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aluminum frame

The 3D image of BCS 3D camera
identification system (dorsal view, side view, top view)
L. F/F 3D BERERF I WS A A E T -
KRE&2 323D ERBEE T HEER TFEGAEAEE L  DI3EAERA (WEA - REARHE
A) > BTEEBTERFEETEUS 3D 24 PEIEA RN E (BR - B8R - Be EeRER)
KA BCS 538 > LA RE B R - RIS FT S Z BRBYR & AU BCS 7 BUEETT AL B HEENI4R -
i Al R E R E 2B AT -
Fig. 1. Architecture diagram of the 3D body shape assessment and identification system for dairy cows.
This system consists of three 3D cameras installed in the milking walkway where cows pass daily. Using three
different angles (overhead, rear, and side views), the system automatically captures 3D images as the cows pass
through. It identifies and collects body shape characteristics (body length, width, height, and surface area) as well as
Body Condition Score (BCS). A dairy cow body measurement database is established, and the information obtained

from the body shape characteristics and BCS is used to train an Al database, with the Al identification data being
transmitted back to the management system.
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T%B%J?%HWE}E’J/ SEERET U EREEE - HE I ERE AT BRI R O S R T
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Fig. 2. Visualization results of the 3D image of depth color picture.
The image below shows the corresponding depth information. The left lower image shows the depth information
originally captured by the 3D camera, processed for visualization; areas that are higher in the image, and thus closer
to the camera, are adjusted to blue, with higher areas appearing deeper blue. The right lower image depicts the depth
information of the 3D image converted to a reference point on the floor, which has been visualized such that the floor

area is adjusted to blue, while higher areas appear more yellow to red. A color gradient from red to blue is used to
represent varying distances in the image.
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Determination criteria for computerized 3D dairy cow body condition scoring.
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The interface of 3D body condition score /body shape of real-time measurement in Dairy cows.
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[ 6.

Fig. 6. The individual cow 3D body condition score /body shape of measurement record database in Dairy cows.

€ R2oRLENSE

74 3D BRRERF Y Wk S 2 Bl SE

{ERIAL4- 3D AaZl / BaREE

HEESKE RS A

HSE . 0266
BEs . [FEE
;: Fi9{E 275
BME 250
” BAE 350

)
T T E T E EEE R R EE R BRY 81 %

© szomzmnss
4-5%/RFIDECH EH & 4-5%/RFIDEDES {381
id nEsE RERFID L B3 o AFFR AERFID_BER RERFID
7803 [T 0289 2024/5/1 FF 041955 23071367
1804 B 0289 23071367
a 0277 23071361 1130315 (53 0289 23071367
C 0289 23071367 1130315 [T 0289 23071367
o 0285 23071362 1130315 8 0289 23071367
s] 1803 23071370 1130315 [ L3 0289 23071367
0 025 23071360 11303156 [ 0289 23071367
a 0259 23071351 1121120 [ 0289 23071367
0261 23071359 1121206 (53 0289 23071367
[a 0262 23071366 11303158 [ 0289 23071367
a 0266 23071355 1121206 53 0289 23071367
0268 230713% 1121206 B 0289 2024/5/1 TF 041952 23071367
] 0275 23071315 W8/1120824 [ 13 0289 2024/51 FF 041952 23071367
o 0286 23071354 1121206 53 0289 2024/5/1 TF 041952 23071367
a 029 23071365 11303158 "= [ 0289 23071367
(=] 4715 23071320 #5/1120824 L] ' 0289 23071367
4126 23071324 MEA /1120824 B 4 0289 23071367
5] 6112 23071306 Wi /1120804 = 0289 23071367
o 6116 23071301 ®/1120804 5 0289 23071367
C 6128 23071312 W5 /1120824 B 0289 23071367
a 6132 23071317 8%/1120824 [ L3 0289 23071367
C 7802 23071307 ®5 /1120804 L 0289 23071367
=] 7804 23071310 88 /1120804 B | 0289 23071367
7811 23071335 A /1120824 W 0289 23071367
0 7813 23071337 WEA /1120824 B { 0289 23071367
a 7816 23071343 W% /1120824 e 0289 23071367
7821 23071350 1121120 [ 0289 2024/5/1 FF 041948 23071367
7823 23071364 11303158 [ 1]
5] 7824 23071341 WEA /1120824 L3 b
a] 7825 23071325 /1120824 =
o 7826 23071345 W0/1120824 [ AEBHER = ol
7831 2071371 11303156 L -
5] 7832 23071308 B /1120804 B = N NMRD MBATR/RED

7. A5REL RFID &M ©
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Table 1. Comparing expert assessment and Al model training of dairy cow body condition score (BCS) of results

Dairy cow body condition score recognition of verification results (total 12 times)

1 0.0 Accuracy 1 0.25 Accuracy
Test number Date Cows %) %)
1 2023/07/20 19 84.21% 94.74%
2 2023/07/23 20 95.00% 95.00%
3 2023/07/26 21 90.48% 100.00%
4 2023/07/31 22 90.91% 100.00%
5 2023/08/05 18 83.33% 94.44%
6 2023/08/06 20 80.00% 100.00%
7 2023/08/13 22 90.91% 100.00%
8 2023/08/31 22 68.18% 95.45%
9 2023/09/03 25 76.00% 96.00%
10 2023/09/13 29 79.31% 89.66%
11 2023/10/17 20 85.00% 100.00%
12 2023/12/26 25 92.00% 96.00%
average 84.61% 96.77%
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Abstract

The Body Condition Score (BCS) is an important indicator for assessing the health of dairy cows. This research adopts
in-depth learning system, including information and communication technology, cloud computing, and artificial intelligence
(Al), based on 3D image recognition technology, to construct the characteristic information of BCS and body shape, and
to combine measured values with Al classification and assessment. The goal is to develop a system for identifying the
body condition score of dairy cows. This system is divided into two parts: hardware equipment and software systems.
The hardware equipment includes multi-view 2D and 3D imaging cameras, radio-frequency identification (RFID) sensor
boards, image processing servers, protective electrical boxes, and workstation equipment...etc. The software part includes
an Al identification program, an RFID value acquisition program, and an identification results and historical data browsing
program...etc. The system includes two functions: (1) body shape measurement, which measures the body characteristics of
dairy cows, including body length, body width, body height, and surface area of back; and (2) BCS scoring, which performs
body condition scoring of dairy cows based on 2D and 3D image feature information for BCS classification, using a five-
point scale from 2 to 5 (from very thin to obese) as the assessment mechanism. The system is installed in the cows' daily
milking aisle, without interfering with the cows' physical condition and behavior, to collect cow body shape and BCS data
twice a day (at 5:00 PM and 4:00 AM). Between July and the end of December 2023, the dairy cow body condition /BCS
database collected 31,780 images and conducted Al system recognition training. The training accuracy was categorized into
two types: perfect correction and tolerance of £ 0.25 in error value. The test results were 84.61% and 96.77%, respectively.
The system improves 2D images due to the interference by images of pattern and body cleanliness of cows, as well as

inconsistencies in human assessments of BCS.

Key words: Dairy cows, 3D image, Radio-frequency identification, Body condition score.
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Table 1. Chemical compositions of gac fruit by-products before ensiling (DM basis)

Treatments’ DM’ CP EE NDF ADF Ash Ca P IVDMD
A 12.7 6.7 1.5 30.3 24.0 14.8 0.4 0.5 82.9
B 19.5 11.8 3.0 35.7 19.6 9.7 0.3 0.8 77.1
C 26.8 14.2 34 37.9 18.5 7.9 0.2 0.9 76.5
D 27.2 22.0 5.9 44.0 20.1 6.1 0.3 0.8 69.9
E 27.8 22.9 6.5 43.4 18.8 5.8 0.3 0.8 67.7

" Each 5 kg concentrate contained the ratio of gac fruit: wheat bran: brewer's grains, A: 10:0:0, B: 9:1:0,C : 8:2:0, D: 5:1:4, E:
4.5:1:4.5.

* DM: dry matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; ADF: acid detergent fiber; IVDMD: in
vitro dry matter digestibility.

IIL.

RER BB R BT

RERFORAREEBZER - W3R 2 f£FNF 30 K 90 Kik > BEH 2 H LR - Wik A EEEY
AREER W TRSEREREEE - 0B 30 RZAKKRESE - ZREERSE HEEFIMERZ D -
EgRBH > S35 R 1.3% [ 1.2% > B~ C mEfET > A g 2R &8 0.3% Ri(k  WEEEEJ5H » D ~ B RHIR
BEENA B C =@ MAEARSENH  FIELZZ B~ C Bl A M85y 2.4% k. 2.9% > #
N EARRE - B A BEAREE 1.5%  INEE S ERASLAEER > D - E g -

FHF O K% D EmM I LMER 4% BESIRA B C =g 2 05 — 0.6% : fENEEE T
D EmBE/REEEN A B C Zmi : MAELRSENE  INIELZ B~ CBE AR E7R R 2.1% &
2.6% > BE AR - R A GH > HARSE 1.5%  TEESRAIER . D - E RiEH -
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Table 2. Effects on silage fermentation characteristics of gac fruit by-products by different ensiling days

Ensiling day Treatment’ Acetic acid Propionic acid Butyric acid Lactic acid
% fresh weight

30 A 0.3° 0.0° 0.0" 1.5°
B 0.5 0.1° 0.0° 2.4
C 0.6" 0.1° 0.0° 2.9°
D 1.3 0.3 0.0° 0.6°
E 1.2° 0.3 0.0° 0.5°

90 A 0.5" 0.0° 0.1° 1.5°
B 0.6" 0.0° 0.1* 2.1°
C 0.6" 0.0° 0.0° 2.6"
D 1.4 0.3 0.0° 0.7°
E 1.4 0.3 0.0° 0.6°

" The same as in Table 1.
"¢ Means within the same column with different superscripts differ significantly (P < 0.05).

L RERFHE 2 BB &

AFEBATAEHEZ pH B2 3.9 — 4.5 > Flk / ZEEEES MR 0.4 — 5.1% > SEBE/THY 1.9 — 3.5% > D ~ E g3
ZEMEFTIIRY 41 £ 60 53 0 I A2 ER - HEREE S BIE RES - KEREHESN A EFIREZE
Ao B4R (£3) B30 K& > A~ B~ ClmBl 2 Ak / ZF&EE (4.5 — 5.1%) kERraFr (BRFHEHR 87.3 —
93.7) #9EEE = D ~ E R ¥ ~ pH (HEIZEMN D~ E @ - For=jm i 2 AMBREL R B2 1E
pH {H - #LBk / 2L R FIEE J5H > A~ B~ C ZRE Z LUK D ~ E Wil 7 M9 i 2 52 FERITT
i B CmiEl e & et A~ D B =i - A RHEEIAM B » C WmE AT ALl / ZBREE - {H47
Mo BETE MK -

3. AEFOHEARERE EY ST ESE
Table 3. Silage quality of gac fruit by-products by different ensiling days

Ensiling day Treatment’ pH Lactic acid / Acetic acid Total acid Flieg’s score
% fresh weight

30 A 4.0 4.5° 1.9° 87.3"
B 3.9° 4.9° 3.0° 91.0°
C 3.9° 5.1° 3.5 93.7°
D 4.4 0.5" 2.3° 51.0°
E 4.5 0.4° 2.0° 45.0°

90 A 42° 3.4 2.1° 81.3°
B 4.1% 3.6" 2.7 83.0°
C 4.0° 4.9° 3.2 96.3°
D 4.4 0.5" 2.4° 48.0°
E 4.5° 0.4° 2.3% 47.0°

" The same as in Table 1.
"¢ Means within the same column with different superscripts differ significantly (P < 0.05).
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HEME A [FE ArEE R 2 R DM & &8 8) » nREEUREE EADRIRHE R EUEARE © 12 CP J1E > AR EL ey
2 D~ERHECP &5 24.3 % 23.6% > W& 2 HEAER  HEZESHNA B C=&EMH B~ CEHEHR
DIARTEILLB 2 %557 > Wi CP & &5 Fy 10.8 K2 12.9% » A BRI R K 8.0% » {HEL B R fiIfi 2= %2 ; NDF {£
B R IHR A S  {F ADF 2871 » A FRE 46.0% BiEwr s - HEs 4 3 ADF &8 26.0 & 31.4% » HIY
FHMHEER - GFE D PR > AREBIFIFLSERE Y CP 2RSS ERILLEIERE » AN R S bmEE > R
HERFIR TS DM > FEIREE(K ADF > TR &S LB ffgmEirkls CP o BUR A EEE AT RS
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x4 AEFIEHERERBEYF IR e8RS 28

Table 4. Effects on chemical components of gac fruit by-products by different ensiling days

Ensiling day Treatment’ DM* CP NDF ADF

30 A 17.4° 7.4 61.2° 51.0°
B 22.2° 12.1° 52.3 31.4°
C 25.9* 15.3° 49.1° 25.4¢
D 24.0" 27.2° 57.5° 28.5"
E 24.0% 24.8" 57.6° 30.2™

90 A 16.6° 8.0° 54.5° 46.0°
B 25.3 10.8" 55.9° 30.2°
C 31.0° 12.9° 48.9° 26.0°
D 23.3° 243 50.3° 27.7°
E 26.0" 23.6" 49 .8 31.4°

" The same as in Table 1.
"¢ Means within the same column with different superscripts are significantly different (P < 0.05).

S

FFMELZ S7KER -~ KEHERAK(LEY) - ISR ERE 1 AR A E SR g S B B n Y &
BUE(CRIE » MBS ABEEN T 0MUIE - B 5 - SEAE R ErSs I g 85 mE (£
P& > 2014 - Rotz and Muck, 1994; Martin et al., 2004 ) » & 1) & 7K SoKE MR KA L EYIINE R B3 TR AN EZH A
T (E5 > 2017)  MEFE RN EEEER - WREANEEREEY 2RI TR ST E 28
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Abstract

This experiment used the by-products of the gac fruit (Momordica cochinchinensis) to make silage, in attempt to
increase additional value of gac fruit and reduce the environmental problems caused by agricultural waste. The experiment
mixed different proportions of gac fruit by-products, wheat bran and brewer's grains as silage raw materials, and conducted a
total of 5 treatments, including A (10:0:0), B (9:1:0), C (8:2:0), D (5:1:4), and E (4.5:1:4.5). Silos were opened after 30 and
90 days of storage. The results show that different treatments all had an impact on the nutritional content and organic acid
composition of the silage. Adding wheat bran or brewer's grains to gac fruit by-products could increase the dry matter (DM)
and crude protein (CP) of silage while reducing the acid-detergent fiber (ADF). Among the treatments, the neutral-detergent
fiber (NDF) and ADF contents after silage were higher than those before silage. The lactic acid content and lactic acid/acetic
acid ratio of treatments A, B, and C were significantly higher than those of treatments D and E with a high proportion of
brewer's grains. Moreover, the pH values of treatments A, B, and C were significantly lower than those of treatments D and
E. The silage quality of 5 treatments after opening were all above the acceptable level (41 score) of Flieg’s score for silage,
while treatments A, B, and C reach the excellent level. To sum up the above, the by-products of gac fruit could be preserved
through silage. The use of silage could also increase the value of silage. Adding wheat bran and brewer's grains not only
adjusted the moisture content of silage but also improved the nutritional composition of silage. Taking into account the

operating cost and silage quality, the addition of 10% wheat bran would be the optimal treatment combination.
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AT DU 2 T B —HIREEAE Rtgeibil » DLBESEEN K BB RERENSERE T 24K -
HEHAERGE KES - WICEAEEE A R - DR YRR s 2 T o ARBH9E 2 sl R IR
REM R RN SRS T 2B - BERRARNESE e IR F R R AR -
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M T A

L EAhR Bl S 3
Al EEmitEEET SEBiraBE s MENET  SBHE A 1124426 H -4 H 28 HA

saEkEs 0 6 A 29 HUGEIM ks datls - sl URREE &R = - /U~ JL9% (Napier grass Taishiu grass No. 3, 8, 9;

NP cv. TS 3, 8, 9) Ryttt » $RAH 40 x 40 x 35 om® 2 s » BREL— RS T s isi =t - M E AR S BE

MR EI - HAR 8 AR TUBN] » B Rk 2Bk 2 =N - EHEE HAE 1 ARG

YRR - PEEIRIAET IR NaClUATE + HERGLLL—AUEBUKIR (0% » A 1) ERaH: - iRl o

F55 (2012) K Maksup ez al. (2020) 5552 7 JREE ST EIRME R EREHE - 43R5 B. 0.3% ~ C. 0.6% ~ D. 1%

NaCl 78K » ERKEE (AR R 0.45 ~ 6.05 ~ 10.86 ~ 18.07 mS/em - &RHEE/K 2 K » FIFEKEEER 3 L -

R AT PR 5 22 KR (completely randomized design, CRD) » TUEEH - ABRERFESE 7 48 (AL EHIZE 8 1H)

BHNERAORM B8y ETREMIR - AR - MRS ERY Z A KT -

1L B P AR 2

(i) EELPEE (plant height of leaf tip) * FHEMKIES A EJ7HIE - B LHEEER THE > SAHE 3 X -

(i) fFEFESR (fresh yield, FY) : IAENRUCH ELEER P T RG A EES -

(i) HZ¥YEEE (dry matter yield, DY) : ZC#k5efFEE BRI R DL 65 Cltez BN E » PP HIZYESR -

(iv) HZ¥%E (dry matter) © §Z9)7E BB EE & 2 tHE (DY/FY) -

(v) FEKE (stem diameter) : Sy FHIE R E - PR FEHE3 X -

(i) SPEEEY (tiller) : PNENR T AHAE—E » A ITEEH -

1. A= FRFEAEIE H By J77%

(i) SPAD{F : SPAD {E 2 HI& /A EHE (2018) 2 F77£ » DIEELEZET (Chlorophyll meter, SPAD-502Plus, Konica
Minolta Inc., Tokyo, Japan) EHEAREE H #ETTIERIEM: > SPAD EIE - JHIEE i BEE R dhoLBE B A > Rl
H#EFA TR - SNE=%E > FEN-—HEE -

(i) BREZRE @ BREZREZMNETERGTEAXSEEE 2017) RJE (2018) 2 J57% » BANTL R &
BRI AL BGAEER R (B E 0.6 cm ) » DIEEEF/KPEF & E AR LEIIA 15 mL Z &K o AL 100
pm BE % 3 /NEF 0 1% DLEE 2 21 (Microprocessor benchtop conductivity/resistivity meter, SC-2300, SUNTEX
INSTRUMENTS Co. Ltd., New Taipei City, Taiwan) JH|xE #/J45BE & [& (Initial electrical conductivity, EC,) ° H:E
BEAE A 95 — 100°C 2 #UKin 30 oy SRR 4RRERE - 7750118 22 2R 1% I E i KBS (Maximum electrical
conductivity, EC)) - @fFE SRR 2 s tHE /AT ¢ EL(%) = (EC,/ EC,) x 100% °

IV. tEG &' T T4
() WEIMEHE T 65°C ZHHZIFSE - Wk B TR & AT -
(i) FHEE A& (crude protein) : DL Kjeldahl j2:H]%E (A.O.A.C., 1990) -
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(i) 7B MERRZKALEY) (water soluble carbohydrate, WSC) * RHEAG AT AZE#H/KLL 100°C &% 2 AlLE & 2
100 mL > {& H0 7 & 25 BUR X I8 Paleg (1959) Z ELEIEMIE » DLArE%elE (Double beam spectrophotometer,
U-2900, Hitachi High-Tech Corp. Tokyo, Japan) 5% &7 £ 560 nm $EA M T/KE MR A L&Y &8 2 ME -

(iv) J&#7 (starch) : DL Yoshida e al. (1976) = J77A#E(TREHL » IRHE RS AR AL HURIN A 26 H] - 2 1% DI
I AR AR YL BRI E 560 nm WY EHIEEA B &8 -

(v) H % 4 4 (Neutral detergent fiber, NDF) @ L 4 4 47 #7 28 (Fiber analyzer, A200, ANKOM Technology Corp.,
Macedon, NY., USA.) #fTHIE -

(V) WEZEA4E (acid detergent fiber, ADF) © DUER&E BT 8 1 THIE

o) BEP17CE (P~ K~ Ca~ Mg ~ Na) © REAE G5 A DL o3 56 56 3 8 S S IR WO 5% 5% (Polarized Zeeman atomic
absorption spectrophotometer. Z-8230. Hitachi High-Tech Corp. Tokyo, Japan) #{THEY T2 2 0I7E °

V. RGO
TSR 7 RS T3 - M7 ~ pH { ~ FWE(E - FTHET (Organic matter, OM) ~ 4 > Fel -
PR~ 85 - 8 - INEIRYITE -
VL &t
SEHERL DL SPSS #iES (SPSS. 2011. SPSS Statistics for Windows, Version 20.0. SPSS Inc., Chicago, IL. USA.) #
1745t 71 » LA One-Way ANOVA test LLisgaH ] > 72 SRR » MDA LSD test #E{ TR LLES » HHBAME AT LU
BAEZFERI S HT (Pearson Correlation) #E77

L

AetlE e sl B ZolBa ETT > SRR R 4 A2 6 HZWES - Rafallh - DUSER/K5 =
B WIEEINRE R 2 8 - TIREM B ERSEL - SRR B RE > AR -

* 1. FBEiz tERERE

Table 1. Soil composition before present study

pH EC' OM N P K Ca Mg Na Soil texture
mS/cm % % ppm ppm % ppm ppm
53 3.32 7.4 0.28 549.6 612.5 0.20 430.0 74.3 Sandy clay loam

" EC: Electrical conductivity; OM: Organic matter.

