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Aol 5 EPRET TGS TITREIE AR 2P E - DISHEHIEREE - FH-HiRAESEL - B&F3 96
B MRS ICE 4 (AR - BRBEH4EE > DMABEE B3 A3 HIt6 & tailE 128
i - SEBEARRO RSB ZEABRSWRET AFEQE - FREAFHEESE > DA ARIIBIRIT2 ~ 4806% 2
RO RS AR S 4 4H > SUBRIIEAR R UK B IR & - 5REBUR - BRIRID 4% HBRE R IRaH (K 8 s
CmAE =R H BRI ~ TREENIN 9 F 12 RIS Ee R EEIN (P < 0.05) > RIS - ININHIRRE fgh T R
B BESIEZERMIR - MR - BEESLE RALEFRIT A2 - &7 LSRRI - DI T AR A gk
FELE Z T BHE R P AP ORI B 8 D 2R 2 A6 » 0 2 12 Bl Z BN II R 7T 2 6% » A FIH Rl
EVZFEAM -

B © AR THDEL - BRSNS - ARMWIR - BiRLE -

i

BAFEENAME S B EEY SN E S HNMEREERRAEK - BEaIEA A A E Bk BUE S IRIR
Bk B AL e (£ 2009) 0 HMZEHEELEHEEAZEEZNEERIF L — « K2 (2016) f5H > 7T 10
FEBGEEERE R H 2006 4£47 10 EAMER A1 2015 4249 15 SN0 - EEE 70 (Foiy iz 137 £ - H53RE
BRSHCRIEER 13.7% 1B 2 17.5% - ks & FEEE A E RS K22 f B A il FFECEE 2 55 TE
(fL) > FTEEE Z RSEREEY)fhEHEE 48 120 &AM ( =% > 2011 ) » (R aEBRGS R B 2 R s A R B E
TR o AR B AITSE EZEE PR EAER D R IBE REEERIEE - BURCE ISR E S - ENHAER
07 AE BRI AR E R IR 2 50k} ~ AR RBIRIBMEIR MK » ME & waE 2 fakt - BERei S MRS ZE i AR
Hig b

TR GS EHEERESESRBOTEZNER - UERKESHIRITERE B TEY > OiEEE
J& (Agaricus sp.) ~ F4E (Lentinula edodes) ~ ¥EHES (Cantharellus cibarius) F M EJE (Pleurotus sp.) ZFF4E58 R H 4 HT5E
PEET - Bederska-Lojewska er al. (2017) 51 - B EEAEZEYARIERE - SHEIRERIE - HEESITELR
M~ RERGETIRRR S - (CERENEYEAAREIIRL o FIEHEF4E (Agaricus bisporus) Tl 5% H AR 2 R %
[ZJE (Kavyani er al., 2012) » EA{EHE A NEHE R R IREHASEADIELAYEE ST (Giannenas ef al., 2010)  GafEHR
INF524E (Pleurotus ostreatus) NHEL » FTEEEERGINE A~ 22540 E S S (Fard et al, 2014) » (iEH N2 AR
ik (Toghyani et al., 2012; Fard et al., 2014) -

2013 RN E S S B AKIT Ry 4l ~ &8tah - WEELE (Plewrotus eryngii) ~ REXFE4E (2% » 2016 ) - H
Hp g EE(E Ry 20.69 (2T » RREFEE 14,000 &AL - AEEEEAIEE 26,000 AN o FHFSHEEHI A ML ERITR - TRl
NG - (BRI Z 4 & B SHE - BSImA TR B R rTERAY S S4E 5800 TR - FEAE T RDRHE
DUHTiE 4t ae R 4 S5 (Y fEgh A SE M S W RAUR EE - B REESEHER - IEEENAT = KREENSE - 1§
WNEHE = EE R - ARG S EHEERIEMSHENESR > SEREESERE  IBEESEERT - H
BUGIRE, ~ # 5 ZHE A REHEKEYIE S - A H oI EaEd 4 fgh TRl R s ey &5 E -
) TTEbe e Z B g S sl PR IE Hi S 56 2663 55 -
Q) ITBbt T B g E AT L By -
(3) MELE N B TSR -
@D TEbtREZE g EEsBITE T -
(5) #EN/EE > E-mail: wsd@mail.tlri.gov.tw °
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Wi gk TRV H R BB EGRRYS  hazBSREEEe - DA THIEE £ 2 iR RIEY) - &
UTEETB DL 50°CEZ )R 24 /NEG - 2 4 HEE SR R BB 25 i ™ BADEE (Pleurotus eryngii stump wastes, PESW) o H 4§
ZHERIIEE R ﬂ:%%@ﬁ%% BRI A REEKTE R (Z B a AR LEEEHSEREY
ARt R A/ N B R RS (BB T-5E 10708 SRR ) Wil DIRT -

VBN IR 2 RIEENET - i —HIROESIEIL 96 & » AR » REERIEE TS 4 [
FRFHAH - X PEFEAH 4 HE > DA EE - B 3 A3 83k 6 & - sBRETIE T BANRIIEORIT 2 ~ 4 20 6% &k
RS SEgE TR  IRAESETE S R E R (1 HERE 485 - AR (5 2 8 i) KAEEH (9 2 12 i)

F=PEE -

& LN g R SR Ea R AE

Table 1. Composition of experimental diets supplemented with Pleurotus eryngii stump wastes (PESW)1

P ES i e 2 A4 222 National Research Council (1994)
aEREAE - gk A A E S

BRI TYIRNE 1 -

BRESGTEELE

» FRER M

Starter Grower Finisher
(hatched to 4 wks) (5 to 8 wks) (9 to 12 wks)
Basal 2% 4% 6% Basal 2% 4% 6% Basal 2% 4% 6%
Ingredients
Corn, ground 550 555 545 536 623 613 600 586 689 673 657 641
Soybean meal 312 307 307 304 247 247 250 253 175 178 181 183
Dicalcium phosphate 20 20 20 20 12 12 12 12 12 12 12 12
Limestone 10 10 10 10 6 6 6 6 6 6 6 6
Alfalfa meal 80 60 45 35 100 90 80 68 100 90 80 70
PESW powder 0 20 40 60 0 20 40 60 0 20 40 60
Soybean oil 15 15 20 22 0 0 0 3 8 11 14 18
Salt 3 3 3 3 3 3 3 3 3 3 3 3
L-lysine 2 2 2 2 1 1 1 1 1 1 1 1
DL-methionine 2 2 2 2 2 2 2 2 1 1 1 1
Vitamin premix2 2 2 2 2 2 2 2 2 2 2 2 2
Mineral premix3 2 2 2 2 2 2 2 2 2 2 2 2
Choline chloride, 50% 2 2 2 2 2 2 2 2 1 1 1 1
Total 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Calculated value
Crude protein, % 20.3 20.2 20.2 20.2 18.0 18.0 18.0 18.0 15.0 15.0 15.1 15.1
Lysine, % 1.25 1.22 1.21 1.19 1.02 1.01 1.02 1.02 0.83 0.83 0.83 0.83
SAA4, % 1.48 1.45 1.44 1.42 1.29 1.29 1.30 1.31 0.97 0.98 0.99 1.00
ME, kcal/kg 2,904 2905 2,924 2917 2,841 2822 2,804 2,805 2,906 2,903 2,901 2,905
Calcium, % 1.39 1.37 1.35 1.34 1.09 1.08 1.07 1.06 1.09 1.08 1.07 1.06
Non-phytate phosphorus, % 0.57 0.58 0.58 0.58 0.42 0.42 0.42 0.43 0.40 0.40 0.41 0.41
Crude fiber, % 4.58 4.49 4.47 4.54 5.03 5.06 5.09 5.08 5.04 5.06 5.08 5.09
Analyzed value
Dry matter, % 88.33  88.29 8834 8841 88.57 88.39 8831  88.48 88.29  88.12 88.03  88.29
Crude protein, % 19.94 1938 20.08 19.35 18.08 17.81 17.83  18.28 1523 15.07 15.51 15.26
Cost of feed, NTS$/kg 11.53 1222 13.10 13.92 10.85  11.62 1241  13.27 10.64  11.52 1239  13.29

" PESW: dried powder of Pleurotus eryngii stamp wastes, cost estimated NT$ 50 /kg.
2 Supplied per kilogram of diet: vitamin A, 10,000 IU; vitamin D5, 2,000 IU; vitamin E, 20 IU; vitamin K, 3 mg; vitamin B,
2 mg; vitamin B,, 5 mg; vitamin B, 3 mg; vitamin B,,, 30 pg; niacin, 30 mg; pantothenic acid, 10 mg; folic acid, 2 mg; and

biotin, 200 pg.

* Supplied per kilogram of diet: iron, 200 mg; copper, 30 mg; manganese, 160 mg; cobalt, 500 ug; zinc, 100 mg; lodine, 1.7
mg; and selenium, 300 pg.

4 SAA: sulfur amino acids.
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AERHAEE 1 HiieR 12 880 - 1° 4 - 8~ 12 B SMIGE: 2 #5 B K E R Pk & BT R AR HEHAA (Feed
conversion ratio, FCR) © /> 8 Jz 12 PR EE S LY ~ BHIE S | &2 BRSEFARIMER - 4880 2L LANNER T-900
R4 {73 #rf% (LANNER Biotechnology Co. Ltd., Taiwan) FCEHEESH - /oM d 2 BIUEEET (Creatinine) ~ %k
Frlie B I B (Glutamic-oxaloacetic transaminase, GOT) ~ %k % PYERS i (Glutamic pyruvic transaminase,
GPT) - 4HE[E 7 (Total cholesterol) ~ =% HJHifi5 (Triglyceride) 2 - M ~ Hisa b I EIEE AR LA
(Superoxide dismutase, SOD) ~ ## %L &M (Catalase, CAT) ~ HiE LY (Antioxidants, AntiOxs) JEE » RIJ43 Hil{5H
fHEE4H (Catalog No. 706002, 707002, 709001; Cayman Chemical Co., USA) {f¢ Lee et al. (2013) Fralt 772 MI7E -

AFEEL 12 Al I E RS B HEIT 16 /N R - B ~ BHES 1 & FFHERREREN - £nERE
BiE R7 g 2 el s - WO3E - BFRE - RRRE BRSPS E 2 B R o A8 A bR 52 g K 1T RLRE R 1% 1R R TAT s
PV Es— » EEEEARALA—/CE Sy » N EFANEE ks o B —REEoy (7K5y ~ FHEAE ~ MAER FAE K 5T )
ZREHEVE AN P REEEG AT LT o iRl 28 Chang er al. (2016) At 7 7AME HEIE > HEE
IO 40 2 60 gk 2 5B~ 0% 6 UiBEEMEEE » B8R 7857 (1 iz ~ 7 v fE ) FEER A 2 Bk (Flavor) ~ &
(Tenderness) ~ &g (Texture) ~ 257114 (Juiciness) k48[ #5714 (Acceptability) °

L &85t57 7

BB P15 BB A SAS E4E80EE (SAS, 2002) HETTH AT 74T o DA —ME&R 141 =027 (General linear model
procedure) #EFTE T AT 0 E A REE A BEF > FFLL LSMEANS (Least squares means) [ VU e i iz 2 S35 (5
ZAEREEN  BE/KAER P<0.05 -

AERLUNTIR R REE - AESIEE RMERZ Gt o BB Y = n + A+, P Y, FR5F i e
TR AL TR RIS 5 M BUHIE (1=0, 2,4, 6% RKINE - j= 1 £ 4 1) > p FREBUIIE > SEH51E
Al FoREAIEE fgE NIRRT EXE » & RIEENTE - Q4 SIEMRMEIR - BRI - BN —KREHR K BEREM
S G AT R Yo = o+ A e 0 U Y RO | RATHRA S TRDER I B AR 58 § P56 k &
JEZBUAME (1=0,2,4, 6% RIIE > j=1 2 48 > k=125 1 &) p FRBEUIE 2 FH9ME - A (AREIEE s
THVEERIIEXUE > € Fotfr=24E -

R B R ER

fEsd T ERSUENE - AN THIEF S REETHE - AR EREGREGERS - DA THIEESE
R g T R UL BT R Y 10% > 2155 (2016) $5H » 2013 4 B4 A 75 fifg 4 A= i 22 26,000 2300 FH il 2
B RE A i T HRHEE 28 2,600 A o ATHFT AT EE SR - Bt 2 g THRIK 3 K 77.2 /100 g -
EHE ~ HAERT ~ MRy BOfHEREE T B Ry 4.42 ~ 0.11 ~ 1.35 F23.99 ¢/100 g (HrffY)E ) » #pifeis 2 B2 et i dd T il
K4y B 1131 £3.00 g/100 g > FHEE S ~ KERSHS ~ FEIKSS BorE 48453 7l By 18.60 £1.29 ~ 0.97 £ 0.34 ~ 5.39+0.20 &
13.86 +2.07 g/100 g (FZ¥JEE > n=4) = Lee et al. (2012) [KUIBR i1 E B8 1% M B TR 22 GLN 2 FR 6% 4k FT N DARZ K
(65°CHzZIE 3 H ) Myt BURETREARINY) » o irés RE R HRZYE 931.0 + 3.0 g/kg - HHEEHE 86.3 + 0.6 g/kg ~ HHIK
53 56.410. 4 g/kg ~ fHAEAE 133.2 £ 2.6 g/kg ~ ZEkHHH#17.9£0.2 g/kg ~ $55.6 £ 0.1 g/kg Fhk 4.7 £ 0.1 g/kg » MiE:
BATRZYE T & 2 S E SRR R T B AR KA E 2 B 165.0 mg ~ B-1-3-D-glucan 0.6 mg ~ B {F (Adenosine)
58.9 ng ~ ZAEEE (Ergosterol) 1.28 mg ~ 48L& 5.0 mg (Gallic acid equivalent) - AEREg T 2 A S 4d ™ RVEHA
N T HIEE ffgh T A8 AR 2 THIEL - B Lee er al. (2012) T2 &g iR et A N LUIBR G ds T EiE% - B8
AR ZZBNZ ZEIRE AR E o RS s E Y SR Z R EHERE & & FEAHEE R » BURGEEE]
EEVIE A AR R - BB Z BIGEERES - 2R - MIESEEEESE - BN ESESE - 12RIRIFRTE
#E (Li and Shah, 2013; Bederska-Lojewska et al., 2017) o = E R F5 M i S i B E YRSB4 - BHiELLHE
BEEERHELT - B s 2l AR E R ENE -

F2 2 GEREUR 0 RTINS M TRV 1 HieZ 4 810 - 5 £ 8 8H - 9 2 128K K 1 HiR R 12 88k
HiE SRS E - fRHR A & R ARSI R METE 2 5 E 4% MEIBER 9 2 12 AR 2 AR agFES
TR ERAH Ko 6% NHN4H © Gk sRAR DA ffdd T R MR MR S A i S LFa IR Y 2 28803 3 Fiors » 6% Il
AHREEN 8 RS AT 2 BANE e IS BA RS R ~ BRI BR PN BL B R R fE S (RS 4% IRNIN4H - 4% IRNIN4HIE &~
[ = % HH B R S B A BHRAE > 2% ININAHES & 2 AT S LY RS B 6% R4 - i faie RIS
fgE T RAVRHRE 12 8% 1 28 S ESIUR MEAR S AT A LI RER s B s 2 -
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Table 2. Effects of Pleurotus eryngii stump waste (PESW) in the diet on growth performances of White Roman meat-type

geese
Treatment'
Pooled SEM

Traits Basal 2% 4% 6%
1-day-old, g/bird 118.23 118.63 117.20 119.75 2.31
Body weight gain, g/b/d

1-day-old to 4 wk 91.62 93.15 94.09 93.05 1.27

5to 8 wk 81.04 81.67 73.52 81.70 4.19

9to 12 wk 44.40 49.72 53.15 47.52 2.89

1-day-old to 12 wk 73.16 75.56 73.16 74.85 2.03
Feed intake, g/b/d

1-day-old to 4 wk 149.34 153.77 151.56 149.68 1.87

5to 8 wk 358.56 374.84 360.64 359.15 8.44

9to 12 wk 377.23° 403.17* 412.28* 376.70° 9.41

1-day-old to 12 wk 293.78 309.08 299.60 293.94 6.86
Feed conversion ratio, feed intake/body weight gain

1-day-old to 4 wk 1.63 1.65 1.61 1.61 0.02

5to 8 wk 4.42 4.61 5.04 4.40 0.23

9to 12 wk 8.59 8.21 7.80 7.94 0.39

1-day-old to 12 wk 4.02 4.10 4.10 3.93 0.06
Feeding profit from 1-day-old to 12 wk, NT$/goose

Cost of feed eaten 269.6 304.6 3239 332.0

Price on sale 4134 426.7 413.3 422.9

Crude income 143.8 122.1 89.4 90.9

n=4.
" Diet supplemented with dried powder of PESW at the level of 0, 2, 4 or 6% of feed, respectively.
" Means in the same row with different superscripts differ (P < 0.05).

3. ERRAIE AEaE TR B S ISR IR s
Table 3. Effects of Pleurotus eryngii stump waste (PESW) in the diet on plasma profiles of White Roman meat-type geese

Treatment'
) Pooled SEM
Traits Basal 2% 4% 6%
Week 8
BW?, kg/bird 4.97 4.80 5.06 5.25 0.24
CREA’, mg/dL 0.19 0.20 0.16 0.16 0.01
GOT?, U/L 17.50™ 18.38% 24.38* 15.88° 2.77
GPT?, U/L 12.75% 14.38% 15.63° 12.25° 1.06
CHOL’, mg/dL 151.13 149.13 156.03 146.13 8.19
TG?, mg/dL 103.50" 93.50 82.00° 87.13" 6.35
CAT?, nmol/min/mL 7.09 8.76 5.50 7.02 1.56
AntiOxs?, mM 0.48® 0.44° 0.59* 0.66" 0.06
SOD? U/mL 18.59 25.45 19.72 14.60 428
Week 12
BW, kg/bird 6.07 6.01 6.30 6.51 0.33
CREA, mg/dL 0.16 0.14 0.14 0.14 0.02
GOT, U/L 16.75 14.13 12.75 13.63 1.54
GPT, U/L 13.25 12.75 12.38 12.88 0.76
CHOL, mg/dL 155.50 154.88 175.63 153.75 8.84
TG, mg/dL 146.38 161.75 137.13 145.63 16.61
CAT, nmol/min/mL 8.15 8.52 8.35 6.29 0.95
AntiOxs, mM 0.71 0.90 0.70 0.81 0.07
SOD, U/mL 15.48 16.38 15.47 22.23 4.32
n=_§.

' See footnote of Table 1.

> BW: body weight, CREA: creatinine, GOT: glutamic oxaloacetic transaminase, GPT: glutamic pyruvic transaminase,
CHOL.: total cholesterol, TG: triglyceride, CAT: catalase, AntiOxs: antioxidants, SOD: superoxide dismutase.

" Means in the same row with different superscripts differ (P < 0.05).
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Table 4. Effects of Pleurotus eryngii stamp waste (PESW) in the diet on carcass performances of White Roman meat-type

geese
Treatment'
Traits Basal 2% 4% 6% Pooled SEM
Pre-slaughter BW, kg/bird 5.50 5.49 5.56 5.70 0.24
Eviscerated weight, kg/bird 4.02 4.00 4.10 4.16 0.18
Carcass yield, % 73.22 72.89 73.70 72.89 0.60
Left breast’, % 747" 7.51% 7.71° 7.12° 0.17
Gizzard®, % 3.19 3.02 3.06 3.13 0.14
Liver’, % 1.48 1.49 1.53 1.46 0.04
Spleen’, % 0.06 0.05 0.05 0.05 0.01
Abdominal fat pad®, % 3.36 3.97 4.01 3.92 0.27

n=_8.

' See footnote of Table 1.

* Percentage of eviscerated weight.

" Means in the same row with different superscripts differ (P < 0.05).

xS GRS SGE TR 5 2 S8 A — ks R ERE et 2 2 8
Table 5. Effect of Pleurotus eryngii stump waste (PESW) in the diet on proximate analysis and sensory evaluation of breast
meat of White Roman meat-type geese

Treatment'
) Pooled SEM

Traits Basal 2% 4% 6%

Proximate analysis 5.50 5.49 5.56 5.70 0.24
Moisture, % 72.89 73.34 72.91 72.86 0.28
Crude ash, % 1.28° 1.30° 1.30° 1.25° 0.02
Crude fat, % 3.44 3.06 321 3.13 0.21
Crude protein, % 22.93 22.88 22.91 22.48 0.19

Sensory evaluation 7.47° 7.51% 7.71° 7.12° 0.17
Flavor 4,64 479" 439 5.04° 0.19
Tenderness 4.11° 4.68" 3.93 4.07" 0.24
Texture 427" 4.59° 3.85 4.18" 0.22
Juiciness 3.92 4.07 3.54 4.11 0.22
Acceptability 4.35% 4.46° 3.85 4.46" 0.22

n=_8.
' See footnote of Table 1.
“® Means in the same row with different superscripts differ (P < 0.05).

