190E o ¥ g ;;»Tlim GCN = & @& 7%
Helg e > T UELATHEE 72 GCN £ 7 o

TABLE 4 0Oligonucleotide sequences oﬂ
forward (F) and reverse (R) primers used
for QPCR of bactenal 165 rRMA

Amplicon

Target bacteria Primer sequence (5'— 3) size (bp) T_(°C)

Total Bacteria F-GTGLCCAGCMGCCGCGGETAA 291 570
R GACTACCAGGGTATCTAAT

Lactobacillus spp. F: TGGATCACCTCCTTTCTAAGGAAT 340 550
RTGTTCTCGGTTITCATTATGAAALAAATA

Enterobacteriaceae spp. F: CATTGACGTTACCCGCAGAAGAAGC 190 580
R: CTCTACGAGACTCAAGCTTGC

Eifdobacterium spp. F: GCGTGCTTAACACATGCAAGTC 125 590

R: CACCCGTTTCCAGGAGCTATT

(= ) \olatile fatty acid analysis 3% 4 75 3% & & 37

TP endTg g e (VFA) M f 40 & 4702 12 1

te R (Pierce etal>-2006) * Z 45 -k ## 19 & &(2.5%
¥oE R ) ¥ 1400 g &t 10 A 4o Bogtu 15 1 ml
chb g 2 1 ml &% 5-(0.05% 3- methyl- n- valeric
acid in 0.15 M oxalic acid dihydrate) ¥ 3 ml 7 4 k2
& o M-k 2R &2 500 g#re 10 2480 RSB
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b FiR% i 045 PTFE iR 3] ¢ #1423 ? « -1 pl
ek &2 ~ EC™1000 Grace ¢ #+: (15 mx0.53 mm
ID) & Varian 3800 GC ¢ » %5 % 1.20 um ° ;8 & %
€_1x 75°C-85°C 12 3°C/min ¢ & 3 v > 90-200°C 14
& 448 20°C eud BB 4o 0 ¥ iR3E 0.5 A 4 o KR B
ArT R R AW G 280°C fr 240°C > B G
12.42 % 45 -
(™) B3 a 9

L 12 SAS (7 UNIVARIATE # & #icdy o i€ * SAS
51PROC MIXED # i €45 B & 4~ 47824 £ i 2 &
i ApEclcdy 2 R 2X2 08 o AT e 3 S }ﬁéé
frz = o~ p#EILE G gl = FERF 2T Pk
oo U s H g AR o L R S - IL%“?’.%E
Hixeogdamyitd L QM2 yFEIL T VFA
kR ﬁﬂﬁ{%}*m\ﬁézr‘f D8 % SAS - AR MR E
2X2 P o A % ST S pE S 4 LR TS
LI AR o R AT o BTiE 2 AT K
T B o pL Yt s 8 % SAS (G REG FE T_E MR
Bz wiFtifice $ p<05 47 EM¥FLE > @ 0.05-
010 2 Fernp B+ 4R 5 483 & fc o Hedp 1 5]
2 Loz I F LT o

= wRE
(-) A ¥%Ln0

Table 1 7] %75 ~ et & 2478 S H ~ $4p
FOTMET A S Ao FodMpZER BT EH
TE(TGW) ks 2 Efr - RPEZ B v F » & B
FRISZ &R S s g0 i T(DM) ~ Aca e §ed (CP)
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Hromps 2 ¢ MR ER R R (ADF) - & & kPR SE A u

= aflatoxin B1 (<2 pg/kg), deoxynivalenol (<300 ug/kg),

ochratoxin (<2.0 pg/kg), T-2 toxin (<50 pg/kg) and

zearalenone (<25 pg/kg) » * w8 S F & MEF 2 < &
T 2 E F MO RR] ».;ﬁ’-«% iR SRR
gl > MR S AR AT S 2 e By 2 Rk 2k
B #3 > 4 Table 3 #7771
(=) 2 &
B RPERSfc -+ BPERT 2 B2 £ ri e