BEMIRZ SHELER - W13 2 - Z(EMRRERmiE R [FURE NaCl BRI 2 FERPRE @A #E 25 » fE 1% NaCl
FRIRAH 2 Bk SRR IR AR R 2 - 6F R =57 RILIRATE 0.6% ~ 1% NaCl R 40 =~ ff 8 8 B R
B a&E A/ GRRIR = (& NaCl JRH4H SRR BT - IhAh - B E =98 K197 0.6% ~ 1% NaCl jRHi4H 2 7
Yo & S EE RN EIRE - 5555 HEA 1% NaCl R B B IR - .23 07 A BEE NaCl E RS 1
SMBGIHYEE: - LKEDTH - 65 R =9 FrAREESEZ RN - 685/ GERS5EZ 1% NaCl R H
VAR EERIRLAAEEE R - A2 rEEEUT T > ATA NaCl IR 4R E = ([ il S A B B TE
fE > Hr 0.6 ~ 1% NaCl Bz 4H oy BERE Ry(Eir 8 » ERFISET » BURE 2P A AIREfAE « ABH%E B. 0.3% ~ C. 0.6%
Je D. 1% %5 =i NaCl FR#4H 7 oS HIRELIER 50 ~ 100 J2 170 mM > (K& & 2 45 FREURTE 0.6% NaCl g L
HEFEESRGEAEERK - BEWRERIEREE ZMHEFELTE 0.57% (£5% > 2012) » i HAE 100 mM =~
NaCl 8587 MR IRREE » HAR SR B 4A HERBE - 150 mM DL_ERIBE R H K A MG ZEBI3E T (Maksup ef al.,
2020) « AHFTZ &5 S ELE AR RN SR~ T -

ATRIERETT I (22 3) » SPAD {EAEZEEU/KIZIER » GFE =9 1A 1% NaCl RHHBZERERAE - 65
/582 0.6 ~ 1% NaCl R34 B (RN IR - A& FE U582 =8 NaCl fRHaH B B (KN R4 - ERE 2R
EEREE KNS GBE =862 1% NaCl A EE SN EIM 555/ SR EEE/3E2 06 - 1% NaCl
iR BHAH B BEE = A IEAH - Sharavdorj et al. (2022) $HEATEEE (Red clover, Trifolium pratense) J; Tall fescue (Festuca
arundinacea) WITEHIEEST 100 mM R[> NaCl Bi/F0H - 45808 I /K I8 I IE 5L > 78 &8 F SPAD 1B B 81K
HHIGAE - TIEARNIEEHIE] S RS NaCl S22 7 i BA S5 KRB $£1% » i & S« SPAD {H Er iGN » B S 7N NaCl
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K Z&HR © TEARWTFE SPAD {EEEE /7 5 NI » BRI > E B/ RN B - miES b 7 —20 &
G AR it o (R Y TEEY 2 BEE S TRRRERS - RNEYARR S G E - AR -
Hnili¢kova et al. (2019) LLiE & (Lactuca sativa L. cv. Orion) ~ Z& 15 (Tetragonia tetragonoides (Pall) Kuntze) 7 B 5 &
(Portulaca oleracea L. cv. Green Purslane) 5 [EFEGRSZIEYI 7 B 0 ~ 50 ~ 100 ~ 200 2 300 mM 2 NaCl BG4 FEE T~
ETE RN ZBIE REREZRFEZNE @ SREUNTA Wil 2 BfE 2R B 2 /K B i A 8
& BTt HESINARZERR - AR P ERE 2 RRRER K AARZERS - HE(LJ7 A RBLE X SR
M ZAETARTE o 1 SPAD {H K SR E 2 IR R HARz Y S TAHREME S0 i - HAEREUR SPAD [ HdazY)E SR E
FIEAERE - ERE SRR E 2 R SR W 2 MBI AREE BT BN 0.7 - B S EAER (& 1) -
£555 (2022) $HPRER Z N EIA MR T2 R iR T B & 2 AHRM: - HAEREUR SPAD H K B E 2 RFHE S
Z AR S o LR AR B AR B Y B 2 AR R R B il By 0.737 J2 -0.837 » BEAHHST Z MERAGEAE SR AVIS S
(537K 0.797 J -0.825 ) » BURA HIBHZ R » (R85 W5 T SPAD {8 K B E 2 IR [EEE 7] MR F R E &
2O BEfE BB RAVAEFSEEEHIR RS HIMTEERE /T -

*®3. BUKEESRREEAMEE R
Table 3. The effect of saline irrigation water on SPAD values and electrolyte leakages of the different Napier grass varieties

Variety Treatment SPAD value® EL
% NaCl %
A.0 46.1 £ 6.33° 40.1+22.4°
1 B.0.3 47.6+5.7° 32.7110.8°
NPcv. TS 3 . ab
C.0.6 38.9%12.2° 58.1+20.6"
D. 1 23.0+8.2° 79.8+16.9°
A0 32.8+2.6° 16.6+1.6°
B.0.3 33.514.3° 26416.2°
NPcv. TS 8 b b
C.0.6 23.1143 50.3£17.9
D. 1 16.2+£2.5° 86.019.1°
A0 37.612.4° 25.9+9.7°
B.0.3 31.0£2.5° 36.912.4°
NPcv. TS9O b
C.0.6 24.7+5.0° 64.0+12.2
D. 1 152 +4.2¢ 95.6+2.2°

" As shown in Table 2.

* SPAD value: Soil-plant analysis development value; EL: Electrolyte leakage.

* As shown in Table 2.

¢4 Means within the same variety in the same column with different superscripts differ significantly(P < 0.05).

ERREER O ZEER > UFR 4 - HEAESBRESEE/ B REEEZHTA NaCl jm Bl BB S0
HWIRH » BEE=SREAA RS EE R - KR L&Y R & B RER KRV ERE R
B iR R & B LA 1% NaCl B8 Ry (i - hbilidf sl & BRI B KRB R(K - BIRHMEYI 2 E R
H e B BN ERARIELE (Lee, 2018) - —fM = ~EPED S T ERIRA - HEAEHE S E & 88K (Habermann
et al., 2019) - ZRMAEANIFE T - HEOE S EEEEE DA 28I IR0 > HIFR N A sE BHEYIFE 25T T SRk
ELPUi i ER HH A (Pareek et al., 1997) < /KWK EEIZERRIEY 2 BB - FEBIE T URBELERF RIS HY
KB Kb GV 2 E0aE HEREABRENEEIRI - FORIN SR JEE (Hou er al, 2018) - FEAWTFEHATA dn
2 0.6 ~ 1% NaCl ln AR /KA MUK (b E Y& & B RE RN IR - ORI =E5TEAE 0.6% L EZBIE T AR
ARIMAZ R > REBLE & 2 SEFAREIE - B E RS —ERK(bEairEe = BEYEHERRE > HalERA TR
R > KA AT AR PR B AE BRI (Dien er al., 2019) » fEARZEH » FFELL 1% NaCl gRBRA 7 i & 8 6l
BRI MK K EEYIE EZ &R 0.6% NaCl jr HAH (F ERTEE RN H IR - BUREEHEER, -
KBV KA EVIRCE 7 2 B 5y Wi 2 58 - TP RS A (BRI BT 2 i LI KB (B (Waghorn and
Clark, 2004) » 385 R BUE 1 FOMERE A RR (% - TRENdE S B IMAE L E R - FEYRERBRES -
AR ZNRT G BT RS R - WEREEIEE - B - FORMNEFREA T DUEEIR
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I

(Liu et al., 2018) - —fEMSEHEE T » HEE 2 PLEEBR A S S = Bbﬁ%ﬂi ’ ﬁﬁ.@@’fﬁ%%ﬁ" 7
e > (EEE AL 2 FE A FH (Kiichenmeister et al., 2013) » AFE 2 45 S5 Ed SRk 2 1

70 y=192.51x + 8.44 (A) 100 . D)
60 r=0.817"" _ ° °
S 80
50 [
2 2
T'; 40 E 60
a )
£ 30 5 40
7] o y =-366.39 x + 110.60
20 . 2 " r=-0.787"* ° )
10 M
0 0
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
Dry matter yield (kg/pot/cut) Dry matter yield (kg/pot/cut)
50 100
(B) ® (E)
y=130.89x +9.87 - °
40 r=0.697" L 80 s R
Q
2 &
= 30 260
= 8
- 2
& 20 > 40
2] g y=-510.99x + 109.33
3 r=-0.746" °
10 o 20 ® e Q
0 0
0.0 0.1 0.2 0.0 0.1 0.2
Dry matter yield (kg/pot/cut) Dry matter yield (kg/pot/cut)
50 100
y = 144.28x + 3.76 ©) (F)
r=0.876"" -
40 S 80
Q
2 y
= 30 260
g 8
e 2
& 20 > 40
7] S y =-487.37x + 134.52
3 r=-0.942""*
10 ° = 20 o
0 0
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
Dry matter yield (kg/pot/cut) Dry matter yield (kg/pot/cut)

I REEGEE =Y ERE SPAD {H (A) » A%%/\%‘t‘ﬁi%@%ﬁii SPAD {H (B) & F /Lt E R
SPAD {g (C) ~ 6 & F =SV EBHEMREZRE D) - 6& 5/ GHYERNEREZRE B) KEEF
TskEcYE BB E 2R (F) BT -

Fig. 1. Correlation analysis between dry matter yield and SPAD value of Napier grass Taishiu grass No. 3 (A), Napier grass
Taishiu grass No. 8 (B), and Napier grass Taishiu grass No. 9 (C), and between dry matter yield and electrolyte
leakage of Napier grass Taishiu grass No. 3 (D), Napier grass Taishiu grass No. 8 (E), and Napier grass Taishiu grass
No. 9 (F).

" Means P<0.01, ™ Means P < 0.001.

YR ITH - FrARE e R BEE N IR - e R 3 - 85 - e EEEEEEAE
FEfEmmg 0 - DR E R 2 EREAR (R 5) - HRGSEEYHESE N2 ERHEYE - et itEY s KAy
2Pk (Karimi et al., 2018) » —f&M = > TP BRI GHIFIEYRETE FPAVIRUL (Zhu, 2007) > FEARTFEPATILR
EFILIE - 4elE 1% NaCl jz B 2 gva 8 R EIRAERT 414 - 317 R 47.7 5 (BB E=98  /BERIE ) > Hifs
BAR IR - [E45REE Hnilickova er al. (2019) FEE R EAHEIE NN - $12 ERERZERATT - AAMA L URUNME
HAEFZ T I 9 e 355 BHE I (Patakas ef al., 2002) » F'EEJ%EEED%ZIKEFF%Zﬁ%EEMW/%/ﬁ7K{§ » AIRES HEERZ R
ZERE
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Table 4. The effect of saline irrigation water on chemical contents of the different Napier grass varieties

Variety Treatment CP’ WSC Starch NDF ADF
% NaCl %
A0 10.8 +2.83 5.610.8 16719  560%14* 30716
1 B.0.3 142+£2.7 48+ 11" 183+ 1.1°  512%21°  259%14°
NPcv. TS 3 b b b
C.0.6 14.1+2.1 3.8+12 172107  51.6+1.4 264+15
D. 1 158 1.0 2.110.8° 140+22° 458%1.8 23.0%1.2°
A0 6.210.8° 98+1.5° 159+04°  583+04° 333105
B.0.3 8.6+1.8° 65+1.5° 18.0+0.4° 573+2.7° 303+2.7°
NPcv. TS 8 , ,
C.0.6 10.7+0.7° 3.710.2° 17.0+0.8 559134  287f1.7%
D. 1 11.0%1.0° 3.0+0.1° 146+1.1° 502+14° 26309
A0 6.5+ 1.0 6.810.5° 16.1+1.0° 61.811.0° 332108
B.0.3 8.5+ 0.6° 53+1.1° 17.31£0.3° 565124 29.1+2.0°
NPcv. TS9O b
C.0.6 12.110.6 3.711.6° 15.0£0.7° 50.9+2.6° 254+12°
D. 1 13.7+1.3° 1.4+0.0° 11.4104° 449+15° 234105

' As shown in Table 2.
* CP: Crude protein; WSC: Water soluble carbohydrate; NDF: Neutral detergent fiber; ADF: Acid detergent fiber.
* As shown in Table 2.
“*¢4 Means within the same variety in the same column with different superscripts differ significantly(P < 0.05).

®S. BUKERERIRRE SRRV TR 28

Table 5. The effect of saline irrigation water on mineral element contents of the different Napier grass varieties

Variety Treatment P K Ca Mg Na
% NaCl %
A0 0.48£0.102° 4331034 0.41£0.05° 0.32+£0.04° 0.08£0.02°

B.0.3 0.3010.03° 46310.14 05110.04° 0.39%0.04° 0.35%0.06

NP cv. TS 3! . . . .
C.06  033+001° 488+029 052%+0.05" 0.37+0.04* 0.58%0.08
D.1 035+0.04° 474%034 0641006 044%0.05 3.31+032°
A0 072+0.07° 2.14+034° 036+0.04° 0.59£0.05 0.10+0.01°
B.0.3 040+0.04° 240+020° 0.50%0.09° 0.58%0.04  0.49+0.05

NPcv. TS 8 , , , \
C.06  036%0.02° 3.10+046° 053+0.04° 0561006 229%0.29
D.1 042+0.03° 3.88+0.19° 0.62+0.01° 0541008  3.17+0.02°
A0 049£0.10° 3.13£0.51° 033+0.01° 034£006  0.09+0.01°
B.0.3 037+0.04° 416+036° 041+0.02° 031£0.02  025+0.05

NPcv. TS 9

C.0.6 0.3410.01> 3.97+031° 04810.05° 0.35%0.03 2.0010.34°
D. 1 0.35+0.02° 5.15%0.08 0.56%£0.07° 0.38%0.04  4.2910.00°

' As shown in Table 2.
? Mean * SD.
¢4 Means within the same variety in the same column with different superscripts differ significantly(P < 0.05).

* 6 AR HEG G TR pHH - EEENAMESE - L% EC [HEEmHHE e nm#E 27t
Hiha@me )/t 158 EC BN L fEfH (K - 138 BEC {EAHY 2 mS/em 2 +-3REIA]fE BEE £ > EC Y2 — 4
mS/em EEHEREE £ - Flia BB E BURFYIEC L EY 2 48 EC{E/THY 4 — 8 mS/em Ry 8+ > FALGR
BREDEY 2R P ECEII 8 — 16 mS/em Ry 1 > R & Mt EY)4 & - i EC {H 16 mS/em DAk
R > A ARG B (FPT ] DA (R R > 1995 ) » FEABIFE T AT fnfd 0.3% NaCl e BAH 2 5297 & B i
HmBE R > KR ECENT 6 — 10 mS/em > B P EEERE - 2 - /KB E SR 0.75 mS/em > H]
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PG FYIR 4 T FIRE - SRR gt TR B LR ik - Ut THEBEK EC B8 3.09 mS/om (2
% 0 2015 ) » EATIFE + 0.3% NaCl FEEB4L HEBEK EC {85 6.05 mS/em - BRiRRE B I EUE R 2 B MM 5 &
B KB ) -

*o6. BUKEEHITHEpHE - EEERAWESRZPE
Table 6. The effect of saline irrigation water on pH, electrical conductivity, and organic matter of the soil

Variety Treatment pH EC’ oM
% NaCl mS/cm %
A.0 6.30£0.113* 1.591£0.18° 6.4510.31
NP ov. TS 3' B.0.3 5.76£0.13° 9.18+0.57° 7.69%0.93
CcV.
C.0.6 5.94£0.23° 12.43 £ 1.95° 9.83+2.05
D. 1 5.95%0.17° 13.37£2.15° 10.90+5.10
A.0 6.38£0.10 1.91£1.03° 4.4510.76°
NP ov. TS 8 B.0.3 6.35%£0.10 6.59+1.77° 522+0.97%
cV.
C.0.6 6.30%0.16 8.3110.83" 6.70+1.14°
D. 1 6.3810.14 9.03 £0.62° 5.8310.34®
A.0 6.2310.12° 1.86£0.70° 6.34£0.82°
NP ey TS 9 B.0.3 5.95£0.09™ 9.67+0.82° 8.38%£0.71°
cV.
C.0.6 6.08£0.16™ 11.95+1.32° 8.37+1.21°
D. 1 5.910.08° 12.45 % 0.80° 9.62 £0.46"

' As shown in Table 2.

? EC: electrical conductivity; OM: organic matter.

* As shown in Table 2.

"¢ Means within the same variety in the same column with different superscripts differ significantly (P < 0.05).

W Em

REEEER= - J\RJIEZEESE 0.6% NaCl HE LL_EAHEg S IRAART 10 B REETR K - FFE B 5 SUREIR
FEFRLN BRI (E.49 7y 0.6% BHFE ~ fi41C - K SPAD {H K BEAR'E 2R 7y B BLFZ Y S TARRME o0 A > HAHBR (R B
PRATECRRY 0.7 - B & EEARRE - NItE SPAD {H K R E 2 R & il S 8 2 008 - RElF BB AV A BRIEIEEY
HIRPEREAER T N 2 A REH - AT - FrA RS LLE 0.3% NaCl gRE sl 7 2% & B H IR 4H 5
EE(K > 1M 0.3% NaCl pRE4H 2 ERE/K EC {EFy 6.05 mS/em » EERTELEM T/KE b E 2 B - Hi N ERK
EC = E Ky 3.09 mS/em > BURNREFIER A K228 m ilinE s BERKEIE 287 - APttt o
BUKEREEA R ZZE > PITERCRAE R RINEEE T RS SRR IUREE - RAGRHE—2 T ARRR T = BT
KZHh RRREFE RS e s Bt F o HHERRWE 2P -

ZENRK

TR~ 205~ LE -~ BREL - 2012 - RETRAEYRE SRR S 3 NaCl 2 10 HY B & it B (5 - fEY) R RREEH 36 ¢
572-577 »
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Abstract

The self-sufficiency rate of domestic forage crops in Taiwan is relatively low. The development of coastal lands into new
farmlands for cultivation of forage crops not only will increase the planting area and the supply of domestic forage crops but
also revitalize idle farmlands. The study used Napier grass (Pennisetum purpureum Schum.) Taishiu grass No. 3, 8, and 9 (NP
cv. TS 3, 8, 9) as study materials, which were irrigated by A. 0% (control), B. 0.3%, C. 0.6%, and D. 1% sodium chloride
(NaCl) solution. The forage quality and yields of Napier grass growing in environments of different salinity were investigated
and evaluated for the salt tolerance of different varieties of Napier grass by physiological parameters. The results showed that
the yields of all three varieties of Napier grass in 0.6% and 1% NacCl treatment were significantly lower than those in control
groups. The correlation analysis was conducted between SPAD (Soil-plant analysis development) value and dry matter
yield, and between electrolyte leakage rate and dry matter yield. The results showed that both correlation coefficients were
approaching or exceeding 0.7, indicating a strong correlation. Therefore, both SPAD value and electrolyte leakage rate can
well express the changes in yields of the Napier grass in salt stress. The nutritional contents of the Napier grass were affected
by saline irrigation. Water soluble carbohydrate contents of all varieties in treatment groups were significantly lower than
those of control groups. The potassium (K), calcium (Ca), and sodium (Na) contents of the Napier grass increased with the
increase of salinity of the treatment groups. In southern Taiwanese and along the coast of serious groundwater salinization,
the highest electrical conductivity (EC) value of the underground irrigation water is approximately 3 mS/cm. In this study, the
EC value of irrigation water in 0.3% NaCl treatment group was approximately 6 mS/cm, and the dry matter yields of all the
Napier grass varieties did not show significant difference from those in the control groups, indicating that Napier grass should
be able to sustain the saline irrigation water in southern Taiwan and along the coast. However, this study merely explored the
impact of saline irrigation, while the actual impact on Napier grass planting on salt soil remained for further clarification in

the future.