Giannenas ez al. (2010) FERAE FAUR - GRE IR 2% RSt F4E T RS I 42 HIRDEO AR 2 A5 - IE R
BAPRAR - TR 1 24 2% 29 7] S P EL AT gt - B pA R BE A - 2 P9 % (Malondialdehyde) JREE » 37 R Rl f 4
B (R [ A EEAE e R e 4 EL S EIVRE T © Kavyani er al. (2012) DURESFE A0 BV T A ZE B (A REAE
RAIEHEY) » sABRtala y HEBEGIE - &0 T ABEETJREIA N1 4.5 mg flavophospholipol B4 s AR IR S R 4k
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#3 5~ 10 ~ 20 8¢ 30 g 5 &ERIEHEIIE PRI SRR 468 12 3% » AR O NHRR REREER EEAER - B4
FIEREHBTE A 22 - Fard er al. (2014) £R5F52 45 THVEL (Oyster mushroom waste) #f [ IZEAE R RS ~ 2
e S NE S R RURE 7 288 5 S SREUTRIN 1% FH2gh PREHEE RS | £ 42 HIROREZ R e s » SEERST
HZZRGHE S E - Toghyani er al. (2012) ELEIRNN 2% FE4E FRRIEOR I AR (1 g A-Max®/kg) ¥ H AR AE R
A ~ BRI MR MR 2 2 8 5 SEIREURININ 2% F24h PHRHEEE IR S Ozl 14 - 28 Hik 2 lRE K 1 £ 14
H e el » B M =R HHBDRS - &% F U Estinas R - A mEEaEFIRIT 1 2 3% #K
RS HE 2 TR E R HEEREY) > IR EEESESE - RIS =R EHERE - R RIER
J& ~ Pregsl s B ia baE)) - E A RMIR - Chang er al. (2016) LEEZEEEFH L 4L IR IIE S 5 2 12 Bl H
EESHAERMENANE 22 GERBUREIRETIRI 5% A EfeE 4 K - HEE RN A SR EL - AE
FHEREZE © Lee et al. (2012) FEsEARE TR 0.5 ~ 1.0 F 2.0% 75 gk 4k epil 5 0 N EE S EARRE R E LA S

28 GSREURTTEERS ORI - FHE - Ik - B R 2 B ELEBE - BRI LIRS REEETHK
A 2 N B R SR R A R AR AR 2 R o hamed e S sk er kel T F Bbiad( by - BF
FERAEE B R L R IE A A RS Z 3R o Lee et al. (2015) #E—H DL in vitro 531775 SEghE 4L IR 2 HLEBE T -
BHREY 100 mg 2 A g EaE TS el 22 BRI S, typhimurium E29 ~ E. coli O157 : H7 Jz E. coli DH50 B 2 Bt
BRI gk R v et ] B I S HA 0 A EE 2 BRIRCR - &hmad RS Mg ah IR ER ALY in vitro B
BYUERES) » (EREIRIAIIYI AT S A A RE 2 R -

A e B T B B 2 A i aE T R Y B 48 = A BB EERL R ID = IE AT 2 5% DA b > BEEET R 0~ 2~ 4 K2 6% FLIY
TR IR o M Ry {EVURE FRAH 7 GARRGR (R E AT - SREREEAPRRHEC 77 1 SR DA fadd T VR E i F B IR E0M A &
EREREE - FEO - FHEGEERERE (F 1) - EAESIEN 8 Bl 2 HIEER - HE(LEhE - BAk
(LB R R 12 Al A SiEE R - =R HAEs - HE(LERE - lELY) - BEEERE (£3) 5%
RIANIE fgd SRR A B3 T IEARSE - BRI as SRR — 80 #NEAHBIRITERER - FE0 - FHEE
ZBCTT B RE o MARECAEIRAH - ABar A 4 2 IS ETIE PRI fags T RDRLE 6% » WA EE 1 HERZE 12
R ERVERE ~ MURAHRY - B S e PaE s o 8 6% ANINAHIE EMAE 4% Nnd A BEE (R fAiwE S
REEHEE (R 4) KREK D EE (R S) » HEER PR 2 B R SEHE 2 S BT 4% ININAEEE (R 5) « BT
LREEERER K BhiE R AL TR AR - &S NISERRNIIETTIRE 2 6% °

g~ N TR - 570 i R bR 1 2 B g4 R 22 m iR & R B A 2 TEACK » WD E#ECE 20 A
WE > 8 g B Ry 225 8,000 T ~ SOMHBE AR fr ol S 15 2 ARG R A M s T VR BB azE THRIRK S8R
77.2% {55 > N TEZ RS fagh NHbE > i A& Ry 17.54 JT » SfhEtRERE R &y 30 o0/ AN - AT FAn i
ARy 2 7T/ A 0 RIEERHERM bz 82 sl SRR BCARLY By 50 7T/ AT BREZIE R Ry et R - 1248
IR S BB MR R o RE B B3 TR ) < B s » H2 e B8 U 0 FH A5 g B EE M I EE Y B - 3% 1 R &1
sl e RHE M FE 2R A Bl N RRDARIIE 2 N ie s » & 2 12 Fle 2 AIGETR A A 1 DU IAH s E e 2H
15 MRS IR DURTIAHEH IR 7 (= 2 ) « FHINBEEZ g TR K & 82 77.2% » fE KEmp A S ~ R
Mt k67 S S ~ SRR T ERFIERF A - M TR E NS - TR aEE R E Y8R ESOR
& RS ENR B EEREE RN - AR OERRELER R

ae &

ARBE R E B [MOST 107-2321-B-080-002] - I FHTTEbefd sk 2 B & & E S BRAT (LEEE IS
I TIA T SE AR > SR EEHTE -

ZEXR

AL - 2009 - 47 REERIEE R LR ETISRE MRS - BESRAERESEFT 18 © 3440

Jitart ~ 2555 - 2016 - BRI SE I EEENE o SRR RUE SIS & T © pp. 29-34 ¢

R ~ BRSEEE ~ EERL - SREDE - RS 0 2011 o SEEIRAERE Z A - SEEESE SRS & ET - pp. 59-
69 -

SUEM ~ BRI - BB SERE - 2016 - FRENGEEE EIUIC BT S e SRME 3T - RREEL ]S 285 + 72-82 -
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Abstract

The aim of this study was to evaluate the feeding value of Pleurotus eryngii stump waste (PESW) on growth
performance and carcass characteristics in geese. A total of ninety-six hatched White Roman goslings (48 males and 48
females) were randomly allotted to 4 treatments. Each treatment had 4 pens, with 3 males and 3 females respectively in
each pen. The experimental period was from hatched to 12 weeks of age. The four treatments were supplemented with 0
(control group), 2, 4 or 6% dried PESW powder, respectively, and the experimental diets were designed to be iso- crude
protein, metabolizable energy, and crude fiber. All geese were fed ad libitum of feed and water. The results showed that
higher feed consumption was found in the 4% PESW group than that of the control group at 9 to 12 weeks of age (P < 0.05).
Lower concentration of plasma triglyceride at eight weeks of age was found in the treatment fed with 4% PESW, compared
with the control diet (P < 0.05). Overall, there were no negative impacts on growth performances, plasma profiles, carcass
characteristics and sensory evaluation in geese supplemented with PESW diet. Our results indicated that dried PESW powder
could be used as a feed source in meat-type geese, which can be supplemented up to 6% in diet. We conclude that it is

conducive to the recycling of mushroom by-products.
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B K AW BE R AgEE R B2 ER O

Al
ERECY mEEC BLn it

WelbFH - 1097 H 9 H : #2H - 1104 H 8 H

W B

O R B TR ALY A S RIS A TE A (2 SR B AT AR A - 6 4 8
N AR 00 8 5 (RIEFISECE 5 [HATHRIER - AERREL 3 M - A 3 20 3 RHIE 6 & - pEELIRETE S
]~ RS R SR EURALEE > B4R 5 — 8 BT AETRR O — 12 BI T aiTE Y ASA9 (E/EEIRA -
FUR S — 8 IR O — 12 EEIRAT 20% G ASRO L > B4R S — 8 MBI TERTRT 9 — 12
LI 6] 20% EeH(E A UM B RAT 258 (TR ASROTO 4 » Z5DUAH A, 5 — 8 JEMSIRE] 20% Gl O — 1248
(T Bl RSAO 411 0 SEAALE 5 — 8 BSIRAT 20% STRHE AT MMERALIOE T AT 9 — 12 BT ati >
RSTSA9 4 - R 20% Eabhi (RLABHIARIE 20T 3 5 4 HETRHT R 80% B4l » Frastiafiaen 13 M iaiee
BT B RIORAT S8 - G55 > 5 — 8 JHHS RSAQ 4t MRS S (R B IE4H (P < 0.05) » RSA9 & RSTSA9
1 FDRHT A RIS (S SR (P < 0.05) » RSTSAQ 48 SRMEHCR I S B4 (P < 0.05) - 9 — 12
s ASROTO 4176 6 fRHT & B TR R BE SR B AL (P < 0.05) - 5 — 12 ¥ S S — 13 JlS ASROTY &
RSTSA9 R4S > ATRHR & RAIETE I BIRAL (P < 0.05) - RSTSAO 4G 8 Ml > (3% = e s Kt 12 48
s (T 4T (1 & BB (S BHIALE (P < 0.05) » ASROTO AISSEER 12 MU A4 (18 - SOl EIRE R (K5
RER T W I S (S R4 (P < 0.05) - ABBRassnal - RS PREH 5 — 8 JHHEEC 9 — 12 Ik IRAR
20% R E RIS MEIERAT OB A5 — 12 IS S — 13 MESHAEE M o e T A S el
zjg o o

BAgEE ORALISE - RSN - GTRE -

4

FERARE (GREC 1 NZER) sodk - o B2 RER 0 PRI 0 - ARSI E TR A2 Lk F A
HHEAWHRR » Z50HETE - RGBT ER  BEITRERH/KEVERE » HrpLIEIE HEE 78% &e ~ ks
SR 20% 0 BEESSEYH 2% (Trevisanato and Kim, 2000) © DAATZS &5 » Gardner et al. (2007) 354 A\JEEKIE 3 #R2A
TIPSR AR B LB R PR B RIE 6 FRLL_ A EE SRt a i - BEGSwmal by 41388 SRR
HAFRBER -

et EREUR > 2018 FEIREIZE EMEE AT 12,079 AH > FRETFFEEHRER (4 68.1% ) ~ FZ#& (5 122% ) &
BRE (5 3.1% ) > EEL 748 (BERTT (TTBEREZEE » 2019 ) o SRV BB E &kt OFRHE B 45T
2020 ) > FRE] 2019 FFEHIHEME 1 BEAMEAEE > THEHEOEPE - EEH - HAKIERE - Hp4aIa4y 0.4 500 (5
38.6% ) ~ &FA%4Y 0.28 EAME (5 27.1% ) ~ EHsr 8 EEAS 2 FHAMZHEY 0.35 S AME (5 34.3% ) © FR[E] 2019 A7 #E
CIZEEEEE 3.3 BN > T E R ~ ITEER - EIERHIE » HPEIE4Y 1.65 B AME ([ 49.5% ) ~ 4:7547 1.02
BN (5 30.8%) ~ Sy a2 HA AHHLY 0.66 SN (5 19.7% ) > EEbE A EEHL BN EFEIIZAE (Tea
waste) &2 H[IH 1 3 B A o

BB ESIN TAE AN ELY) » BRIIEM T R RENE (EHAER - 2255 2013) Sl AFVERE
RAFVEIRIE R - ERZEEEAREREEN - TTREEEYE - EefllhnE REESSREEE - IBEEE

|

() TTEbE e Z B B A SR AT Je E 2 55 2664 55 -
Q) fTEbtREZ E g T AT LEEEES -

Q) TTBIRREZ B EL R EMNSE -

(4) #E/EE > E-mail: wsd@mail.tlri.gov.tw °
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HHAAR S S ST HIRIHEE ST (B Rpk 0 1975) » BIEEROR S AT BE 4 & BAF - WA RIFHYAE (Huang et al.,
2008) - HfARET S » W%~ GG S R 6 — 9% (Hsu er al., 2000) © DAEIAE I E KR TRIEERT S - kS
SERRCEE R RN B G R R ETE - My - SUR ML BB B SR IR E R - S2IRAEHE -
RS BN R A S ERNIEERCT]  HERE S ZH (GRS, - REeRE AR - BHEKEYENL R E (Huang
et al., 2008)

RIS SEAT B OBV 45 (Total polyphenols) SEHEAEIERLSY (%% - 2013 ) - FLE&HIE
HE - fHE4E - MHAET - YR E BT (BIREE » 2004) - BHRFOEER N R & Gy - tHEISCRR
ZF FHEZ K (Wu et al., 2014; Rahman et al., 2016) ~ £ (Murugesan et al., 2005; Xu et al., 2012) 2 ZZH¥) (Huang
et al., 2019) FVARIREHEITRRAL » AGER B IO BIEAL A B A NGRS - /e N FEMERYMERFZER B T - a8
AREREREFIAM: - ek EIEVMIEEREAHE ARG E - HIDUR A E A S EREIEY)

M A
L S ERE e
ABR (o ] Z R AL L MRS S SRR ORI T - (A B i R ESERERZIRAL IR (Camellia sinensis) °
SRR ER TR - R AR ESKIE AR - 48246 (White Roman goose) HIlliE B BZ{LIMILRENSS - &)
ViERe R IR A S RIS SN - BREY) 2 A IR TR R R A g w A BT LE R RS
EERENY)IEEE K R/ NE I (B 10810 SREEE ) W LUEST -
1L sBapr
HEESHENS 100 S8 2 4 8 - B » BHIBE 45 ERRMIERIDECE 5 (HETRREEIAE - 40 3 1 - DU
FeBEtE > 3 A 3 B - BEEREIREG AT R I ((ERETRIEETE A - IRET 20% Bk EHETE R ~ BIMEIURALRE
EREETE T ) REGHIEE: (5 — 8 MHHRHSTHE 5 & 9 — 12 HEHRHEHE 9) > 73 F ASA9 (5 — 8 v/ 9 — 12 iR Ry
ERERHE RHEIRAE ) ~ ASRY (5 — 8 iR REDK - 9 — 12 BERIEER 20% EJFIE ) « ASRITY (5 — 8 HHER (L
BEEL > 9 — 12 FHIKER 20% ERHE ERRIMEIURALNEE R ) ~ RSA9 (5 — 8 HHHCIRER 20% & - 9 — 12
BB LB ) K RSTSA9 (5 — 8 FEHRIRER 20% Bl B HAIMEAURALINEER -9 — 12 BERWIELEER)
$t 54 - BAEREER 13 B E Y WEE RE LS MEURURE - SBREGTR 1 s -

*® 1 RARAEN O S NG R EE G
Table 1. Experimental design of the feeding trial with wet black tea leave residues (WBTR) for White Roman meat-type

geese
. Age, weeks of age
Group Dietary supplement
5t08 9to 12 13
feed Ad libitum Ad libitum Ad libitum
AS5A9 (control)
WBTR — — —
feed Ad libitum -20%' Ad libitum
A5R9
WBTR — — _
feed Ad libitum -20%' Ad libitum
AS5R9T9
WBTR — Ad libitum —
feed -20%' Ad libitum Ad libitum
R5A9
WBTR — — —
feed -20%' Ad libitum Ad libitum
R5T5A9
WBTR Ad libitum — —

' The levels of feed intake were calculated by the average of the ASA9 groups for prior to 3 - 4 days duration.

B & 2 B o R o 2 B R B R AT (2 NRC (1994) K EIN B R E2E 5} (Huang ef al., 2008)
acat > BRI R BC TR R 2 - BUBRIAR Ry 5 — 13 48l - 70 8 ~ 12~ 13 Bl USSR 2B E R S —
89 — 12~ I3 EIRIHHE L R & E - fat FETRHE#R (Feed conversion ratio, FCR) J B HZ ) B 4 -
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AGTA 8 K 12 HEE HIEREE SN 1 2 1 RHEE 2 FIRSER AR IURAE o > &880 & L LANNER T-900 [ 2E (57
(LANNER Biotechnology Co. Ltd., Taiwan) it &40 EELH M HEEE T 2 44HE[E S (Total cholesterol) ~ =% H
Ji5 (Triglyceride) ~ BkRz % S S B EE Nz (Glutamic-oxaloacetic transaminase, GOT) ~ ZEHEE PN Il g S Rz (Glutamic
pyruvic transaminase, GPT) ~ 4475 [4'& (Total protein) ~ =% & A5 & 4 & &l (High-density lipoprotein cholesterol,
HDL) ~ K E 5 & A IEEE (Low-density lipoprotein cholesterol, LDL) & & ° J24L 558 ALK 65 C Rzl 48
INEF o HZMRER LA TR HUBRAL B 1T T - HFrE 2Ky ~ HEEE - AN - tHARE - BREAR
e~ HodsdE T - 85 BE - BRKILEYIRSETEGE R EZ B g & Bt BER Lo i - 4208
KT ~ IR - O R AR R S 8 R B R AT (2006) AT AL AABER AR 0T 7EMIE 2 - AR R AT E SR
%3 ZRLURARERERRZ -
72 2. sl B AH p

Table 2. Composition of experimental diets

Ingredients Starter Grower Finisher
(day-old to 4 wks) (5 to 8 wks) (9 to 13 wks)

Corn, ground 61.55 64.20 61.60
Soybean meal 29.00 21.50 15.70
Alfalfa meal — — 11.00
Wheat bran — 5.00 6.00
Dicalcium phosphate 1.30 1.60 1.32
Limestone 0.70 0.80 0.43
Fish meal 3.50 — —
Molasses 3.00 3.00 —
Rice hull — 3.00 —
Soybean oil — — 3.00
Salt 0.30 0.30 0.30
L-lysine — — 0.10
DL-methionine 0.25 0.20 0.15
Vitamin premix' 0.10 0.10 0.10
Mineral premix’ 0.20 0.20 0.20
Choline chloride, 50% 0.10 0.10 0.10
Total 100.00 100.00 100.00

Calculated value
Crude protein, % 19.78 15.23 14.38
Metabolizable energy, kcal/kg 2,926 2,817 2,964
Calcium, % 0.99 0.86 0.76
Non-phytate phosphorus, % 0.39 0.44 0.36
Crude fiber, % 2.93 4.45 5.40

Analyzed value
Dry matter, % 87.95 88.43 88.92
Crude protein, % 19.61 16.20 14.22

' Supplied per kilogram of diet: vitamin A 10,000 TU, vitamin D, 2,000 IU, vitamin E 20 IU, vitamin K, 3 mg, vitamin B, 2
mg, vitamin B, 5 mg, vitamin B¢ 3 mg, vitamin B,, 30 ug, niacin 30 mg, pantothenic acid 10 mg, folic acid 2 mg and biotin
200 pg.