B 8e Table 5 #7770 o M & < § Ak G 2
p 323 £ (ADG) 2 4t g4 5 (G F)ﬁﬂ el
@ﬂ%%zﬁ%%m<%ykﬂvﬁﬁ s

£ (ADFI) ¥ 2 % & ¥ B 9(p>.05) » t k& B F % Bz
® o B-0 RpERE e B- AR PER S e 4 3 ADG & G
Fiiy B3 (p>.05) ADFI & ulrbh’ﬁa/’l‘ 2

3 & AT iE R ¥3$’¢ﬁ@ﬂ%¢ﬁﬁi?%£ﬁ
o PR R pE2 B ke W 35 P ADFI d
(p<.05) = 2@ » 74 B-3 RPERTAe B -~ RPERF &%
7~14-~21~ % 28 p z. ADFI ?%’uie‘tp—gf o f__)a
p &% ADG ~ ADFI = G : F 3

/

05) -

&
=
én\ N
m\rz-s
-

TABLE 5 Effect of dietary treatment on ADG, average daily feed intake (ADFI) and gain-to-feed ratio (G:F) (least square means and SEM)

Qualty Enzyme Time (day) prvalue*

lw Hgh SEM N Yo SM 7 14 i 8 % SM Quty Eyme
ADGRgd 073 069 002 071 070 0012 040° 065 08 08¢ 08 0018 0161 357
ADFIkg/d™ 127 125 008 124 128 0028 062 092 126 16° 187  00% 32 1442
GFfighg 061 058 0011 061 058 0011 064 07  06F 05 04 007 045 0

SEM, standard emor of the mean; ADG, average daily gain

Values are significantly different (a-¢) (p < 05) within a row.

*There was no quality x enzyme, quality  time, or quality x enzyme x time interaction (p > .05).
**“There was a time x enzyme interaction for ADFI (p < 02).
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Ji

) ¥ &% i ¥ 4 17(CATTD)
doTable 6 % 7 & 7 b2~ $ 00 A LF 4 -
%ﬁ“ﬁﬁ%ﬁ%‘frﬁ-%%‘xﬁ%ﬁﬁ%% A CATTD hE: 8- % %
ERE R R B A SRR [ N
G-+ EpEfE4E > DM~OM~N~ % 4~ ~NDF 7 2 GE
ICATTD * a EE 9.8 (p>.05) -

TABLE & Effect of dietary treatment on the coefficient of apparent total tract digestibility (CATTD) of dry matter (DM), organic matter
(OM), nitrogen (M), ash, gross energy (GE), neutral detergent fibre (MDF) as well as digestible energy (DE) and net energy (ME) contents (least
square means and SEM)

Quality Enzyme p-value
Digestibility coefficients Low High SEM No Yes SEM Quality Enzyme Quality = enzyme
oM 0.83 0.79 0.004 081 0.81 0.004 =001 9353 _B&75
oM 0.85 0.81 0.004 0.83 0.83 0.004 <001 9771 9170
N 0.78 0.71 0.007 0.75 074 0.007 =001 6198 4745
Ash 0.63 0.55 0.010 0.60 0.59 0.010 <001 4447 5444
GE 0.82 077 0.005 0.79 079 0.005 <001 8132 8642
NDF 040 0.20 0.018 0.29 031 0.018 <001 6199 4931
DE (MJ/kg*) 15.2 145 0.0856 150 150 0.001 <001 5065 4403
NE {MJ.-"kgb) 10.9 10.5 0.061 10.7 10.7 00561 <001 4988 4399

SEM, standard error of the mean.

*Calculated from the tabulated nutritional composition. DE = GE * GE digestibility.

ECalculated using equation 4 from Moblet et al.(1994). NE = 0.703 DE + 0.066 EE +0.020 starch - 0.041 CP - 0.041 CF. Where NE and DE values are
expressed in MJ/kg DM, and the chemical constituents are expressed as % DM.