Key words: Napier grass, Saline irrigation water, Salt tolerance, Physiological parameter.
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Wl H - 11359 H 16 H : #2 M - 113412 27 H

W B

K5 5 ERS A RIEEEE A FHED B2 260E - fEIKEREEAFE S - BREEERNERE - ZERX
TRFEERKE ~ BKEBE/KKE 2822 - G884 39 kg 9 LD (Landrace @ x Duroc &) Fz LYD [(Landrace
@ x Yorkshire ) @ x Duroc J] L RACEHFEE 224 BAG R /KRS8 - B84 (HCP 41 ) Bi5t5aaH ( LCP 24H)
7% 8 - A 28 BH - sy plleRE S E L H B E R E (HRERHES TS E 3% MR B AR ) 678 - 35X
Bt IR 6 ~ BRAZKITBLIE - B8 ESY 120 kg 4550000 » MIEFEE £ RMRE - EERS KFEEHAKE
JBE/K EELREKOKE - &5 RHUR - HCP 4058 S 4 RIVIHVER & &8 LCP 41 55K (P <0.001) 8 &4 R LCP 4H FH{HAY4H
SURPRELTEE HOP A1 18.0% » HEETMIAIIRD 17.2% - B A M58 P /K BB K B0 91 22.23 816,13 Lid/head »
B I R A R IIHY 15.63 B 3.57 Lid/head 1% - L HIBKIVLEFR A E - ALHBEE - BIZEE - 5 - ¥
B ~ 8% - P SERIRE B AE RIEA R (P < 0.05) - 4% I > 867 LCP dHEAE N o B4 RAC S5 E Rk - HolE
{REFHEURE - MERKEREIEFE S B A RKE KR BKERTRER -

RRSEEE © Ry ~ ERIEESE - ARMEE - (RHED EEE -

i

EAERIYAERTRZEEEER - HRIBENAEERAS D TOR — KM BT EIFL » FEAEHHLET;
12 DA EA K@ AYIH & H 8 (crude protein, CP) & &l » B REG A A o M AWFE E R 55 Rl
REOE MBI - mMiRttEL 2 BT REE - BRSNS EE RS - HARWA RS
HZEPRERE - tharid i BRI 5 L] ) [ [/ KE (BB L HF IR (R (Giannuzzi ef al., 2011) - Portejoie ef al. (2004) L) CP
20 ~ 16 Jz 12% HYAKRERAESFITRGER 52.8 — 54.5 kg HIFHE - 455 CP 20% 4HEFR P EAVRE LU EHVAEHRM & B
E LB AT CP 12% EAFELHAE & S © Yen er al. (2004) (i FIEERZEE (lysine) FIFS T fel (threonine) % GaffR pi oy R 6
B EE 91.0 kg FVFEE > MG ERAVHLFRRANEE TR Fy 86.9% 1 41.9% - 1fij Pettey et al. (2002) DIAREESNANIN
WANFE AL (essential amino acid, EAA) AYEIFEERATAS B 93 kg U4 E » IS EFREVHLE B 80.8% o BUREIETIR
hn EAA BB & S0 RS - EEFEE L R 2 EA Y -

JEE K ANAREE I B BRI - ¥/KIRE SR A 522 (Shin er al., 2005) » RFERC/KREL 855 ~ I %= RHe
el 7 H B E AR AR 2 (Dennehy ef al., 2017; Wang et al., 2020) « BFEERAREEEREFIHEHE
mEHIESE - R EPUEE T BRI - Rt ZEE & ERERAT (1993) U msE &5 —([EEY B (5
JRGEE 100 kg FYAFE ) T HEEKE 30 LR - (€ RE] 79 FH6H S E5E 5B KR HEE - #5 A hi g
[A] (SOF) ~ = RFEFREAE 7 RAR (PSF) K s RE R EX MR (TSF) FE=fEmsS N SR /KEEEKE
GERATELE (8£%F » 2016 ) A& RIVIEANE A SOF ~ PSF 2 TSF 54&HY /K& 737 s 42 81 40 L/d/head ~ 35 1 29
L/d/head Fz 18 B 14 L/d/head » FE/K&E Rl &y 34 B 35 L/d/head ~ 29 B 27 L/d/head 7z 16 B2 14 L/d/head » 5= ( &RZF >
2018 ) FEE A R HABHC A HY SOF ~ PSF K TSF 4550 7/K&E 537 By 29 B 39 L/d/head ~ 22 Bl 24 L/d/head }% 15 B 16
L/d/head » E&7K & Rl Ky 26 B 37 L/d/head ~ 20 B2 23 L/d/head J; 14 B 16 L/d/head - BEURHERIN /&4 & A s ER T (1993)
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L sAEREnY) K e s
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& (FIR8ELY 39 kg ) 3 448 §H > SEIFSTEN 16 {EFEH 0 LD k& LYD £ 8 i - Sidea s 28 5 - UHEFEE
A 1.04 m’ FEEERE - - FHIREE 120 kg 45704 Bl -

(i) g ARk — R B EZE0R  JHLREE B B R 3,400 keal/kg » #iEASY & &5 NRC (1998) EEfiE &
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EEMEE - R WF PR -

(i) FERSEEFTE (20232) » 7£ 2023 4F 5 H 2 [FEF 8 AMM#EST > FAEBRITHE 255 - HNEE - 58S
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BB R RN & E BT EREY e K HZ B g% A5 IACUCNo.112-7) #E{T -
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FHE HBSEE (average daily gain, ADG) ~ & & (average daily feed intake, ADFI) Bigalif} 2 A% (feed conversion
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(i) FH/KEEARE/KEHE © (58S K L4EKEE  BHE T A= B 10 B H o RlsdskKREE > stHEAK
& FETHEREKEE > BHERSHEKEENERS - WEHEEKEE > STEREKE -

(v) KEEZZEKEHNE © 71 3 ([E/KEHUKEZLEKER > Ik RFARERR - FHECSKRER > sTEKRER
#KE -

(v) BEKAKE T - BREKEFE FRERER K - HE S RE (pH{E ) FIEEZR (electrical conductivity,
EC) » i1 {EE & &= (chemical oxygen demand, COD) ~ 4{LF54 & (biochemical oxygen demand, BOD) ~ 44
[EF24) (total suspended solids, TS) ~ FHEEM:[E 24 (volatile solids, VS) ~ TN ~ TP ~ Cu ~ Zn ~ K ~ Na }x Mg &
}_g o

ML H7E By 7575

() fafERFEE
1. 7Kgy REGEZEED (2020) A5 2 RS ML H S 8RA& AFS 2901-1 J37573M 2 -

2. WS R HEm - RIRREZEED (2020) A5 Z AURHE L H KRR AFS1110-1 fz AFS1120-1 $H=0E71r 2

3.0y ~ i~ PR SR EE  BRmEUKTHIER - U A KL (NEYTECH-2-525) » {£ 550 — 650°C
RIS T IRALET 6 /NEE o BREKAL ~ J2AN1E > HIA 3 N AVEERZ 10 mL - DISEHEE EE 350°C EAMRETIZ
fi2 ~ WEVEIE RS 0 DUEFIRUEES 5 (Atomic absorption spectrometer Z8100, Hitachi) JH|E > -
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1. pH {H Fz EC : {RIBEREEE /52 NIEA W424.53A ( ERIE B R BRI 420 » 2019a) Kz NIEA W203.52C (2

BB SR BRI » 2023a) HIEZ -
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1. SERefEsHR (ERETE )

Table 1. The compositions of experimental diet (as fed basis)

ltems Growing period Finishing period
CP group AA group CP group AA group

Ingredients, kg
Corn meal, CP 7.5% 723.9 798.8 777.9 842.0
Soybean meal, CP 43.5% 196.0 115.0 152.0 70.0
Fish meal, CP 60% 30.0 30.0 — —
Molasses 20.0 20.0 20.0 25.0
Wheat bran — — 20.0 25.0
Soybean oil 6.0 7.0 5.0 8.0
Limestone, pulverized 6.0 7.0 8.0 7.0
Dicalcium phosphate 11.0 10.0 10.0 11.0
Choline chloride, 50% 1.0 1.0 1.0 1.0
Salt 4.0 4.0 4.0 4.0
Vitamin premix' 1.0 1.0 1.0 1.0
Mineral premix’ 1.0 1.0 1.0 0.8
Phytase, 5,000 U/g 0.1 0.1 0.1 0.1
L- Lysine, 78% — 2.7 — 2.8
DL- Methionine, 99% — 0.8 — 0.8
L- Threonine, 99% — 1.2 — 1.0
L- Tryptophan, 98% — 0.4 — 0.5
Total 1,000 1,000 1,000 1,000

Calculated value — — — —
Digestible energy, kcal/kg 3,404 3,404 3,407 3,410
Crude protein, % 16.00 13.04 13.02 10.06
Lysine, % 0.91 0.91 0.65 0.66
Methionine, % 0.30 0.35 0.23 0.27
Threonine, % 0.64 0.64 0.51 0.49
Tryptophan, % 0.19 0.18 0.14 0.15
Copper, mg/kg 10.0 9.6 9.7 8.9
Zinc, mg/kg 64.4 62.8 62.1 52.5

' Each kilogram of vitamin premix contains: Vitamin A, 6000 IU; Vitamin D,, 800 IU; Vitamin B,,, 0.02 mg; Vitamin E, 20
IU; Vitamin K, 4 mg; Riboflavin, 4 mg; Pantothenic acid, 16 mg; Niacin, 30 mg; Pyridoxine, Img; Folic acid, 0.5 mg; and
Biotin, 0.1 mg.

? Each kilogram of vitamin premix contains: Fe (FeSO, - 7H,0), 80 mg; Cu (CuSO, - 5H,0), 5 mg; Mn (MnSO,), 6 mg; Zn
(Zn0O), 40 mg; and I (KI), 0.20 mg.

2. COD J BOD & : (BB I\ NIEA W515.55A (FRIZ SR sz PR i 9T hx » 2018) K NIEA W510.55B
(BRIR B BRI 9TbT > 2011) J30E 2 -

3. TS F VS R - (REGEREEE /A5 2 NIEA W210.58A (EREEESE 2 BRI 520t » 2013) J77E0 2 -

4. TN : {RERIEE /A2 2 NIEA W423.53C (IREEE B ZEREM ST » 2023b ) AXEE - BlI/Kd TN BE =
KPR SURE + /Kot iR B SRS + /KPR EURE - KPS - i S R ILRE 2N
E IR R S IR I 92 f5E NIEA W419.51A (2006) ~ NIEA W418.54C (2019b) Fz NIEA W451.52A
(2023¢) J5iEa M=

5. TP : {REGERIR AL /A5 2 NIEA W423.52C27.53B (BRI E B REREWSERT » 2010) J5E0Hr 2 -

6.Cu~ Zn~ K~ Na Jz Mg : &5 (2020) 7774 > B7KEEE & 50 mL &0 A 3 N AVEEE 10 mL > DLFEIT I
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T EE 350°C BAWOEI TR G » DUR TR 8465 (Spectrophotometer Z8100, Hitachi, Japan) 43472
IV. &Etort
FRE A RMERE DT R BB B - H e8RS TH B DA ZTONE B0 T8 Foad BR BEAiL > K SAS &iEt /3 th e
SR B — 4R MRS A2 (General linear model procedure) #E7 T4 75434 (SAS, 2002) » L LSMEANS 47555
fEET SR AL B/ N I E e 2 SRR A Z R - HLETE K 288 E % (Duncan’s New
Multiple Range Test) » £ iE £ B AH IR 72 SR A -

e

I FEEERMERE

B GERI H B - FAEHE S AN EHENFEEREE > WUERAREMRTIIARXGEAFEE
RER: ReE-l@HEE /el HE /5 EvHE - 458 BUR e B R e i B i A 4 i ] 4 3 2 0 R LT
(% 2) - HCP {55 4= K1 ADFI S iz LCP 4H K% > sEn4E S B A LCP 4H By RE: (P < 0.1) » 1R
TELLE T 0 LD 4HatBniiG H i FIRS e i LYD F5 oK (P < 0.001) » A== (P < 0.001) FlstEa i (P < 0.01) /Y
ADG B LYD Fy/)N » FCR BAE I LYD Fy72 o [T G ke B i A S A S 158 & ADG ~ ADFI Jz FCR By it #835 5
2 - %% (2012a) DIAEISASE & SRR TR E 30 — 110 kg #Y LYD W% - s8R ADG -~ ADFI Bl sl s
(feed efficiency, G/F) 438l B 0.78 — 0.81 kg/d ~ 2.33 — 2.67 kg/d 1 0.30 — 0.34 » LR [EIEE 98 & &G E
BT 42 — 110 kg [ LYD A5 - SAESHARIHY ADG - ADFI B2 G/F Il 0.76 — 0.81 kg/d ~ 2.45 — 2.53 kg/d 81 0.31 —

*2. pRRBLSEHECA AR

Table 2. Effects of diets and breeds composition on pig growth performance

Diet (D) Breed (B) Significance'
Items SEM
LCP HCP LYD LD D B

No. of pens 8 8 8 8
Initial

Age, day 102.5 101.8 101.7 103.9 0.2 NS *HE

BW, kg 40.0 36.9 37.6 435 1.2 NS *HE
Grower period’

Age, day 130.5 129.8 129.7 131.9 0.2 NS *HE

BW > kg 63.0 60.6 62.0 63.3 1.4 NS NS

ADG, kg 0.82 0.84 0.87 0.71 0.03 NS ok

ADFT’, kg 1.83 1.66 1.76 1.83 — — —

FCR 2.36 2.13 2.14 2.76 0.12 NS ok
Finisher period

Age, day 192.3 191.2 191.4 193.7 1.6 NS NS

BW > kg 120.9 118.8 120.5 119.6 1.2 i NS

ADG, kg 0.94 0.96 0.96 0.92 0.02 NS NS

ADFI, kg 2.93 2.95 2.93 2.94 — — —

FCR 3.16 3.12 3.11 3.26 0.09 NS NS
Overall

ADG, kg 0.91 0.92 0.93 0.85 0.02 NS **

ADFI, kg 2.57 2.53 2.55 2.58 — — —

FCR 2.89 2.80 2.79 3.08 0.08 NS *

''NS: P>0.05; 7: P<0.1; *: P<0.05; **: P<0.01; ***: P<0.001.
> BW: body weight; ADG: average daily gain; ADFI: average daily feed intake; FCR: feed conversion rate (feed/gain).
* ADFI = feed consumption/number of experimental feeding days/number of experimental pigs.
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0.33( £ 2012 ) » £555 (2016) FEEAZS (i F P H B8 & 48 — 115 ke (1Y LD [A/5% » 3AE§HAR ADG - ADFI & G/F
5370 5 0.70 kg/d ~ 2.28 kg/d 2 0.31 (B[ FCR &Y 3.22 ) » _Faft = TEFS 54 & B BEEETE R FE & - AlbaiEaiss
B LYD ¢4HFE &R ADG J2 ADFI 43 51 55 0.93 J%2 2.55 kg/d » LD 401 & 0.85 K% 2.58 kg/d » “Rif LYD = LD 55 & &
A RMERE B AR il =TEMTST (&F5F > 2012a 5 &% 0 2012b ; %% » 2016) /% » FCR (- HEHELSE &6
BENER/KEFE & A AR ENERIBE (5% > 20232) AR -
fltE R R i

4= 8 HCP 4HE LCP 4HERIHE N E S &7 HIE 5 16 1 13% (LIS EE x 6.25 55 ) » EEHAAIS 13
B110% (=3 ) BHfEEHE (£ 1) M - IEERIIIFES 87 - 4 £ HCP 41 G EHZ RIS & & 57 5
F5 10 F1 70 mg/kg » LCP 4H % 10 1 62 mg/kg » AEEHARI B A 10 F1 62 mg/kg Bl 9 F1 56 mg/kg » GalfEHHAIFES
B EERNEEED (2010) A5HY 25 ppm A1 110 (A£&H7) B2 100 FEEHA ) ppm iz =R & - HRFEEEERETR 4 —
5 Higta S S/ HETRH O 0T (R 4) R4 RIAFIAE S HHERET LCP iRy 5E & 3 P48 (TN) FI4E
B (TP) JEFE B 1w HCP 4H Byl > A= R HEAZE(E R TN A TP JRELYHE: HCP 4H[%(K 18.0 K 10.6% > A& AR
/172 Fe 18.5% - AEE HARR G HCP 4H fal @AY %54 & 2 (5 i ke $¥ R E#E LCP 4H 15 (P < 0.05) » HLEAAG R E it S
HARF HCP 2H (1 kg/t) BERYVE TRFEYIANINEE LCP 4H (0.8 kg/t) B2 FEHRA% - i~ am HCP 4HE LCP 4HAE 513
(R B S SR B A R Formr © NRC (1998) ¥58 S e b 8 e S & 57 71 Ky © B985 20 — 50 kg £5 4 J2 60
ppm > 50 — 80 kg /% 3.5 K 50 ppm > 80 — 120 kg Hil %y 3 K 50 ppm » Az{Eg I K $E 2 2 58 NRC (1998) #E
EES (F£3)  EEMEEEHEY MR P E RS i T2 FE S ERAT » R EERR
Ko R B E B

3. olbaeensy

Table 3. Compositions of experimental diet

ltems Grower stage Finisher stage SEM
HCP LCP HCP LCP
No. of samples 3 3 5 5
Moisture, % 13.5" 13.1° 14.2* 14.7° 0.3
dry matter basis

Ash, % 5.53° 4.86° 5.19% 520" 0.14
TN, % 2.62° 2.09° 2.12° 1.60° 0.03
TP, % 0.52 0.51 0.59 0.57 0.03
K, % 0.75 0.74 0.74 0.72 0.02
Na, % 0.39° 0.39* 0.24" 0.23° 0.01
Cu, mg/kg 10.32° 9.64" 9.80" 9.07° 0.33
Zn, mg/kg 70.2° 62.0° 62.3 56.0°¢ 0.8

' TN: total nitrogen; TP: total phosphorus; K: potassium; Na: sodium; Cu: copper; Zn: zinc.
“® Means within the same row with different superscripts differ (P < 0.05).

A BRI B EEE F Rk RO TR S B Y MR > Humer er al. (2015) $5H1 - B FZLE RSP A 17
EHEYET o RPN ERRE S e E T - SRS ICHZSS - SFIFE5 5T (Sohail and Roland, 1999) - fijk
KA E W FIRZEL [ (Sebastian ef al., 1996; Ravindran et al., 1999) K% [¥% 2% (Sebastian et al., 1998) B & By N A fid
HIMERZEE - DVAEEMEREES T DUKIERI A - (B2 B S8 B fe A E A NS - MHFEINE (exogenous) fEF
(Cowieson et al., 2006) - Kristoffersen ez al. (2021) f5t > GAfENIITERZES 1] 12 S 58 A= R MEREFIZEAG M H (B2 ~
WERISSHVEH ER e F iR L - & BAERE T O /FAgREED'E (R ) M3 (Selle et al., 2012) » [t
YMFFFE (Cowieson et al., 2006; Cowieson et al., 2008; Santos et al., 2008) t1E5E » falkd N NIHE EEES 0] $2 = R L lE Y
T LAY E YR UL - Akl LCP 4H @ &R IS THFEYIILAR N 500 U/kg UMEELRS » T2 2
(Y S FER S R = E R A B -

BN 55 & FH AR SRR AU LRI DUETR LA > B2EES (2020) #1E & & S (5-09) Hr#FflfE & & DL
100 1 500 ppm £y EFR > FERIAG By S FE (RS (i R SR R A EAE LHAR A E I 140K (Parkinson et
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al., 2004; Tiquia, 2010) EHE + FH &1 HEREE NH, ~ NO,-N 1 NH,-N Z5j3%8¢ (Bernal ef al., 2009) » Ffi
B E TT AR SR AET A R = (Miaomiao er al., 2009) © Tiquia (2010) FYBHST » HERE L& HRAI SR 77 7]
YUbE e FtEREMERTAY 1.20 — 1.26 £2F0 1.23 — 1.41 £% > &35 (2012¢) AfEH > HERE LRSS = Ryt B AT

By 1.21 — 141 1% > SREANES Ry 1.04 — 113 £ - 2% EAlOil > ASUR HCP 45830 )

BUEE R (B SIE 5-09) - ALK mAvE S ERB M EHEE L E -

T4 SBSHEREENRSY

Table 4. Feces components of experimental pigs

IIECEZZHIOPEENN

Grower stage Finisher stage
Items SEM
HCP LCP HCP LCP
No. of samples 3 3 5 5
Moisture, % 81.7° 78.1° 78.2° 76.6° 0.68
dry matter basis
oM, % 85.7 86.2 86.2 85.7 0.25
TN, % 3.87° 3.18° 3.44° 2.85¢ 0.06
TP, % 2.40° 2.14° 2.25° 1.83¢ 0.05
K, % 0.91° 0.91° 0.85" 0.77° 0.03
Na, % 0.16 0.16 0.15 0.14 0.01
Cu, mg/kg 51.6° 54.3¢ 72.5" 64.2° 1.1
Zn, mg/kg 375 352° 414° 367" 6

' Refer to Nolan et al. (2011) formula to estimate, OM (organic matter, %) = (1 - Ash) x 100.
* TN: total nitrogen; TP: total phosphorus; K: potassium; Na: sodium; Cu: copper; Zn: zinc.
"4 Means within the same row with different superscripts differ (P < 0.05).