? Supplied per kilogram of diet: iron 200 mg, copper 30 mg, manganese 160 mg, cobalt 500 pg, zinc 100 mg, Iodine 1.7 mg
and selenium 300 pg.
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Table 3. Nutrient Composition of wet black tea leaves residues (%, dry matter basis)

Items

Dry matter 25.34
Crude protein 6.32
Crude fat 0.99
Crude ash 3.47
Calcium 0.51
Phosphorus 0.24
Carbohydrate 57.33
Crude fiber 11.79
Acid detergent fiber 24.42
Neutral detergent fiber 29.04
Total polyphenols 6.05
Caffeine 1.75
Free amino acids 0.50

L &t

sl B8 P 580 AL SAS EASHES (SAS, 2002) #EFTHET 747 DA — M4 5 =UF2 7 (General linear model
procedure) #ETTE 553 » 55 LL LSMEANS (Least squares means) EEEZ 5 fa G im B LI (E ] 2 22 FLEAE M - BA
EKAE R P <0.05 -

sl DA R B T SR PR B - A S RN et o2 N Yy = n + A +g 0 P Y, T
55 1 fHEA IR EE I )70 56 j M BUHIE (1 = ASA9, ASRY, ASRIT9, R5A9, RSTSA9 55 5 pRBH4H - j =1 2 3 1)
p FROREUHNE > P > A" TR R R U o ¢ IR E o (B8 S REMETEIR 2 St B R Y
=p+ A ey o TP Y FORE | AR TN 25 NG k SRS BUHME (1= A5A9, ASR9, ASRITY, R5A9,
RSTSA9 S5 S pRH4H - j= 1 B 3f > k=12 1 &) » p TRBUIEZ PHE - A RIREFREHNE » & Mk

e RN

s REUR - AR 2 B K EERAL AR Y E & 8 K 25.34% 0 2§25 (Dry matter) ZKH&EH'E
6.32% ~ KHHAGHG 0.99% ~ fH K4y 3.47% ~ §%5 0.51% ~ B 0.24% ~ hig 7KAE &%) 57.33% ~ FH&E4E 11.79% » BE 5E 484 &
R A S R 7 ) By 24.42% 2 29.04% 0 HE 25 R 6.05% ~ YRR 1.75% ~ iFEERE AR 0.50% o B K5 (2004) 43 AT
BEEZFREESAMEERE 17 — 19% ~ G 0.5 — 1.0% ~ A4 16 — 18% - TESE (2014) /i HEELL R 2 A
2 (Catechin) 48 & 26.82 mg/g ~ 4 & 1% (Gallic acid) 448 2.15 mg/g » ¥5H§Z% (Myricetin) ~ i} 7 2% (Quercetin) &
el i Je HCEP B4 & 4.48 mg/g > %E[FEE (Chlorogenic acid) RIISRARHT » H55 (2015) MHItREE LR A E 2 4k ~ 3
Bl AR AR EE R R T Ay WURAOERR LR 4.2 — 10.1% ~ KHEEE A 1.5 — 4.5% > 4158
EEEARNER A R E R oY 111 — 1.37% ~ fHEEE T 26.0 — 35.0% ~ FHAEHES A 13.0 — 19.0% ~ fH
MRITITHL 5.0 — 7.0% » 4LAEBLER AR #[H] < 72 S B3 - Konwar and Das (1990) fi5 HH EN AL TR A 2 52
Y& 90.52% ~ FHE E'E 19.48% ~ FHAGHS 1.37% ~ FHIK 5T 7.58% ~ 55 5.46% ~ fisk 0.84% ~ FHAEAE 11.05% - B ZEEE
BOWB R  HAOBa A — BBy RASREMER Sy - (HAZ B2 A EE AR K R ZREf (Ozyilmaz and Geng,
2019) ~ Z5FE ~ FIFAAR ROHIE ~ SRR IFERE -

B R BERERZ SR AT N EE A A BT 2R B % - B ORAL A HTT ~ AL ERE T HIES A - HHARMIR

FETTRINTR 4 o HHEAEIRAE » HESRIER 5 — 8 HERIRET] 20% ikl & - dEpkiftenA - EIMENRELZNAE
f£& (R5T5A9 41 K RSA9 4l ) I8 THK 5 — 8 HRIGERIR B E XGRSO E i E e = (P
< 0.05) > & HE 2 e R G R R T B IRAH 72 (P < 0.05) 5 BEVRA 5 — 8 HEERIRET 20% ikl » WAFIRE
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EEWEP A RMERERI - Albastat R EHE B IMEHURAL A S TIRET 20% fiRl R 2 I§ETTHHEERE > ML
FYMA T ERE S B AR o ME RSTSA9 4HASERNRAIZVE VIS E HIRE E1E 36.3g 0 HEfAEZY) B BRI I
AR AHWE - GIRHRER - (R EREE - R BE T IE4E A (P < 0.05) » HEL R5A9 4
B AR BURNIY 5 — 8 HERET 20% gl REFIMEUBALNVEER » WAFINAESIEEH A RMERER
¥ o RST5A9 Kz RSA9 Wi4HIGHY 9 — 12 A KAEERME & HIS R ERIMRIRALAVE - MMAHIEER 9 — 12 8K
FIRHREE - fRIZYEREE - WE - R - Gl E g IR > JODL RSA9 41 R 78 » HEMI
BRR A 1% VA8 (£ & 2 AUE M4 & (Compensatory growth) AR - AHECA¥THEAH - ASRITO ZHEGEHY 9 — 12 HEIR
£ 20% gt E(HAEYMEHNRALSVETE > HIBAI B X 9 EHREEE 28.5g > MEHZERHREE - ey
BEREE - WE - G - GRS R B IR 22 (P < 0.05) < A 9 — 12 EEMEL TIRET 20% 6
PIEEARREIRALZOE 2 ASRI 4HIEE » H 9 — 12 HiRGIRHR & 8 KRB e 2B E i iagg /b - ik
B R BRI R MR IR AH B 7 - MR S R E /K - BURIN AR 2H6 9 — 12 FHEIRET 20% Rl » &
9 — 12 BB IEEERHR B RHETIE 9 — 12 HRERIE AR - GER Y EEHER » MR 20% k& HEEIb
REVRBAVEEE - A FIR ARSI 2 A RIERERIA - WETRIECALL 12 7T /kg 5 » IREALZERLALIEH 8,000
TCHRAE 20 N AEEG A AN T - R IL 2 7T ke (E AR 5 — 8 HERET 20% GRIE (R5A9 4H )
Bt 9 — 12 FHELFREF 20% 6kt & (ASRI 20 ) » w73 HllE/ D B 28 2 WIS G A 8.9 T/ & (5.42%) 5 8.7 ju / &
(5.30%) 5 s 5 — 8 FHIRET 20% EaRHEERS MR ALRLLAOEE R ( RST5A9 4H ) Bt 9 — 12 KR ET 20% fafiHE
FYMRILRAAEEE (ASRITI 4H ) » w73 Rk Dl AN 11.7 JT / & (7.13%) B¢ 16.6 7T/ & (10.12%) -

BREAGEH A ES R MHR 2 S EY RN 5 o AN HIRA > NAESRE S5 — 8 HlRIRET 20% Ak EE
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AAE S HEER 6.3% ~ A£Y)iR 3.1% @ (HARMEEE (Glycoside) fiigtHs (Resin) - AGEgds TAEE (T EIRELERM
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Table 4. Effects of feeding wet black tea leaves residues (WBTR) on growth performances in White Roman meat-type geese

Ttems Group' Pooled
ASA9 ASR9 ASRIT9 R5A9 RST5A9 SEM
5 to 8 weeks of age
BWG’, kg/pen 11.55% 11.51% 12.01° 8.95° 9.67° 0.48
FT*, kg/pen 39.26" 38.73° 38.43° 33.96 32.45° 0.59
WBTR?, kg/pen — — — — 6.09
FCR® 3.42° 3.38" 3.20° 3.80° 3.99* 0.12
DIDM’, kg/pen 34.71° 34.25° 33.98" 30.03° 30.01° 0.52
FCR (DM)’ 3.02° 2.99 2.83 3.36 3.10" 0.10
9 to 12 weeks of age
BWG, kg/pen 3.87" 3.12¢ 2.24¢ 5.50° 4.88" 0.39
FI, kg/pen 33.84" 30.53° 24.76¢ 35.05" 33.86" 1.03
WBTR, kg/pen — — 4.79 — —
FCR 8.75% 9.82° 13.33° 6.49° 7.04% 0.60
DIDM, kg/pen 30.09° 27.15° 23.05¢ 31.17° 30.11° 0.91
FCR (DM) 7.78" 8.74° 10.41° 5.78¢ 6.26% 0.52
13 weeks of age
BWG, kg/pen 1.00® 0.78* 0.95® 0.76" 1.09* 0.11
FI, kg/pen 8.98% 8.44° 9.77 8.58" 8.87° 0.27
WBTR, kg/pen — — — — —
FCR 9.08 11.26 10.77 11.85 8.27 1.52
5 to 12 weeks of age
BWG, kg/pen 15.42 14.63 14.26 14.45 14.54 0.64
FI, kg/pen 73.10° 69.26™ 63.19° 69.01° 66.31% 1.26
WBTR, kg/pen — — 4.79 — 6.09
FCR 4.76 4.74 4.78 4.79 4.99 0.14
DIDM, k/pen 64.81° 61.39® 57.03¢ 61.20° 60.11" 1.12
FCR (DM) 4.22 4.20 4.01 4.25 4.14 0.12
5 to 13 weeks of age
BWG, kg/pen 16.42 15.41 15.20 15.21 15.64 0.59
FI, kg/pen 82.07" 77.70° 72.96° 77.59° 75.19 1.37
WBTR, kg/pen — — 4.79 — 6.09
FCR 5.01 5.05 5.12 5.11 5.20 0.12
DIDM, kg/pen 72.79° 68.90° 65.72° 68.82° 68.00° 1.21
FCR (DM) 4.45 4.48 4.33 4.53 4.35 0.11
Feed cost’, 5 to 13 weeks of age
NT$/goose 164.1 155.4 147.5 155.2 152.4
" See Table 1.

> BWG: body weight gain, FI: feed intake calculated as fed basis, WBTR: wet black tea leave residues calculated as fed
basis, FCR: feed conversion ratio (feed intake calculated as fed basis /body weight gain).

* DIDM: diet intake (feed + wet black tea residues) calculated as dry matter basis, FCR (DM): feed conversion ratio
calculated as dry matter basis.

* The price of feed and wet black tea leave residues was NT$ 12/kg and 2/kg, respectively.

b4 Means with different superscripts within the same row differ significantly at P < 0.05.



15 RALRES O RS NG R HE R

5. REUDRER O RS WIBME MR Z s 2
Table 5. Effects of feeding wet black tea leaves residues (WBTR) on serum profiles in White Roman meat-type geese

Items Group' Pooled
AS5A9 A5R9 AS5RIT9 R5T5A9 R5A9 SEM

8 weeks of age
GOT?, U/L 32.00 2433 35.50 22.17 23.00 3.96
GPT’, U/L 11.83 11.33 11.67 7.00 10.50 1.33
TP? g/dL 3.88" 3.60™ 3.68" 3.67% 3.33 0.10
TG, mg/dL 152.2° 154.2° 146.5® 73.0% 67.7° 18.7
CHOL?, mg/dL 129.3 131.2 141.0 1433 158.8 8.1
HDL?, mg/dL 69.67 71.00 75.67 80.83 86.33 4.29
LDL?, mg/dL 51.33 51.83 58.50 58.33 69.00 4.92

12 weeks of age
GOT, U/L 20.67 24.00 20.83 24.50 29.33 4.00
GPT, UL 10.50® 12.50® 6.83° 11.50® 14.50° 1.56
TP, g/dL 4.55° 3.98° 4.03° 4.10° 4.20° 0.10
TG, mg/dL 110.0 85.8 70.0 100.2 108.2 11.7
CHOL, mg/dL 203.5 173.8* 162.3° 182.5% 209.0° 8.8
HDL, mg/dL 101.2* 91.0" 87.5° 92.0™ 103.8° 3.9
LDL, mg/dL 99.0° 80.0™ 71.7° 84.5" 103.5° 5.9

' See Table 1.

> GOT: glutamic oxaloacetic transaminase, GPT: glutamic pyruvic transaminase, TP: total protein, TG: triglyceride, CHOL:
total cholesterol, HDL: high density lipoprotein cholesterol, LDL: low density lipoprotein cholesterol.
“® Means with different superscripts within the same row differ significantly at P < 0.05.
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Abstract

Tea leave waste is the by-product from tea production or processing. The aim of this study was to evaluate the feeding
value of wet black tea leave residues (WBTR) in White Roman meat-type geese. A total of ninety White Roman geese
at 4 weeks of age were randomly allotted by gender to 5 groups according to feeding phase, feeding ration and WBTR
supplementation. Each group was replicated in 3 pens, containing 3 ganders and 3 geese. Five groups with different rations
were represented by A5A9, ASR9, ASRIT9, RSA9 and R5T5A9, respectively. The ASA9 control group represented the birds
fed ad libitum from 5 to 8 and from 9 to 12 weeks of age. RS or R9 represented the birds fed 80% feed provision, which was
the feed intake calculated from the average of the control groups prior to 3 to 4 days between 5 to 8 or 9 to 12 weeks of age.
TS5 or T9 represented the birds with supplemental WBTR ad libitum from 5 to 8 or 9 to 12 weeks of age. Finally, all geese
in each group were fed ad libitum without WBTR supplementation at 13 weeks of age. The results showed that lower body
weight gain and feed intake, and poor feed conversion ratio (FCR) in the RSA9, R5A9 and R5T5A9, and the RST5A9 group
at 5 to 8 weeks of age, respectively (P < 0.05). Moreover, lower feed intake and poor FCR were found in the ASR9T9 group
when compared with the ASA9 group at 9 to 12 weeks of age (P < 0.05). At the age between 5 and 12 weeks, feed intake of
the ASR9T9 and R5T5A9 group were lower than that of the ASA9 group (P < 0.05). The levels of serum triglyceride at 8
weeks of age and serum total protein at 12 weeks of age of the RST5A9 group were lower than those of the ASA9 group (P <
0.05). Serum total protein, total cholesterol and low-density lipoprotein cholesterol levels of the ASRIT9 group at 12 weeks
of age were lower than those of the A5A9 geese group (P < 0.05). We concluded that body weight gain and FCR at 5 to 12
weeks of age are was not affected by the 20% feed restriction with supplemental WBTR at 5 to 8 or 9 to 12 weeks of age in
White Roman meat-type geese. Moreover, the feed cost can be decreased.

Key words:Wet black tea leave residues, White Roman meat-type goose, Feeding value.
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o

L EH R %
T3 (Normal wing, NW) B & ERVRNHSLE Y TR BAEASY  ZIVR - ISR RRS
SN > AAEFIEZ (A (EPRAEFIFE = 0°) < ABES - TR (Angel wing, AW) -2 ERTIFMSMUBI - HE
PRI 1 SEFE AR  (RBRFARE Y > 08 < 90°2 M8 (4% » 2012) -
R34 /£ (Incidence of angel wing, IAW) A BHIRSUET 8 52 14 8l TR S5 » 98GR LB

52 (B ERARIE L By 0 ) 3 > EFRISEREE ARy 0% © A IRRIAER » AR RS BB EARE  $91H BTtk
BERER Ty 100% o NI EHiisE LR REI EHA —EME -
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* 1. IEEFHIN A RIS B4R
Table 1. The feed formula and composition of the starter and grower periods in geese
Item Starter period Grower period
(0 — 4 wk) (5 — 14 wk)
Ingredients (kg)
Yellow corn 614 642.5
Soybean meal 260 215
Wheat bran 20 50
Fish meal, 65% 50 —
Molasses 30 30
Salt 3 3
Dicalcium phosphate 10 16
Limestone, pulverized 7 8
Choline chloride, 50% 1 1
DL-methionine 2.5 2
Rice bran — 30
Vitamin premix' 1 1
Mineral premix’ 1.5 1.5
Total 1,000 1,000
Calculated values
Crude protein, % 20 15
Metabolizable energy, kcal/kg 2,900 2,800
Calcium, % 0.82 0.73
Total phosphorus, % 0.67 0.64

" Supplied per kg of diet: vitamins A 10,000 IU, D, 2,000 IU, E 20 IU, B, 1 mg, B, 4.8 mg, B, 3 mg, B,, 0.01 mg, biotin 0.2
mg, K; 1.5 mg, d-calcium pantothenate 10 mg, folic acid 0.5 mg and nicotinic acid 25 mg.
* Supplied per kg of diet: Cu 15.0 mg, Fe 80 mg, Zn 50 mg, Mn 80 mg, Co 0.25 mg, I 0.85 mg and Se 0.075 mg.

V. HlEE 5

(@)

(i)

gk ATE H

JEEN 8 B 14 IBERI - fEABREHAZHEREEF I T - GERENAIE 3 ERAIE3 & - L
iAol 72 EH5E - By HIFRHFEAFARMUK - &80 (1,000 xg > 10 7388 ) WCEHMUE R - ot
L7 27 5k B E&%ZE& 7 I (Glutamate oxaloacetate transaminase, GOT) ~ %k 7 % PN I % 65 f2 [ (Glutamate
pyruvate transaminase, GPT) + 4% & [ & (Total protein, TP) ~ = & H ;i fig (Triglycerides, TG) ~ 4 & [&
(cholesterol, CHOL) ~ & (Albumin, ALB) ~ ERZE [ (Globulin, GLO) ~ 44§75 (Calcium, Ca) ~ # (Phosphorus,

P) - 5% 5 A5 1 — & & IS (High density lipoprotein-cholesterol, HDL-C) » {& %% & 5 & [ — IE & BF (Low

density lipoprotein-cholesterol, LDL-C) 215 H » 2 f&# 15 4 (B E 2 € DL 4 B #1102 {b 57 M7 (Hitachi
Autoanalyzer 7150, Hitachi, Tokyo, Japan) » B DUHEIELH#ETT 2 - HIEK (White blood cell, WBC) ~4[ ¥k (Red
blood cell, RBC) ~ [MAFELL (Hematocrit, HCT) ~ S MERESFE (Mean corpuscular volume, MCV) ~ S5 ER (1
ff12% (Mean corpuscular hemoglobin, MCH) ~ 4T [ EK 1 A F&EE (Mean corpuscular hemoglobin concentration,
MCHC) ~ [fi/]M} (platelet, PLT) ~ [f11/MK 55 & & (Platelet distribution width, PDW) ~ SEHJ [/ MEESFE (Mean
platelet volume, MPV) ~ AFU /M EE] (Platelet large cell ratio, PLCR) ~ [fli/MEZFEEE (Plateleterit, PCT) £
fEMmER 2 RE LA 2 BB ER 737 (Sysmex K-4500 Automated Hematology Analyzer, Sysmex, Hyogo, Japan) »
T DA RA SR AT
P R B AR A A E

EER 14 BENS - (8 67 8% %5 1S g B 4H 222 A 58 U et 32

.J

LHEERIGE Z N NHEE% 2 & - 5724

“ﬁﬂi
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& BEA I8 /NER - DIIIE&E 2 ARE RAFEPIRE  WHT 560 - 228 - 525 E &4
10 em - Z50 10% FPEREEMR 24 h DLE - (ERVIR A LR ACE K 4L (Haematoxylin and Eosin, HE)
Aefofte » OCTBRET 5 bIH BEL-B56E S Motic Image Plus 2.0 R R4 6:85 1 KU -
V. it
A T 5 BUE DL ST 0 1T 2148 (SAS, 2004) HEFTEEET 047 » (68 F — e &R M =0R2 /7 (General linear model
procedure, GLM) #E{T8 90T » B/ NE T {EE (Least square means, LSMEANS) 5HESEIEE » Wik E H
A 2 MZR 7 EEE -
AE B LA 3 Fe ] e 7 P e P Ry A T BA 2 MR (AR BHE ) x 2 1 ( B RIEEBISIEE ) 2 4 ERHE T
TOGNE - Hagat ot < By
Yiim = 0+ D+ 7 A + S+ (A X S)y + gy
A Vi © TR | HE B ERE ~ 56 5 kK (ERREEELISERA - 5 1 {EMHEE - Em &
Y& BUIHE -
w o RRATEBUHIEREEE -
D, : FREE 1 GRS R A & EXUE > i = HD, MD, LD ©
Yy - oA Ryt 2 S - Hoyij NN (0, 02y) ©
A TR k BIRIREBIR IS G R 2 [EENE k=Y, N -
S, + TR | MERIE I > [E EXE > 1= Male, Female ©
(AxS), * T~ k BFRIEEBIEIEE FR L | MERIREH 2 SCREH -
Eum - FONIGRERERL (F5% ) RAH A ARAEMRE > 2% (Random error) > H gy, N N (0,6%) °

e RN B

An 8 Bl 14 A IS EREN 3 HEABREMAREYE > HRESEEREMT F 3.97 ~ 3.62 £ 3.41 kg
B15.09 ~ 4.84 Jz 4.56 kg > 7RI 3 TEAAR R YRS 8 B 14 AIRIGE  RIRES A RIEREETE - At E
BEEBITRE (2012) 2 HERGS R A HEESS > #8E 12 HEES EIRETERE (1.2~ 1.5 K 1.8 &/m’) (k7 5 4.62 ~ 4.43
Fe4.49 kg - H3 Z 12 FERRREEIMRF 5 17.1 ~ 16.9 F 16.5 kg - HH EATA > BEIFEFEREEBASE - (FIEEHE
RS > SRR B E T > Siais SR B B TRE o 1 EAREN E T 0 ERE hEri S RIVIRE
HigE A R EER » NI EMHBIRAAFTEER (£5% » 2004 ; 585 » 2010 5 #£% » 2014 ; Pope and Emmert,
2002 ) -

HiEABZE L ESUEMRIEES £ 215 - SRHREE Y SERZNAERRR - 1€ 6 Bt S ki EIREE I i
HIHE > 213 — 14 B DRV HEL R R ATEE RZVEE HIRRIEENER - [FiF > AEIgEn 6 — 128
AR IR AR - BB R 13 — 14 iR KMIKERIEFEE /M - #HOHREER 6 — 12 FfRls > T3
PIEARET  ARBIF P AR 2R (FHEFE Y BB EE RN - A SRR G & R Rk -
[t4) > Pitman ez al. (2012) Z #HieS5TREUR » BERg i SH4%E (Masked Boobies chick) HIRARIEIE T - i PIES
HEREF (Fledging age) » WG IEH 3 2 M « Ak NG — 18 E 0 8 Bl HIREE RI%EE% » 1Y 14 HilK
1B IER B AMA > B HD 4HE8 &N 8 1Bl 2 RSB IS AR 42.1% [F 2 HY 14 Bl &~ 39.4% Tl HIILIRS -

Aillin 2 EREEAGIEE 14 AR i E - AERERPBUWARNERE 2 Fin - Hp@Ee 18 /MR - 14 BN
JERS A NHIEE /5 EE (541 vs. 4.64 kg, P <0.01) - 14 HiR AREEIEEEE 18 /N 2 BEARIEEEE HE
2% (5.23 vs. 4.81 kg, P<0.1) - 14 JHi ERMEEAEE ~ AP E EEE IR F 3 E FiIK (48.3 vs. 53.1 g, P<0.05) -
14 B8 A G2 /AN B EEE R RHIEE yE (54.3 vs. 47.2 g, P < 0.001) - 14 8l Bt EIEE ~ 7238 B8 /A%
B BothEERIEEEE KK (14.5 vs. 16.4%, P<0.001) - H EAL7 S5 REUR - AIBEER ZGE K AAH L PIEE
s E BE - MRS E 2 BE AR P EEAMNIMZ 2% - HEREe B P EEA HFEHG - AIFERALE
o BEREEIEENEDIFE  ER > YR AE FREPIKNFING - RGP EEESITEIIE TR - $EEPIEEZ
CLfE ~ BEEE MR AEES S FTES2E (Mustafa, 2008 5 Kozdk, 2011)  Mustafa (2008) 354 » Turkish /\#8 27 376 & 14k
EEEHEE FyEE (230 vs. 196 g F2 129 vs. 104 @) » H. 10 AlRHSE DI B EBE T 12 HE# RS (202 vs. 223 g) -
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2. TRAREERNMERIE 14 BEIEERNE - ARE PR 22
Table 2. Effects of angel wing and sex on body weight, left wing weight and feather trait of geese at 14 weeks old

Item Wing style . Sex R Significance’

AW NW SEM M F SEM W S WxS
BWED at 14-wk-old, kg/bird 5.23 4.81 0.17 5.41° 4.64 017 + * NS
Weight of left wing, g 334 328 9.64 350 3127 9.65 NS * NS
Weight of de-feather left wing, g 271 265 8.03 289" 248" 803 NS ** NS
Feather weight of left wing, g 48.3° 53.1° 1.25 54.3 47.2* 1.25 ¥ o¥Ekk NS
Feather weight of left wing, % of BWFD 0.09° 0.11° 0.003 0.10 0.10 0.003 *** NS NS
Feather weight, % of left wing weight 14.5° 16.4° 0.41 15.5 15.3 041 *** NS 7§

W: Wing style, S: Sex, W x S: The interaction of wing style with sex, AW: Angel wing, NW: Normal wing, M: Male, F:
Female, BWFD: Body weight after 18-h feed-deprived.