() X Q¥
*F 2 SR MR AR B-F RPERE T S
A R PERF T F R Ok s 2 B2 58 e Figure 1 #75F o
Pt P m RN LF R B0 KPR B-4
RBEFET T RLORER T EFLEP (p>.05)-
BB S PR BRI RES NS ¢
G2 3 75 I 4 el i ($ ) (2.40 vs. 2,53, SEM
0.035) (p < .05) = &P#L? e B-§ BpERs o 8-+ R
FEps RIS L T dp iy BERE (p>.05)-
Y enpicd A 45
A & R & fsz%c B~ ¥ RpERS I B -
ARPERF A BRI K Y TG M Aok T AT e
CEE S S Y imf«/w@ ¥ a5

7\
J=4
—
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%1 7 3 GCN s“pt fF# 8 (11.6 vs. 10.5 log GCN/g
faeces, SEM 0.1773) (p<.001) - + % 2. X F # ~ % &
pﬂi EES SRR NG SR R R

e B-F R pER I G- %%‘f\ﬁﬁﬁﬁ’xﬁ; B N
A9 tR BLAERLAREK s X3P
(p>.05)-

(=) 3TF Mo smg
X }Lg.;.’g‘r:g Iz g7 ”T 4p 5-5‘%‘&,‘5};%1‘7

ARPERHYE TR VFA 12 L 6] VFA LR 2 258
%7 4- TABLE 8- 4k & 3 5 ~ & &g o3t i 5
< FARl FRETY S VFA ERERSE 0 AL i
[ AR R 4o (p < .05) o *h &t ¢ e B-8) RPERS
feB-A B S VFAR BY VFAER * R ¥
% (p>.05) -

Faecal scores

anfenT] =T 2 JERE ]
3
2.8 A
:
2.6
=
8 24 -
s
2.2
2 T T T T T 1
1 7 14 21 28 35
Days

FIGURE 1 Effect of supplementation of an exogenous enzyme
mix in different quality barley-based diets on pig faecal scores. (T1)
low quality barley diet with no enzyme supplement, (TZ2) low quality
barley diet containing 0.1 g/kg [-glucanase and f-xylanase enzyme
supplerment, (T3) high quality barley diet with no enzyme supplement
and (T4) high quality barley diet containing 0.1 g/kg [-glucanase
and f-xylanase enzyme supplement. Values are means, with their
standard errors represented by vertical bars. Scales from 1 to 5: (1)
hard, firm faeces; (2) slightly soft faeces; (3) soft, partially formed
faeces; (4) loose, semi-liquid fasces; and (3) watery, mucous like
faeces (Walsh et al., 2013). Time, (p < .01), barley quality, (p = .03)
and enzyme inclusion, (p > 035) [Colour figure can be viewed at
wileyonlinelibrary.com]
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(=) 4 M Taiic
0 FHEPEBE 2 ADG 2 B 5 B 4p B
(R= .4725>p<01)- ¥ ¢ » & ADG 4r DE #5 2
e n4phl (R= .4509 > p<01)- 4 & B it &
(R=.6532:p<.001)4r# ;} i* & (R =.5983>p <.001)
paE pB-FRFEZE LM (Table9)

TABLE 7 Effect of dietary treatment on selected micrebial populations in the faeces (log GCM/g faeces) (least square means and SEM)

Quality Enzyme p-value

Low High SEM No Yes SEM Quality Enzyme Quality x enzyme
Total Bactena 112 111 0075 112 111 0.075 7524 6603 7524
Lactobacillus spp. 10.5 116 0177 10.9 112 0177 0002 4511 7550
Enterobacteriaceae spp. 8.34 817 0455 8.04 848 0.4548 TF963 5021 5947
Lactobacillus:Enterobacteriacae 1.30 149 0.074 142 1.37 0.076 0904 6197 6568
Bifdobactenium spp. 846 548 0071 8.43 851 0.071 8347 4251 8498

SEM, standard error of the mean; GCN, gene copy number.