L Fé2FAKE - BEKE R EKKE

AelEggt s /K E 22 et S e K ~ /KERIEER /KM 76 S 22 BT 5P as i P 7S » B DLE ARKALFE - 5%
EEHEIHKE 22.23 L/d/head B4 KA 15.63 L/d/head f5%% (52 5) « NRC (1998) f5H > FRHEUEE
SR EHVIEE FLEACISE - HEUKE D AL AEEER B EAY 2.5 50 3.7 £ » Li er al. (2005) f5i » AERACEFEFS
B 2 401 — 538 Lidthead » 55 (2016 » 2018) I E 4 MBI BT 00K B /100 5 — 6 Lid/head - At
Bt G ERAUT & - A RIIBIACE BARY ADFI 73549 1.8 81 2.9 kg/d/head (% 2 ) » 275 NRC (1998) BIUK &L Fytid
TRERE R 2.5 B {HR - FEE4E RIS HEUKE 7 HIZ Ry 4.5 B2 7.3 Lid/head - /KEEEIEREH 77 R 7 0.66
#11.07 m* /K& > BSTEFELIFE P BN KB 2858 2 F/KE 1.31 812,14 L/d » ZZRS5A0As%0E Fa4E 11.7 m (£ )
x 3.55 m (‘B ) AY7KA > 7K 0.45 — 0.50 m > BIEFRETEA 18.7 m’ (IYEAK - DIFEERAGHIE H A BRFE &N 2
ZERIGHY) 0 G 3 — 4 HUK— 0 BT RU AT ARt K ELY 70 10.4 — 15.5 L/d/head 7 i

A BN FE IR o B S RSB e ST - S 8 S - FEEUKIRDABINEUK 25 L IE - BEK L
R ERIUK IR SRR » TG EREE HARYEE/K & (6.13 L/d/head) BIEEHAE R (3.57 L/d/head) 2% (£ 5) -
EEATEEAREAT (1993) LUESE 100 kg #9548 E Fy—{E@E) B (7 (animal unit, AU) » % (1.7 kg) ~ Fx (3.3 L) HpitE
DA 5 kg/d/AU &t > S /K ERIDIERBERE 5 515 - EtREKELE R R 30 LIA/AU » HL—E B
5 PHIRGEE 60 kg ~ 0.82 AU {55 (ZEH EHERRT - 1993) » FEKEA FL R 25 Lid/head - &R ER (&
%> 2016 ) FORZE (FF% > 2018 ) DIEHE ~ SRERBERE 2 Rk RS RE R B 2 RIS 3 R A%E
& BETHEE KR EEKE 2 EhfE - 45 EHE (SOF) ~ B3Ik (PSF) s RIR (TSF) F4E&RY 5K & 77 A
F5 42 — 29 L/d/head ~ 35 — 22 L/d/head }7 18 — 15 L/d/head » EE/KEHI A 34 — 26 L/d/head ~ 29 — 20 L/d/head 7
16 — 14 L/d/head - FEE¢EE N PSF & TSF 47 H&#s SOF 382 nEi& 16 — 23% K 49 — 57% By K& » b
15 — 22% J¢ 47 — 51% WK E - Aalbad RIFEE SN K& il ENZ B8 A S r AT (1993) (hET&E/
14 81 25% » PAR iRt E S FRIETHY 22 — 44% (#£55 > 2016 5 &5 - 2018 ) » HURASEETE R /KB = PRE
HFEE - NEREFEANTHAK » BE A RE G & B AV RR -

S BHTTAIEIS RIS K B 238 ke/d B266.1% » EIMUIERELEE S RIS 476 B 160 gidhead -
A& BRI B E Bl S /KAy 335 kg/d B 68.5% » (i RIFE(FIREBIEZE AL 786 F 246 g/d/head (2 5 ) - Al
S RIEHL E HIRGEE 0 A4S 39 — 61 kg Kz 61 — 119 kg » S75ER5 (2009) HYBHTT » FEEAERGE S0 kg K¢
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100 kg B2 (F)RE 45T B B 816 K2 980 g/d/head » & 7K 76.6% K 67.7% » SE(HEZH)EE4Y 190 J% 317 g/d/head »
fliEtFE & A RN S HHZE [ RIPRECR T IE) Fy 84 J 78% -

x5 FEEERMMESHRERKE - KEAKE - BKENEFEELE

Table 5. Comparison of water consumption, wet-pad cooling system evaporation water volume (WCEW), wastewater
volume, and amount of feces scraping in pig houses during the grower and finisher period of pigs

Items Grower stage Finisher stage SEM
No. of samples 4 8
Water consumption, L/d/head 15.63 22.23° 2.23
WCEW
Per day, m’ 0.66" 1.07* 0.09
Per head, L/d 1.31° 2.14 0.18
Wastewater volume, L/d/head 3.57° 6.13 0.24
Amount of feces scraped
Gross weight, kg/d 238" 335° 22
Feces wet weight, g/d/head 476 786" 49
Moisture, % 66.1 68.5 1.2
Feces dry weight, g/d/head 160° 246 11

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

566 A R A AN & B EE /K AN pH {E A1 EC fie B E 7= 52 (R 6 ) » [MAE & BAEEK#Y COD ~ BOD ~ TS ~ VS »
TN~ TP~ Cu~Zn~ K~ Na Jz Mg jRE S E RIS (P < 0.05) - HLEAR S EASE €Y ADFI &R &I 2 > H
FCR #x4 R R (R 2) FEA R A - #£5%F (2023b) ML FEPREHIFEEZK COD ~ TS ~ VS ~ TN ~ TP ~ Cu & Zn &
FE 43 51l B 21,000 ~ 20,100 ~ 13,500 ~ 3,600 ~ 2,000 ~ 2.03 K 17.8 mg/L » [ TN JEEREESNEE KK E S At ERIE 7
= BIRERMEESNEEBEKEESFEEEE - R - GUKRIREFEEEK > KRR AR e EE(FD
bR B eFE S 0K 0 BE/KRT & sy EZHHPRIR S BOKs R E R S E 2 & HREHEM (Yen er al., 2004;
Pomar et al., 2008) » £ TN JEFE##RE (2023b) HHEH Fy =) -

*o6. FELRIMCHMEKE R

Table 6. Comparison of wastewater quality during the grower and finisher period of pigs

Items Grower stage Finisher stage SEM

No. of samples 4 8

Wastewater quality
pH value 8.57 8.43 0.05
EC', mS/cm 18.3 19.2 0.28

mg/L

COD 8,303° 10,024° 331
BOD 3,272° 3,916 116
TS 958" 1,831° 108
VS 843° 1,607 85
TN 3,935° 6,876" 103
TP 65.1° 79.4° 3.03
Cu 0.27 0.25 0.02
Zn 1.11° 1.39° 0.07
K 1,845° 2,116 31
Na 548° 602° 11
Mg 117° 134° 2

"EC: electrical conductivity; COD: chemical oxygen demand; BOD: biochemical oxygen demand; TS: total suspended
solids; VS: volatile solids; TN: total nitrogen; TP: total phosphorus; K: potassium; Na: sodium; Cu: copper; Zn: zinc; Mg:
magnesium.

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

The purpose of this study was to investigate the effects of feeding grower-finisher pigs with diets with different crude
protein contents and raising them in wet-pad cooling feces scraped pig houses on pig growth performance, feces composition,
water consumption, wastewater volume and wastewater quality in the pig house. A total of 224 LD (Landrace @ x Duroc &)
and 224 LYD [(Landrace @ x Yorkshire &) @ x Duroc &'] grower-finisher pigs with an average weight of about 39 kg were
raised in a wet-pad cooling feces scraped pig houses, and the control group (HCP group ) and the experimental group (LCP
group), 224 animals each, were divided into 8 pens and 28 animals per pen, and fed with high crude protein and low crude
protein diets, (the crude protein content of the diet was reduced by 3% and essential amino acids were added), respectively.
The feeding trial was terminated when pigs reached average body weight is about 120 kg and feed and water were provided
ad libitum during the experimental period. The growth performance and feces compositions of the pig, water consumption,
wastewater amount, and wastewater quality of the pig house were measured. The results showed that the feed intake of
pigs in the HCP group during the growth period was greater (P < 0.001) than that of the LCP group. The total nitrogen
concentration in the feces of the LCP group were approximately 18.0% lower than those of the HCP group during the pig
grower period, and were reduced by 17.2% during the finisher period. The water consumption and wastewater amount of the
pig house in the finisher period are 22.23 and 6.13 L/d/head respectively, both are significantly higher than the 15.63 and 3.57
L/d/head in the growth period. The concentrations of chemical oxygen demand, biochemical oxygen demand, suspended
solids, total nitrogen, total phosphorus, zinc, potassium, sodium and magnesium of wastewater in the finisher period were all
higher than those in the growth period (P < 0.05). In summary, feeding the LCP group diet has no significant impact on the
growth performance of grower-finisher pigs, and can reduce the total nitrogen concentration of feces. The application of wet-

pad cooling feces scraped pig houses has the effects of saving water consumption and reducing the amount of wastewater.

Key words: Fecal composition, Grower-finisher pig, Growth performance, Low crude protein diet.
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BUN (ol #EEN 13 97) BARLYI A T3 ER AR IR - FOE AL ABAE ~ HLARHRL ~ P7ERMSIR R
JBVE fhef o

BRdEE - el - REOEE ~ BREMEIR - Bl - R EALABAE -

1

HRARE AN HE B ER > Erh/NEFE P ECE T 2,000 4E (#1995 ; Winter and Funk, 1960; Stromberg,
1980 ) - FAE NEEKENEZHKT Y - BRI BSR4 REEETHIRSEERES > REEHERNNE
FEE » R > JHEE SR EENIHEARE S > REZE AT DR AHE BB & (Amorim et al., 2016) o R % A JELE
pat R PEREEE ATER T 2RI R IR 28I (Franco er al., 2016)  RE/AEEC B & L AR5 Bif = S ih i - FEE
BRI ~ 545 S B SE IS RS B B T T s BB e e (Gassner et al., 1958; Lesson et al., 1976) Z£fi7H - 1128k
NHEY RIS R - (FEE S 239457 & LYHA TR 0.43% (BT > 2023 ) o RIAHEELAHECLEG
55 > CHESERE A 2 FLAE BB AETEEY )N (Lin and Hsu, 2003a; Lin ez al., 2011) ~ ALA#)EELETU){E#K (Lin and
Hsu, 2002; Lin et al., 2011) ~ BLARSR & &80 ~ JBLE - 88 K201 2 B e o Rl EREEHLA (Lin ef al.,
2011) ~ FZRFEARLAIZ L* B (525 ) K b* {H (= EFE ) #0K (Lin and Hsu, 2003b) > TESE ~ BEE0 KM &5 2 RS L
& (HZEHED ~ WS R AEs 5 B AGEL B S (Lin and Hsu, 2003b) - BEZARS AN FEZ FEIAE R (L#& 4 — 6 HIN)
BRNHERE o (H LR R A > v B B GRSl R S EL A BELT (Lin and Hsu, 2002) - 232 0] DUBEFRA G /702
— o REANHER D TBSE T4y Ry KBS TURE AN FE (BIETTAE(S L RERE AR - EEREERE AR - LD - RERE A RE R FIRERE A
%o BEEEAE 3.5 kg DL ) BU/NEERIRE AN B (ELFE D BERE A FEEE T B BERE N HE 0 BEEEAE 3.5 kg DA ) - (HDLK
BERIRE A\ BE > R BB S HIE RS EINR S o (HR AN E SRR A R pe MR ELR L A i B L > iR TRl s &) (8
3R (2001) EAES (2011) B3 T2 @ N [S] BEAY B fl > RE N BEFE RS MEIR B N E R MR - RIE L LR A ZERR SR (OF
BEE ) (FEHBEEESIN  NEER - BRI EARESELE - FEEyLAEEE - JLAYEMEE RMEE mefE e E
IMFAEBHRE =R - BEGE DS - Al SERST AR A G AR AN FE > BRI IRER LA S E LR - #5 DURRE
NERSH S AR N BT 2 B S ~ BRSNS B3 B LhB ~ R BN ABE e ~ ILAAE B E K RV E a2
=E > DR AHEAEE 2 S% -

|

() R EE ST FCHE 26 2811 5% -
() B E B TR T AR 54 -

(3) B R BRI A

@) EENEEASATEEM A

(5) #EN/EE > E-mail: tewan@tlri.gov.tw °
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M A

B a T B R BT
Kl BE ST (RIfTE R EZE g S a0 ) B2 - 8 LERASEHKE
HEABIERIYEHZ B 2 A EAET - SERER 10 B A2 FNERE M AR A RS 88 & » /g
R AHBRARES SEABITEKZ &l L HETN 13 98 - KESMEAKRAILG L8 - RNEBA M A
SYBREE > SR BN 4 1 > SWEETE 22 € > 5T 176 €558 - 72 10 £ 18 HEliRA S EHE 19%
T BE 3,000 keal/kg 7 fiilfE - 1% 18 &2 28 HRER4E ZEEH'E 17% ~ (USHAE 2,800 keal/kg 7 filifE - S{EuHA ] 7K Bd 6
BHMEE > GRE&T 23 /NEHLIRZE 28 il 1L - 14 28 HERIFHHEEL 12 /NHE IR E1R - EITERIZEEFE
FHERAERES 24 € (GBS 6 &) MEREETERERNEE  BEHEK COo, e - i - MER
HH IR > T B A AL P B B B R i (2 SR E 7% - BB RGIK Koch and Possa (1973) 2 J7 A#E/T0ESE ~ 3l - fig ~
B BRRRATOSKEML Y] > WH NG REIR A (S5 EER ) UIERNREE - H R EVE mefz A -
e HIE H B 57k
() RBREEAE
HEEL CO, A E ~ UM ~ i - BUNHERAE U A bR~ Bl EEFR R -
(i) BEEME
FERSEE / B4 EE x 100 -
(i) SHSH ~ BAITC ~ BRED ~ B - =580 S EREEBHE
ftc Koch and Possa (1973) 2 J7 2 #E{THESH ~ ¥l ( =6i%ll) ~ flg (FFE R ) ~ 5 - B COBRR - W)
ST KRE LR Y] -
BB R / EBRSE x 100 ©
(v) FERSLLEILHIE
HEREEE / HEEE x 100 (AEHEE & B AL s ~ I3 D 2L [ (& 2 A5 )
(v) HFig - W03 - B2 R BREE BRI E
PRk ~ W03 K Ol ER 2 OHE N B E AR 0 IR EERIE S AR -
WELLY = 2WEE /#SE x 100 -
(i) RN R E I E
¢ Lyon et al. (1980) 22 57 » DLf7=5] (Dr. Lange MC reflectance colorimeter, Germany) 4 F[HI & 57 & B A
A E% » DL CIE L* ~ a* J b* (EARALAZ B » L* EFEEE (lightness) » a* {EFRALEUYE (redness) »
b* (A RFEH Y (vellowness) © fig (breast) B[R (thigh) HEHIE /2 AR - BT = (@8 > &8 SE3g(ER]
Foed i 2 BUEME -
oi) ALAIHRZK Sy ~ FERERS - ERE RIS EHE
fic AOAC (2000) Z J57AMIE - AR ~ BF REFRIEHZAHBGA - BN -20C 2R < HIERHGALA
BEEHE N 4°C KT 24 /NEE > REIFI AL % > BUSEHIE 2 © 7K53 2 RIE [ FH 242 Saez i 2 HER 2 HIE
By 4K e7 a8 7 58 fL i BE R 25 Bl gs (Biichi 81b, Laboratory Technology Co., Flawil, Switzerland) DL Z it Z£H >
EABEHEFEAINEE (Kjeldahl) HIEEE7E » SEISFEREEAEETHL 6.25 FEHURE KT
ZMITE Bz % 2 BB 600 C ARAbKEH RAL -
(i) ZEE-E (cooking loss) JHIE
fic Florene er al. (1994) 2 J5 A& 2 - A HIATEERE ASGERA - WA ETER 0=

E o
(x) HLIAIEE (toughness) ~ NEEE (cohesiveness) ~ J#14 (elasticity) fIHIE4: (chewiness) 27 JHITE

£:7% Lyon and Lyon (1996) 2 J77% » REESRAGHIRG AR % - DI EAREISHR B AHELIA - (Rfe Ak
R 80°C A 25 F3 88 - FRIIESR/K 2N 15 oy 8#t% » R AIEZE AL > J71a) (B AL J7 M ~F1T )
P2 x Ix lem’ (£ x & x &) ZEFEALE - ABELUREEIE GBI E EHE ik o PURERE (NRM-20101J-
CW, Fudoh Rheometer, Kogyo Co., Japan) ff{"HIE 4 (chewing test) JHITE » BEEVELf 7 818 « M ~ S8 K2 H
UEHPEE R RILA S 2 i EFEAE o MIE R © JIERZ#0[E (range) : 2,000 g ~ HAJZHE (test speed) :
30 cm/min ~ 42§E T (sweep speed) 15 cm/min ~ EJE EH{K (adaptor diameter) @ 15 mm ~ £ 555 (sample
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height) : 10 mm ~ f@H B & (detector) @ 2 kg °
(x) EVE et
KR Z A RIF AT 0 — 4°CIOKFEAETTREMR 24 /NF % » &R IR DLEESEARE R BT 85C/KBIE T
KEL) 20 — 30 o7& - EALAF LIRS EE 8OCRHUH » BFALATIEEY 1/2 J05f (1.3 cm) T2 J7REK/INZ ISR
G ABRICETORIE 2 [RAE s B 2 ETRVE el A 1k - D17 [ ABETRE St St A B e
P PR AH R B N — SR LA T ol o Sn PP B RS ~ MR ER - R 7 9005 0 1 BT 03 EH
JEFEFERIFE TR I MEHRIERERIREIFE 21 BUREIFENSEHEIFE =8 (Lin et al., 2011) -
L &Etorir
B E R LIS 0 1T 287 (Statistical Analysis System, SAS, 2013) ELEHREGHETT4RET 04T » (F F— R &R PR
FF2FE (General Linear Model Procedure, GLM) #1758 54747 » PAER/INE 515918 (Least Squares Mean, LSM) JHIE
VAL % R PRAH R 7 A

BB

L JESREERG i L

A FI G A i ARl A Fe 2 B S R BB G E AT EE PR IR R | - SUBRGEREUT > REEMR A FHRE -
B~ BBl LR G R ARESEL BB (P < 0.05) By NG RIRE N2 Ry > BHSHEED ~ FrEBEL B RolIs LEIETE (P <
0.05) B/ NG RIRE A FE R (R - PEASSRBLS (2011) ZBFFTARAT - RENEEZBSER ~ BN ~ B RCAbs 5 B AR ER EL B
RE 2 MBS 7 5o > BOD] T R N B BT R RS N B 2 B SR R S N S B R N o M AL EE B DA 2R
ONHEERE > B LEBIRILUS B #ER A R s H I - (H2E5R (2001) ZHTFEEUR - KEGAUR AR BHGE -~ B
R~ HIEREEG ~ SEIBSEE B A AREREE PR E B MG TR A Ry s Z SR A e 2 — B - AERAMEYIIR RIS
15 (2011) JEEE AF B REE 2B 28 - AR NMERRE AL BIRE - B3R - JgilELfl ki
EREE PR E B BRI R A R BISHEE IR B R RE N3 Rorm Z IR N - AT RE B+ 2 el a R - R
(2004) Z b5 s FR B e ) 2 (ALPIEAIRL ) By b BG EE BiE Se R B A T 2 - LB (L A B BESH
HREEGIE B AFER > (g ERELRRESEEBIRE A A EE/ N  BEA) Calik, et al. (2015) $5 R HEST B SR A i B IR 2
AT sERE E BURREEIAYAEAHLL - RIEEE A S AR E - EarilL S EE -

1 ARSI L 2R A FE 2 B SR LR AGH (i E B LR

Table 1. Comparison of dressing rate and proportion of carcass parts of castrated roosters of different size strains

Items Heavy-type Light-type
Live body weight, g 4,708.11102.2° 2,4352+68.1°
Eviscerated weight, g 3,724.2+872.1° 1,875.1+58.2°
Dressing, % B.W." 79.1+0.5° 77.0+0.3°
Head and neck weight, % E.W. 7.810.3° 10.1£0.2°
Back weight, % E.W. 20.7%0.5° 21.910.4°
Thigh weight, % E.W. 30.2+0.3° 20.2+0.2°
Wing weight, % E.W. 10.7+0.4° 13.5+0.2°
Breast weight, % E.W. 26.110.5° 20.7£0.3°
Feet weight, % E.W. 45%0.1 4.6%0.1

" Means within the same row with the different superscripts were significantly different (P < 0.05).
" B.W. = Live body weight ; E.W.= Eviscerated weight.

1L REAEEZ RERE SRS B LEBITEEL
A RIRERL L AR A HE 2 HERRELES B SRR EEEEAIEEER (R 2) - BlBRdEREUT - KIGEIRI N5 2 REASELBIELS
EEEPIEE (P < 0.05) By NGRIRS A FE Ry > WD EEELBIEL LREE BB (P < 0.05) By MERIRI A #E Ry - JEEER
BAES (2011) ZFEEL®E - RAREZ 25 B BfE A SRS EE S M EE > B~ E > CHWEE Y - WPELLEI
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B R (/MR RIRE AN ) ZEEBE S o T CoBR AT R EE A (5] e el 22 S NS SR AR EL - TTaR (2001) IR
fif > HEHRESLES B LLPIRTE 2RI AR N8 > REERIRE N #E 2 HEASLE PRI S e A B NG IR N
& - [ERFBELE PR TS AR R E NG TR N Ry - Lol ~ DB R g EE BRI DA o e B Rl O HE R B o i T
B NI RURE N R -

T2 AFREALF RN FE 2 AR S ELEE B LI EL#E

Table 2. Comparison of abdominal fat and organ ratios in castrated roosters of different size strains

Items Heavy-type Light-type
Abdominal fat weight, % B.W." 3.6110.32° 2.1410.21°
Heart weight, % B.W. 0.43 £ 0.02° 0.47%0.01°
Liver weight, % B.W. 1.20 £ 0.06 1.16 £ 0.04
Gizzard weight, % B.W. 1.4840.07° 1.67£0.05°
Intestine weight, % B.W. 42010.16 2.39%0.11°

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

" B.W. = Live body weight.