' SEM: Standard error of means of wing style.

? SEM: Standard error of means of sex.

* NS: Not significantly different; ¥ P <0.10; * P < 0.05; ** P < 0.01; *** P < 0.001.

*¥ Means within the same row under sex without the same superscripts differ significantly (P < 0.05).

" Means within the same row under wing style without the same superscripts differ significantly (P < 0.05).

e B P W HIMUIK T A A S B SRS & Bt EHEE 22 7 (Dozier 111 ef al., 2006; Skrbi¢ et al., 2009) ° [
TEEEEE By 15~ 20 K 25 &/m’ B > BEEEE SN N > HIREE A8 K tEvRsEs & B8 2R MR - 2R
/% CHOL ~ TG ~ GLU KR % (Urea) %~ & &I~ (Ozbey and Esen, 2007) » {H55 A5 # & IS A AR > (8
HE Ry 17.5 8/m’ > % CHOL & EHEEEr 11.9 #/m’ ¥ B (Onbagilar et al., 2008) - AHERR &= E ffE e i
ARIMAE UA S &S0 (Machin ez al., 2004) » ZZEEREBEEE DGR - KBNS 2 S gHH UA J7(H -

A ER MR A AL E A4S SR 2055 3 Fios > LD 4 14 A & 2 10 UA & &8 HD & K5 (2.91 vs. 2.27
mg/ dL) ; 14 E#g MD 4HIGE 2 178 TG & EHE LD & K5 (190 vs. 140 mg/ dL) 5 HD & MD #5514 iR 2 1
8 CHOL & &#¢ LD FHAHE = 2% (160 f 159 vs. 146 mg/ dL) ; LD §§& i - WBC B{E#Z#: HD & Ly
(219 vs. 196 10°/L) - 14 FEFEEEEFEE @S » U5 CHOL 2R E - 2Rk WBC & & RIEE - HEHE1E
EREFEER S > TTREEKREERTTUIERE - 2105 CHOL & £ #E 8 Onbagsilar e al. (2008) A HHLIAE R > (HEL
Thaxton et al. (2006) 5 H (9 AZEAVETEZ EH 20 & S5kg B E/m’ » W AN EEi#ii% GLU 8 CHOL &8 2 4551 -
AL > Onbasilar e al. (2008) HEHIZE L6722 S 0] 55 B (FHARIR N ZE AL » LHESEIERSE AN - (/N E
MOTREF It EREH O NN A RS - ARBEEEEEEas  HiUE VA S8RI2@ER /S - IF
UA &8 EHMEEYE S hIREABEEENER  EXSEEEEESR - AT - HeEtHR a2 ieE
FEERE R HIRRENELEEMREE/D > BEUCHERIZNS (Purine) BV - RIRE IS UA & 81K -

IR 2 218l 2% » 41 GOT ~ GPT J LDH %5 » ‘EHFle 2 2HEE R A& H 2 f)% (Kaplan et al., 2003) » ]l
R T EERFEIYIAEM F 280 - BEE S E O EE - BHEEEMAERIE 2 £ I0 (Polat et al., 2003) ; H
RSN RIS [REMmAF AT iEEE 2 ~ TP & UA & &30 (Yiksek et al., 2002; Komnenou ef al., 2003) o 43 fE#g
BIEMIEEREEIN > 7 — 49 HRIBE 2SR ERE - AEARKEDSEMEEE =R > A4 HRIEE 2
B H B E H L E R 21 HERE 1K (0.42 vs. 0.76) (Elizabeth er al., 2008) - 734t H &R 2 HEY 3 — 24 MR 2
MURRTEEREUR - FEESAIET 12 Bl 2 A EE RS S RS Ry (505 - 1998 ) o 11 HiRFHACA
##& (% CHOL J HDL & 83488 5% 6 #illt % iy (Aprily, 2009) - (5 (s B 5075 >~ Hshi - CHOL K A5 filE (C16:0 ~
C18:1 % C18:2) & 875l Ko M HI 222 (Rosinski ef al., 1999) - RIERHZE £ 16 EHAR >~ 1% TG & F 300 — 1,200
mg/dL - B IRERE S (155 > 2002 ) o BB RIEURIE & F R BRI 2 IR B A Z R EEE - AE
PBHIER 4 Fors > 80k 8 i AR LSS & 7 ok A E M E 2 R - 8 AR/ A5~ f’F CHOL ~ HDL-C K
LDL-C & EEEWRHES S 4Rk 175 Bl 156 mg/dL ~ 72.2 B 62.7 mg/dL Fz 74.4 £i1 63.3 mg/dL ; {H 8 #EE5E /N
#6 2 )%F BUN & & HE(RHEES (3.29 vs. 3.53 mg/ dL) » W13 5 FR » 14 Bl A RIKEE GG E 2 (105 4 B E i
EEHL o 14 FESNBE 1175 CHOL Kz HDL-C & &9 sE E i REE fys (163 vs. 149 mg/ dL; 68.7 vs. 59.4 mg/ dL) °
EERE S EYIRE N T 2 5 B 55 2 FEARGERE » (HIR 8 2o AU RE SRS 555 [ OB S 7 A2 o BHEabeHE EL 2 fE[E
B IR B ERT B e > B AR B2 e N REEI B2 Y i AR - RIBE - [F CHOL & & ] KRG AER AT AR
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88 0 FiRLE St KBk ey & i - B E R HDL-C #30 fy 2 47#Y CHOL » w][jj 1k & ZE - fik it
BREUR - IEEINE L BRI G WA s BRI B HE - AHSI)% CHOL Jz HDL-C & BERHIEE Kis - AIAE
RIS EME R BEHER G 28 -

* 3. EEEEYE 14 ERIEEMRE CE PR

Table 3. Effects of stocking density on blood biochemical parameters of geese at 14 weeks old

Item Stocking Density SEM
HD MD LD
GOT 68.0 60.1 50.3 9.58
GPT 25.5 20.5 18.5 4.09
TP 4.81 4.52 4.32 0.151
ALB 1.96 1.90 1.87 0.047
GLU 145 149 152 9.30
BUN 5.92 6.05 5.72 0.246
UA 227 2.46" 2.91° 0.131
CRE 0.20 0.22 0.21 0.011
TG 164 190 140° 7.81
CHOL 160" 159 146 4.02
HDL-C 65.2 64.6 62.1 3.58
LDL-C 54.7 50.8 49.6 2.39
WBC 196° 212 219° 4.79
RBC 1.68 1.69 1.69 0.066
HCT 29.0 28.0 28.3 0.63
MCV 165 166 167 2.00
MCH 59.7 62.1 63.1 1.49
MCHC 36.2 37.4 37.9 1.01
PLT 9.01 11.9 10.2 0.671
PDW 6.09 7.16 7.48 0.407
MPV 7.76 7.72 7.54 0.147
PLCR 17.0 16.9 15.8 0.81

LD: Low stocking density, MD: Middle stocking density, HD: High stocking density, SEM: Standard error of means of
stocking density.

GOT: Glutamate oxaloacetate transaminase (u/L), GPT: Glutamate pyruvate transaminase (u/L), TP: Total protein (g/
dL), ALB: Albumin (g/dL), GLU: Glucose (mg/dL), BUN: Blood Urea Nitrogen (mg/ dL) , UA: Uric acid (mg/dL),
CRE: Creatine (mg/dL), TG: Triglycerides (mg/dL), CHOL: Cholesterol (mg/dL), HDL-C: High density lipoprotein-
cholesterol (mg/dL), LDL-C: Low density lipoprotein- cholesterol (mg/dL), WBC: White blood cell (10°/uL), RBC:
Red blood cell (10°/ul), HCT: Hematocrit (%), MCV: Mean corpuscular volume (fL), MCH: Mean corpuscular
hemoglobin (pg), MCHC: Mean corpuscular hemoglobin concentration (g/dL), PLT: Platelet (10°/uL), PDW: Platelet
distribution width (%), MPV: Mean platelet volume (fL), PLCR: Platelet large cell ratio.

" Means within the same row without the same superscripts differ significantly (P < 0.05).

*¥ Means within the same row without the same superscripts tend to differ (P < 0.10).

7Y 4 NG S 2 AL R KM ERAFEEIE 771 Ky 9.68 — 10.33 mg/dL Jz 32.5 — 33.75% (% > 1997 ) - HEESHG
N IS 2 AL ZRE ST ARy 11.3 — 152 g/dL J¢ 12.0 — 16.1 g/dL - AFE#A e 2 $E NIRRT E - HE 18 4
R RS > MR AR ¢ DLanfE Rl - 12 Je 24 iRl - BEESBAIEZMAFREBE R H G P EIEE M
IREHIBRIN 2 (BB - 1998 ) - B HEMUR TP ALIMEREL » MALER -~ MAEMLE - WEAEKHEA S ENEFE S
(Kececl and Col, 2011) » 1.5 — 2 pR#RERFT LA 2 ALMBREY ~ MATZRE & 5 MCV H B 72 SR, (Elagib and
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Ahmed, 2011) - ARaER45ERANF 4 PR - 8 FAE ERIEREIGE I HCT ( AELRHIE 2 F39E ) SR BEFR
ZEL (34.0 vs. 32.6%) 0 1f 8 MBEAIEZ MK MPV ( RIEEEELIEF HISE ~ FI9E ) BE RIS S (7.95 vs.
7.36 fL) » HAEE 1% PLCR ( B S EH 35 E 2 FI9(E ) A RHEE A= 22 (17.7 vs. 15.2) - SHa15%
5 FR 0 14 Al B RIESEIEE - R PLT (AEIRHEZ SF3591H ) S PDW (QEIRHIE Z SE35E ) SIEH BEEATR(K
HEER (9.38 vs. 12.0 x 10°/uL }7 6.59 vs. 7.35%) > [ 14 A \KE % PDW ( B2 (- Bfats > SVigE ) 8
ERRHEE AR #EES (6.63 vs. 7.32%) » HAREZ K MCHC ( ELRIESEELEH BEIEE 2 FI91HE ) ezE%ﬁx&%%
B (36.2 vs. 37.8 g/ dL) - JREIHZE S HE 8 s~ IR MPV i 14 3l > [k MCHC ¥ MRl 2 228

T4 TRAEREIERIEIEE 8 MRk LE FE

Table 4. Effects of angel wing and sex on blood biochemical parameters of geese at 8§ weeks old

Wing style Significance’
Item AW NW SEM' w S W xS
Male Female Male Female

GOT 47.7 47.1 44.6 47.6 3.47 NS NS NS
GPT 14.3 143 11.7 14.9 1.41 NS NS NS
TP 5.59 5.69 5.84 5.37 0.162 NS NS T
ALB 2.20 2.29 2.20 2.13 0.054 NS NS NS
GLU 88.0°" 55.2° 73.9% 86.1° 6.98 NS NS o
BUN 3.16° 3.76 3.42% 3.30° 0.140 NS ¥ *
UA 3.35 3.40 3.02 3.19 0.190 NS NS NS
CRE 0.23 0.26 0.27 0.24 0.016 NS NS i
TG 131 140 131 129 5.93 NS NS NS
CHOL 178 157 173 154 5.85 NS ** NS
HDL-C 73.2 61.2 71.3 64.3 3.35 NS ** NS
LDL-C 76.2 64.3 72.6 62.4 3.79 NS ** NS
VITC 8.61 8.11 8.82 7.46 0.907 NS NS NS
WBC 252 250 250 251 1.99 NS NS NS
RBC 2.00 1.93 1.90 1.90 0.039 NS NS NS
HCT 34.5 33.5 32.8 324 0.749 T NS NS
MCV 173 173 173 171 1.42 NS NS NS
MCH 64.0 65.0 64.5 67.1 1.22 NS NS NS
MCHC 37.1 37.6 37.4 394 0.81 NS NS NS
PLT 7.65 8.56 10.4 9.27 1.086 NS NS NS
PDW 6.24 6.85 7.07 6.43 0.48 NS NS NS
MPV 8.13 7.39 7.78 7.33 0.21 NS * NS
PLCR 19.1 15.4 16.4 15.0 1.12 NS i NS

W: Wing style, S: Sex, W x S: The interaction of wing style with sex, AW: Angel wing, NW: Normal wing.

" SEM: Standard error of means. 2 NS: Not significantly different or P> 0.10; ¥ P < 0.10; * P < 0.05; ** P < 0.01.

GOT: Glutamate oxaloacetate transaminase (u/L), GPT: Glutamate pyruvate transaminase (u/L), TP: Total protein (g/
dL), ALB: Albumin (g/dL), GLU: Glucose (mg/dL), BUN: Blood Urea Nitrogen (mg/dL) , UA: Uric acid (mg/dL),
CRE: Creatine (mg/dL), TG: Triglycerides (mg/dL), CHOL: Cholesterol (mg/dL), HDL-C: High density lipoprotein-
cholesterol (mg/dL), LDL-C: Low density lipoprotein- cholesterol (mg/dL), WBC: White blood cell (10°/uL), RBC:
Red blood cell (10°uL), HCT: Hematocrit (%), MCV: Mean corpuscular volume (fL), MCH: Mean corpuscular
hemoglobin (pg), MCHC: Mean corpuscular hemoglobin concentration (g/dL), PLT: Platelet (10°/uL), PDW: Platelet
distribution width (%), MPV: Mean platelet volume (fL), PLCR: Platelet large cell ratio.

" Means within the same row without the same superscripts differ significantly (P < 0.05).
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Table 5. Effects of angel wing and sex on blood biochemical parameters of geese at 14 weeks old

Wing style Significance’
Item AW NW SEM' W S W xS
Male Female Male Female

GOT 51.5 60.9 57.9 74.6 12.4 NS NS NS
GPT 19.0 21.3 18.3 36.5 8.23 NS NS NS
TP 4.48 4.47 4.50 5.04 0.27 NS NS NS
ALB 1.85 1.92 1.87 2.10 0.10 NS NS NS
GLU 157 138 150 147 10.0 NS NS NS
BUN 6.11 5.89 5.78 6.24 0.28 NS NS NS
UA 2.80 2.50 2.38 2.51 0.19 NS NS NS
CRE 0.19 0.21 0.21 0.22 0.01 NS NS NS
TG 167 158 155 174 10.8 NS NS NS
CHOL 163 155 162 143 5.44 NS * NS
HDL-C 67.4" 63.2% 70.0* 55.7 3.02 NS o T
LDL-C 54.2 52.8 54.5 46.6 3.25 NS NS NS
WBC 190 218 210 213 12.1 NS NS NS
RBC 1.54 1.68 1.71 1.71 0.11 NS NS NS
HCT 29.6 27.5 28.2 28.3 1.07 NS NS NS
MCV 170° 164° 164° 166% 1.80 NS NS *
MCH 59.9 62.6 61.2 62.1 1.20 NS NS NS
MCHC 35.2¢ 38.2" 37.2% 37.5% 0.75 NS * T
PLT 9.26 9.50 11.6 12.4 1.51 T NS NS
PDW 6.21 6.97 7.05 7.66 0.37 i i NS
MPV 7.42 7.78 7.53 7.59 0.20 NS NS NS
PLCR 14.7 17.1 15.5 16.8 1.22 NS NS NS

W: Wing style, S: Sex, W x S: The interaction of wing style with sex, AW: Angel wing, NW: Normal wing.

' SEM: Standard error of means. 2 NS: Not significantly different or P> 0.10; ¥ P < 0.10; * P < 0.05; ** P < 0.01.

GOT: Glutamate oxaloacetate transaminase (u/L), GPT: Glutamate pyruvate transaminase (u/L), TP: Total protein (g/
dL), ALB: Albumin (g/dL), GLU: Glucose (mg/dL), BUN: Blood Urea Nitrogen (mg/dL), UA: Uric acid (mg/dL),
CRE: Creatine (mg/dL), TG: Triglycerides (mg/dL), CHOL: Cholesterol (mg/dL), HDL-C: High density lipoprotein-
cholesterol (mg/dL), LDL-C: Low density lipoprotein- cholesterol (mg/dL), WBC: White blood cell (10°/uL), RBC:
Red blood cell (10°/uL), HCT: Hematocrit (%), MCV: Mean corpuscular volume (fL), MCH: Mean corpuscular
hemoglobin (pg), MCHC: Mean corpuscular hemoglobin concentration (g/dL), PLT: Platelet (10°/uL), PDW: Platelet
distribution width (%), MPV: Mean platelet volume (fL), PLCR: Platelet large cell ratio.

“® Means within the same row without the same superscripts differ significantly (P < 0.05).

*¥ Means within the same row without the same superscripts tend to differ (P < 0.10).

By 1 — 70 HERENIEZ 4605 - 2205 SOl 2 408 = KR T R FE I H g i3 i - 70 B/ NS & B
SB[ R e R IR 73 1 Ry 846 — 1,003 pm J2 220 — 235 pm (Liu et al., 2010) - SETIAE S AT JISE R
B o DAFIE 2 53 WU (Caspary, 1992) » K #EZ /NG HRE ZREHUR - RN EHRB 2N EREER > SMEHSHEE
(turnover) § Ry ERER (Yason et al., 1987) » §FZIMERNZR BB/ NEE LA AIRAR S 2R bR R B 224 - I
AW R SRR PR E R G R - /NEORE B AN R iR AR R AR - AR S GRS e A A (R
AEIENENN - AFERGEREUR » 14 Wi BRMESRIS S 2 T IR S R ERTEBIEF 38 R (193 vs. 244 pm > P <
0.05) - FoREIRIERIGE 2+ —f5054E _EAZAINR P R E A b - HERGEEE > i REREA AR (1
6 R ) FoREREERIGE 2 B EAH SRR IE R - WS AR S -
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Table 6. Effects of angel wing and sex on intestinal tissue of geese at 14 weeks old

Wing style 1 Sex , Significance’
Item SEM SEM
AW NW Male Female W S WxS

Duodenum

Villus height, um 944 857 74.5 974 828 74.9 NS NS NS

Crypt depth, um 193° 244° 15.6 215 221 15.7 * NS NS
Jejunum

Villus height, um 721 756 55.3 692 786 553 NS NS NS

Crypt depth, um 205 189 17.9 194 201 17.9 NS NS NS
Ileum

Villus height, pm 822 863 46.8 794 891 46.8 NS NS NS

Crypt depth, um 206 249 18.1 235 220 18.1 NS NS NS

W: Wing style, S: Sex, W x S: The interaction of wing style with sex, AW: Angel wing, NW: Normal wing.

" SEM: Standard error of means of wing style.

*> SEM: Standard error of means of sex.

* NS: Not significantly different or P> 0.10; * P < 0.05.

“® Means within the same row under wing style without the same superscripts differ significantly (P < 0.05).
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Effects of stocking density, angel wing and sex on feather
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Abstract

This study was to investigate the effects of stocking density, angel wing (AW) and sex on body weight, feather weight,
intestinal tissue and blood biochemical parameters in White Roman geese. The medium and high stocking density treatment
groups were 1.33 and 1.66 times the low density group respectively. The experiment was conducted under a split-plot design
which consisted of three stock densities randomly assigned in 12 pens and a total of 384 geese were collected. There were
4 pens in each group, and the numbers of male and female geese in each pen were equal. The pen was the main plot and the
bird was the subplot. Each pen was divided into 2 genders (male and female geese) X 2 species of geese (whether with angel
wing or not). In the experiment, natural light was used, and both feed and drinking water were provided ad libitum. The
results showed that there were no influences between the 3 stocking densities in the incidence of AW of geese. The birds with
AW tended to have a higher body weight after eighteen hours feed-deprived at 14 weeks old, than those with normal wing
(NW) (P <0.10). The birds with AW had a significantly lighter feather weight on left wing at 14 weeks old, than those in NW
(P <0.05). The ganders had a significantly lighter feather weight in the left wing at 14 weeks old than those in female geese (P
<0.001).

Low stocking density of White Roman geese had a significantly higher uric acid (UA) contents of serum at 14 week old
than those in high stocking density (P < 0.05), and tended to have a lower cholesterol (CHOL) contents of serum than those
in medium and high stocking density (P < 0.10). The ganders had a significantly higher CHOL, high density lipoprotein-
cholesterol (HDL-C) and low density lipoprotein-cholesterol (LDL-C) contents of serum at 8 week old than those in female
geese; and the ganders also had a significantly higher CHOL and HDL-C contents of serum at 14 weeks old than those in the
female geese. The birds with AW had a significantly shallower crypt depth of duodenum at 14 weeks old than those with NW (P
< 0.05). In conclusion, stocking density of White Roman geese could affect UA and CHOL of serum. The birds with AW had
a lighter feather weight on wings than those with NW. The body weight and blood biochemical parameter of White Roman
geese were affected by sex.