TABLE 8 Effect of dietary treatment on total and individual volatile fatty acid (VFA) concentrations in the faeces (least square means and
SEM)

. Quality Enzyme p-value

Concentration

(mmol/g faeces) Low High SEM Mo Yes SEM Quality Enzyme Quality x enzyme
Total VFA 145 185 5.658 175 174 5.661 01s8 9518 2497
Acetic acid 90.0 102 3.005 944 973 3.007 0103 5357 9856
Propionic acid 259 299 1.203 287 271 1204 0247 23592 2491
Isobutyric acid 3.71 436 0272 3.90 417 0272 1047 A269 2637
Butyric acid 344 358 2458 364 339 2459 7472 A7T4 84678
Isovaleric acid 403 477 0285 428 452 0.285 0792 5448 4475
Valeric acid 6.26 7.99 0597 691 7.34 0.597 0516 6171 6478
Acetate:propionate 3.53 346 0138 3.34 3.65 0138 J113 1188 8816

SEM, standard error of the mean.

TABLE 9 Pearson's correlation coefficients between [-glucan content, nitrogen (M) digestibility, gross energy (GE) digestibility, average daily
gain (ADG), digestible energy (DE) intake and total protein intake

Total protein
N digestibility GE digestibility ADG DE intake intake
B-glucan content -.59834 (.0003) -.65316 (<.0001) 08158 (6571) 66004 (<.0001) 59974 (0003)
M digestibility 94278 (<.0001) -101084 (.9530) -.04979 (7BE7) 00902 (9609)
GE digestibility -.02758 (.8809) -.05809 ((.7522) 005461 (9757)
ADG 45088 (10096) A7247 (0063)
DE intake 99698 (<.0001)
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= REFE
COERE-ES SR T -

]
ik 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
At
111 4 1510~ [ 15.10~ | 15.10~ [ 15. 15~ 1510~ | 15.00~ | 14.90~ | 14.85~ | 14.85~
1A 1515 | 15.15] 15.15]| 15.20 1505 15,10 | 1500 | 14.90 | 14.90
14. 90~
2A 15. 00
12,20~
3 A 12,30
11,65~ 1165~ | 11,65~ [ 11,65~ 175~ [ 11,85~ [ 11,85~ | 12,05~ | 12,25~
4A 11.70 1.70 | 1L70) 11,70 11,85 ) 1190 11,90 12.15] 12.40
13.20~ | 13.20~ [ 13.15~ [ 13.15~ 13,00~ | 13,00~ | 13.00~ | 12.80~ [ 12.80~ 12.75~
5 A 13.35] 13.35| 13.30] 13.30 13.20 | 1310 13.05| 13.05] 13.05 13.00
12,35~ | 12.30~ | 12,30~ 12,25~ | 12,20~ [ 12,30~ | 12,30~ | 12,30~ 1230~ | 12,30~ [ 12,30~ | 12,30~
6 A 12,50 | 12.45] 12.45 1240 | 1240 [ 12.45] 12.45] 12.45 1245 12.45| 12.45| 12.45