L. FZ BRI A 2

A EIRSG Y i 2 R S B 2 BRES S R B A L* ~ a* J b* (HELERTIIRA R 3 - SABRsE AR - RAEgMIRE AR
PR 15z o i ) L* e b* (BRI (P < 0.05) B/ MISTURE AN HE RS - &5 (2011) RT3 » K7 RIAILAI (28 <2 i
TG B > H AR R7 RS L* {EERRA L* K b* (B2 B A Al BB o2 S B E RS2 2 - M5k (2001)
feth - BREC R B 2 L* ~ a* Jz b* (B DUKFS A RE N de i Ea NS BURE S #E By K - Cason et al. (1987) $i5 5
EEESEBBNOE )BT HEN MR EMARAE - A H 2/ N A A AE sl T80 K E i
HZ B AEN B e EHERR M O - (EH 2 RIS RIRE N EE R ITIR I L8 - HE A A AHImE - M H N H
KIFE A JEF5 (cornish) /N #EELH E{CHE (white plymouth rock) REZfE Ry 1 R anfid - [ ATEE R ASBR A [FAG AL
RN RS L B b* (HABE AR RN - M/MSTIRE AR flgpy L* 8 b* EE R KRR A g 2 IR
 AIREE/ IS TR RE A B A G A 2 E R EORRS TR A 2 S A R - Hillebrand er al. (1996) W4T A o2 2k
B SR TR ERNEOEN HHUMENZEEE 81 ATEEE R - Pujol (2023) 157 » FHRtAGET
FLZ LA ALALEE H (myoglobin) & & %5 7 §2%¢ - Lyon and Cason (1995) ~ #5580 » A RS & &80 > &
HALATHAEASERD » GRERESEE > (FRE L B0 - a* [ERYK - Wang et al. (2016) JREE
fRETORNINE SHENY TEEZ RS AEBEN =S ~ JiE bse 1 FERALGE - Miltenburg et al. (1992) $5
HL* {E SR s B LS (hematin) & 2 2 8122 A HR » a* (EEFL A BLMALE (hematin) &8 28 1E
FHRE o 55— J7 1 2 [E = I HEUN 22 (luteinizing hormone, LH) 2 5304 (Griggs et al., 1989) ; KBS I ZE
JE > HuliREImAT LH 2 2RE (Fennell and Scanes et al., 1996; Moghetti et al., 1999) ; T LH u]{g i EHEE & 2
(carotenoids) 7 EF& (Witschi, 1961) » BJH8 11 57 B BRI 1A > S (B o

3. AFEREALLZR A R A Bl A L* ~ a* Jz b* {EHEL#T

Table 3. Comparison of L*, a* and b* values of leg skin and breast meat of castrated roosters of different size strains

Items Heavy-type Light-type
Thigh skin
L* value 64.91 +2.60° 7435 £2.20°
a* value 0.32+1.60 0.85+1.00
b* value 4.92+1.20° 10.65 £ 2.60°
Breast muscle
L* value 54.21+2.40° 59.75 £ 4.20°
a* value -1.12+£1.30 0.89+1.04
b* value 5.77 £ 1.00° 7.65 + 1.49°

“® Means within the same row with the different superscripts were significantly different (P < 0.05).
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11 HEAIH R

F 4 TR EIRS I A R S FE 2 B PO AH R ER R - SBRaS SR - REGBIRE AR A EE R E B 7y & 25
Z (P < 0.05) By NS RIRS N B Ry s o (HHEHT & B8R (P < 0.05) B MSHIRE A ZE MK - & 2011) ZWF7E8TUR » iy
RIRE AT EL B 23 =2 il 2 5288 © TR (2001) f5 i > A AVRE A FE T A 2 B A/K oy B e VB & B RE R Ma AU el
KSR A AR R (Bl & 2 EE R MR BRI AR A HEim R R (R o I & 2R =R A # i
AEEBEER DR K EaERe - /MR » KRERIRI(K - mEAEY)NVE B - 55 (2011)
TN B N R LA 2 il 2 28 - AR R DR - 2 HASEEENI - Rk
Z a2 ERSH &S (Deyhim ef al., 1992; Fennell and Scanes, 1992; Fennell et al., 1996) BA[Z{&Z &SRR & A
ZUEME (% > 2002; Pearce, 1977 ) o SE[EINE{E 2 fEAH 4% P E S ECHHER - B0 S E & ECRIRDEANL A A&
B4R - REVETEIALLARERSEZ  RIt - TR ALY B AR A S R RVESE > LA E B8RS E
B L e a4 e ~ 2518 e E E 5T (Kwiecien ef al., 2019; Tomaszewska, et al., 2017) ° i Az B/ NE#Y
R AHEZ A E O E & EEER AR ARK i a EE R AR AR S 2 HA - v e A s H
Z/NEERIRE AN HE (B el g ) B AVEAR

T4 AFEREEL Z R A FEZ By AR AR EEER

Table 4. Comparison of breast meat composition of castrated roosters of different size strains

Items Heavy-type Light-type
Moisture, % 71.74 £ 4.33 72.01 £ 1.61
Fat, % 2.22+3.03° 3.65+£2.07"
Protein, % 24.82 £3.23° 2328 +1.74°
Ash, % 1.22+0.27° 1.04£0.18°

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

IV. BILAPEE AR

N EIRS AL i Za Rl A 8 2 B AR AR Y IRIA R 5 - slBRas R - R A RS LE - §E
(toughness) Jz58 1 (elasticity) 2 #0/ NG R R AN FE Forsr (P < 0.05) » NEEME (cohesion) B #%/ NAGHY RE /N e Ry (P
< 0.05) « 55 (2001) ZifZE85 3R - BLAZEE R E - NREMEREBMER K ~ o R/ NERIRE A MR S E £ 52 -
LA =R R AR B EE 2R > DIPRREA KRR /NSRS RES)N - B (2004) Zi58H5H
& s B R EEE 2 B LA 2 B UNME ~ ZERIE ~ 58 - BEREE - OSBRI R YR - 5 (2011) 25T
ot FEE i E BN A pH EBL{R/KME - Honikel (1998) #5715 » AILAINIZNE S A& 0B S M ELAE 4 40
BtE Ry R R B R BE  FEIRN - REREUNE M2 2 S AR VIR G - ZERESERE W
27 %M (Sales, 1995; Van Oeckel et al., 1999) B[S (Van Oeckel et al., 1999) #5575 ARG/ NI RS N\ &~ AILIA
HREREHFERRKRARE AR AR R - oIR8l NERIRE AR AILARERT & S8 =7A R o Sales (1995) &AL
A EEmE » HABLERENSERE MK - P AFREF LR - Tl - MR HEZFEenE -
BERIALA 2§ A R R EAR DR YE ~ Tl - i R SR E R 2 AT RE S8 - 1P o] OB RN B i
IS SERE - P EARERE e SR - A NSEIRE AR FLARIE R R T RE AHE R(
JRA > FTREEL/ NIS R RE N HE 2 AILPA A G & Sl = B LA 4 B TS VA B » Sales (1995) #IRALAREI 2254
HYIE A& 8 RE (K o RSN AL NPT REEL AV # R R AR - 2 BI0E g B & R s %
(Tuma er al., 1962; Herring et al., 1965) » 55 (2011) ZHFEEDR » /NSRRI A 2 HLAAE A RIS BN RG I e N &
/N o B (2004) Z SR INGE E 0 REE fnfE B MR BB e B LA RN BB - B R M Y R
Ry FIETHIREEE - NEMF R FRIERS 125855 - BV e B A HAIFre R 2R A& » A
TR R IR S o By TR BT RV RE EAHE M - NEME TR E e R i B 5 [l
RER fn 7 BUR TS R - M AERER sz ST A B P 1% HPRAG IFUIRAY RS - A5 e AR TR Y 2R 8 A ph e o8
MEATSF o THIE AR LIS 2 ] EEGRRE TR 2 AE R ERIHE MRS & R -

V. HLAIRVE mmat

# 6 TR [EIS A A R A R B AL B E S ER o BABRaE R8N - KREGRIRE A3 B A ~ 21

JER EVE dra et o i NS A R A B R - U Bk B 72 52 (P < 0.05) » 55 (2011) ZHHFTEDR » & mid
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BEZENAZMIE ~ FIR K ERCE fnafhlisr - BoP) - #ERe A 2 2 SRR EE St PRRE (Bl 8 - FIEERE
DNHEZBRNZ TR RVE e PR BT IO 12 ~ EREE AP L2 2 Rel 0 5 - [ (2004) Z W5 NGEE - #E
AR S B RN Z BB MY - AR FEREERGER - 5’ (2001) ZH5EE > ALAZEPR - BUE R EVE st 20t
PERSR (PFIL( L5 ) ~ B (BT L2 ) ko (PRI P 5 ) Be R R N HEf G B 2 > AslBR kA
et EA L BEEA =908 - JINZ R ~ 8%~ 2B R 2P SRR - HE
THLARERT S & ~ BERTEREL G R AL R NETRE » AstBs NGIIRS A #E 2 LS ~ 2+ BRI E fhsT
SEEURRERIR N EE R E 2 RN > ATRE B NG R R N 2 LA G B & B s BB R U/ VAT - Sales (1995)
B Van Oeckel et al. (1999) #51# - BLAZEE R E S EHHEE dhal.2 2 MRS EZEE R ERE 2 - Wood et al.
(1986) ~ Cameron et al. (1990) % Sales (1995) S#HALARENT & B & ERHE & SR EFFBEZEON - FrHlfEM
J&€ ~ 2k ~ JER K05 &k (aroma) J5TH » Cameron and Enser (1991) S85RHL A 2 LA BRIASRIEE LB 0 - 2%
A EFIRERGEEEL B > FISCEALAE M - TS (2011) ZHFERR - /NG RIRE A R 2 AL BB oK RS
AURE /)N © Herring et al. (1965) B Tuma er al. (1962) F51# - FILAAEEAE - HHLAEHTEERE] - AILARAERN
FIARYBEERCEAHR] © T/ (2011) ZHTFEEUR - /MaTIR A FEZ AL B IEB S B AR BRI A FE ) -

RS, AFERGEL AR A FEZ Wy AR IR PR

Table 5. Comparison of physical characteristics of breast meat of castrated roosters of different size strains

Items Heavy-type Light-type
Cooking loss, % 26.81 £ 1.80" 23.90+4.81°
Toughness, g 1,537.02 £ 216.0° 1,047.03 + 143.52°
Cohesiveness 0.40 £0.13 0.45 £0.09°
Elasticity 0.61£0.11° 0.54 1 0.06°
Chewiness, g 326.51£218.32 297.62 £ 112.21

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

6. A[EIREALL Z R A FEZ Y A RS dnaPEEER

Table 6. Comparison of breast panel test of castrated roosters of different size strains

Items Heavy-type Light-type
Tenderness 43+04° 52+1.9°
Juiciness 47108 52+1.7

Flavor 44+0.5 57+22°

" Means within the same row with the different superscripts were significantly different (P < 0.05).

A

ol ECAG B E S R IR - FOEIHLABRE ~ FLAGHRL ~ PERMEHIR B dnat - el (Ve Rd s
e FEAGE ~ BSER - HYEREEA ~ RRESEES - MR ~ ZAEKE ~ S RGEMYE - BERTIL0r £ 2 CRRERY)
Rl NEE R o (ERRESE R By Py L* B b* {H ~ FgAfERD & & » PR ~ U KRR 2 BV E anaa o B st £
ORI RAHE RS o BHEEE T LUSEEA IR R SRVE e PR A & -

ZENRK

SSEEA - 2011 - ZVE N RE A G R R AR EE VIR 53 pr - R - EERER > 2= -

PRoE5E - 2004 - St 7 #efeE B A MR S VE 2 R - BEAEER S PERRER > B

HITIE © 1995 » K8y - TEIEE O EE (MFEHEBIRE TSR ) - BERLES 273274 H > d05 - PREIEEHK
e

TREE - 2001 - EEME A FEARGSE R A S B AR B N E R M 2 S - AR o FELRER > o e
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BRZ ~ BB~ TRE - 2011 - AEEBLE SR E Y T HEEE R A F R MR AR REAH R 2 28 -
EENTST 44 1 285-300 -

TS - 2023 o LTSS o https://agrstat.moa.gov.tw/sdweb/public/book/Book.aspx °

HERR ~ BB ~ BSCH - 2002 - REEIEEE AN KRR E ARl U 2 508 - TEgst 31 T)) < 87 -
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Abstract

The purpose of this study was to compare the differences in the percentage of dressing, proportion of carcass parts and
organs, skin and meat color values, muscle composition, physical properties, and sensory quality of capons of different body
sizes and strains. The birds caponized at 10 weeks of age included 88 large birds (Zhubei Native Chicken) and 88 small
birds (LRI Chicken T13) each of commercial red-feathered country chicken, raised by body sizes of different strains. The
two groups of capons were provided with the same diet and incandescent light during the experimental period. Feed and
water were provided ad libitum. Twenty-four capons of each body size were sacrificed randomly at 28 weeks of age. The
results showed that the carcass weight, percentage of dressing, breast and thigh part, abdominal fat and intestine, protein
and ash content, cooking loss, toughness and elasticity of breast muscle were significantly (P < 0.05) greater in the capons
of large body size, while the capons of small body size had a greater (P < 0.05) percentage of head and neck, back and wing
part, gizzard and heart, L* and b* values of thigh skin and breast muscle, fat content, and cohesiveness of breast muscle.
Accordingly, the for tenderness and flavor in sensory score of large size capons were lower (P < 0.05) than those of small size
capons. In addition, our results also indicate that large (Zhubei Native Chicken) and small (LRI Chicken T13) commercial
red-feathered country chicken have significant impact on the percentage of dressing, carcass parts and organs, skin and meat

color values, muscle composition, physical properties, and sensory sore of capons.
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110660, Millipore Com. USA.) £ MRS it FRVERER: » JRELLEFEE 100%/0% ~ 70%/30% ~ 50%/50% ~ 30%/70%
B1 0%/100% » WRCERY 37 CE TR 48 /N % » F 2L 3,000 rpm B 10 Sr$8#E (0% » HURREEEEEY) 200 pL 77
AINIETR B E S s R R EARSE b > A 3T CESER T > /3 AlisE 24 81 48 /NI » ZHEE—HE
BEIERAR/NT X
By W BB S A AT 0 J7 AFIRT (Cintas ef al., 1995; Balasubramanian ez al., 2011) » {/52L 1 x 10° CFU
/mL e fREREE e ek - IibL& 9 TU/g AMEHERE 2 A (Nisin A, No.1414-45-5, Sigma, St Louis, MO, USA)
ORI Sy » BB LA RSO T W (PR 27 & 27 OIS - BHERE LI B4R - BT E
BEVHNENEM R R LR y = 1.56 2222 (R2 = 0.99) » Hoefy BiIEEY: IU/ML) » x AfIEEEE (mm) -
2 A R 4R T Mz (% CFP B MFP BEIEVIHVHIE S - 82 R Je e piak 2 fERg i Y eDs B A e
7KHR > HY 200 mL IR & A BE S TUERE TSA Bk » A 37T CHEEfA T EE 48 /NI » NEHFERAVER » it
fli Rz R IR I B S M -
L. AL AT EnY aa E el
sAERER A 26 — 28 HEAREES 2 LD Z i fE s i AL 748k 48 §H - Sl | B S B A o0 T 4 BEATSE (D
R ) EBRERELY R 0.4 m”/ BEERARE & T - BSBEREHERE 28 — 30T - 5 | BRAVESER
J7ERET (4 ]/ R) Sh > HErSEEERE R TR - R RS REOK - GRSy R IR (BREIIR 5 BAfF
FEERRHEONIIERREY) > CG ) BAWA4HENERETR (43 AR CFP B MFP BiEZY) ) » 4t 3 40 (4158 1) > BoBdaakl st
B Se el 5 AEIER > B 4 BRI > EECH 1| #tRETR - TR 4 =E - MIEEE - §A ﬂi@%
FeE IR RHR B R - IO FFEAERMER C B HE E (8 1 30) IR (14 ¢ 30)§ET§F??§ LHRRREE 1 X
E%ﬁ??#ﬁﬁ TREIE ~ B~ EGEUKORBUKER (5 4 18 (H P EGEUKREKEREE R R TR » HRIFFEESHRH
HFIMURRREECSE - LT (FFE T4 ol akBaiaaa H Bl4s o H SR EFE(ER Mt i (A (E Y
B WaERsS R H - PREE 48 BB Aa U i 5 mL (BRERRTSEEE & 4 — 6 /N - 22L& EDTA /Y 10 mL
PRIME SRS A AR PR MU AR i ) » R AT IIR MR ~ S Bk e E B o I Bk (%) -

V. JEHEEH
MR AR ~ SfEMBREE B T MBRFERH (%) ~ FEFEREy ~ TR EEMAEEEST 74 > SRIEW
T :



IIL.

BI5E GEGSE STEE 205

() MR MEARTHT > FREMRE LS TEE - ARECE - SEEE - =R HhE - RRZERALERE S
MEIRE & - 7rirHEEs &y Hitach &R L7347 (Hitach 7170, Japan) - M MR IR ERE4H 48 8 H{E (No. 993-
52901, Wako Chemical Com., Japan) ~ 4&}&[&E g (No. 21.862.1175, Wako Chemical Com., Japan) ~ = [ H i[5
(No. 21.862.1705, Wako Chemical Com., Japan) DL 5z {ILE&HT (No. 277-10501, Wako Chemical Com., Japan) 2 -

(i) MR mEREE L M ERAE (%) 5087 > IR &S MER3HE& (Sysmex XN-1000, Japan) » 43 HIPAIEALIIEK -
A BRI/ Vil B B 1 Bk (%) BLFEIE R M T Bk ~ WSl it A ek - MREEK - BB AE S -

(i) SE(ERETFEEEL T RIS ARG R TTE > T EAHE R Hart and Dobb (1988) B Marquardt ef al. (1999) FYFE{E
SEor A o B H B 08 1 30 BN 14 130 0 Sy FIELEE 1 REL(ESFESy - FHEFFIL 440 73Rk "0, RIE
W EFE (KT EE <70%) - "1, FREGYIEE (K3 EET0 — 75%) ~ "2, BREEFE(KITEETS
— 80% ) i 13 | REGEE(E (/K& E > 80%) « MR ERNEE L > fK Sun er al. (2022) FiR > 5HEA
HaF -

THRIFSETHEL

BB AE 4TS x 7 (BIZERE)

CEFFEEINBET IR BN SR 2 B 0 B R BT -

TSR (%) = x 100%

(v) FEERAEEED - 2R s Rk A H EEE R H (55 28 R ) S REABF AR RS 1 X SRR
PR 1 g E{H IR A 10 mL 0.85% NaCl )& &4 » B4 0.85% NaCl #H 45 #%E (1 mL + 9 mL 0.85%
NaCl) % 1/100,000,000 » 5752 8 2t - fiffcHd CHROMagar™ ECC (No. EF320 CHROMagar company, French)
HerE 50k B 1 {ERR S 53 ATEL 1 mL 22 1/1,000 ~ 1/1,000,000 E2 1/100,000,000 7 F# Z {F % 5 0 o7 A0FE A&
CHROMagar™ ECC B2l - BRI )% EFE B REE - BT 37 CHPEAE4L 24 /NI 1% - (RIBE & 1 LY
SNEIBAE  KIBREREE (BRIEN) - B RBIRE R R C R R et it - o hlEt R EER L
VIR E -

eatootr
I SAS (2005) EHEARE A HET T S TR R EERE R AT » fR— R4 41552 (general linear model procedure,

GLM) #1785 570T > W DABNE B2 88450l 2 7% (Duncan’s multiple range test) #E{ TR ERAH S (E R 2 72 BERE M

M7 & P <0.05 RKAEFEEE - 1 P<0.01 RASRMEE -

R

BRSSP FRR A A [F B R 2 B B S R e R B I R R

BEAE SE PR B AR Y MRS B MRS it HESEELAE 37 C 8 48 /NIF BB 1% » &8l OB EN_EIE IR 2 M
IR OKE (AR ) 2 WE 1 s o SRS &8I - 2R [FE MRS/ {222 MRS BC 7 &R R & LLG]
100%/0% ~ 70%/30% ~ 50%/50% ~ 30%/70% £ 0%/100% » 5 & & L FI N EE R B8 A/ NMEEL > 18 24 /NEFEL 48
INEFST RS 0.6 — 0.7 em B 1.0 — 1.1 em 2 fff « MHBESIRREH - F5AHFH%E MRS 5P A RC 740 » AT DR = 5E
4 PR R B (S i A E F 13022 (Chen et al., 2016; Biermann et al., 2023; Xu et al., 2023) o SBAMT—ELAHRE SRk
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Table 1. The composition of the experimental diet

Treatment group

Ingredients, kg Control group (CG) CG + CFP CG + MFP
Yellow corn, CP 7.5% 622.5 622.5 622.5
Soybean meal, CP 43.5% 255 255 255
Limestone (pulverized) 8 8 8
Dicalcium phosphate 16 16 16
Fish meal, CP 65% 50 50 50
Choline-Cl, 50% 1 1 1
Salt (iodized) 5 5 5
Vitamin premix” 1 1 1
Mineral premix” 1.5 1.5 1.5
Soybean oil 40 40 40
CFP* 0 1 0
MFP* 0 0 1

Total 1,000 1,000 1,000

Calculated value

Crude protein, %

Metabolism energy, kcal/kg y kcal/kg 3406 3406 3406

Lysine, % 1.13 1.13 1.13
Analyzed value

Crude protein, % 18.9 18.8 19.0

Lysine, % 1.24 1.23 1.24

Calcium, % 1.16 1.17 1.17

Total phosphorus 0.75 0.75 0.75

* Supplied per kg of diet: Vitamin A, 6,000 IU; Vitamin D;, 800 IU; Vitamin E, 20 IU; Vitamin K, 4 mg; Vitamin B, 2 mg;
Vitamin B,, 4 mg; Vitamin B, 1 mg; Vitamin B,,, 0.02 mg; Niacin, 30 mg; Calcium pantothenate, 16 mg; Folic acid, 0.6
mg; Biotin, 0.01 mg.

b Supplied the following minerals per kg of diet: Fe, 140 mg; Cu, 7 mg; Mn, 20 mg; Zn, 120 mg; Se, 0.15 mg; I, 0.45 mg.

¢ The CFP contained fermentation product from modified MRS culture medium and mixed with crushing corn before adding
in the diet which antibacterial activity fixed at 10 I[U/kg.

¢ The MFP contained fermentation products from commercial MRS culture medium and mixed with crushing corn before
adding in the diet which antibacterial activity fixed at 10 [U/kg.

2. G0 CFP B2 MFP BRIV EEAL (FAARG A2 EE (n = 48)
Table 2. Effect of added CFP and MFP fermentation products on body weight of weaning pig (n = 48)

Trial Y ¢
Ttems Control group (CQG) CG + CFP CG + MFP’
Initial, kg 7.5410.87 7.6410.35 7.6710.68
Day 7, kg 8.54+0.96 8.56 £ 0.64 8.5610.78
Day 14, kg 10.78 £ 0.97 10.92+0.82 10.38 £ 0.80
Day 21, kg 13.17£ 1.15 13.28 £0.97 12.84£0.93
Day 28, kg 15.66 £ 1.55 16.32£1.68 16.35£1.34
" Mean £ SD.

"% The meanings of CG + CFP and CG + MFP were the same as those in Table 1.
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Fig. 1. Inhibitory activity fermentation products of Bacillus coagulans in the different mixing ratios of MRS/modified
MRS medium. (A) The blending ratios were respectively 100%/0%, 70%/30%, 50%/50%, 30%/70% and 0%/100%
to cultivate continually for 24 hours. The diameter of the transparent bag represented the inhibitory activity of the
different fermentation products. (B) The continuous culture for 48 hours under the same mixing ratios.