Key words: Angel wing, Feather, Intestinal tissue, Sex, Stocking density, White Roman geese.
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Abstract

Gonadotropin-releasing hormone (GnRH) is a self-antigen and a small molecule that usually could not elicit immune
response. To generate an antibody against endogenous GnRH for immunocastration, it is necessary to link GnRH to immuno-
carriers for increased immunogenicity. Pseudomonas aeruginosa is an opportunistic pathogen often causing infection
in domestic animals. The toxicity of Pseudomonas is mainly caused by exotoxin A which is an adenosine diphosphate
(ADP)-ribosyl transferase. A truncated nontoxic Pseudomonas aeruginosa exotoxin A (rPE) modified by gene deletion was
conjugated chemically with GnRH, and the GnRH-rPE conjugate was used as an immunogen to immunize boars. The results
showed that boars immunized with GnRH-rPE conjugated successfully and induced the generation of anti-GnRH and anti-
PE antibodies. The immune response against GnRH resulted in the atrophy of various male reproduction related organs,
in conjunction with a significantly decreased serum testosterone concentration to a level similar to castrated boars, which
persisted until the end of the study (29 weeks) when boars were ready for release to the market. These results demonstrated

that GnRH-rPE conjugates can be used to produce a potential castration vaccine for domestic animals.

Key words: Immunocastration, Gonadotropin-releasing hormone (GnRH), Pseudomonas aeruginosa (PE), Boars.
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Introduction

Although non-castrated boars have a better growth efficiency, leaner carcasses than barrows, improved feed conversion
and feed efficiency, and thus reduced production costs, the majority of male piglets are still surgically castrated to reduce
aggression and sexual behaviors (Rydmbher et al., 2010). Besides, the most relevant motivation for castration is the need
to reduce the boar taint in the meat of male pigs (Brunius ez al., 2011). Testosterone has been suggested to be the cause of
boar taint (Bonneau et al., 1992). The surgical castration not only contradicts present attitudes of animal welfare, but also
causes infections, stress and growth retardation, reduced carcass quality, and even the loss of animals. To circumvent the
disadvantages of surgical castration, the development of a more efficient and suitable method to eliminate boar taint is critical
(Brunius et al., 2011).

GnRH, an evolutionarily conserved decapeptide, is produced in the hypothalamus and released to the capillary blood
within the median eminence, and eventually binds to the gonadotropes in pituitary. The binding of GnRH to the gonadotropes
induces the synthesis and release of LH and FSH from the pituitary (Schally et al., 1973; Braden ef al., 1989). In male
animals, LH regulates testosterone synthesis and FSH is necessary for the initiation and maintenance of spermatogenesis.
Testosterone is needed for spermatogenesis and the development of secondary sexual characteristics including male
behaviours such as territorial marking, mounting, and aggressiveness (Mitjana ef al., 2020). In female animals, both LH and

FSH are required to stimulate the ovarian activities leading to ovulation and successful pregnancy.

Pseudomonas aeruginosa is an opportunistic pathogen, which often causes infection in domestic animals that have their
skin barrier breached. The toxicity of Pseudomonas aeruginosa is caused primarily by the exotoxin A (PE), an ADP-ribosyl
transferase (Hwang et al., 1987). A truncated and modified form of PE has been produced and validated as a more potent
immunotoxin (Qaiser ef al., 2018). In addition, the Pseudomonas exotoxin has been suggested as an excellent biological
adjuvant (Fattom et al., 1995); we have also observed that the injection of recombinant detoxicated PE protein (rPE) as a
immunostimulatory agent in the vaccine could elicit sufficient immune responses to protect mice from the intoxication by a

high dosage of native Pseudomonas exotoxin (Shiau et al., 2001).

Since GnRH is a hapten and a self- antigen, GnRH or GnRH analogues must be linked to a suitable carrier molecule
in order to obtain immunogenicity for antibody production (Ladd et al., 1988). It has been demonstrated that the active
immunization against GnRH could be used as an alternative castration in addition to a surgical method. Immunological
suppression of gonadotropin and androgen depletion results in the impairment of reproductive functions in males. The
utilization of GnRH as an antigen for immuno-suppression of reproduction has been successfully demonstrated by
using analogues conjugating to large molecules such as ovalbumin or tetanus toxin (Talwar and Raghupathy, 1989). The
administration of GnRH-carrier induces anti-GnRH antibodies prevents gonadotropin release, and in turn decreases testicular
size and inhibits both spermatogenesis and gametogenesis leading to infertility (Mitjana ez al., 2020). Anti-GnRH vaccines
have been developed for the treatment of hormone-dependent malignancies and non-surgical castration in animals (Adams et
al., 1993; Thompson, 2000; Noya et al., 2020). Accordingly, the aim of this study was to immunize the domestic boars with
GnRH-rPE conjugate for its immuno-suppression effects on the sex gland repression and potential as a castration vaccine.

Materials and Methods

1. Bacterial strains and plasmid

Escherichia coli strain HB101 was used as the host for the experiments and BL21 (DE3) was used as the host for
the expression of recombinant PE. In the pJH4 plasmid construct (Hwang et al., 1987), the structural gene of PE was
inserted on a T7 promoter. The PE gene with a deletion in the C-terminal coding for the 533 to 613 amino acid was
inserted downstream to a T7 promoter, ribosome binding site and its accompanying ATG initiation codon. Consequently,
the production of PE could be induced upon the addition of Isopropyl B-D-1-thiogalactopyranoside (IPTG) to drive the
expression of T7 RNA polymerase gene that was conferred on the E. coli BL 21 (DE3) chromosome under the control of

a lac promoter.

To produce the recombinant “detoxicated” PE toxin protein, BL21 (DE3) cells carrying the pJH4 plasmid were



MRS BHREE RO A EEWM OEFE BEE SER 32

grown at 37°C to an ODg,, = 0.3. IPTG was added at the final concentration of | mM to induce T7 RNA polymerase and
the incubation was continued for 2 hrs. Subsequently, the PE gene was turned off by the synthesis of T7 RNA polymerase.
The proportion of protein produced by pJH4 induced with IPTG could reach as high as 20% of total E. coli protein (Fig. 1).
PE protein was then isolated as an inclusion body and solubilized with the refolding kit (Novagen).

II. Conjugation of GnRH to PE

The rPE protein synthesized by E. coli was used as a carrier protein for chemical conjugation. A modified GnRH
decapeptide with lysine substitutions on amino acid position six (D-Lys’-LH-RH) (Sigma) was conjugated to purified rPE
at 1:5 (W/W) by chemical method using the amine-carboxylic conjugation kit (Pierce). The success of conjugation was
determined by the molecular weight shift and by the Western blot using anti-GnRH and anti-PE antibody on 13% SDS-
PAGE gel, respectively (Fig. 2). The GnRH-rPE conjugate was then used as an immunogen emulsified in the Complete
Freund Adjuvant (CFA, Gibco) and Incomplete Freund Adjuvant (IFA, Gibco).

144
87

« IPE
44

32
kDa

Fig. 1. The expression of rPE protein in Escherichia coli strain BL21 (DE3) after IPTG induction at 1 to 4 hrs. (lane 1-4).
Lane M indicates the molecular weight marker.

kDa 1 2 3 4 5 6
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32, —
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Fig. 2. Identification of the rPE and GnRH-rPE conjugate by Western blotting with antibodies to PE (lanes 1 - 3) and GnRH
(lanes 4 - 6), respectively. Lanes 1 and 4 were negative controls. Lanes 2 and 5 were rPE proteins. Lanes 3 and 6 were
GnRH-rPE conjugates.

III. Vaccination and serum sample collection

Sixteen crossbred (Landrace X Yorkshire X Duroc) boars were randomly divided into two groups. Boars in the
control group were mock vaccinated with 1 mL PBS in CFA at 9 weeks old, and were boosted with 1 mL PBS in IFA at
17 weeks old. Boars of the vaccinated group were injected subcutaneously with 1 mg of GnRH-rPE conjugate dissolved
in 1 mL of PBS and emulsified with equal volume of CFA. Booster dose in IFA with the same vaccination schedule was
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performed as those of the control group.

Blood samples were collected every week from the jugular vein for determination of serum testosterone
concentrations and the titer of antibodies against GnRH and PE until the end of 29 weeks of age. Sera were obtained by
centrifugation separation (1,300 x g for 10 min) and stored at -20°C before assay.

Serum testosterone assays

The concentrations of serum testosterone were measured by radioimmunoassays (RIAs) according to the method
described by Li et al. (1987).

Detection of Antibody to GnRH and PE

Antibody titers to GnRH and PE in boars immunized against GnRH-rPE were evaluated by ELISA. Each well of
the microtiter plates (Nunc 467466) was coated with 100 pL rPE protein conjugated with keyhole limpet hemocyanin
(KLH) at a concentration of 5 pg/mL in 0.1 mL of 0.05 M carbonate bicarbonate coating buffer (pH 9.6) for overnight at
4°C. Thereafter, the plates were washed with PBS/T (0.5% Tween-20 in PBS, v/v), and blocked with a 0.5% (w/v) bovine
serum albumin (BSA) solution in PBS overnight and then stored at 4°C.

The plates were washed twice with PBS/T before use. Each serum sample was diluted 1,000 and 4,000 folds, then
added to a GnRH-KLH and a rPE-KLH coated well, and incubated at room temperature for two hours. The plates were
washed four times with PBS/T to remove the serum sample and incubated with the goat-anti-mouse 1gG (Sigma, diluted
1:10,000 in PBS) for two hrs at room temperature. Plates were washed four times with PBS/T before adding the alkaline
phosphatase. Reaction was performed by incubating at 37°C for 30 min. After the addition of chromogens, the reaction
was terminated by the addition of 3 N NaOH and was assayed in a microtiter plate reader (Molecular Device) to measure

the absorption at 405 nm.
Sex gland weights and preparations

All boars were slaughtered at the end of 29 week of age. Testes and accessory reproductive organs (epididymis,
prostate seminal vesicles, and bulbo-urethral glands) were dissected, weighted, and immediately fixed in Bouin’s solution
(HT10132, Sigma -Aldrich) for the subsequent histological examination. Fixed tissues were embedded in the paraplast,
sectioned into 5 pm slices, mounted individually on microscope slides, and stained with H & E for the histological

evaluation under a light microscopy.

VIL Statistical analysis

IL.

Differences between groups were tested by one-way analysis of variance, and pairwise multiple comparisons were

tested with the Chi-square method. The level of significance was P < 0.05.

Results

Antibody titer and testosterone concentration

Boars were immunized against GnRH by injections at weeks 9 and 17. All the GnRH-rPE immunized boars
produced antibodies against GnRH (A) and PE (B) as evidenced by the serum antibody titers after two vaccinations
(Fig. 3). The serum antibody titers of the GnRH-rPE immunized boars dropped slowly after booster immunization. No
antibody titer against GnRH and PE was detected in the serum of control boars that were mock immuned injected with
PBS/CFA (Fig. 3). This high antibody titer also coincided with the decrease of serum testosterone concentrations to a
non-detectable level (Fig. 4), indicating a success of neutralization of endogenous GnRH. The mean of serum testosterone
concentration decreased to < 0.1 ng/mL in GnRH-rPE immunized boars by week 17 and consistently remained at lower

levels than that of the boars in the control group until the end of trial (Fig. 4).
The development of reproductive organs after immunization

GnRH-rPE immunized boars exhibited smaller sex glands as shown in Table 1 and in Fig. 5. The weight of testes,
epididymis, seminal vesicles, prostate glands, and bulbo-urethral glands were significantly decreased, with a range

from 90.8% for bulbo-urethral glands to that of 71.4% for seminal vesicles (Table 1). The size and weight of testis

of immunized animals were significantly less than those of the control bars. Thus, the normal development of the
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reproductive system in GnRH-rPE treated boars was blocked by active immunization against GnRH.

op40s 23
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Fig. 3. Detection of GnRH and PE-reactive antibodies in the GnRH-rPE vaccinated and control boars by ELISA. Changes of
anti-GnRH (A) and anti-PE (B) antibody titers at 1: 1,000 (A) and 1: 4,000 (B), respectively. Arrows indicate the time
of primary and booster immunization.
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Fig. 4. Changes of serum testosterone concentration (ng/mL) in GnRH-rPE immunized and control boars. All animals
were vaccinated at the age of 9 and 17 weeks .Values represent means £ S.E of animals in the treatment group and
in the control group. The intra- and inter-assay coefficients of variation (CV) of testosterone was 4.0% and 4.7%,
respectively.
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Fig. 5. Testes of the control (right) and GnRH-rPE immunized boars (left) at 29 week of age.
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Table 1. The comparison of weight of testes, epididymis, seminal vesicles, prostate glands, and bulbo-urethral glands
between the GnRH-rPE vaccinated and the control LYD boars at 29 week of age

Mean * SE Weight (g) of reproductive organs

Vaccinated Control % of suppression
Number of pigs 8 8
Testes 53.3127.5° 345.3+90.0° 84.6
Epididymis 7.2+8.7° 145.0%50.3 81.2
Seminal vesicles 32+1.5° 75.8 £27.1° 71.4
Prostate glands 1.9%1.1 11.2+£9.5 83.1
Bulbo-urethral glands 10.6£5.8" 1152 £34.4° 90.8

“® Means within the same row with different superscripts differ significantly (P < 0.05).

III. Histologic analysis

Histologic evaluations with the cross-sections of testis showed remarkable differences between the control and
GnRH-rPE immunized boars (Fig. 6). In the control boars, the interstitial tissue was completely filled with distinct
Leydig cells, and seminiferous tubules showed various stages of cycle of the seminiferous epithelium. The completion of
spermatogenesis was evidenced by the presence of elongated spermatids in the lumen.

In contrast, as indicated by histologic observations, GnRH-rPE immunized boars showed a thickened basement
membrane and reduced diameter in the seminiferous tubules. Although some pachytene spermatocytes were present in
the seminiferous tubules of GnRH-rPE immunized boars, the spermatocytes appeared to undergo degenerating. Besides,
motile semen samples could not be obtained from any of the GnRH-rPE immunized boars. There were no elongated
spermatids present in the lumen. The nuclei of the Sertoli cells had a shrunk morphology and their cytoplasms were
vacuolated while the Leydig cells had an atrophic morphology. Accordingly, the spermatogenesis was impaired in the
testis of GnRH-rPE immunized boars. These findings suggest the potential of GnRH-rPE immunization as an alternative

method to castration.

Fig. 6. Histological analysis (cross section) of testis from the control boars and the GnRH-rPE immunized LYD boars at
29 weeks of age. (A) Control boars, the completion of spermatogenesis was observed by the presence of elongated
spermatids in the lumen. (B) GnRH-rPE immunized boars are absent with elongated spermatids in all tubules.

The diameter of the seminiferous tubules was remarkably different between the control and immunized boars.
Magnifications X 200. Scale bars = 100 pm.

Discussion

Active and passive immunization against the hypothalamic decapeptide GnRH have been proven as a potential tool for
practical, on-farm applications in reproductive performance control as well as a very powerful tool for studying basic aspects
of the hypothalamic-pituitary-gonadal axis (Thompson, 2000; Squires et al., 2020). Reasons for such immunocastration

include improvement of meat and carcass characteristics for cattle, sheep, goats, and swine; improvement on feed efficiency
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relative to castrates in those species; reduction in male aggressive behaviors; reduction in male-associated odors in goats
and swine; and fertility neutralization in pet species. Although application as a fertility control agent in men is unlikely,
there were renewed interests in active immunization against GnRH for treating prostate cancers and related sex hormone-

dependent disorders (Thompson, 2000)

GnRH is of particular importance, if completely neutralized, the fertility axis can be rendered totally ineffective
(Goericke-Pesch, 2017). Since GnRH itself is too small for sufficient immunogenicity to induce antibodies against itself, a
unique approach to fool the animal’s immune system to recognize endogenous GnRH as foreign molecule can be achieved.
GnRH has to be conjugated to large, non-self carrier molecules to become immunogenic. Commonly used carrier proteins
include KLH (Goubau et al., 1989), bovine serum albumin (BSA) (Fraser and Gunn, 1973), ovalbumin (Hoskinson et al.,
1990), glutaraldehyde (Hotzel et al., 1997), toxoids (diphtheria, tetanus, or cholera) (Ladd et al., 1990; Stevens, 1993), which
in conjunction with an appropriate adjuvant can produce an effective immune response (Stevens, 1993). A commercial GnRH
vaccine based on the GnRH-ovalbumin was available for ruminants (Adams et al., 1993; Thompson, 2000; Karakus et al.,
2013). In this study we used PE as the carrier protein to investigate the effect of GnRH-rPE on antibody production and
testosterone levels, together with the efficacy of the conjugate in gonadal atrophy and fertility impairment. The results showed
that the GnRH-rPE conjugate did induce specific antibodies against GnRH by vaccination. We also found that vaccination
at 9 week of age, which is the early stage of the porcine lifespan, significantly inhibited the development of reproductive
organs such as testis, epididymis, seminal vesicles, prostate glands and bulbo-urethral glands. Most important, the function of
spermatogenesis was completely eliminated, and the synthesis of testosterone was also dramatically prevented. These effects
indicated the immunoneutralization of GnRH by the induction of sufficient amounts of anti-GnRH antibody that was able to
block GnRH in the transmitting path between the hypothalamus and pituitary.

In fact, novel uses of bacterial toxins as immune carrier, such as tetanus (Davis ef al., 1987), diphtheria (Allison and
Gregoriardis, 1974), cholera (Peirre ef al., 1992) have been demonstrated that conjugation of a weak immunogen such
as GnRH to bacterial toxins was a very promising approach. PE toxin is a single chain toxin with three major structural
domains that inhibit protein synthesis in eukaryotic cells by catalysing ADP ribosylation of elongation factor 2. In addition,
the induction of anti-PE antibody had a protective effect on mice against intoxication of the native Pseudomonas exotoxin
A. Although we did not perform the exotoxin A intoxication experiment in boars, the vaccination of GnRH-rPE conjugate is

very likely might provide the similar additional advantage to protect farm animals against Pseudomonas infection.

Adjuvants are commonly used in vaccine preparations to increase the immunogenicity of antigens (Charerntantanakul,
2020). The classic choice of adjuvant is FCA, an oil emulsion containing killed Mycobacterium components. The most
successful GnRH immunization protocols have included the use of FCA. In contrast to FCA, boars immunized with alumina
gel did not produce significant antibody titers (Donald and Thompson, 2000). However, FCA is not useful from a commercial
standpoint due to its interference in tuberculin testing and the formation of undesirable lesions at the sites of injection in
many species (Ferro and Stimson, 1998). Meloen et al. (1994) reported that the use of CFA/IFA in the castration vaccine
formula had no systemic or adverse effects at the injection site in any of the treated animals. However, the animals treated

with Freund’s adjuvant in this study developed ulceration and abscesses at the site of injection.

The question remains of how GnRH is neutralized. Theoretically, free peptides could slowly diffuse out of the adjuvant
and act as an agonist for GnRH, thus down-regulating its receptors on the pituitary and switching off reproductive functions.
This mechanism would lead to an early disappearance of testosterone in serum. A second mechanism could be the induction
of immune responses to GnRH-producing cells in the hypothalamic area and causing damage to GnRH-producing neurons.
An additional mechanism could be the antibody directly reacted with GnRH when the GnRH molecules passed through the
blood from the hypothalamic GnRH-producing cells to interact with the receptors on the pituitary (Donald and Thompson,
2000; Xu et al., 2018).

Although the precise mechanism is unknown, our results showed the prospects for the development of a new generation,
reliable immunomodulation vaccine that can be applied to endocrine and immune regulatory processes. This will be of
importance to modulate the dysfunction in endocrine or immune regulation. The advantages of the anti-fertility vaccine
against GnRH are the absence of need for the surgical removal of the testes and cost-effectiveness. The other aspect is to

prevent prostatic and testicular carcinomas that frequently occur in aged male dogs and cats.

In most studies done with active production of antibodies against GnRH, endocrine changes as well as morphological
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changes of gonads have been reported (Sad et al., 1993). Active immunization against GnRH led to the suppression of
testicular functions including steroidogenesis and spermatogenesis in boars. Serum testosterone levels closely followed the
testicle size. The testicle size is directly proportional to its function. The role of testosterone in the qualitative and quantitative
maintenance of both spermatogenesis and testicular morphologic integrity has been established.

Active immunization against GnRH is potentially useful as a nonsurgical method for the fertility regulation of boars.
These results and several earlier reports of studies in laboratory animals indicated that this immunological birth control
strategy is safe and the induced infertility is reversible (Donald and Thompson, 2000).

In conclusion, the results suggested that immunocastration is a potential tool for management in the pig industry. The

results suggest a potential application using immunocastration as a substitute for surgical castration in the pig industry.
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Table 1. The composition of experimental diet

Ingredients Control Toona sinensis
Yellow Corn, ground 62.00 62.00
Soybean meal, 44% 24.00 24.00
Wheat bran 7.00 7.00
Alfalfa meal 2.00 2.00
Molasses 2.00 2.00
Toona sinensis powder — 1.00
Limestone, pulverized 0.70 0.70
Dicalcium phosphate 1.40 1.40
Salt 0.30 0.30
Choline chloride, 50% 0.10 0.10
DL-Methionine 0.15 0.15
Vitamin premix” 0.20 0.20
Mineral premix® 0.15 0.15
Total 100.00 101.00

Calculated value

Crude protein, % 16.57 16.90
ME, kcal/kg 3,081.00 3,087.00

* Supplied per kilogram of diet: vitamin A, 10,000 IU; vitamin D,, 2,000 1U; vitamin E, 20 1U; vitamin B,, 1 mg; vitamin B,,
4.8 mg; vitamin By, 3 mg; vitamin B,,, 0.01 mg; Biotin, 0.2 mg; vitamin K, 1.5 mg; pantothenic acid, 20 mg; Folic acid, 0.5
mg; Nicotinic acid, 25 mg.