=l
i 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Aty
1114 | 14.85~ | 14.80~ | 14. 75~ | 14.75~ | 14.75~ [ 14.75~ 14.75~ | 14. T3~ | 14.90~ | 14.90~ | 14.90~
1 A 14.90 | 14.85| 14.80| 14.80| 14.80| 14.80 14.80 | 14.80 | 14.95| 14.95| 14.95
2A
12.20~ | 1215~ 12.15~ | 12.05~ | 11.95~ | 11.85~ [ 11.85~ 11.75~ | 1175~ | 11,63~ | 11.65~
38 12,30 | 12.25 1225 1215 1205 1L.95| 1195 1.85) 11.85] 11.75] 1175
12,40~ | 1290~ | 13.20~ | 13.25~ | 13.40~ 13,40~ | 13.40~ | 13.40~ | 13.40~ | 13.40~
18 1250 13.00| 13.30] 13.40) 13.50 13.60 | 13.60 | 13.60 | 13.60| 13.60
12,70~ | 12,65~ | 12,65~ | 12,65~ 12,70~ | 12,60~ | 12,60~ | 12.50~ | 12. 45~ 12,45~
548 13,00 1290 12.90] 12.90 1290 12.85] 12.75] 12.65[ 12.60 1. 55
12. 30~ 12,35~ | 12,35~ | 12.40~ | 12.40~ | 12.40~ 12,40~ | 12,40~ | 12.40~ | 12.40~ | 12.40~
6 A 12.45 1250 | 12,50 | 12.55| 12.55| 12.55 12,55 | 12,55 | 12.55] 12.55| 12.55
]
& 4% 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Afr
114 | 12.25~ 12,15~ | 1210~ | 12.00~ | 11.90~ | 11.85~ 11,85~ | 11,85~ | 11.90~ | 12,00~ | 11.90~
7H 12.40 1230 | 12,35 12.15] 12,05 12.00 1200 | 1200 1205 12.15] 12.05
10. 60~ | 10,55~ | 10.55~ | 10.50~ | 10.50~ 10.50~ | 10.50~ | 10.45~ | 10.50~ | 10.55~ 10.60~ | 10.60~
3 A 10.80 [ 10.70 | 10.70 | 10.65| 10.65 10.65 | 10.65| 10.60 | 10.65| 10.70 10.75 | 10.75
1125~ | 11,25~ 1L25~ | 1125~ | 11.30~ | 11.30~ 11,30~ | 1135~ | 11.35~ | 11.40~ | 11.40~
94 11.45 | 1145 1.45| 11.45] 1150 11.50 1.50 | 1155 1155 11.60[ 1160
1150~ | 1150~ | 11.50~ [ 11.50~ [ 11.50~ 1155~ | 1160~ | 1165~ | 11.70~
10 4 1L70 [ 1L70f 170 170 1170 1.75] 1180 11.85] 11.90
1175~ | 1175~ | 1L 80~ [ 11.80~ 11.85~ | 11,85~ | 11.85~ | 11.85~ | 11.85~ 1180~ | 1180~ | 11.80~
11 4 1.90 | 10190 11.95| 11.95 1200 | 1200 | 12.00] 12.00] 12.00 1.95| 1195 11.95
1160~ | 11.60~ 11.55~ | 11,55~ | 11.45~ | 11.40~ [ 11.35~ 11,25~ | 1115~ | 11.00~ | 10.85~ | 10.80~
12 8 1.75| 1175 1,70 1170 1160 11.55] 11.50 1,40 1130 1115|1100 10.95

]
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Aty
11 4 1180~ | 1175~ [ 1175~ [ 1L 60~ | 11.60~ 1140~ | 1120~ | 1100~ | 10.95~ | 10,95~
TAH 11.95 11.90 11.90 11.75 11.75 11.50 11.35 .15 1. 10 11.10
10. 65~ | 10,65~ | 10. 70~ 1070~ | 1075~ | 10.85~ | 1100~ | 11.05~ 1L 10~ | 11,20~ [ 11. 25~
8 A 10.80 10. 80 10.85 10. 85 10.90 11.10 11.20 11.25 11.25 11.45 11.50
1140~ | 1140~ | 11,40~ | 11.40~ | 11,45~ 1L A5~ [ 1145~ [ 1145~ [ 1150~ | 11,50~
94 11.60 11. 60 11. 60 11.60 11. 65 11. 65 L1.65 11. 65 11.70 11. 70
TL70~ [ 1170~ | 1170~ [ 1170~ | 1170~ TL70~ | TL 70~ | 1170~ | 1170~ | 1170~ 1170~
10 A 11.90 11.90 11.90 11.90 11.90 11.90 11.90 11. 90 11. 90 11. 90 11.90
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12 A
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A a.75 | 2175 | 2175|2175 2160 21.60 | 2150 2150 21.60| 21.65
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8A | 2.7 2.7 217 2175 21.75| 21.75| 21.75| 21.75 21.75] 21.85] 21.85
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11 A
12 A
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