3. ERERIN CFP B MFP BRIV S EEAL (P8 A RMGIRHIEZEE (n = 48)
Table 3. Effect of added CFP and MFP fermentation products in diets on growth performance of weaning pigs (n = 48)

Trial 4 <
Ttems Control group (CQG) CG + CFP CG + MFP*
Average daily gain, kg
Week 1 0.11+0.03° 0.13£0.03 0.141£0.04
Week 2 0.27 £0.02° 0.34+0.03 0.32+0.03*
Week 3 0.3510.11 0.351£0.06 0.3410.05
Week 4 0.4210.08 0.4310.08 0.4210.07
Overall 0.2910.04 0.31£0.07 0.31£0.04
Average daily feed intake, kg
Week 1 0.2710.04 0.28£0.02 0.27£0.02
Week 2 0.6510.04 0.67£0.04 0.64£0.08
Week 3 0.71£0.08 0.731£0.07 0.78£0.08
Week 4 0.86£0.09 0.86£0.10 0.87£0.09
Overall 0.62£0.04 0.64£0.07 0.64£0.04
Feed conversion ratio (Feed/gain)
Week 1 2.08%0.11 2.151£0.15 1.93£0.13
Week 2 225%0.13 1.97£0.16 2.00£0.14
Week 3 2.031£0.18 2.0910.17 2.2910.18
Week 4 2.05%0.10 2.00£0.16 2.07£0.19
Overall 2.13£0.18 2.06%0.17 2.06 £0.15

" Mean * SD.
"% The meanings of CG + CFP and CG + MFP were the same as those in Table 1.
“* Means in the same row with different superscripts differ significantly (P < 0.05).
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1L GAlKEAN0 CFP 81 MFP BV BB ALITE T RSs AR e

BREAAN N CFP B MFP BEEE Y S8 ALATFE TS AR 2 W15R 4 P - 7EEEFLES | B - fRERE
TN CFP B MFP ilfg - (758884 TRILLRARNT » /12 3.6 — 4.7% » FEHARSFFE T RiEs 4 LAY EA » a14E
EREEEARSE | Bk E - SRV EZEITEE (4 X/ R) > EiFHER AR TRIEER - 52
FERC R R G O T B R R 5 4 BAE T - NMAESE 2 HEARM - 8REERI0 CFP kM5 T RIS ERR(KER
9.5% ; Bere AANIIEREEY)HEIRAE - TRIEE A% 5 25.0% 5 BREAANIN MFP G T RIS A3 F 14.2% o HEEE
3 — 4EEAR > RAHTFFE M A TR o &S RAR IR 215 (2023) 81 Wu et al. (2018) ST R RIIAESS
SR EA B A FRRBEILTSE TS ER - 5o » —ESUREY - (PR AL iR e HelRHR a8 - AN
FFE HRAERMIR - RBalth ersdinrFE 34 TRIMRE > g i 20 A (Engelsmann ef al., 2023)
DIV &2 B aRaad AL S8 e R — T AR E » v DA REEAL (T FE T4 - BEALITSE NRIAVRERE (post-weaning
diarrhea, PWD) j2& HH Z R 25 [REAVEH - &0 A TEm AL % AT 14 REAM - BEPRIER S THT (BIHEERR - HE(E
EAIE7KEIEN) (van Beers-Schreurs er al., 1992) » & R s B E BV R B T I EEERIEAR - SO T i
FIBIREIFoa R & 2 LI T IRE5 £ 2 (Boulot er al., 2008; Eriksen et al., 2021) « F FAI&E AR » BEAREE 174
DI/b &2 B aRa AR v R T A% 5 55 2 A% DUE R 7 NARATNY - aREDININERAS S AR B R IR V07T mT f
758 TSR HLLEIRAER D LLE] By 10.8 — 15.5% -

4. @REISIN CFP 81 MFP BEFRYIABEZL AT 58 MRS A RAYZ 2 (n = 48)
Table 4. Effect of added CFP and MFP fermentation products in diets on the diarrhea incidence% of weaning pig (n = 48)

Trial

Htems Control group (CG) CG + CFpP’ CG + MFP*
%

Week 1 4.7 3.6 3.6

Week 2 25.0 9.5 14.2

Week 3 0 0 0

Week 4 0 0 0

" Daily diarrhea incidence of pigs occurred during the trial days after weaning. Diarrhea rate = (the number of diarrhea
piglets/total number of pigs in the treatment) x 7 (observed days for a week) 100%. Diarrhea was defined as the piglet’s
feces present watery appearance (=> diarrhea index no.2)

"% The meanings of CG + CFP and CG + MFP were the same as those in Table 1.

IV. gaf&75 01 CFP 81 MFP BV B P TS B E 2 o &

HEFLFFEEREEA I CFP B MFP [l ) B (B E B R AR - 1R 5 Fr - (Eakahian HF 548 E
MAEYE R - SREARSA R  (HEEE R ERFREEES - HEERBIRE (Escherichia coli) B DIEER
AN CFP BRI YR T BRAR K - (HEREREA I MFP BER¥ V)4 LR A 52 « 1EIER IR RIGIREET (other
faecal coliform bacteria) B ELAt £ ] [ f2 £ (other gram negative bacteria) ¥ & - S pRIHAARIZ A BE SR -
IR G AT RERUERAE SR AR A (R R 2 A  EFiG e it ~ RS LB AR T 38 A
FITEL (Wu et al., 2018; Sun et al., 2022) - —EE5CRRI5H » HTARRAETAVIRUERETHE NHRIA RESCR (Hamard ef al.,
2007; Page and Gautier, 2012) - “Fi@EHiA ZAVR B - B GUTAETFLRE - GIOsiBEMEARED T - BT E
NJERYfEEEEAAETE (Marshall and Levy, 2011; Scott et al., 2018; Chen et al., 2014) « AEHZERINZ St4S E AR E B E
HIEEEATFE NREE R BAIIREMERS A2 (Zhou et al., 2020; 8% » 2023) - HgEE IR AT KHEAL
FHE TSR ~ S E DGR RS R B E A - RS TR R R I ) & A H G pl o 2 #LE
Z (PUEMER ) FrEL (Riazi et al., 2009) - Rt FHATZAE FEUR » BEAHEF AR ERERE Y o] FE T D S M AL (A8 RS
T TR B MRS 4K -

V. #ER7N1 CFP Bl MFP BRI B PS8 MUR A L F S AR BBk MR 2 R

i L (7 FE R 6 A O CFP i1 MFP i ) e ¥ o MR - S iR B R B 1 i BRAE S % Fo 28 - &k
6 — 7 Fir o TEsBRAS S H I - (FREMUR =B H M BB 4BAE & IE & &  DAERET CFP M Y4HEL HIRAE(E - 5=
B H s & 5 A B ER e MFP B RRY)4H09 A 25 - SOMEMUIRIREZE - ALEEEFEEELESE &8 - 3 e
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RHBEER - WS RE RIS R R Y R AR =R HMES - SEENE & & BRI AE R AT
(Aminlari et al., 2019; Lee et al., 2022) » {£ {17 P AY =55 H O H g B RE E IS & & BT 22 O E 5% A 8 (Kristal-Boneh
et al., 1993) » B REREINRMETE(CAY TR » =R H BTG E R 2 8w B R g p Y i R 18
= (Bae et al., 2011) » ARUFFCIGFR NN WA T SEAS 2F AR R BE B YY) - HLA PR 2L A58 R b SR RE S B & 2093
> H CFP EEFEYINATHE =R H MEs = EEA -

5. EARANIN CFP 8 MFP BV ST AL 48 S (E Y BB AV 2 (n = 48)

Table 5. Effect of added CFP and MFP fermentation products in diets on the fecal microorganism amount of weaning pigs

(n=48)

Trial # §
ltems Control group (CG) CG + CFP CG + MFP
On the starting day
E. coli, log cfu/g 53311.10° 5.15+1.25 498 £1.37
Other faecal coliform bacteria, log cfu/g 1.13£0.05 1.20£0.02 1.18 £0.008
Other Gram negative bacteria, log cfu/g 5451247 5.80£2.80 5971197
On the ending day
E. coli, log cfu/g 7.9110.62° 6.02 £0.42° 6.14 £0.66™
Other faecal coliform bacteria, log cfu/g 2.7710.56 2.1710.22 2.4310.38
Other Gram negative bacteria, log cfu/g 7.26 £0.89 7.90 £0.93 7.61£1.09
" Mean * SD.

% The meanings of CG + CFP and CG + MFP were the same as those in Table 1.
" Means in the same row with different superscripts differ significantly (P < 0.05).

EREAR N CFP B2 MFP [ 1) el @ (748 S MR E AV 8 > EALMmEK ~ /MRELE MEREE 3 HETHE
R AREER  EQMBRIHE % » EfEEETESR - WEREIERK ~ B ek ~ SR EZREGE T otE
It 3 AHERRR A BE A R - (RIBARERM I EYIERN T 2011) - AWTFEAELLMER (5.0 — 8.0 H&
{E /mL) ~ 1fi/Mi (320 — 520 & /mL) 829 Bk EE (11.0 — 22.0 F{E /mL) @Y IEH #EE A - 55508 it
HMBRELREER Z EEE (N/L) J& B AT AT R HIBE T 5iie 5% SR 517 (Quinonero et al, 2009) - (fi#fIH4H ~ CFP &1
B MFP 217 N/L LE{E 53751 B 0.66 ~ 0.60 E2 0.58 » BEURERERFN CFP B2 MFP Ff )40 7 B0 R ) 53 R F5 T
PIEEEHIRAE(R - PEFRE G2 AT e N BEE 2 AR B I Y h & A DLEEYE (Wu et al, 2018; Fu ez al.,, 2019; Zhou et al.,
2020) - HBIREEALFAE T 4% RO PR REE R (EA

6. GAfE7NN CFP Bd MFP BEREVIHTEEAL (LSS 28 RIFFAMIRIEIRAYFEEE (n = 48)
Table 6. Effect of added CFP and MFP fermentation products in diets on blood traits on the 28 day after weaning of piglets

(n=48)

Trial 4 ¢
Ttems Control group (CG) CG + CFP CG + MFP’
Triglyceride, mg/dL 55.42+8.41™ 42.1716.75° 4575+ 621"
Total cholesterol, mg/dL 55.58£7.77° 43.67 +5.86° 4475+ 5.36°
Blood urea nitrogen, mg/dL 10.33£2.46 11.08 £2.07 10.75+2.34
Total protein » g/dL 4.66+0.27 4.6610.33 470 £0.35
Creatinine > mg/dL 1.741£0.18 1.68 £0.14 1.73+0.11
" Mean * SD.

"% The meanings of CG + CFP and CG + MFP were the same as those in Table 1.
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7. EAREANIN CFP B MFP BEREVISEEAL DS 28 RAFFRMPREIEEL (I ER ST S EE (%) AV (n = 48)

Table 7. Effect of added CFP and MFP fermentation products in diets on blood cell counts and white blood cell
differentiation (%) on the 28 day after weaning of piglets (n = 48)

Trial

Hems Control group (CG) CG + CFP* CG + MFP*
Red blood cells, x 10° cells/uL. 6.41 £0.54" 6.00+0.43 6.01+0.52
Platelet, x 10° cells/uL 3.6311.55 3.6411.08 4.05%1.07
White blood cells, x 10° cells/uL 19.99 £ 4.26 18.09 +2.89 18.1914.91
Basophils, % 0.291+0.11 0.36+0.19 0.3210.17
Eosinophils, % 0.7310.36 0.8910.28 0.98 £0.54
Neutrophils, % 37.37 £8.87 3488 £7.45 34231+7.42
Lymphocyte, % 56.20 £ 8.99 58.15+8.20 59.17+8.23
Monocyte, % 5.42+1.94 573+1.61 530+ 1.59
Neutrophils/Lymphocyte 0.66 0.60 0.58
" Mean * SD
"% The meanings of CG + CFP and CG + MFP were the same as those in Table 1.

w R

TEARERSE Y MRS S{EX MRS BCU7 Ry &AL - HERREY) (CFP & MFP) BlEEMEM &R A 2R - i
Jﬁtﬂgﬁﬁ MRS FCOT R DUSOR B R B B A » 990 - BEALIRSE 2 Li?ﬂf@ﬁwﬁ?ﬂi} RN CFP BRI R AT 2T
FEY I E - [FIRFATREREALASE MR - ERFEABITEEE - S0k =R H iR SR &
BERCR - G EFTHL - It CFP BV ] 1 B— iV ERERINY) - IR BeAL (SR EE T > AT A RN -
RS ARG E(EA

3B

A BRI R T E SR P el S w Bt (R e A ~ FEERE e BRI E S M - BB TR 2 i B BLAH R
T BEREL AT TAE - SREUBRIIER5E R -

W

=Rk

AREENESIYEMNTREZEE - 2011 - #@%iﬁlﬁi% (Specific pathogen free, SPF) « 4= B4 & S &)
BT hEERIYEGRE > 210 £ 2-27H -
BI77 85 ~ MRafE 2021 - J5 E 5% & FH BRI ARAS oF fOAR R AV B 28 ~ 88 BLMIR oA - B SE 54 ¢ 148-
154 - https://doi.org/10.6991/JTLR.2021 09_54(3).0001 °
BOTEL - MAIE ~ FFHH - 2023 o ERRRNIIAEAS SF AR HEEAL A A RGN ~ MRS E TR AR E - &
FEWHSE 56 1 190-198 - https://doi.org /10.6991/JTLR.202309 56(3).0005 °
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Abstract

The study investigated the effects of fermentation products of Bacillus coagulans from adding different culture medium
on the growth performance, fecal bacterial amounts and diarrhea incidence of weaning piglets . The fermentation products
were produced by using Man Rogosa Sharp (MRS) culture media and plant-based Soy Peptone (No. 19685 STBIO medium,
inc., Taiwan) in the same amount of 20 g/L in replacement of animal-based Proteose Peptone (10 g/L) and Beef Extract (10
g/L). Comparison of the inhibitory activities of these two fermentation supernatants against Micrococcus luteus (BCRC No.
80243) showed that both of them had similar inhibitory activities. In the feeding experiment of weaning piglets, a total of
48 LD crossbred piglets consisting half male and half female at 26-28 days of age were selected. There were 4 piglets (half
male and half female) per pen were selected by sex and body weight, and the CFP and MFP fermentation products were
respectively produced in the modified MRS and MRS medium by bacillus coagulans which were added to the control diet
(CP) to serve as 2 kind of experimental diets and their inhibitory activity in the diets were fixed at 10 IU/kg. The results of
feeding experiment showed that the average daily weight gain in the second week, fed with CFP feed, was higher than the
CP group, but there was no significant difference between CFP and MFP groups. The diarrhea incidence in piglets of the
CFP group was the lowest and only 9.5% during the second week, while the highest incidence was the 25.0% of the control
diet. The diarrhea incidence in MFP group was 14.2%. In the fecal bacterial amount, the addition of CFP fermentation
products showed the effect of reducing the number of pathogenic E. coli compared to control group on the ending day. In
addition, there were no significant differences between the dietary groups in terms of blood traits, blood cell counts and white
blood cell differentiation, except for the relatively lower triglyceride and total cholesterol concentrations at the end of the
experiment. . In conclusion, the foregoing results suggested that the addition of the CFP fermentation products increased the
daily weight gain of weaning piglets in the second week after weaning, and decreased the diarrhea incidence and the number

of pathogenic E. coli in the feces.

Key words: Bacillus coagulans, Anti-bacterial activity, Diarrhea.

(1) Contribution No. 2812 from Taiwan Livestock Research Institute (TLRI), Ministry of Agricuiture (MOA).
(2) Animal Nutrition Division, MOA-TLRI, HsinHua, Tainan 71246, Taiwan, R. O. C.
(3) Corresponding author, E-mail: fcliu@mail.tlri.gov.tw.
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D NI Y 5 /48 (1)
GEENENES S i Sy

SO BRiGk? BEEE OV SR REEC HEE

WelbH - 1139 H 19 H : #2 0 - 1142 525 H

W B

KW B GRS ERERE - M HEE LB R o a5k BB E SN TR A 2 R O R E
o3 By 4 AT TR EE ¢ R4 TE4H 7 £ 2°C (washed and refrigerated, WR7) ~ JE#E i 4H 25 £ 2°C (washed and cool-
stored, WCS25) ~ 3 44H 7 £ 2°C (unwashed and refrigerated, UWR7) Sz A48 VB 4H 30 + 2°C (unwashed and
room-stored, UWRS30) - F.dr » WCS25 Bl UWRS30 H 1% 3 wks » WR7 81 UWR7 HIJ BT 24 wks » H [ 6 18 BE 1 £F
B¢ 40 R - AEEH/Ky ~ &H pHAE ~ ZIEAL (Haugh unit, HU) KB HE (yolk index, YT) F&EME 5
B AT ATAT 12 wks BESEMBUK BEE#ETTRVE bl o 455810 - UWRS30 Bl WCS25 7 Z2IX B Ay B BB E I
fil TP H 2R 722 52 (P < 0.05) » [f] WR7 B2 UWRT7 NE# 418 - E=(GEELE O /Ky a2 FIHEE A TS
g4 B pH (EFEE AR inmA EAAYEES - 4 (@ERIr IR EN Y 2 VPR E B 2ett - B4 FER
{E WCS25 14 3" wk £i1 WRT 14 24" wk @it > 535l F 4.18 B2 4.20 log CFU/g - /KEFERE Sl sy S4MEEH
BIEE S IR ~ R S AR 2 M i 22 52 » 45 BTl - HU ~ YT~ Z2E7KS) K pH {H B &2 T S SRR
EEAERE > By T I RHENREEAN (R E BB B R EENORRE M Al 8k R E (AA
U ) 2 SRR R TR B 7°C A 24 wks o [JRE{RRF A & 2 58 (B4R ) »

RS - 2R~ WG - BEESRE -

i

HEREMASNGHEZENESERE  HESEOE - $AZNEYE - HARRBE EEZEAE - 24
i BEERITF ST - A RAFEIEER > EReLUSE A ITE M RiE T 52 20 S AR SRR
REAFE » HEGE T % (Eke er al, 2013) - H S R &R EERAEYIHVEIE » REENZREEE M E RS 1L (Silversides
and Scott, 2001) « [KIt » T fETAE RS AIAM EEEE LB E  HNERFENRFHNGRE RFnE 2=
g °

EAMENMERHENHFENEEEE  HNELNTTENSTEAEERER - #EME TEABEASE
(albumen height) ~ Z= % B A7 (Haugh unit, HU) FI1&E = A2 (yolk index, YT) 524 EE(d (Nematinia and Mehdizadeh,
2018) - H &<z FIH R A SR SR N R AV52 2 (Samlli er al, 2005) - & H &2 S HEE SRV E TG -
SZREMAGE TEENEQSE  ZEREEIRN ' E S - EEGEAIR T EEEEImEREN - /£l
fEEfEd  SRREEIHEE O MESNHL - BEEA SEZEREAL T % (Jones and Musgrove, 2005) - [ £
FEE[ (United States Department Of Agriculture, USDA) DL Z2 (X BEAL B G S0 E 70 By 4 4 > FLEE By ¢+ 2 EEALEE 72
DA EHYEEER R Ry AA SR > 60 — 71.9 Ry A4l > 31 — 599 By B&K > 31 DA Ay C & o

B TR R T TS A LRI  RGE SR By R » BREEHY 4CIETR 15 wh T4 » VERESIE
SEEEENEEE B I4ERF A &) (Jones et al., 2018) 5 Chen ez al. (2023) WEFEf5HY » ZEENTHY 25C 1 - #EESEPEET
e G455 0 wh 0 AA G-I 3" whi Y B4R+ 17 TCIRAIBRER S 12 wh (5AT4ERS A 48 ¢ BTBERRTERS 6C T 50
d BB EALREZE 71.74 > [AE 25°C 1 30 d 1&[% % 18.39 (Oliveira ez al., 2009) ; KR T A R4 HEEE H W E
MR E DB S E AR (Jin ef al. 2010) ©

|

(1) A E B s 520 2813 5% -
(2) Tl Em A s BT e L 4H

Q) A T E R E A -

(4) #ENIEE > E-mail: bjo@tlri.gov.tw °
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M R B R HIRA S N R (Eke et al, 2013) - BEEREHVER - NESHCERS BRI L& 2
BEORFEEAOSEWE - EREKHEA - EEFRE TE - RSP EREREE R B2 (Okeudo et al., 2005;
Mohammed, 2011) ; #ERMME T HKDZARZRENMHEEREREE - 60 hEHaHEN S EE LT
% (Walsh et al., 1995; Scott and Silversides, 2000) ; pH {E RS2 2l & H '8 BT IR B LR BRIE R - BEE (7
W S bhRIEE T %A - EEHY pH ES L7 fraEA (122 d 330 d) AVEREE 2 pH B E S8R
(Silversides and Villeneuve, 1994) © [i#EEAVBRIEHETE (egg aging) » FEELHREL M > PRGBS E S -
It B E AR AT ARG BB L - (e REEERI R (Bke er al., 2013) -

RIZE EETRS A ERHERE - i RO BN s R E 2 - BB R EITERG PR ELERENEL &
TR - SIS RESHR IR R REE - BB EE NN BB  Ei S aE P EREERRE - D
HERFEEEN B4 E > (MR ER TS EEN &M -