" Supplied per kilogram of diet: Mn (Mn,0,), 80 mg; Zn (ZnSO, - H,0), 50 mg; Cu (CuSO, - 5H,0) 15.0 mg; Fe (FeSO,),
80 mg; I (KI), 0.85 mg; Co (CoCO;), 0.25 mg.
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a2 5 BUE A1l ] SAS B ZEHUAG (SAS, 2004) #ETT & 5t 70 M7 o DL — i 48 14 5 =0A2 7 (General linear model
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L

ARk

2 AR » SRR IR B IR B NG 2 A R IR R R R WIRME KRB B 2
FIEAHER B B B R R 77 Tl By 228 ~ 266 g/d/bird Fz 8.99 ~ 9.55 o PEATIRELME (2014) GERMML - AFERT
RGNS 12 BRI AR T - ILERE (2010) F5H) 11 i ARSE R RIS FATPDL - HEAHF N T 5EE
AEERY 9 — 10 iR R Z ETRDEER IR H L ETRHEIRR N EE DS R TR -

T2 ERRTIRID 1% BREGEAEE 8 — 16 MR RIEREZFE

Table 2. Effects of 1% Toona sinensis powder supplemented to diets on the th performance at 8-16 weeks of age in geese

Item Control Toona sinensis

wk of age Body weight, kg/bird

8 4.111043" 4.131£0.35

10 4.66£0.51 4.7910.45

12 5.01 £0.56 5.1910.48

14 5.28£0.58 5.2910.46

16 5.5510.63 5.7210.61

Feed consumption, g/bird/day

8-16 228.00 £ 45.00 266.00 £ 50.00
Feed conversion ratio, feed/gain

8-16 8.99+2.47 9.55+2.95

" Mean * SD.

1L MR AE(B{E R T
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0.05) - Hung et al. (2011) HHZ2F5H, » B EHE T (4414 FE (K BE 32 %5 5 (Infectious bursal disease virus, IBDV) ¥ i
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Finl s s ~ MR E RORPRAETEE S - A SR E RS 1gA K 1gG &4 ¥4 7% [ € (Mostov and
Kaetzel, 1999) » # IgA B 1gG 7 RS AI{E Rye PG Ry e JI4EHE < — « AalBB LA 1gG RIS Rty JITEinas =
BUR > SREEINAIN 1% TiE 2 B4 - H 16 Bl ARG+ 1gG REEER S » #HNEA R EIEE > 2%l
BREH] o 55 12 B H IR BB 1gG IR B 8 K 16 e » M sE B ERiAR ( 11 Al ) BeEsR
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Table 3. Effects of 1% Toona sinensis powder supplemented to diets on blood biochemical parameters and concentration of

IgG at 8, 12 and 16 weeks of age in geese

Weeks of age
12 16

Control Toona sinensis Control Toona sinensis Control Toona sinensis
CREA', mg/dL 0.24 +0.05" 0.2510.03 0.30£0.02 0.2910.04 0.2710.07 0.2710.07
GOT', UL 25.00 £ 8.41 19.08 £8.50 22.58£7.74 19.92£9.86 30.58£8.10 29.331£4.92
GPT', U/L 7.92+£2.78 9.58+2.39 9.58%1.62 9.25+£2.30 11.17£2.66 9.17+£2.72
CHOL', mg/dL  147.08£59.38 167.75+56.58 144.08+51.43 140.92+39.96 146.33 £36.65 150.50%19.97
TG', mg/dL 144751 18.46 14558 £19.12 154.00t16.12 141.73146.16  138.83£29.80 148.67 £23.89
TP', g/dL 4.191£0.80 4.22%0.40 4.54%0.37 4.37+%0.67 4.66£0.33 4.58£0.70
ALB', g/dL 1.60+£0.28 1.63+0.15 1.8810.14 1.89+£0.30 1.811£0.16 1.681£0.67
HDL-C', mg/dL  76.42%18.96 77.25%14.75 81.58+£10.88 85.75%13.18 64.08118.81 77.58%16.65
LDL-C',mg/dL  50.33+16.36  49.33%7.00 60.75 £ 8.95 60.58 £ 10.56 48.92£6.97 47.67+11.89
IgG', pg/mL 5.001+0.74 4.8311.64 1633+123*  12.58+2.23" 6.08%1.16° 7.75 £ 1.66"
" Mean + SD.

“® Means in the same row and at same weeks of age with different superscripts differ (P < 0.05).

" CREA: creatinine, GOT: glutamic oxaloacetic transaminase, GPT: glutamic-pyruvic transaminase, CHOL: cholesterol,
TG: triglycerides, TP: total protein, ALB: albumin, HDL-C: high density lipoprotein cholesterol, LDL-C: low density
lipoprotein cholesterol, IgG: immunoglobulin G.

1L fig A a8
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JEUE K 5B (Aroma) | (Wood ef al., 1986; Cameron ef al., 1990; Sales, 1995) -

gallE PRI NN 1% B IS SR TR 8RR (Polyunsaturated fatty acid, PUFA) EL{FI#: = (P < 0.05)
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L EYS  AE B LIS IR E T > - B A B A B REL B (34.92%) ~ B f1F5 A (Saturated fatty
acid, SFA) FlIz=EL ] (41.16%) 2 2 N EaFIRERRRE - BTN aERIASREE (Monounsaturated fatty acid, MUFA) J/»
Z NS AR S R > BURSER RN A 2 FERHERAHRL - 7B (2005) 5 » AR g Banla Lol
KE - HepDUHEE (Oleic acid, C18:1) LLfifl sy » AERHITE 2 JHMBELLFI7 7Y 15.44 2 16.78(mg/100g) 7R H[E]
GER o BFIRAH AR FRAL S B T A RERIAS AR CLEr 38R > FEAHLITE (Erucic acid, C22:1) bhffili s » HAREE 2=
BFAE - SEEEINAIN 1% Tk 2 R - HiA > 2 e R eafiisiRa CLEg i - £ 2 ekt Mz (Linoleic
acid, C18:2) s ZKuffifi/Hif% (Linolenic acid, C18:3) » SE/RRNNIE W H o E iy A AR H R 4H s 2 RUR -
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Table 4. Effects of 1% Toona sinensis powder supplemented to diets on meat quality of breast meat at 16 weeks of age in

geese
Item Control Toona sinensis
Chemical composition
Moisture, % 72.30 £ 0.63" 72.331£0.48
Crude protein, % 22.90+0.37 22.73+£0.60
Crude fat, % 2.83£0.85 2.75%0.99
Ash, % 1.4110.10 1.51£0.11
Physical properties
pH 5.6110.13 5.6210.11
Cooking loss, % 30.97+2.24 31.69 £ 1.92
L-value 33.8311.44 33.88+1.33
a-value 19.26 £0.87 19.16 £0.63
b-value 5.91%0.66 5.4710.64
Sensory evaluation
Flavor 3.38%1.05° 3.98 £1.25°
Color 443 +1.20° 3.9840.77°
Tenderness 3.08 £0.94° 3.85+£1.05°
Overall acceptance 423+1.05° 483+ 1.11°
" Mean + SD.

** Means in the same row with different superscripts differ (P < 0.05).

xS ERTURIN 1% BREHE 16 BRI ER AR 28
Table 5. Effects of 1% Toona sinensis powder supplemented to diets of fatty acid composition of breast meat at 16 weeks of
age in geese

Item Control Toona sinensis Significance
Male Female Male Female Group  Sex
Unit of fatty acid: mg/100 g meat
Myristic acid (C14:0) 0.12+0.01° 0.141+0.01 0.131£0.01 0.13£0.03 NS NS
Palmitic acid (C16:0) 9.66+0.28 10.17 £0.37 9.78 £ 0.46 9.7510.25 NS NS
c9-Palmioleic acid (C16:1) 1.01£0.19 1.2110.22 1.06+0.18 1.121£0.18 NS NS
Stearic acid (C18:0) 3.3710.32 3.501£0.38 3.2510.37 3.4410.35 NS NS
Oleic acid (C18:1) 16.78 £ 0.83 16.31£0.89 16.15+0.85 15.44+0.85 NS NS
Linoleic acid (C18:2) 5.22+0.26® 4.92+0.28" 5.51+047® 5.85+0.70° ok NS
Linolenic acid (C18:3) 0.29 £0.02° 0.26 £ 0.03 0.30 £ 0.02° 0.29 £ 0.02* * *
Arachidic acid (C20:0) 0 0 0 0.01£0.01 NS NS
Erucic acid (C22:1) 1.08 £0.34 1.241+0.46 1.38£0.36 1.58 £0.27 * NS
Lignoceric acid (C24:0) 0 0 0 0 NS NS
'SFA 13.16 £ 0.45 13.80£0.47 13.16 £0.77 13.34£0.51 NS NS
*USFA 24.38 +0.37 23.94+0.33 24.40%0.55 24.28+0.34 NS NS
*MUFA 18.87 £0.50 18.76 £ 0.48 18.59£0.78 18.14£0.72 NS NS
‘PUFA 5.50 £0.25® 5.1810.28° 5811046 6.14£0.71° o NS
USFA/SFA 0.0410.01 0.04 £0.01 0.04+0.01 0.03£0.01 NS NS
MUFA/SFA 0.03£0.01 0.0310.01 0.031£0.01 0.03 £0.00 NS NS
PUFA/SFA 0.01 £0.00 0.01 £0.00 0.01 £0.00 0.01£0.00 NS NS
C18-2/C18-3 0.44+0.19 0.4610.18 0.40%0.13 0.391£0.10 NS NS

' SFA = saturated fatty acid (C14:0 + C16:0 + C18:0 + C20:0 + C24:0)

* USFA = unsaturated fatty acid (C16:1 + C18:1 + C18:2 + C18:3 + C22:1)
> MUFA = monounsaturated fatty acid (C16:1 + C18:1 + C22:1)
* PUFA = polyunsaturated fatty acid. (C18:2 + C18:3)

" Mean * SD.

NS: not significant; *: P < 0.05; **: P <0.01.

" Means in the same row with different superscripts differ (P < 0.05).
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Effects of Toona sinensis powder supplemented to diets on

growth and immunity and carcass quality

of breast meat in geese "’

Chih-Chang Hsiao ' and Ching-Yi Lien ®

Received: Aug. 12, 2020; Accepted: Jun. §, 2021

Abstract

The aim of the current study was to investigate the effects of Toona sinensis powder supplemented to diets on growth
and immunity and carcass quality of breast meat in geese. A total of twenty-four geese were randomly divided into the
control and the treatment groups comprising 2 males and 2 females at 8 weeks of age per pen (3 replicates). Body weight
and blood samples were collected at 2 and 4 weeks of age. Then, the carcass characteristics and breast meat quality of
hybrid geese were collected at sixteen weeks of age. The results showed that there was no significant differences between
the control and treatment groups in terms of growth performances, the values of blood biochemical parameters and pH, L, a,
and b of breast meat quality. Notwithstanding that there were significantly higher concentration of IgG in serum, the content
of polyunsaturated fatty acid in breast meat and the better flavor, tenderness and acceptability of sensory evaluation in the
treatment supplemented with Toona sinensis powder (P < 0.05). In summary, the Toona sinensis powder supplemented to
diets did not ameliorate the growth performances in geese. However, for the production of specialized goose industry, Toona

sinensis powder could improve immunity and enhance the flavor of geese.

Key words: Toona sinensis, Growth, IgG, Fatty acid.
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1 BARHESERSE M EIRIEESZ B iR (FrAsHE S PIRZIEER )

Table 1. Approximate analysis results of waste black fungus cultivation medium addition ratio (All compositions are shown
as dry matter basis)

Items Control' WCM-10 WCM-20 WCM-30
Cru’e protein (%) 8.26 1 0.03" 7.6310.02° 7.5110.07° 7.500.02°
Cru‘e fat (%) 5.06 £ 0.03° 2.4910.37° 1.73£0.02° 2.00£0.02°
Ash (%) 1.2240.00° 1.36 £ 0.05" 1.4940.03° 2.07 £0.03*
Cru’e fiber (%) 2.14+0.44° 3.8610.10° 6.60 1 0.08" 10.68 + 0.26
Total carbohy‘rates (%) 85.46 £ 0.31° 88.52 1 0.40° 89.27 £0.12° 88.44£0.01°
Total energy (kcal/kg) 4,087 £ 56 4,05019 4,073+ 29 4,096+ 19

' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.

"4 Means in the same row without the same superscript differ significantly (P < 0.05).
Means * SE. (n = 3).
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' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.
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Fig. 1. Effects of replacing different ratios of corn with black fungus waste cultivation medium during the developer period
on feed consumption of Brown Tsaiya ducks (n = 3).
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' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.

2. 1SS E B DR AR E B R MBI FE LB R RS H 9 2 21 Bl E 2 22 -
Fig. 2. Effects of replacing different ratios of corn with black fungus waste cultivation medium during the developer period
on body weights of Brown Tsaiya ducks from 9 to 21 weeks of age (n = 3).
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' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.

3. 1SS E REHEE D B AR E REEAE M E AR FEELOIE R B 21 2 42 B EER % -
Fig. 3. Effects of replacing different ratios of corn with black fungus waste cultivation medium during the developer period
on laying rates of Brown Tsaiya ducks from 21 to 42 weeks of age (n = 3).
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' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.

4. 1SEEISE BSHERE DU AR E B IERE M E U A FIELOI R OR B 4 £ 44 8l ZaHEaR 2% -
Fig. 4. Effects of replacing different ratios of corn with black fungus waste cultivation medium during the developer period
on cumulative survival rates of Brown Tsaiya ducks between 4 to 44 weeks of age (n = 3).
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' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.
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Fig. 5. Effects of replacing different ratios of corn with black fungus waste cultivation medium during the developer period
on egg weights of Brown Tsaiya ducks (n = 3).



53 te NS E U BT RS B e A E R 2

# Control ' s WCM-10 7 WCM-20 # WCM-30

75 -
- ® o ., l ) : -'I
o leeck B2 gk B b
- A 75 A \Za A
= Vi 75 7 VA4 A
w / 7 /:-: %-: \/-:i /‘:.-:.-;
Vi 7 A §,//-:1 7
\Zi % Zi  \Z@ A
3 B RB
Y A 208 A
7 7 A N2 7
24 27 30 33 36
Weeks of age

' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.
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Fig. 6. Effects of replacing different ratios of corn with black fungus waste cultivation medium during the developer period
on egg shape index of Brown Tsaiya ducks (n = 3).

2. 1GEISEREEEE D BB REE RS E IR FE LR KRB 33 B 36 MEINEmE Z o8
Table 2. Effects of replacing different ratios of corn with black fungus waste cultivation medium during the developer
period on egg quality of Brown Tsaiya ducks at 33 and 36 weeks of age

Weeks of age freatment
Controll WCM-10 WCM-20 WCM-30
Egg yolk weight ratio (%)
33 32.0£0.6 313203 32.0%0.0 327107
36 327103 323103 323%03 32.0%0.6
Egg white weight ratio (%)
33 51.0%£0.6 520%1.5 51.7£0.3 527103
36 49.7+0.3 50.7%£0.3 493%0.7 49.3+0.3
Egg shell weight ratio (%)
33 17.0£0.6 16.7+1.2 163%0.3 14.6%0.7
36 17.7+0.3 17303 18.0£0.6 18.7£0.7
Egg shell thickness (um)
33 390.0£0.0 396.7+6.7 386.7%8.8 380.0£0.0
36 400.0+5.8 403.3+8.8 396.7+33 380.0%£0.0
Egg shell strength (kg/cm?)
33 446+0.13 4.6410.31 45310.24 4.29+0.06
36 441%0.13 442+%0.15 4.44%0.10 430%0.10

' Control = 100% corn; WCM-10, WCM-20 and WCM-30 = replace 10, 20 or 30% corn with black fungus waste cultivation
medium, respectively.

Means * SE. (n = 3).

There is no significant difference between the above groups (P > 0.05).
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Abstract

The purpose of this experiment was to evaluate the effect of feeding waste cultivation medium of black fungus
(Auricularia auricula-judae) on the laying performance in Brown Tsaiya ducks (Anas platyrhynchos domesticus) during
development period, thereby to establish the reference on saving feed costs of laying ducks. Ducks are raised in brooding
rooms at 1 - 4 weeks of age and fed starter feed; from the 5 weeks of age, the ducks are raised in the experimental duck
house. The duck flock is divided into 4 testing groups, namely corn group (control), while the corn group is replaced by 10,
20 and 30% waste cultivation medium, respectively (WCM-10 , WCM-20 and WCM-30 group) . Each group consists of 3
repeating pens, with 13 ducks per repeating pen. A total of 156 ducks are raised. At 5 to 8 weeks of age, each group was fed
CP and ME of 13.5% and 2,650 kcal/kg grower feed, respectively. From the 9 to 21 weeks of age, they were fed different
treatments for development period. At 22 weeks of age, ducks were fed 19% of crude protein and 2,750 kcal/kg layer feed.
During the test period (9 - 42 weeks of age), data on body weight, feed consumption and laying rate were collected every
week, and egg weight and shape index were measured every 3 weeks from 24 to 36 weeks of age. Data on the composition
ratio of duck eggs, eggshell strength and eggshell thickness were collected at 33 and 36 weeks of age. The results showed
the follows: there was no significant difference in the feed consumption of groups between the limited feeding period and
the laying period. The ducks weighed between 821 to 864 g at 21 weeks of age. In terms of laying rate, the average egg
production rates for each group at 22 - 42 weeks of age were 82, 82, 87 and 82%, respectively. In terms of duck egg quality,
there was no significant difference between the groups. The results showed that the waste cultivation medium of black fungus
can be used as a feed ingredient in the laying duck's limited feeding period, which can be replaced by corn up 20% without

affecting laying performance and egg quality and can save 17.55% of the feed cost during the development period.

Key words: Black fungus, Waste cultivation medium, Developer period, Brown Tsaiya duck, Laying performance.

(1) Contribution No. 2668 from Livestock Research Institute, Council of Agriculture, Executive Yuan.

(2) Ilan Branch, COA-LRI, Ilan 26846, Taiwan, R. O. C.

(3) Department of Animal Science and Biotechnology, Tunghai University. Taichung 40704, Taiwan, R. O. C.
(4) Corresponding author, E-mail: hyh@thu.edu.tw.