MR TR

L atBahs el ERass
AR B BN E SN TR A B HOSEE | d NHVRREE R 4,000 §H - B8 RGEEEBLEBEE % 2,000
R DREEESE A = B B L E I E Y B (egg washing & sorting machine, MOBA2500, Moba Group,
Netherlands) #E{TEEH - JEEERIEEIEH8) BE - MR EGE - (FHEHBEREBET R - RE - S50
TR ~ JEEZ ~ LED SEIRiRE - 25308 4ei (acoustic crack detection) ~ UV RYMRREE ~ B84 ~ MEDE
M~ RS R O B A AR
AERHHRT By 112 4F 10 H 2 113 4 4 A - slBRITERFI Fy 4 4H ¢ REESTE WRT ~ JEEE5E WCS25 ~ ok
HeBE A UWRT RAEEH i UWRS30 « #EEERE MDA ARE RS @B i - e aHAY JEBE 2 25 300 SHE N RUAET &
%8 (incubator LM-510, Yihder Technology Co., Ltd., Taiwan) “FH B 25.62°C ~ HF R4HAY AR BEZEE 300 FHE MA
JREZEFS (incubator LM-570RD, Yihder Technology Co., Ltd., Taiwan) S8 & 30.2°C » b —4H#ETT 4 wks 5 /55
QHAN S R R A IR B £ 1,700 FEIN B s B P I T4 4 ek BP0/ S 7.0°C - #E1T 24 wks » SAERIAR -
TG PERREREE 40 FHEE » TRV - EFGE - E0/KS RED pH BHEELBIEIEZ 2T - EakdH
AT A IR HER S B PR R L (fik USDA #E&E S 7 4RIEAE AA ~ A~ B e C 4R ) » FEIEERER 24 FHEEEHE
TTNEYIAEDIRGH > W 12 wk B > (R B B K 8 A TR E Sha A -
L HIERE
() EaEMNE
HAHFEEE 40 5 (N = 40) » FFED SO N E S 91718 (digital egg mutitester, Nabel DET6000, Japan)
HIE > HEERR  HHEERIER BT SRR IE R B ESGE > KR AT :
1. Z= [ BT
HU =100 log (H + 7.57 — 1.7TW"?")
H=BE&EHSE (mm)
W=#EEHE (2
2. FEERE
YI=h/D
h =& 5/E (mm)
D = &5 E{K (mm)
(i) EEKIy
i AOAC (2005) 2 J77EMIEEH KTy - SAHBEMEEREE 40 FH - KIEO BRSNS > &5 EEE R
—{fzEE (N = 8) » DIFE 1% (homogenizer IKA T25 digital, Germany) 5,000 rpm > 30 s 9B 1% » FHEE MG
3 g BINHHEEA > DL 105CHE 24 h 1 FHE -
(i) 2 pH H
SRR (2021) Z J70AEET » S4HPBEMRERER 40 FH - KIE O oEEEEMN S - & 5 EES H— s (N
=8) » DAE 1% (homogenizer IKA T25 digital, Germany) 5,000 rpm > 30 s 9’512 - F{H MRS ST (pH meter,
WTW pH 573, Germany) JH|7E pH {5 -
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(v) TAEYIAE
RFEEE A 1 4R (fik USDA #EmBE T RIEAE AA~ A~ B K C4R) » SRR 24 FH (N =24) > D)
&4 A Maturin and Peeler (1995) 7774 » HIE #ENASYHVEE A EE SO DPIRE -
1. S84
HEESLH 28 (75%) B ERE - B ERE ARE RSN > BEESIA S (blender mixer Model
400, seward, England) ¥35'8 3 min » H{ 25 g £ > fILA 225 g fEEH/K CHE 2 0.9% BH/K) BrE &5
B Rk » P AR /KIS 7 IR R 1% » W U & PR A B B ot 1 mL $24& 74 Plate count agar (Himedia,
India) B5& AL » 72 35°CIREESERS (incubator VWR scientific, Moedl 1535, USA) i TE| B %% 48 h» 1%
BT R HEEE -
2. /PP AR
ke RIS A B 8 A E MR B ol 1 mL > i AP D2l 7 (MC-media pad , INC Corporation,
Japan) §1 > A 35CHEEFEEEE 24 h > {RMOHI 5 D7 A HIRRAS R HET TR -
(v) EVEfmaT
B E R (2000) J53% » FARFTE 12" wk » WR7 Kz UWRT BEIBREE £ 63 A » DIZEAGEE 98°C Nz
10 min > K EERETRE mat - WELERITE 5 d 2 EFLRbE: - fePHEE /ES Z KR - EEKE
J AR B AHER R, - ZERENR RSB M R T T E T R 0 1 pEIFESTRR > 7 47
REIRE =8 AL 63 A -
L &Etorir
BT BB SR SAS 45t B A4S UG (Statistical analysis system. SAS, 2002) » DL — & & M A2 Fp
(General linear model procedure) ZETTEE 7 53H7 » &K ETZUHT 2 I (Duncan’s new multiple range test) ELii
ST EER I HENE -

e

L ZREUTEL

ZREMERBHEERENEADSEHRMESNETEE - ARG HEER E (Chen ef al., 2023) - £4H
AR 2 ZER AL EAE 1 () 7R » 25 0 wk SRR BT E RS2 IR BE (i1 57 1] £y 83.08 B2 87.81 » ZEHAE A= 5L (P
<0.05) > FETHASEEEEE T AOEESNER S — 10T » DUREERIY LS, B F2 B 22 G BB A B AR i B B R 5
20 — 2™ wk =3B 4H (UWRS30 B WCS25) B # K H 41 (WR7 B2 UWR7) & (P < 0.05) » ffii i 1% wk UWRS30
HYZE I BB 3 i WCS25 I (P < 0.05) » {{K USDA 25 i1/E 7 SR IFEE » UWRS30 TRl » 7855 0 wk (19 87.81
(AA ) ~ 1wk 59.53 (B 4] ) > 2™ wk [ % 55.80 ( B 4 ) + WCS25 {£55 0 wk 1y 83.08 (AA 4% ) ~ 1% wk 63.57 (A
G) > 2" wk B2 54.75 (B 4f) 5 L 2 417 3" wk BEESHE IS ZE C 4 > Hrp > WCS25 75 25/40 BESHBH STk
A N PREIE (HU = 31) > 15/40 £ 50522 (S BEAL - 559ME £y 33.19 » UWRS30 45 30/40 B S It es vl HIEE
PRAGE - 10/40 B HIS S I EAL9E £ 31.27 » BURERITFFH B ELENE AR ER K > 2% Liu ef al.
(2016) {EatBE (EA TSR EAME BEEELE R EEHMETER - svE B R EAEIERR 31 (C &) BaiRHY
fEE A 3 wk 455K WCS25 Fl UWRS30 2 57l » x> T AadiE S E & (L#y) » WRTHI0 — 5 wk
F5 83.08 — 72.49 (AA 4K )~ 6 — 13 wk /5 68.61 — 61.20 (A &) ~ 14 — 24 wk £ 58.09 — 55.02 ( B4} ) : UWR7
B70 — 4 wk 55 87.81 — 7278 (AA SR ) ~ 5 — 18 wk £ 71.77 — 60.24 (A 4% ) ~ 19 — 24 wk £ 59.49 — 54.33 (B
) BLESERFR  AEITFREANGERHEENSE - SR HEELEIEECHZEMEE A
HEEZEICEATAVEZERZE > Jones et al. (2018) FAFTEER » #EEENS 4°CHTAFE 15 wks » e BAI R LB B Z2 [ B AL
I35 Fs 65 B 67 (A %K ) 5 Chen ez al. (2023) #E—PF5H » FEEN TCHIFREARUES mE T - 7858 0 wk /Y AA
G (81.7) & 7" wk T54ERF A QR (461.8 ) » ELEI 12" wk A 2T AG TR BLABTZRAS %L - 1fij Oliveira et al. (2009)
SEEL 0 RS 6 1°C THFF 50 d 12 - ZEICEALNE 98.55 TFEZRE 71.74 ({1155 A 4% ) 5 Simsiri er al. (2021) A58
o B TCHIE 4 wks (RAIIRFF A SRS B BN RN AT » HORFRUE MRS AT T -
Chen er al. (2023) BF5T3 L » &R 25 CHyENT » ZEIRERMIIEE 0 wk 1Y 81.7 (AA 4 ) PRI TIEZ 17 wk #Y 61.8
(A4f) > 2" wk 17 48.0 ( B 4% ) K 3" wk 1 37.9 ( B4k ) - Oliveira et al. (2009) 5 » ZEER 25 £ 1 CHFFE 30 d
% > SERELFEZE 1839 (BALLT ) - Simsiri ef al. (2021) JREH > FEER 25 CHrfF 4 wks 12 BI[F £ B 4 eiH
& o (RRATFAVESENH TS B ' E WE TR - (CMAERFE RS EEEE M - Jin er al. (2010) Fijl585E - K
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i RE R kR S X B (LAY NI 280 © IEAD - Silversides and Scott (2001) HYRFFERIEEHT AR AE AR A EEATOREEH -
GRe DA EWTIREER - BRI (4 2 7C) GRf MER > HanBIHBIEN IR R FR - 388 2 H & i

BHSERF B AR IR -

—e— WR7
El —B—UWR7
=
EY
2 —e— WC(CS25
o]
—A—UWRS30
01 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24
(a) (N =40) Storage time (Wk)
% —e— WR7
=l
R
= —8—UWR7
=
—e— WC(CS25
—A—UWRS30
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
(b) (N =40) Storage time (wk)
N
g —e— WR7
Z
2 —8—UWR7
i=1
()
E —— WCS25
£
<
—A— UWRS30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

(© (N=3) Storage time (wk)
96 r
2 94 | —e—WR7
%_ 92 F —8—UWR7
290t —— WCS25
£ 88 'dh
< b b —A— UWRS30
86 |
84 |
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
@ =3 Storage time (wk)
I BRI (2) SR - (b) ERE - ©) BEKS R () L pH (AL -

Fig. 1. Changes in (a) Haugh units, (b) Yolk index, (c) albumen moisture and (d) albumen pH on eggs during storage.
"4 Means within each storage time with different common letters significantly differ (P < 0.05).

I E=GEEL

EHRGHEERSEHAEKWLE » RIEFNSE  SHEHRFERE 2 EFEGEEE(CAE 1 () Fis
A0 — 2™ wk = E4H (UWRS30 81 WCS25) SEE#: K E4H (WR7 BiL UWR7Y) & (P < 0.05) > i 1% wk UWRS30 1y
B RS WCS25 i (P < 0.05) » UWRS30 FREHH - 0~ 1% K 2 wk (Y s {48053 Bl By 0.409 ~ 0.221 F%
0.193 5 HZUE WCS25 > H 0~ Ist F 2™ wk AYZEE S (A5 Il By 0.404 ~ 0.307 K2 0.259 5 i~ 3 wk B » WCS25 &
25/40 F A AR ES T HIEE 2 T IRELE - 15/40 BRI E =R ECEIE £ 0.168 » UWRS30 75 30/40 i ik H %
PO HEE Z TIRHEE > 10/40 B AHIS E = GECEIE R 0.127 » BUnEr i gk E = mE Pl N - WRT
F1 UWRT (V&S GEEEE(ERUN - FEFTT 24 wk HARE > 53 BIHEEE 0 wk 22 0.404 1 0.409 - 4518 TFEZE 24" wk
17 0.314 1 0.322 » FR(EIR4 A BI 4EFF =Y REFAHE o 82 Chen er al. (2023) TRFTEERAATRT » 25°C 7Y
et B REN 4 wks IPEHANEEE TFE (P < 0.05) » [ 7CHF 12 wks VA S (GBI ETEE TIE&EE
JRER Simsiri et al. (2021) BFFE—2 > HEER 7TCEIE 4" wk FUEEHECR 0.40 » [ITERUR 25 Cef: TRVEEE
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HESGEEZE TR 020 - SEUNERITFEIM - ESGEURVRERE - MEEREET - R/KTERIIEE -
B EEERF o Ib4h > Oliveira er al.(2009) 2 » 2 E AR IRFFEHNVEENRREN - EFHGHEEEE M A
2B > nEEERAEE A ERE LA TR T - BEESEFEESL -
EAKTEAL

& A/K RV LRI BUREE N AR - HAEK AR » SN IT I E A K 2 '8 0d
1 (c) Ar > 14 3" wk & H4H (UWRS30 B2 WCS25) SEE KR4 (WR7 81 UWR?Y) & (P < 0.05) > LL UWRS30
TREE > 0~ 19~ 2™ K 39 wk IR /K5 E 85 R 87.38 ~ 86.66 ~ 86.07 K 84.93% ; HA ks WCS25 » H.0 »
1~ 2™ K 39 wk 197Ky & 43R By 87.48 ~ 86.94 ~ 86.00 K 85.32% ; fii WR7 1 UWRT {EHF{F 24 wk Hif » =
HI7K 5y e B SRS - 23 BITEES 0 wk (1Y 87.48 F1 87.38% 4518 N& 2 24" wk 11 86.33 F1 86.09% » HEwE A
ISR N /K LS - 258 Chen et al. (2023) IFT4SR—2 - 25 CIrFHVEEENER /K> & 81 4
wks NEE T - MAE 7CHRIFFERVZESE R TIEEE 5 Oliveira e al. (2009) i5T45H - Hrif#EEE ONHEETZY &
EFI949 12.17 g/100 g » A 6  I'C NHTAFE 50 d 1% » EEAVAEEIIZY) & & Fy 13.47 g/100 g > 4 25 £ 1'CHPF 30 d
% EOHVAEEIPY) & 2T 13.83 ¢/100 g FEERFIAMAIG N - EORVEEIPY) & EEWN I - RRK0
S ) © Simsiri et al. (2021) 8158 > #EEITHON TCHRIE TEE KIS ELE 4" wk B 85% > MR 25°C &
FFIEAKS SR 4" wk [EE 75% » BUnH s B E G IIEUK 5374 > Roberts (2004) JR¥5 HHEE A T
ARER 2R K THIERS - BB A /K D S s B R L RYRE R SRS ME - T B R Y
HH pH EZ(L

E A pH EIN R G E S E B - SR FEIR 2 2 5 pH #{b4E 1 (d) Fir > 720 — 39 wk
=0 4H (UWRS30 B WCS25) 83 5K 8 41 (WR7 81 UWR7Y) & (P < 0.05) » L UWRS30 EFF&b > 0~ 1% 2"
K 3 wk Y [ pH {E 5 B 8.70 ~ 9.35 ~ 9.39 K7 9.42 5 HA kR WCS25 » H 0~ 1%~ 2™ K 3 wk Y pH {H 55 Bl &
8.79 ~ 9.28 ~ 9.34 } 9.38 ; [fif WR7 1 UWR7 {EH7{F 24 wks AR » EE0Y pH {E 8 LA SN » S HITEE 0 wk (Y
8.79 #18.70 4%18 L7128 24" wk (1 9.30 1 9.29 © AHFFE4E FEL Jin ef al. (2010) ~ Liu et al. (2016) Kz Chen et al.
(2023) HYEEF—%2 > &0 pH EE BT RE S mEE B (OREARUKSEED pH EHY EHAEE - 11
25 CHHFIRET - FEERYEE D pH EY 4 wk R 7t > TAE 7°C T pH {EEZ(L#)N © Oliveira et al. (2009) HJHF
FERI SRS - BURHEEREENYE N pH B9 5 8.02 0 2 6 £ 1'CHYAE 50 d 12 EFFZ 9.13 » (it 25 £ 1°CHF
7 30 d R AFF 2 9.41 » FEHEFEITRRE BLIARIE N - &0 pH {E&Z EFf  $E4h > Shin er al. (2012) ~ Caner and
Yuceer (2015) Jz Biladeau and Keener (2009) 745t # & A AR SR LIS th & bhikaviEBiE N pH (H EFH 2
AL VIRANE - S LhRAVREL AT RER B E — hiklk SRR #2410 - BEED pH (E BFF - & 01K pH E AT#E
R R EE B B B4R » 220 pH EELZE QBN S EAHRE - PTDUE R BB HYFEEE (Chen er al., 2023) -
MEYE

He A HAR » EAE PSR F B SRR 0 bR T WCS25 4 3" wk 34 4.18 log CFU/g Kz WRT Ji*
24" wk ¥4 4.20 log CFU/g » ok & 4 A R A7 AR By Ao iy H 4R A B8 - L9 - Bra4LH B B4l (WCS25
A1 UWRS30) BEIR4H (WRT 1 UWRTY) » FEENEYERHEDOPIRE SRR » #EHE TR
N HEYZeETBEAREER BT AERITFEEE T - ENSYINAEY) 52 B R - 24
1M sEEEHEEE WCS25 4HAT WRT 41 » HARF & B e B A WE - #oRBH R e » (HINEE R
TETTRERC B EEAVTRAY) - 5 (1986) o » ML E L R IARTEEY - (AR SR AYEE - IIHRE 2GR - JeEE
GEAREREENREEAER - RITERIAFIEIIEE - A s E A ENTER - Rl R E s
SREEITFAEL T » Er e BB ENNE & - KIL - e HEEAE B EE M - DI R4
Y52 BT B - TEORE A A B g

- BB ARt

HEN TCHHT 12 wk UK B EBETEVE feb 2 4554078 1 » WR7 ~ UWRT R4 2 bl - HiE
H A E =LA R A4S SR - WRT IV AR K 5.1 £ 1.0 43 » UWRT7 INEH K F 5.2 £ 1.0
53 0 TR EE IR Ay 5.2 £ 1.0 47 » Z4HfEHHE A5 WRT F1 UWRT WYERERFE T3 A Fs 4.9 £ 1.1 F14.9
+ 1.0 [EREAE B 4.9 £ 1.0 5 48852 M: 5 » WRT il UWRT AYEES 4371 B 5.2+ 1.0 F1 5.1 £ 1.0 » [#fRE4E 55 5.0
+ 1.0 » BRI E R  WRT IS4G RS 521 1.0 4% » UWRT7 B 53+ 1.0 4% Hrffai 4.9+ 1.2 4%
WR7 FYE SRR B 4.7+ 1.1 43 » UWRT B 4.6+ 1.0 47 > Bifeeai By 4.8 1.0 43 5 488524751 » /204 WRT7 B 5.1
+1.043 > UWRT f5 5.1 £ 1.0 43 » Ffipafy 4.9 £ 1.2 > SHHRMEEE 2R > B LGERSA - Nt sEsidR s
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HeiE > R 7C 40 12 wks > EEEIEY ~ EEAREN - EEHESRTE  EEER KRR 2 S i 2 o B
HEERLLED  WMEEZE R (P> 0.05) © TCHFF 12 wks HYSEEEBLER R REER - HE M EIOMERT A 8 - B KD E
T 0.46% > ZEH pH {EE L7 0.03 » BURECEITFF 12 wks REVEESE B RFEBLFIL S d HURTIEREEMAT - S8H
RIS EREERAREE IR ORI BRIV E S R

T 1 HEER TCHF 12 wks KB EETEE EY (7 706 - N=63)

Table 1. Eggs stored at 7°C for 12 weeks were made into boiled eggs for sensory evaluation (7-point scale, n = 63)

Albumen Yolk
Bite Eggy odor  Overall acceptability Bite Eggy odor  Overall acceptability
WR7 51%£1.0 49%1.1 52%1.0 52%1.0 47%1.1 5.1£1.0
UWR7 5211.0 4911.0 51%1.0 5311.0 46%1.0 5111.0
5 d fresh egg 52%1.0 49%1.0 50%1.0 49112 48%1.0 49112
W A

HEAITFERET > EEERE R ERERTS - HEREN - ERABAERKT ERmEE
MEER pH ERIE 2 e S SR REELE RN ME - CRENEREESIELT - #ELEHEE
FERE AR - EEEE IR BTN E s R B PR M - ARG ER R E (AA &) ZHEEE 7C %08 24 wk » A
s B R B IRE RIF AT R Z a8 ( B &) » (NIt > By T EREENREIIRIL LR H By amE - 2%
JER R B (ROREREE FHTE -

BB

A FE e A s B B A D LA EMC B 58 Rk - R EES -

Z2EXR

TREE © 2000 © LA R R R E K B EI i E 2 528 - BN P RREEFES % 0 I B -

R o 1986 « EALIITER - FEEE ARG - ZILh > F 167 H -

BREEZE - 2021  sH{EPREEBE AR R ERIFLE 228 - BT RAREEES L HLwm > ZF
e
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Abstract

The purpose of this study was to investigate the effects of different storage temperatures and durations on egg quality.
The samples used were Hy-Line White eggs sourced from a local egg processing plant, divided into four storage groups:
washed and refrigerated (WR7, 7 * 2°C), washed and cool-stored (WCS25, 25 * 2°C), unwashed and refrigerated (UWR?7,
7 £ 2°C), and unwashed and room-stored (UWRS30, 30 £ 2°C). In particular, WCS25 and UWRS30 were stored for three
weeks, while WR7 and UWR7were stored for 24 weeks. During the period, 40 eggs were randomly sampled per week to
assess the egg quality, including albumen moisture, albumen pH, Haugh Unit (HU), and yolk index (YT). Additionally, eggs
refrigerated for 12 weeks were hard-boiled for sensory evaluation.The results showed that the Haugh Unit significantly
decreased over time in UWRS30 and WCS25 (P < 0.05), while the decrease in WR7 and UWR7 was slower. Both yolk index
and albumen moisture tended to decrease during storage, whereas albumen pH showed an upward trend during storage.
Throughout the storage period, all 4 groups were tested negative for Salmonella, and the total plate count were tested in
WCS25 at 3 week and WR7 at 24" week, namely 4.18 and 4.20 log CFU/g, respectively. In the sensory evaluation of hard-
boiled eggs, no significant differences were found among the groups in terms of albumen and yolk texture, eggy odor, or
overall acceptability. In conclusion, the Haugh Unit, yolk index, albumen moisture, and pH were all influenced by storage
temperature and duration. To extend the shelf-life of eggs and maintain quality, it is recommended to store eggs under low
temperatures. This study confirms that high-quality (grade AA) washed and unwashed eggs can still retain edible quality (grade
B) when stored at 7°C for 24 weeks.