57 ST 54(1) ¢ 57-63, 2021
DOI : 10.6991/JTLR.202103_54(1).0007

\/ —,

L AR T I iR R E TR H AL R

2 = > /3\ 1
4 E Mz gt

EHHY BO5E© MEED MahE Y

WefbFH - 1102 5 18 1 #22 M - 11046 H 28 H

W B

A 5 A PR 8RR PR SESS S AR R (Bacillus coagulans) FOARFE S ETEEALTF6 4 RIERENTRZEE - DL 48
BH 4l BT x AR OB AL AE R slBREhY) - B R 3 A o T ETIRAHERE (A) ~ BB ETRRARS N IAESS
HFfEMRE 2 x 10° CFU/g (B) » B 4HATIEFIESNR NG & & SR EN 3.2 g/ke (C) - shBR A 4 8 - AR E i)
BHREE - BE - MURSESTRMR MR - SREUR > A~ B8 CHIVFHENRRED AR 047 ~ 0.57 £ 0.51
kg > B 4HEE = BIRAH (P < 0.05) - B A EEIEE S Y B IRAH (P < 0.05) - =4H R EaPHA1] I8 A SRR 72 52
FEMRERAABE AT ITIA - SAaeliE H R S eH R S 22 5 - &R BRTA > SRt R IAEAS SF AR - A It 5
RREHYE -

R - BEFLIFAE - SRESFIERE - IRES ~ ERUEE -

4

2001 FR & BIE R M ESE4HE, (The Food and Agriculture Organization of the United Nations, FAO) 254 H €
Ky F/E?EI’JME‘F% BT e nTEE T E A R (Reid, 2016) ;o —fEH LAY & 42 5 AT & 75 R 4l B R EL TR
WA - AR AR DL S MR BB I - SRR - sEETE G BN S RETERG 18 A T A REEE A RAT
HITE (Fuller 1992) -

SRR B R T SRS NG [EIRE SRRV RS v 2 50 — 55°C » A] DA AF S8 AR e A gt M LA 9005
JuryJE\fg (Abdel-Banat et al., 2010; Lidan et al., 2013) o —fF8 A= Yde A 3007 il FoiiiE - S8 A ki £ R B i
#R1% (Phosphoketolase pathway) 5% Akl - A4S E & 2 BElg /A e L - EHEEETRE KL 60% - ZFAIfE
o8 1R T P B b P /K e 2 2B /i LI BARE BR YRR 2T 100% (Patel et al., 2006) o SE45 - MR B fy o FUAR & 2 B
T o BEAS P FUAR I B R B oy M GB A B 2 AR A e LR 2 BE T (B ek » 2016 ) o (IBEHEMI BRI FIRE RS 2 AEST » B
IREEMEGAHHERE BRI E Mt F & - AalEgi aaliE R R Isess A R E S10 - HIgEie eV e &
PERE

fAfRP A 5% BEM AN g8 E BB M0 EG P IEE AR Rtk P B &
BETNMEEF, (Chen er al., 2013) - W4T SEFFFE SR EREJTH - BEAIERNER - BEE 284 - fRTNIEE
IREFE G BN AR EAM - LHZMIREFR} (Coriobacteriaceae) B ¥} & (Huang er al., 2021) - —f% T
= mAEEEEEEIHECET  DUNGE T IVEE RS - A E ISR E BR E 4RO LB R E -
KIGEAL Z FAEYIEAE - SR EREEIFF EEN AT » TEHNUEYE S 2 AR - TR RS E Y
pH {H - B RaEEYIHIVER (Blottiere ef al., 2003; Biagi ef al., 2006) °

FHHYBESS S IR ARV (L TP AE D RSB FUR VAR R - R IS oF IR E R BB R RRIREES] - Lide
FHEAEBYL R LE P HEIE o AU AL A8 eaiE o (D A S A R E EUREE 5F) » BRST HS AL A R R MR

|

() TTEIR R EE B G E BT s 5 2669 5% -
Q) (TEb e Z B s b e -

(3) EEERH S BB RS 9T T =

D TTBIEREZ g FERRATEES -

(5) #E/EZE » E-mail: hiujj@mail.tlri.gov.tw °



R -

BRI SRR o AR B BUR R F BB AL (F A BRI RE o & 58

M

AHBNTEEREZ A G ESERATERHNH R ST B ZEA - REHE RN &F
BT E SREYE B NI ES B 109019 SRHEFEIOEER -
L SRR R BN 54
Bl 58 H 78 2 LRI BEGT SF fUARE S10 Bk > Bk (pH 2) ~ MT#EEE (2%) ~ =R (90°C ) REMEAETIFY
P (SUEAE > 2016 ) o DUOLARSESF AT B 2 BEEY) (2 RIR ) #E1T/2 HEZRE - WPGHE S AR ER > FHRE

KL PR e 5 2 Tl
2021) ZESNFAIR et -

L. ks

RERIY) - B EEE _FIEREEN (CP 8.7% » ADF 45.1% » NDF 70.3% ; =55 >

PRA 4 e — an RSB LT (BRI x A8 50 ) 48 B Ryl BRIy - B0 & 3 4 > sy Bl R BfIREE (A)
EASRSE R UAR A ( B 4 ) BLERES P AR + IR EMA (C ) F 2 a3l - =48Rk AL PR E 7 il R
7.20 £ 0.40 ~ 7.19 £ 0.23 £ 7.04 £ 0.13 kg (mean * SD) - (FHEEIEMNMERSIRIREF T > T4H 4 ETHE - 458
(AEE-F) > IR 2.55 FIT AR - HIRAE (A) (PG EIR S FEAREGEREIE (R 1) B4 > (SEIEIISEE
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Table 1. Formulation and compositions of basal diet at Bacillus coagulans experiment

Ingredients %
Yellow corn meal 67.65
Soybean meal, CP 44% 19.00
Fish meal 5.00
Skimmed milk 2.00
Whey powder 2.00
Soybean oil 1.00
Salt 0.50
Dicalcium phosphate 1.60
Limestone, pulverized 0.80
L-Lysine, 98.5% 0.10
Choline chloride, 50% 0.10
Vitamin premix’ 0.15
Mineral premix’ 0.10
Total 100.00
Calculated values

Crude protein, % 17.40
ME, kcal/kg 3,217
Analyzed values

Crude protein, % 17.53
Calcium, % 1.16
Total phosphorus, % 0.75
Crude fiber, % 2.61

! Vitamin premix provided per kilogram of diet: vitamin A, 9,000 IU; vitamin D,, 600 IU; vitamin E, 60 IU; vitamin K,
3 mg; vitamin B, 3 mg; vitamin B,, 9 mg; vitamin B, 4.5 mg; vitamin B,,, 0.045 mg; nicotinic acid, 45 mg; calcium
pantothenate, 45 mg; folic acid, 0.9 mg and biotin, 0.3 mg.

* Mineral premix provided per kilogram of diet: Cu, 5 mg; Mn, 6 mg; Co, 0.35 mg; Zn, 40 mg; I, 0.2 mg; Se 0.1 mg and Fe,

80 mg.
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FHEERIIY) (1R - Gk SRS SF AR BRI & 2 x 10° CFU/Kg 5 C 4HEARI0E B 41 > FFEEINRIRE &)
3.2 g/kg » IL{EHE %2 Al-Khalaifa e al. (2019) - 55a R HA 4 5 GlERNT4E 8 IBERA R - HBaiNEFRIET -
EEF'%‘%E‘%'\ G HRE AR 2 2o ALFEAEmEUKEE/K - M 2 [EEUKEs - BENEFFENERHRa E
JHGEE 7 BN 0 Y B9 — 106 FEELALIRER - FHSEFIREREE 3 mL UK » PR3 i (XT-1800i
Hematology Analyzer Sysmex Corporation, Co., Japan) #1717 EHY 2 MAHREET 8L (Complete blood count) fgHI %45
MBR fMmATE -

L &85t57 7
AelEniR st 2% ET (Completely randomized design; CRD) » FifSaf s ZOfRHiE A SAS 4R+ E4EHES (SAS,

2002) » Fl|FH—fE 4R R =UF2E (General linear model procedure) #E{T8E 7504 » 408 B = BFE » HUSR/NE
7377 (Least squares means) FLiRE FRAH ] 7 72 BEEEEE 1 - AslBpiiE 2= /K8 By (P <0.05) -

%n%gﬂn nHH

L RDIAESE S AR i BURE Sk W8 L R RERTZ &
(i) #PRRER
RSB E A S ERENRAENR 2 For - B (A4 » SREEF R E (B 4l) BLEEEF
TEARE + IRREEM (CH) P EIHE HRaE TR 047 ~ 0.57 B 0.51 kg - DL B VR B ERIES
FREIEEE (P < 0.05) - ZAEECHY SR B EBER I B HE R BIEME K C 4l > HAE 6 FHieHL 8 #ifciky - B AHAYER
BEEE SN C 4 (P <0.05) - BURERIAIIAESE S R E e B L FE RV &R ZAMEEINR
EEE SRR 0.32%  HRaEEEETE -

* 2. ERPRIISEE S AR EEURE S AL A 5 — 8 BiRAERIREZPE
Table 2. Effects of adding Bacillus coagulans and napier grass powder in diet on growth performances of weaned pigs
during 5 - 8 wk of age

Group A B C

A diet added B diet added 0.32% Napier-
Bacillus coagulans at 2 x 10° CFU/kg grass Taishigrass No.2 powder

Feed intake (kg/piglet/day)

Control

5-wk-old 0.1510.06" 0.20£0.02 0.15%0.03
6-wk-old 0.34+0.07° 0.44 £0.08" 0.40 £0.03"
7-wk-old 0.56 £ 0.06 0.64£0.07 0.59%0.10
8-wk-old 0.8210.11° 1.01£0.10° 0.8810.11°
Whole period 0.47£0.06° 0.57 £0.05° 0.50 £ 0.06™
Body weight gain (kg/piglet/day)
5-wk-old 0.00+0.05 0.05£0.01 0.01£0.01
6-wk-old 0.170.05 0.21£0.05 0.20%0.04
7-wk-old 0.30£0.03 0.331£0.04 0.2910.06
8-wk-old 0.39£0.08 0.52%0.10 0.45%0.06
Whole period 0.22+0.04° 0.28 £ 0.03" 0.24 £0.03*
Feed efficiency (Gain/Feed)

5-wk-old 0.00£0.43 0.25%0.05 0.07£0.08
6-wk-old 0.50£0.22 0.48+0.14 0.50£0.08
7-wk-old 0.54£0.06 0.5210.10 0.49£0.11
8-wk-old 0.49+0.13 0.51£0.12 0.51+0.08
Whole period 0.4710.12 0.481£0.08 0.47+0.08

" Mean £ SD.

" Means in the same row with different superscripts differ significantly (P < 0.05).
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Pu et al. (2018) fi5 R Bl RN IEESS SFfUAR B - AT ES (- 4ERY & H e R & & (0.406 vs. 0.486 kg)

S5 (2019) £ 5 — 7 EEHE AL FFE IR FONIERSE SF AR B - TR S 2 E H R B & (0.40 vs.

0.50 kg) - AGERIESIEPIATEE IR - R H R BRI B8 45 oF fAT B BE 2 B i 0V 2B W) e AR I A 1 2 R

W MR FER B & o [FIRAEEE P AR B o] AR AR — Zolie AL (2R - 2016 ) - IR T i B

HILUR AR MR RRAFAE - BB SRR M AR AT AE 1T - 40 B A A P A 1 I el i e TR PR RS P e

T ST AT EAE AR A pH E - FRASPEEET R A HIHIAHE DNA F1&EE'E & EHITER (Stratford and

Anslow,1996; Russel and Diez-Gonzales,1998) » HEHISE4E o FRIRF (R 7 A=~ A MG e HI ] SRR LG P ME R AV B0

BN CCEG R B AR & -

(i) frFEhgeE
A~ B B C 4HIFFER 2 IHE H I E /75 55 0.22 ~ 0.28 Bi1 0.24 kg » DA B 4Hfy S » C4HRZ » H B 4H{F5E

EHMEZE SN EIRA (P < 0.05) - =R HEERITRENE - EABEUES > W B s > ASC

I -

g ORI E TS A BN A SR8 R A W AYES T - %A ZHAVHE5E (Wang, er al., 2018) » ffE IR

1 5% S EIRRE S RIFERG E T ORISR (Escherichia) BLEE R (Shigella) HIHEYE (Huang et al., 2021) -

Guerra et al.(2006) 51 » (FFEEIRI ORI ALEEARH - BARIHFFE HIGERYSER - SRR BT E Y

RHEY) - IREARTHFSE H W EAVER (Thu e al, 2011) - HNESERERGE T EREEREY 22

BN - R EN L ERA R E TN B A MR E M 7 (Schnabel er al., 1983) » RIS 44

U2 BEAETRORRE - A AU IEASE E A RIERENVZS A E AR © Pu et al. (2018) f5H - BE&S SRR E 1]

DA Rh R e i e B8 1 - DUREE KGR YIS » (BTSRRI AR - R (2019) (EEaR IR IIEESESF

FIRRE - Aitm 5 2 7 BEEE AL B ERVHSS - &% bRl - (E SRS S AR R F i AL B AR AE Y

WE - AEERGE RINEUR o e IR IIERS S AR ORI AT IR A HEY - (BERSMER IR S

#r4H ( C &4H ) 254t EE P B HEIAEE = 22 > BUREDR IR IIE S AR AN IR E SR 0.32% »

KA E— PR HFFE EAYRR -

FHABERL ~ i S E R IR R i OB F R R » FIE R RIS - B E 748 4 ) 24 /NIF (Lewis

and Berry, 2006) - fEBEFLAEAZ T - (FREELRIFE S5 - R FFEEFIEHRE G AL - &F ST 48

/N B R TN EE 2R EHIIEIE (Brooks ef al., 2001) - 55 (2020) f5H - Rt RIS S AU R T

FEBE AR S — AR E R B 0 HAFSEREAL RS — AN E R EE - AREBAEBUAER RIS

FRRE AR R R — R E R B o E PR R e A E YIRS LR -

(iil) EARPRCEE
A ~ B 81 C 4558 el B = HAGRISER 77 7l £y 0.46 ~ 0.48 i1 0.47 » ZAHREIE 2 » SHHTFFEN&E

EI B R TN B A2 5 o A IHSCTE T A R ORI A LR 2R fEAR B (Bacillus amyloliquefaciens) B¢,

B AR R AL AR R SR R (5 2017 5 5355 > 2019) » GBS ADIAE R -
INIIERAE SF FAR B BN S 5ok S A MR B A M E Y 2 22

FHETS 7 IS > SAHAVIREBEENE SRR 3 frn - S8 2 S oliTE B a2 5% > Hp
B4l MERIMAT 222 (Mean corpuscular cell hemoglobin concentration, MCHC) 1A 27.0 — 27.4% R » [
FEIRESAETY Jezek er al. (2018) 25 {HA R (K(H 28.8% < HarfeollE H Z BUEITTEAE Jezek et al. (2018) HYHEE S
FEN - ERSTEAEI R E N -

ERFEWFERENE T » B TR A R e 3 Bk EUREEREL(E (NET/LYM) 2 REFaY R R 166
FOFE S T ERELREERAYELE (Quifionero ef al., 2009) - £55 (2020) @l & B HAAH BUARNNARAS SR AR B 4H T
5& > ELNET/LYM EL{E 47 B By 0.79 B2 0.71 - AR&tEs A ~ B B2 C 4HAY NET/LYM ER{E 47 Bl B 0.73 ~ 0.72 B2 0.70 >
HAHE R AR B (2020) AYLLEAEAT - HERW R H 54 FTZ B0 - RIHEE T IHEEL -
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3. ERPIRIISHE AR EEURE S Y 7 AR RAIRES T EZ 8

Table 3. Effects of adding Bacillus coagulans napier grass powder in diet on hematological profile of piglets at 7 wk of age

Group A B C Jezek et al. (2018)

Control A diet added B diet added 0.32% Reference ranges
Bacillus coagulans at ~ Napiergrass Taishigrass (7 — 14 weeks of age)
2 x 10° CFU/kg No.2 powder

No. 16 16 16

RBC, 10" cell/uL 6.3+£0.3" 6.210.3 63103 5.40 — 7.28

WBC, 10’ cell/uL 214%1.6 22.1£0.9 22,7145 13.70 — 34.12

PLT, 10°/uL 469.6 £ 60.4 558.81754 533.8%172.7 273 — 730

NET, % 3961 1.4 38.713.6 37.614.0 30 — 71

LYM, % 553122 563132 569129 22 — 69

MON, % 42%1.0 3.8+10.8 431%1.6 0—7

EOS, % 0.6110.18 0.731£0.25 0.731£0.27 0—9

BASO, % 0.3910.04 0.4410.05 0.4610.05 0—2

Hgb, gm% 103%0.5 10210.4 10.310.2 92 — 125

Hct, % 382113 37.8%11.8 374119 28.0 — 41.7

MCYV, fL 60.8+1.9 60.910.6 593113 47.7 — 63.0

MCH, pg 16.410.8 164+0.4 16.2£0.2 14.0 — 18.5

MCHC, g/dL 27.0%0.5 27.010.8 274107 28.8 — 33.5

NET/LYM 0.731£0.06 0.72£0.10 0.70£0.13

" Mean * SD.
RBC, red blood cells; WBC, white blood cells; PLT, platelets; NET, neutrophils; LYM, lymphocytes; MON, mononuclear
balls; EOS, eosinophilic white blood cells; BASO, basophilic white blood cells; Hgb, hemoglobin; Het, hematocrit;
MCYV, mean corpuscular cell volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular cell hemoglobin
concentration.

A

Bl FL PG GRE TR IBRAS S PR 2 x 10° CFU/kg » RIHRFHT AR B R ELS & - ([H AR AR
& .

ae &

BRI R E A BT SR A R iR E I o RIS -

SLENR

T80 ~ MRAIE ~ BEEES - BI95EF - 2020 o GEKE FFURNIEEAS S fOMR B B AL (P58 AR R MEAE - IURAE(LE R FEFEME
YIS EE - B EESE 53 1 91-98 -

SPAF ~ MRANE ~ TRABEE - F8REE - BID5E% - 2019 - SRR MR B B AL e £ BRI E - HENE 52
108-113 »

MEHE - MEE) - B 5OUE - BEIRET - 2017 © SR BER SF AR R AL A A RMERE -~ BB EE R R ER
EAZFE - PEGE46 1 311-319 ¢

EES R SFEE - 8% 2021 - REESEE =S R SR B AL AL RS 2 R BT o BETIE
45 1 217-226 -
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BI55ES ~ MRalE - 2016 » RHER FEAOR SRS AR R e e AL A A BV B - PR gt 45 (WT]) 1 223 -
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Abstract

The purpose of this study was to evaluate the effects of Bacillus coagulans products and Napier grass meal on growth
performance of weaned piglets. A total of 48 four-week-old (Landrace X Duroc) weaned piglets were used. Pigs were
randomly divided into 3 groups and provided with control diet (A), control diet added 2 x 10° CFU/kg Bacillus coagulans
products (B), and B diet added with Napier grass Taishigrass No.2 meal 3.2 g/kg (C). During the 4 weeks experiment, feed
intake, body weight and hematology of the piglets were measured. The result showed that the daily feed intake of pigs at A,
B, and C groups were 0.47, 0.57 and 0.51 kg, respectively. Pigs at B group had significantly (P < 0.05) larger feed intake than
the control group. The body weight gain of pigs in B group was also significantly (P < 0.05) larger than those in the control
group. There were no differences on the feed efficiency among groups. In hematological profile, no significant differences
were observed among groups. In conclusion, the dietary application of Bacillus coagulans products significantly increased

feed intake and body weight gain of the weaned piglets.

Key words: Weaned piglet, Bacillus coagulans, Napier grass powder, Growth performance.
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B Sop A2 A pROKY Fain g 2§ Y

BRET P9 %@ poE® wE© S

WelbFH - 11044 H 21 B #22 0 - 11046 29 H

W B

BB 8 = Y K SRR 7 » I P L 2 ) B A A A L I (s 5]
HRUETIIE R R R - DRI » ACBUB B TERE I = Bt FR OB K » R SaU S L 2 ) B S B B
(Chlorella sp.) » $HBS /K 8 R BUAR T — SRR RATECR » 01T LUZRERIF + I Hae R 2 K
S I - (0P = R EURIBIE 43 7 324 me/L 1 84 me/L HURFERE K BARBRIRRIRN 1R
HURFE (A41) » Z250RS (B A1) » ROBRIRE (C41) % = MR E A (LRI s TRk R i - B 2
% C LB AR (200 me/L) AU (49 mg/L) JEREHEEE A 41F B ALA(E + SURIBHII LRI 38.4% F
414% » GERIRFERBE A GLR B AR (P <0.05) SRR | g (BRIRLIIEE 4.84 L 19 SRILHR - 4L AEAIABRIE
SR RIS R AT 41 — 64% B 2.18 — 2.68% 2 « 47 BRI » (5 = Byt ER (e O BRE K BB RS
BB » TR R B A TR SRS K R RIS B OB P SRR - B M E NS
SR IR GMET » ELEL{ ORI AT - (AR SR e 7 . A BE R B 7 ELBT TR » TR
BT AR BRI CB AR DA - -

B ¢+ SRERE © EREREK - EEAR -

4

EERA RGN - SEEA LIRS S T 2050 2Bk A LRSI AR 99 8 - E T KRHE I 70 — 100%
(Prosekov and Ivanova, 2018) - FE AL )N E R SHIE E WL (Dennehy ef al., 2017) » &7 imE NESEHESE
SKETRETIS AN - RS AV EFETAEE 25200 I - Rt EA K EAVEFERE/K (Nagarajan er al., 2019a) » ELTAERE
KR B (Dennehy er al., 2017) o E5ERE/KFT &MY SRR 53 A 5 200 — 2,055 mg/L 1 100 — 620 mg/L (Cheng
et al., 2019) » 8= Ee=(BE/K IR B 1% EURIRRAYRIE AIRL 7112 200 — 400 mg/L #1120 — 100 mg/L 7 i ( 855 » 2003 ;
ZLRSE 0 2005 5 &R 5F 0 2020 ) - BURKE SRR B R B AR ROK T E & SR SR S S S B o RIREITHV
KRR (TR ORGESE » 2019 ) » R EH R~ S K PRAE 77 731 5 10.0 B 4.0 mg/L - BEZREFESERURKHE
AT e A 20 P B AT - ERURK R ~ W S RO T AR 1R 4 BRIR 5 B ) | DK (B (LS ER (R M (Glannuzzi ef al.,
2011) > ZENNGRBOR K EhE R R e i 2 B3 -

BB KE R 2R » RE KRB H 355y TR RRSHER - DU N E 4 A 2% (Dennchy er
al., 2017; Wang et al., 2020) » Hu ez al. (2021) 5t » BREEIHEZ RARAVFERIREI AL — » AEERNVES ~ |
FRARHT R PEU A R AEH )/ V3 - De la Notie and De Pauw (1988) 8155 » ARG HEFTAE VIR BE vl HE KPS RERF —
At R E R L A A AEYE - B EA it St DU 2 A -RAVEE S - BOATA AR R TR
KAV =4RFE 24 (Larsdotter, 2006; Abdel-Raouf et al., 2012) » Nagarajan et al. (20192) WI52EER » fiC%E I &E5E RS /K
HsmE & - [FERFE P DIERREE - S5 K B R AP B g A HRE L » Harasimowicz er al. (2007) f5iH
HREH 55 — 65% HYHFE ~ 30 — 45% Y (LK (carbon dioxide, CO,) Il & HYHR L& KK R - 7R (2015) 45
o BEMWEHEACESIEAGR T DUTEEIE A ERE E CO, - BAIHRER S - BARER KOV iRBRITR
F o FIF CO, AEF &R A A MR % ) (Abinandan and Shanthakuma, 2015) « BE/K s HY) &8 G5 1) 7 fide 0¥

|

() TTE e Z B s A B AT Je E 2 55 2670 55 -
Q) TEbtREZ E g T A2 -

Q) TTBIREZEgFERBA TANEE -

(4) #EN/EE > E-mail: tmsu@mail.tlri.gov.tw °
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{b1% > AN THVA TR SRR - RSk 2 B8 HE (Travieso ez al,, 2006) - Nagarajan et al. (2019b) 5t} -
THREAREHEEE T EGRRRREIEY) - Ea PR RBHARA - 1 CO, ERREHIERMEERIEE - F
PRGN = CO, JRFERYRFE: » SR mI i By CO, PRI © A1 > Colla er al. (2007) a5t - SHEEEAHE - lFH -
AR - BYE - MECRFEERER - AV > EHcERAIRE BEHILIEE: - B EEIREDA L
SEUIHEEE - ARSI E AR S B NS & B YIR VIR R (Austic er al., 2013; Lum et al., 2013) -

B YR A E BRSO R QR - By T AT E SRR E ~ W > DURFRETEE S CO, &8 - AWIFEEM
=ERFURHE RV EFE KA RIS RGBS - TR AR UK S SO dR T CO, JRE E’Jxﬁ(%

M A

I &REREARR
AR [ FH &R % (2016) B5EHY4EBKTE (Chlorella sp.) - #% % (2016) F| & 54 BE K LA — MR & B (BCRC
Number : AL20008 » Y& R AT HL 3 $7 1) 558 - S EL5E (2010) 7574 » HUEKR DL DNA E4H RS
DNA » DIEEHGH$H R FE (polymerase chain reaction, PCR) #4T DNA 8% » 118 L 18S tDNA 43 T-3585H (clone)

B E AN - 46 ACERSHY DNA R EY » A Az B8 FRET » PRI 5B AR B R YR
it & {40 (National Center for Biotechnology Information, NCBI; http://www.ncbi.nlm.nih.gov/) &fe} e b5 21 B

SRERERLIE FE SR RS ZE 99% » HE e BRI AS RSB -

T GREROREEREERSY

Table 1. The component of culture medium for Chlorella sp

Items Usage amount/100 mL'
Medium
Ca (NOy), * 4H,0 15 mg
KNO, 10 mg
B-Na,glycerophosphate + SH,0O 5mg
MgSO, + 7H,0 4 mg
Tris (hydroxymethyl) aminomethane 50 mg
Vitamin B, 0.01 pg
Biotin 0.01 pg
Thiamine HCI 1 pg
P IV metals (components as follow) 0.3 mL
Distilled water 99.7 mL
PIlVmetals T
Na,EDTA - 2H,0 100 mg
FeCl, « 6H,0 100 mg
MnCl, - 4H,0 3.6 mg
ZnCl, 1.04 mg
CoCl, « 6H,0 0.4 mg
Na,MoO, * 2H,0 0.25 mg
Distilled water 100 mL

' Refer to the medium formula of BCRC Biological Resources and Research Center (BCRC Number : AL20008).