Key words: Egg, Storage condition, Egg quality.
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HTE i~ R R E R AR ECH & B0 750E » BRESEEE E T B2 & (Association of Official Agrlcultural
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(AOAC, 2005b) 1E RZEHUAR o o RZRIIARIB RIS 0= AJIbE LBt rh 25 HUAERR - R D AgBaisf - 2 —Rio g
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A7 AR b 2 R B S A AR B HR B 7755 (CNS 2770-4) HRAR KRS I M7 735 » B BesEiaipti s
R 22 M e OB (Y R AT - Ui SRAC SRR an 18 1 - A th 3 R AR G R bR U774 — RIRAME
ARG & & (Crude fat, EE) » MARE I ATEE SRR o By EORE (EE < 5%) ~ HURME (5% = EE < 10%) K
J& (EE = 10%) =& - (HERBLOEETHEL T > SHETTARVER T IR - IR 2 GRS o
T 1o 0 WEEEPITEERIEURE 42 13 RENPITEERLEURE 46 17 > HPEE s iE ok ~ KEMH - ZiEAE
By~ TR AT - BIYMER RS REAR) ~ Bk A - WELIE SRR AR R S i _EAY
T o FrA IR e - 8 1 mm &R4E > FEETHERERT AT -

*® 1 BRI E

Table 1. Types and quantities of feed for each analysis

Purpose of
analysis and EE <5% 5 = EBE<10% EE = 10% Remarks
feed types

Extraction time of crude fat analysis method by filter bag method

One sample with six replicates

Formula feeds . was taken from each of the high,
Cattle Sow lactation Sea bass . ;
types medium, and low concen-tration
ranges

Comparison of the reproducibility of crude fat analysis by soxhlet and filter bag methods

Starting diet of broiler x 1
Finishing diet of broiler x 1

Breeding Six samples with six replicates

Formula feeds Cattle x 3 Grouper x 3 were taken from each of the high,
geese x 1 . .
types Calfx 3 . . Sea bass x 3 medium, and low concentration
Growing pig x 1
ranges
Boar x 1

Lactating sow x 1

Comparison of crude fat analysis of plant and animal feeds by soxhlet and filter bag methods

Corn x 6, A total of 42 feeds were analyzed
Soybean meal x 10, by Soxhlet and filter bag methods
Plant feed Full fat soybean meal x 20, Y & ’

and each sample was analyzed

Corn distillers meal x 3 .
twice

Coconut meal x 3

A total of 46 feeds were analyzed
by Soxhlet and filter bag methods,
and each sample was analyzed
twice

Chicken meal x 6,
Animal feed Fish meal x 29
Meat and bone meal x 11

I RKAHAER M A
S hEE R EFE A RHREE 774 (CNS 2770-4) (E1EigER 7 AP B B S FEHUR R > R RO
g BN 105 & UCHERETPERZ 1 /NEE » BRI ABZIESS S Al 2 2RI FFE - FRREIER S 2 52 » B3R E4AR
R BIRTBAET + B 105 £ UCHERIENE 2 — 3 /% - BUHISRIfS - BRYREC 2B + AIAL) 170 mL
Bt BEERER AR 2 ARG EEOR o INEVE 80°C YN Z B Rl 2R - SRR 4 /NEF o ZEHUSER R » IKE AT
BRAOEEUT - R 2R 105 1°C T2 4 /N - 2aleiEE » stREaE -
L. ZR ARG 7 B 7 AR s
(i) HEMERE -
1. FEE S22 W) e i 55 R (6] 27 A 6 B4 fili i/F 525 (National Institute of Standards and Technology, NIST) /& #UfY
REEYVE > MR B E 0 BB M E v A E Ry 2 MRV - AlBps HUEAE 25 Y8 (Standard reference
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materials, SRM) SRMI869 ( 445 / L% / S BB 2 B EHE 7 ) - 1F B MLARRISE 2 B - B8R ks
TE2 RECHFSH 7% - /T4 £y SRMIS69 MELASH AN - L3 NIST H1ELA9BRsEH & A
BT RS B - [ = (3030 2 B Sy B G RS — BB ST B B
MR ) / SRaRs > B S BB RS AT x 100% - (RISTREIRT I & LB A 110 48 11
A 1A B LSRR FESRR » JFEREE > 100 ppm » EICR/ERIE 85 — 110% -

2. A JTRABRLL B + 112 4F 2 ISEBUEIEAE 113453 H Laboratory of the Government Chemist (LGC) #if5
B I - (3 R E R AR 735 KBS B8 25 3.31% » Laboratory of the Government Chemist
LGC fEH {8 1 3.34% » Z-score 5 -0.09 » 3PS H 10 -

(i) KR -

1. EHEVE (repeatability) © ERIYE (DA Rl —BEBRHAFl— L JCRT R RER 17325 » 1N 3 TEAIVRE S - 15— Tlfd
B HELT S BRI » SRR AT 2RISR 2 2 R (CV, %) (IS B LB R T %
HEBO > ST E ARG > 1 ppm > EIVEY CV < 10% » HIE R L -

2. PRETREERE ¢ PRI (R BB IR - (4 OLF — BB S TR T% - WRE ST ER - 5
HTAB  SIHTRRAESE - BT 4 BT LTS » SHELUR R BHIR ST — 2 S G S (T 5 &
AR SPETRE S 2 ZOR IR SR & AR 2 P BRI (CV, %) - fichs B LA IRBR 7
SO » PRI > 1 ppm > CV EREVE < 10% » I Ayt -

IV, AR 57 7 R R 1 7 L
fichE (AOCS, 2005) FRHUBESS | g IEETIBSSEH - S2Rarbtt - DL 102 £ 2°C » (82 3 /NIF - T AENESS 24
EEORFFE - FELSPES SO BSH R (ANKOMXTIS extraction system, ANKOM Technology) - Ji#F
A 15 (AR AT A 550 mL 2 IR A ARA AU » 43 RUZEHR 30 ~ 40 ~ 50
60 min 7% » SERLHEUHIIESSLL 102+ 2CHEZ 4 /NI » A BZIRIN TP S AN FRER » 3L & 8 -
V. SRR YA A ST
RIS TR BT A K e SR TS B (LR BT SO » BTN (repeatability) #5171 — BEBA A
RIS B T AR B AP S TEARE B - MUAE Gt - S PRSI AR | mglkg B - ERIMERY 22 B 50
(CV, %) B/ 10% o AT fich s BIRTE BN - SPA ISR TR RS AR A - RO R AEL S B
SRS BB (BE < 5%) ~ o7 (5% = EE < 10%) & (BE = 10%) =41 » 53 BB (S E(TRIC A ROBESE S
BT SRR T 6 JCEMDHIE - [FI05  SHEFRIFIAZEURRS (30 - 40 ~ 50 - 60 538 ) 1T 6 REHIHI, - 3t
LA REUR A2 B (A B3 (RSD, %) = HIBERE / T(E x 100% o
VL RERBR SRR 747 57 PR
ST 2 T e B T A ) B (L SRR SEORARS » TR (reproducibility) 3447 I B 58
ERRRIER SR S ERIYIRREAR | mgke I > FIMEIISEGE CV, %) T/ 16% » FIELE
REEGRERIBLE - RPIFTEICE IR RIS R B P IEOR  RIT 5 B - DA
HELBEARLIEE 73 A AP (BE < 5%) ~ (PRE (5 = EE < 10%) R (BE = 10%) 3 41 » 4S48AL 6 [BRES: - LA
TESEELT 6 TOHB - HUVH B BURICEMMIBRES RN - 3T 2 R0 - HPIVE R B P FORBE S A IR
iR E R - RCRATIER » (T 6 JOMBAGEFEI B R - DUSYHT ECRRBINE -

e

L ZHIUHAER BT

LB S Sk I AR E AR JFORE > Ry RRHEC T s B 2 — o FRESTE Y H A R e A A B
it 4k (National Institute of Standards and Technology, NIST) ZESBUAAEAE S8 » By kE S By 2 HI A 4
o AelBasElE SRMI869 (445 / % /| EMmREEZ BB/ T ) » IEIEZ RV 7170 iz 22y
g > BAZEE] NIST B AV Hi S RS T IO CREL &S R 03 2 - FIREIE 2 R IR 731 7 A5 K
18.38% » EBfFEAES"EY)E SRM1869 f5EH 18.97% » sR7Z{E Ky 0.59% » fll 2 [HIULH Fs 96.89% » FFa Tk Bl 4
EAE B Y EEE NS B LR SRR > JREHEIE < 100 ppm > [BCEA 85 — 110% ZfEAE o K
BB cIE CNS MREHTHIE 7774 » BURNMBIER 2 il 74 2 AEnE RS SR B 2 kAR A AEEAE 7774 CNS2770-4 #H1ML > 4%
By BEREME N 2 BB IR E R ~ SREEHURME - ) ZBEREER R 2 P -



Augls BREED FFEE 225

T2 ERREREEARERGER

Table 2. Accuracy analysis results of feed

Item SRM® 1869 SRM 1869 SRM 1869 SRM 1869 Recovery cv',
re-peat 1, re-peat 2, av-erage, la-beled value, rate, %
% % % % %
Crude fat 18.55 18.20 18.38 18.97 96.89 1.35

' CV: coefficient of variation.
2 SRM: standard reference materials.

IL.

EGNIELER TR A i

5 B LERAR SR A Z WSO EE - AR A Z R Ry - e EE M R RS E A > AT
HREHE > 1 ppm > EHEVEZ CV < 10% > FEFEE CV < 16% > JTREfER SR 1A Z Bl # I R ot -
EEMEITEREUT 3 TR IHAENT CV % HEE 0.33 — 7.53% (R 3) » BE/NR 10% » 55 ER TERESOR
i o PR AT EERETT (R 4) 3 AR - 2 TR HIH ARG Z CV % #iE 0.65 — 5.44% - &
NI 14% > FFE EEMETERORE © 45 BRTIL - BURAEES S CNS2770-4 Ry IE 2 R EHHAGRN 774 70 fr HoAEHE
JERABHERE - SREEFPHUBE MR (BREE 3 — 5 g BIER 2 o) ~ SREEEEHULE - W1 ZBZEHIERRE - B ) LBt
ZEEVERFFE] (Ef 16 /NIHEIE Ry 4 /KR ) ~ DURGREBERE 1 105 £ 1C N2 B R(RERBIE /IR 4 /N > WA E
s B AR AR BRAS IR -

*®3. G EEMEO TR
Table 3. Repeatability analysis results of feed

item Feed sample Repeat1 Repeat2 Repeat3  Repeat4 Repeat5  Average CV', %
Crude fat Soy sauce meal 0.28 0.27 0.27 0.23 0.28 0.27 7.53
Crude fat Animal feed 10.21 10.30 10.35 10.34 10.26 10.29 0.56
Crude fat Full fat soy-beans 20.51 20.55 20.58 20.56 20.69 20.58 0.33

' CV: coefficient of variation.

T4 PREEEEIER

Table 4. Intermediate precision analysis results

item Feed sample  Repeat | Repeat2 Repeat 3 Repeat4 Repeat 5 Average Average of the previous CV?, %
analysis date'

Crude fat  Soy sauce meal 0.27 0.24 0.22 0.29 0.23 0.25 0.27 5.44

Crude fat Animal feed 10.39 10.46 10.44 10.42 10.32 10.41 10.29 0.82

Crude fat  Full fat soy-beans  20.77 20.82 20.72 20.77 20.76 20.77 20.58 0.65

HIR ST HEAZ FE (£ 3) -

2 CV: coefficient of variation.

ML LA ARG < BB AR M S A AR R A

TEE A AR R AR A AR AV B B0 AT (repeatability) 2S5 R bg 7 AN & EIRASEIEIE.Z — - AR5
Fo & R A AR B A & 8 07 Ry (EIRIE (EE < 5%) ~ FRE (5 = EE < 10%) ~ =IRE (EE = 10%) =4 - 54
BER— (R dn - WEE AR EE R R AR HEST 6 REEME - ERUEFFEERERANR S - RIBREFAEF]
B B an S E B B i BERARER T AN EROR BRI E » AR A E R MEERF SRR (R 2 (related standard
deviation, RSD) s{EEAEL (CV) = 10% » EEMEGREUR - EHRRIEIT A FEIRERERER S - SRR
IR - HE RGN 1% FFa R bR ARSI - IBLOAGERBUR - & e
SRS E R L TP HUHAER 2 B o (RRER AV ER R CV & F 7.78 — 27.79% > {£ 60 51 #ZEH CV <
10% > ELATFEHUEER By 30 ~ 40 Kz 50 S HE CV S 10%  RRF &R B 4 A & HEEy/E B & T LEg
S5 ARREROR L - BVE FRIPIRE AT | mg/kg I - EETE CV B/ 10% © ZR0M - HUREN SR B A
IIMTEEREUR - FEHURE] Ry 30 ~ 40 ~ 50 ~ 60 iy - EEAEME CV HEEIAE 1.47 — 6.18% ZfH » M CV /IR
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10% » FFEAMERORE - &RBUREE XA EER - NEREEIR AN ITE - Ht RS &R
JEfRan - EAEHURFRIZEE] 60 Sty - HEER AR (1.97% vs. 1.78%) » (RIL > JRESEAEZEH 60 S SEAIIRAE T
AR &2 &1 5% FEREE Y 73T -

RS, RRARIBSA SRR 2 SR S

Table 5. Repeatability evaluation of feed crude fat analysis by Soxhlet method and filter bag method

Filter bag extraction Soxhlet

Analysis time 30 min 40 min 50 min 60 min 4h
items Low concentration (EE < 5%)

Average 2.05 1.95 1.82 1.80 1.28
cv' 20.83 21.77 27.79 7.78 1.33

Medium concentration (5% < EE < 10%)
Average 8.99 8.83 8.29 8.37 8.50
()% 4.90 2.75 6.18 1.97 1.52
High concentration (EE > 10%)

Average 15.39 15.79 16.13 16.49 17.23
()% 2.78 1.47 2.08 1.78 0.41

' CV: coefficient of variation.

Iv.

TEESE AT EE R BE R < BEEUGR M R PR MR

FotEst A E U e SR tHRE s 2 M - ATHITHEC S AR o7 A R (EE < 5%) ~ B (5 = EE
< 10%) ~ SRS (BE = 10%) 3 41 » SF4HEEEL 6 (B R [EREdn - W5y Bl AR AR FOA SN = 2 T4
M7 EHERE ST 6 RERNE o JELETE A [F A HUF ] B R (A 2 AT ELE S REURAIFR 6 o JESETITE
TR AERE G & 20 > 1F 30 ~ 40 ~ 50 K 60 43 SRV T 0 IR AL - HFEIR M 2 8 BRI E
R MR B i A R A B AR B B N 2 B LB R T A 2 HEROHE - SEEAE(CV, %) m Y 16% - ZA81f
T E R St RIHIEI & B - JELSAME Fall DU(EZEEESRE NAY CV BERFEHREE (/N 16% ) » Hidr >
ORI K SR FE B RHE ST 60 S SEASHUIF I T Y BAABEERY ) -

Thiex er al. (2003) 45 Hi {5 H B8 72 /)= 2% (Randall) BLZ [ A A B RERE RS AT » 6 e A Z B ~ o it
(petroleum ether) ~ )% (hexanes) AT (pentanes) ZEHUASALRUAE » &5 SR 8N e ol {E By LB A BIRYE Kdn o AR
WF5E FR AT AR S A B 2 BUMAS (EE R e ny s - BRI AUMBLE RAEHUAR - HEN OB R 7 Z B E
FEIEIZEEUGE A T oA AR R ZEHUEE  BE4h > febidfiE rh sl » IR AR A 550 mL Ay A HBE#ET T35
B ABFE[EIWCH HEEEE > S53H49A 1 — 2 mL fURRE AN g - YRS AR SR e T
ek U EE AL E T AT S AU RS o] RE R B ECHUAE 0 18 T RE B B AR St o AT 8 B MR A R R
>
RIEBELS A ATEYIE TR S Bt aapieb i RE G < ELi

BB E T RE R ZH AR R R AE SR R — U LB EI AR A E T LS R B R (A T AAEBE I 73 i
M > RIS T HE Y ERFOR 42 4 KBV ETIRHERE 46 £ » 1T TR OABESO A LRI /34T - 4551
WFE 7 F1F 8 Fon o EHEYIMEER T HE - B EEK ~ KB~ 2EAEN - TREH T g THEN &2
HTE - RO BIR R IE AT 8 %3 (coefficient of variation) Z [ERS » &5 REUR - FoK RO TAHRYAH
Falh & 2B RS = fkt (< 5%) - JESS AT RE I i E BB R A TTERER AT E AR efEKE
¥~ FRE AR TR & & > 5%  JESSELR ARG 2 & 2 AT - HIRELERERER > £
KR R S HRART I EGRT CV #iE Fy 15.01 — 51.58% > FFFRMERT CV % KN 16% » REEFFSHERGHEL - MK » £
BEAREN ~ FREH A FRAny 2 BAABIIRT S EIRMEZK - fEEMERRI T » 2007 78RR - i RAE
W GEIREET > IS bR S BRI EIAE 0.36 2 10.93% R [EIEAYT & B MR (CV % < 16%)

Thiex et al. (2003) FI|FHF{EE (Randall) J22 ALLE: T Bh14 G A B Gl R A M AR EE R A PR R -
ZITUE 14 ([ EEEEERE - i - IIERFEEN 12 @' EETON > SRER > BENNEEES
FLABRIE fy 1.09 2 9.26% » M ER=E RN (B GEEEEEEE ) FE & 1.0% 2 21.0% > 3% 757ACH
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5252 5 AOAC B9 9325  RTIZRAE TlIT: - JBSU ST EHS A MITATRER: (0K « KR MO A (R
% (EEHTRRRIEERE 5% B ERI VIR RS A R IR 2 A7 BT ER RS T 2
i -

6. REERIBRE I EIRHHRRRS < PR MRS (BB : %)
Table 6. Reproducibility evaluation of feed crude fat analysis by Soxhlet method and filter bag method (unit: %)

Item EE < 5% 5 = EE<10% EE = 10%
Extraction 30 min

Method difference value range' -0.26 — 0.71 -0.65 — 0.58 -1.54 — 1.79

SD range’ 0.32 — 1.46 0.40 — 0.56 1.09 — 1.56

CV range’ 17.11 — 74.51 4.70 — 6.68 6.65 — 7.76
Extraction 40 min

Method difference value range' -1.52 — 0.09 0.38 — 0.41 -1.37 — -1.39

SD range’ 0.06 — 1.08 0.26 — 0.29 0.95 — 0.97

CV range’ 19.49 — 47.16 3.11 — 5.38 5.89 — 6.95
Extraction 50 min

Method difference value range' -0.09 — 0.24 -0.55 — 0.93 -1.15 — 0.01

SD range’ 0.05 — 0.77 0.30 — 1.21 0.01 — 0.81

CV range’ 1.67 — 40.9 333 —7.42 0.05 — 4.54
Extraction 60 min

Method difference value range' -0.02 — 0.68 0.08 — 0.52 -0.88 — -0.33

SD range’ 0.02 — 0.37 0.03 — 0.34 0.03 — 0.51

CV range’ 0.5 — 285 0.36 — 4.48 0.14 — 3.45

' Method difference value range: Six samples were taken from each of the high, medium, and low concentration ranges, and
the range of crude fat difference values was analyzed using the filter bag method and the Soxhlet method.

? SD range: Six samples with six replicates were taken from each of the high, medium, and low concentration ranges, and the
range of the standard deviation of crude fat was analyzed using the filter bag method and the Soxhlet method.

* CV range: Six samples with six replicates were taken from each of the high, medium, and low concentration ranges, and the
range of the coefficient of variation of crude fat was analyzed using the filter bag method and the Soxhlet method.
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Table 7. Comparison of crude fat content in plant feeds analyzed by Soxhlet method and filter bag method (unit: %)

Plant based feed
corn soybean meal full-fat soybeans distiller's dry grains with coconut meal
solubles

Number 6 10 20 3 3
Average crude fat
(filter bag / Soxhlet method) 1.94/3.45 0.88/1.56 18.90/18.75 6.10/6.89 12.85/13.35
Method difference value range' -1.19 — -0.74 -0.08 — -1.02 -1.00 — 0.90 -0.03 — 0.58 -0.13 — -0.41
SD range’ 043 —1.17 031 — 0.67 0.03 —0.73 0.16 — 0.41 0.02 — 0.29
CV range’ 15.01 — 39.06 20.53 — 51.58 0.31 — 4.40 0.96 — 4.27 0.38 —4.35

The explanation is the same as in Table 6.
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Table 8. Comparison of crude fat content in animal feed analyzed by Soxhlet method and filter bag method (unit: %)

Plant based feed
corn soybean meal coconut meal
Number 6 29 11
gavlteéji;/ugzxfﬁet method) 9.31/10.19 9.07/9.05 10.42/10.45
Method difference value range' -0.42 — -0.99 -0.58 — 0.76 -0.52 — 0.23
SD range’ 0.30 — 0.81 0.09 — 0.68 0.03 — 0.68
CV range’ 429 — 10.93 0.94 —9.12 0.36 — 8.54

The explanation is the same as in Table 6.
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Table 9. Comparison of crude fat inspection efficiency between filter bag method and Soxhlet method

Item Filter Bag Method Soxhlet Method
Organic solution usage, mL/ Each analysis 550 mL (15 piece) 170 mL (1 piece)
Organic solution recovery rate 70% 0%
Batch sample numbers 15 6 — 12
Batch sample running time, h 1 4 —16
Sample detection time (min/piece) 4 20
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Abstract

Crude fat content is a key parameter in the nutritional evaluation of animal feed. This study compared the reproducibility
and repeatability of the filter bag method with the Soxhlet method, which was based on national standards for crude fat
analysis, across different types of feeds, including compound feeds, animal — based feeds, and plant — based feeds. The
study categorized The compound feed samples into three groups based on their crude fat (ether extract, EE) concentration,
from low (EE < 5%), medium (5 < EE < 10%), to high (EE > 10%). The filter bag method was employed to analyze the
crude fat content of these samples, with extraction times set at 30, 40, 50, and 60 minutes. Results indicated that for medium
and high EE concentration compound feeds, the coefficient of variation (CV) for reproducibility ranged from 1.47% to 6.18%,
and for repeatability, from 0.05% to 6.95%, and all conform to the acceptable range set by national standards (< 10%) of
Taiwan. In particular, the lowest CV values for both reproducibility (< 2%) and repeatability (< 3.54%) were observed at the
60-minute extraction time. However, for low concentration compound feeds (EE < 5%), the CV for both reproducibility and
repeatability failed to conform to the validation criteria. Additionally, 42 plant-based feed materials and 46 animal-based feed
materials were analyzed using both the filter bag method and the Soxhlet method. The filter bag method showed significant
deviations in CV (ranging from 15.01 to 51.58%) for low-fat concentration samples (such as corn and soybean meal).
Nonetheless, for samples with fat concentrations over 5%, both animal-based and plant-based feeds yielded consistent results
between the filter bag method and the Soxhlet method. Moreover, the filter bag method significantly reduced analysis time by
fivefold and decreased solvent usage compared to the Soxhlet method. In conclusion, the filter bag method with a 60-minute

extraction time is appropriate for crude fat analysis, particularly for feed samples with crude fat content above 5%.

Key words: Crude fat, Feed, Filter bag method, Soxhlet method, Analytical efficiency.
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