IL 4RERESCEARSEBAE © 20 1 Fo -
() FFERERERR 40 mL LA 1 L SEHEEMUENE > A LBERE IR SRR B FE RS /K (55 ) 460 mL > DI/
IR SEASHH DR SR A AR THEE -
(i) ¥5E 2 A% o K () SRBCRREIA 8 L 2E0VEHM » MIA 3.5 L &4RBRETER - s - S22 #R 8
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JERT 4 LS > P92t 4 (8 8 L ACHVENIM - FHI0A 3 L8Pl - g 2 181k > (V&S 16 L3R
PR 16 {8 LACHYENIM » I3 L 8 ER - AR 2 8% - NE—EUMEI 3 L8R 1
[T DU/ N R SEAI AR SR PR (22 3R, L2528 100 L AR -

(i) 7 (i) ZHRCPHI R 4 7R 100 L B8 (M 25 L) &> JIA 60 L 558K - DARSARIE A2 R
& 2 AR -

Chlorella sp. liquid 40 ml +
culture medium 460 mL (1)

lAfter 2 wks of cultivation

(1) + culture medium 3.5 L

l After 2 wks of cultivation

Divide evenly into 4 buckets of 8
L + culture medium 3 L

l After 2 wks of cultivation

Divide evenly into 16 buckets of
8 L. + culture medium 3 LL

l After 2 wks of cultivation

Add 3 L of culture medium to
each bucket (i1)

l After 2 wks of cultivation

(i1) Divide evenly into 4 volumes
+ culture medium 60 L

Fig. 1. Culture process of Chlorella sp. in the pre-trial stage.

1L & (bR RE T =0

() SBRFIERATICERETIDE AZ RS A% - P ER 6 (EIA 25 LEFER A& 100 L VSR (5
fR&Y 80 L) » S3 BIERHIARE (A &) ~ DAZESRMLIE CO, (B 4 ) REUHRMEIE CO, (C4) F 3 A [H CO, fitfE
HARGEE2E B2 EHE -

(i) —SE(ChRIERE © A 45 B RS LTS A I0E - A EBREEFE T UERE T2 R - AR
fERLL 0 55 - B AHPUREME AZZ R E - S LikAtEE L2 R AL E R 0.0412% (Buis, 2019)
8 o CUUBRR E & E AT R KRS, - (85 RH B B E B B R e B 1547 12.723 m’ (VPR
R(ExEE=5mx1.8m) RS S ASNHER @ R E R R R R SR - DU
OB R E RS - DUIIEE RS B AU R RIS R i B A B R A8 - AR N Z IR R R A E &
b B R R - BBt BT A I DUA R &R RUR, -

(i) CH (LUGAMME ) S thHEENAR
L DL S BRRAT G REAE o > FO# S TR B ELBAR & RAS ( & bk © HkE= 0100 ~20 : 80 ~ 40 :

60~ 60 :40~80:20~100:0) > DL 500 pL AYREZ T H$HEPE & RAS AR ENT# (Trace 2000, Thermo
Scientific, UK) » L TCD Fy{s &5 77 5RAE (carrier gas) RyZUR > LIRS AT HIEAITA (peak area) 1R B
mELR (8 2)-
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0.2 4

0.0 4

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Absorbance value, OD

2. EROGECERE R ES (y = 0.2891x +0.0015; R* = 0.9967) -
Fig. 2. Calibration line of algae liquid absorbance value and biomass quantity.

2. SRBRAT ~ &I R B R R o DUES AR AR MIELE | L AVREERRER T 3R
AR S PREE 3 %1% - T RHB E iR = T 0T -

3. BEERIAT ¢ PA S00 pL AYREDE ST S HHUCERRY SRR E A RAMEITEE - DI T SRR - iR s
A Ty (ZHEALBRIRE » %) = 8E-07x ([T ) +2.2437 » R =0.9951 » hEHEHRAS 2 — SRR -

.wﬁzﬁ“ﬂi/ R V) B in BRI E R

() 1€ C4HHLS LIFE125® » DABE L% (Himac CR22G, Hitachi, Japan) 1£ 3,000 rpm {5 Ny 15 7788 » Uik
TF/,\ 1% o > 105°C T HEf LS

(i) FEFEEZ9E 0.200 ~ 0.400 ~ 0.600 ~ 0.800 ~ 1.000 ~ 1.200 ~ 1.400 ~ 1.600 & 1.800 g -7 %A% » 41 10 mL 4%:5%
TREIEERL (£ 1) )68 30 738 - MR LAERER S (MS-11) BB R &9 91% ﬁu%»s&;&ﬁbiﬁéﬁ
FEER 1 L WHEEER -

(i) 75 (2013) J77% » FIHIEEEEER (Hitachi U-2900, Japan) 7 682 nm 7 & T » SHEIAVR A FELRER S
EERIERRELS (B 3) @A -y (SBKEEE > @/L) = 0.2891x (IKE(E ) + 0.0015 » R* = 0.9967
DA SEAB Al B3R h 4R BB TS -

100

CO,, %
L
(=]

O L 1 1 1 1 1 J
0 2 - 6 8 10 12 14

Peak area, x 107

3. R bhEERELR (y=8E-07x +2.2437; R?=(0.9951) -
Fig. 3. Calibration curve of carbon dioxide concentration.
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(v) sUBEAT - REEADREIR > PL TSR BRI x RRET ) A3 MRGEKEIZYE -

V. SRR R

PURAIAAAEF SR C 4HBAERE | g &kB0% 2 S ULHOHFEE » CO, KR (L COY/g Chlorella sp.) = [(
BaRnaR T CO, & E (%) - SERRIIAT CO, B E (%)) + 100 x 12,723 (RFRAHE (L)] + (BURREATYE (2)
- EBATERYE (9) » HivdRAEE IR EEREE Y -

VL FREEZ PRI AT ~ 18 2R > £ 105 CRABRR - Imsie 2 405 - Smsh ~ 3 - 8% 8 HS R T TA:

() 4% SIRTEIERERETRETRERFT NIEA W423.52C (2004) J5k3t 5.2 « Kb g0 = Ko i Eas
SEUMLFE + Ko ST OME + K cPHLEG SEUIE - Kch BRI - ERIRE o R HLES EL A - SIS
{TEE IR (R B R B i B FT NIEA W419.51A (2006a) ~ NIEA W418.53C (2019) 5z NIEA W451.51A (2006b)
TEIMNZ -

(i) #86% @ SIRITHEIRRRER NS 2Kl )7 7E — 50 ERt / 4842 PN 7E (NIEA W423.52C27.53B
TR R ReE BB BT » 2010) J0A T2 -

(i) BEVVEIRIE AT ¢ KEFERRGRAER - IAJKILE (NEYTECH-2-525) » 7£ 550 — 650°CofE NIKALLY 6 /N -
RBERORAL ~ 580~ BT S8R ERE% > I A 3 N AEIRE 10 mL > DSR2 8 350°C SR ETIE
i ~ B EER 0 DUR T IRBOEERE (Atomic absorption spectrometer Z8100, Hitachi, Japan) JHEHi ~ 7 ~
B SRE -

VIL 4515747

IL.

ZE bRt E B ECRERE - R EHREE SCER I ESITERL - FIH SAS &GEt i EEL g
— G AR MR FE 7 (General linear model procedure) #E7 T8 755747 (SAS, 2002) » EAFRFEE (P < 0.05) » FHLLED
B I A MBS A (Duncan’s new multiple range test) » £ 8 25 Jix FHAH 1A 72 R -

RIS

— S/ bhrptrE T SRR E R R

SRR A HOLEAABES (B > 2013) - sUEaRT S 4HEEREEY 80 L » SR E(ETE 0.631 — 0.664
[l > DARE 2 AF0 (SRR > g/L=0.2891 x Z5E(E + 0.0015) {55 » S4EBFEATHVERRBRELE 0.202 — 0.213 g/
L[] > SRIVEErzERI A 162 — 171 g (R 2) - &2 HREE% > A RREREM BAHK CHBS
BRA A SHARIE AL RS E RS EN - IR R EE R R AR > C AR TIREEREARM CO, MR
WEET RIIE RS > BADRRER C 4 GREAKMZB I IREEZE R - 2O ERRPTE - sU5assHIF > A4 -
B 4H K¢ C 4HAVERIRORIE 73 7l B 0.409 ~ 0.794 2 1.492 g/L > i RERSHZYIEE I 32.6 ~ 61.5 Fe 117 g/ £ » C 4%
HoE EREN (P < 0.05) 8 A 40K B4 R% > HELRHEA LA ER G T DU EEREELE E CO, (7E
%5 2015) 0 THARETH 30 — 45% 1y CO, (Harasimowicz et al., 2007) » ZE51 CO, & & {#4Y 0.0412% (Buis, 2019)
JEA R -
= (= = =

TR (2015) f5 i - SRERPEREHECE RIBEAAE - ATHETRNEE - R2E0REFE T - BEHK
ZAEFRBIEKFH CO, » HERBER KNI CO, HVAMRHRFR » BUERBA RAREE » REREZN
SRR RO R A S B R A S o TR SR ERETEEERNEEE R (RE » 2015 ) - Aalbs C4H
FIFEF K SOBRIRIIEI B TR 2 8 - B R EEYE - Wi EmEE S A BRARS CO, NAfE
A FRIRRE SRR - PREE C HalBaRT - RIARET S(LBE T &E5aEBAT CO, R F 23.15% » #2
Harasimowicz et al. (2007) F5H 30 — 45% K > SRR R By 7.94% > HE(T 2 HMNAREESELHRE 15.21% 19—
b - AAEEACHIE SRR RSN I A R A DA AT 2 SR IRE 3 e B4R EE - BEEEE 1 ¢
SERSRZYVE L HAE 4.84 L 1Y CO, - T slEgiff CO, KFR#FLY 65.70% HYHEm{E o HhEL Nagarajan er al.(2019b) $5
H o fCEEAT S CO, EEMNRHE - \IRIFVERATE CO, it Al e EH 2 gess R —2 -

1L SEERSEREEERT ~ Bk (L

LEBRCEISEFI I E R (KERE MR REIRBRIVEFERK ) iy > SREEE - 480k - 37 - 8 - $8
SEHTE SR 324 ~ 84~ 2.1 ~ 10.2 ~ 25.8 f14.3 mg/L - &% 2 FEE % - C HETERIVE BRI B i A
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4k BAH K (R 3) - AR 2 EP R R Ry BRI - 1l B 4HEER ZEERR T N REENE
AT A (P < 0.05) b » HA S B EESE FIHET > PLIEE C AR EERE SN A 40K B 4HAR » A4EFRELE
EHiE RN 2B K PN SRS E - MRS EAEEYE Z mili—2 (De la Notie and De Pauw,
1988; Larsdotter, 2006; Abdel-Raouf et al., 2012;Nagarajan et al., 2019a) o C 4H {5 FH EAIBEEE 43 5 B 324 mg/L il
84 mg/L WYEFERE/KIE RBERICEETER » &8 2 ARIE R P E IR f 200 mg/L #7149 mg/L > B LR
% 124 mg/L 135 mg/L HYERIGE » EFRZIT 7 Fy 38.4% 1 41.4% » BUREGEEE BAFFHEFIBEAYAE /T (Larsdotter,
2006; Abdel-Raouf er al., 2012) » TF|FHAEFEREKAVERE EFR - ABRETEEEICE 2 A% > BEREAE
XN (ﬁ%ﬂ%:éﬁh?iﬁgﬂﬁ [l > DAT fR&RBRE B REFE R K S ey BB - S E R R E RV -

‘f¥ EAE S E ARG > MEAREE CHBEEMI ALK BAHAEERS » M CAHERESEKAEKB

[ &5 = FE A AH R

*2 H(bhREUERGIRER 2B
Table 2. Effect of carbon dioxide supply on Chlorella sp. production

Items Group A' Group B Group C SE
Volume, L/tub
Before cultivation 80.1 80.2 80.1 0.1
After cultivation 79.6° 77.4° 78.5° 0.1
Algae concentration’, g/L
Before cultivation 0.212* 0.202° 0.213* 0.01
After cultivation 0.409° 0.794° 1.492* 0.02
Algae dry weight’, g/tub
Before cultivation 16.98 16.20 17.06 0.05
After cultivation 32.58° 61.47° 117.09* 0.07
Difference 15.59¢ 45.27° 99.98" 0.06

' Group A: static state; Group B: CO, supplied by air bubbling; Group C: CO, supplied by biogas bubbling.
* Estimated value, algae concentration = 0.2891 x absorbance value + 0.0015; algae dry weight = algae concentration x
volume.

"¢ Means in the same row without the same superscripts are significantly different (P < 0.05).

F2 3. GERERIERIARRIEIRR Y EL

Table 3. Compositions of culture medium before and after cultivation of Chlorella sp

After cultivation

Items Before cultivation - SE
Group A Group B Group C

Concentration, mg/L
Nitrogen 324° 313° 280° 200° 12.0
Phosphorus 84° 80° 72° 49° 6.0
Copper 2.1 2.0 1.9 1.8 0.2
Zinc 10.2 9.9 10.0 9.4 0.2
Iron 25.8 24.9 25.0 23.5 0.3
Manganese 43 4.0 3.9 3.6 0.2

Removal rate, %
Nitrogen 3.37° 13.54° 38.36 4.30
Phosphorus 4.46° 14.35° 41.35° 3.90
Copper 6.03 7.16° 16.17* 0.35
Zinc 2.48° 1.91° 7.58" 0.21
Iron 3.56 3.04° 8.93° 0.33
Manganese 7.67° 8.24° 16.05° 0.68

' Described as in Table 2.

"¢ Means in the same row without the same superscripts are significantly different (P < 0.05).
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CHHEZYE R ~ Bl e ESEET AHK BAS  BaETE A A (P<0.05)  MMNFEE
ZAHMIAEINT (2 4) 0 T C4H CO, EEEIR A H K BAHES 2 (RS > 2015 ) [ERRR - SAHEZYERSEE
6.61 — 10.3% > EMHEAEEZENTN 41 — 64% [ > BRI R AT > kSR (2.18 — 2.86%) tHlfH
THY 2.98% (TR EZ B g B AT - 2011 ) #5241 < 8 - £ - SAERaY 2 & 577 5 20 — 22ppm ~ 59 — 61
ppm ~ 140 — 158 ppm 5z 28 — 37 ppm © Marta er al. (2017) BB T 2R S50 - SRBRRAVIHE B 8165 53 71
377 — 47.8% 1 0.96 — 1.76% » [fi#% ~ SERISEAYEE AT/ 400 — 5,500 ~ 20 — 100 16 — 50 mg/kg fif] » A&
sRER AR B RE & B Marta er al. (2017) BEFRAVSCRREE Ko > 1800 2 & AIIBHEE(K © Colla ef al. (2007) $5
o SEEA hEE R v T > (HRNEESYRE S CRCEANREEE - VAR ZEE R RS2
BONIEY AT FIFI (Austic ef al., 2013; Lum et al., 2013) -

T4 EERGBCELZYERY

Table 4. The dry matter composition of Chlorella sp. after cultivation

Items Group A' Group B Group C SE
Nitrogen, % 6.61° 9.50° 10.27% 0.24
Phosphorus, % 2.18 2.58" 2.86"

Copper, ppm 20 21 22 1.3
Zinc, ppm 59 61 61 2.5
Iron, ppm 140° 152° 158° 13
Manganese, ppm 28° 34° 37 1.6
Crude protein2,% 41.31 59.37 64.19 —

' Described as in Table 2.

* Estimated value, Crude protein = Nitrogen X 6.25.
"¢ Means in the same row without the same superscripts are significantly different (P < 0.05).

W A

R =T E S iR (B E - ZRBRICEIRER ) - SHERGRE _S(LiRE (C4H) £
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B A YK B RS > GAE | ¢ SEREMGETLTNEE 4.84 L Z&Lh - SERSHE O &= B H AN E AV E A S
BHFEEHEAT - B3R CIEE LI ANTE SRS - SRR LAY - WERGEE RGO - RFERUR
IKERAE » WIFEE SRR SIEROKEE T - A ESUERNEFERK WL - FASERIE R AR R bR Z Pk
R DGR R B R B R CHINT o - ARG IR T 1A - R sikE S AR SR R iy BB Bl Bl - Mo —
iR F s (E Ry S eI (R T A 5T -

ZEXR

G IR LT, o 4E5ERPE AR - HUE https:/catalog.bere.firdi.org.tw /BSAS _cart/controller o

THEREZE G REABT - 2011 - ZEERETF M (=) @ pp. 5-17 < TTHEEEZ B G T ER AT EiE
=147 5 o
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9 H 15 HEEEZEMTEE 0990084224 §5/\4E o
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0930057400 5E/N 4 -
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Abstract

After the three-stage treatment of pig wastewater, concentrations of nitrogen (N) and phosphorus (P) of the water
were still high. The biogas produced in the anaerobic treatment stage contained a high proportion of carbon dioxide (CO,),
which could provide algae as a carbon source. Therefore, the aim of this study was to explore the effects of application of
the discharged pig wastewater from the three-stage treatment system and the biogas produced from the anaerobic stage to
cultivate Chlorella sp., with regards to the removal of N and P in the wastewater and the consumption of CO, in the biogas.
The reuse of resources is expected to reduce the negative impacts of the discharged wastewater on the water body and of
the biogas on global warming. A sample of treated pig wastewater with N and P concentrations of 324 mg/L and 84 mg/L,
respectively, was used as the culture medium for Chlorella sp. Three different carbon dioxide supply methods including static
state (group A), forced air bubbling (group B) and forced biogas bubbling (group C) were used on the cultivation of Chlorella
sp. After two weeks of cultivation, the concentration of N (200 mg/L) and P (49 mg/L) in the culture medium of group C was
significantly lower (P < 0.05) than those of groups A and B. The removal efficacies of N and P of group C were 38.4% and
41.4%, respectively. The biomass production of algae of group C was higher (P < 0.05) than those of groups A and B, and the
carbon dioxide consumption of Chlorella sp. was estimated to be 4.84 L/g. Besides. The contents of crude protein (CP) and
P of algae produced from all the three groups were between 41 to 64% and 2.18 to 2.86% on a dry matter basis, respectively.
In summary, the use of the three-stage treated pig wastewater and biogas to cultivate Chlorella sp. can effectively promote
its growth and reduce the N and P contents of wastewater and the CO, in the biogas. The CP and P content of Chlorella sp.
are similar to those of soybean meal and fish meal, which could likely be used as one of feedstuff ingredients. However, it
is necessary to refine the algae harvesting and the cell wall breaking technology, in practice, and there were still some algae

suspended in the upper layer of harvested culture liquid after the centrifugation operation, which must be properly treated.

Key words: Chlorella sp., Pig wastewater, Nitrogen and phosphate removal.
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