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= NFC & EfTes2 » PU4HEKE 5484 (neutral detergent fiber, NDF) & (K7 H 42.2% [F{EE] 32.1% » FFIE 20% ;
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O SRR H EE S ML ALK B T © BIFEVIHY A LA HEAC S F B AL R P S 5 U5 1) (HEHS LA RELL
M B B R R | T -

fREE FESHIHIA T (trypsin inhibitor) J& i (7 A£ BRI P RIS TE AT (Kunitz, 1947) > IR EHIFRLEHE
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& > {HIEGER4E T K L&) (non-fibrous carbohydrate, NFC = 100 — CP — NDF — EE — Ash, NRC 2001) Eidzt4%
H2WVE H(ESR (in vitro dry matter digestibility, IVDMD) RIIFEE = » 43RS 80.9% B 92.7% - NIt —fE =M b
RNSRERIRPRR (£ 1) « BEREFEG TR HEEE SN LAV B b BB E N E B IR HY A £
AR HEEP—F (R 1) BEXKE/KESEL 80%  /KEK pH 52 6.92 ~ CP &5 £ 13.6% > NFC (£
19.5% ~ d4e & 8 S EH LR AT LU 73.6% (£ 1) » BUR SRR 7 e i #E ik BRI EF IR ( pH R
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e/ EAREA o VUHEIEIVERL - BIEY) B RIELHI B4y S ez 2y 1/3 - sF4Naaaic i imnsk 2
BEFEE HE AR 23 kg DL EAVTTRDLFLA 28 H - HAL R P9/ 25752 kg » BAR IR 1.43£0.79 5 »
R EE 39 Ry 608 £ 59 kg o AFRHKALE - FAREIRGE AW TR 4 41 > S48 BIRFEE T E UK B A2
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# 1. HeeaEslh B e 2 Hm (FIrET > 824 %)
Table 1. Compositions of ingredients before ensiling in sweet potato feeding trial (DM basis)
Sample pH DM' CP EE NDF ADF ADL Ash Ca P IVDMD
2
SSP 4.49 30.8 4.3 0.70 11.4 34 ND 2.73 0.10 0.13 92.7
(Small bag)
SP 6.92 19.5 13.6 3.40 51.7 37.1 5.15 11.8 0.60 0.26 73.6
(Small bag)
SSP
. 5.01 232 3.5 1.04 13.7 8.5 --- 7.21 0.24 0.25 82.3
(Big bag)
SS.P +WB(10:1) 4.12 28.5 9.2 2.22 22.8 10.7 -—- 7.95 0.27 0.48 80.7
(Big bag)

' DM: dry matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid
detergent lignin; [IVDMD: in vitro dry matter digestibility.
* SSP: sub-quality sweet potato, SP: soybean pod, WB: wheat bran.

%= 2.

{ay L FLA- H S A U BRr B RRC U7 Bl oy (F22k %)

Table 2. Diet formulations and compositions for Holstein lactating cows in sweet potato feeding trial (DM basis)'

Rate of SSP + WB silage in diet DM' (%)

Items 0 4.5 9 13.5
Ingredients and rate (%)
Corn silage 27.4 (20)" 27.4(20) 28.0 (20) 28.6 (20)
Alfalfa hay 7.2 (1.5) 7.2 (1.5) 7.4 (1.5) 7.5 (1.5)
Wet brewer’s grains silage 9.5 (6) 8.0 (5) 6.5 (4) 5.0(3)
Soybean hull pellet 19.5 (4) 17.1 (3.5) 13.0 (2.6) 10.2 (2)
SSP + WB silage 0 4.4(3) 9.1 (6) 13.9 (9)
Wheat bran 49 (1) 3.9(0.8) 3.0 (0.6) 2.0(0.4)
Soybean meal 0 0.5(0.1) 1.0 (0.2) 1.5(0.3)
Concentrate’ 31.5(6.5) 31.5(6.5) 32.1(6.5) 31.3 (6)
Total 100.0 (39.0) 100.0 (40.4) 100.0 (41.4) 100.0 (42.2)
Analyzed compositions, %
Dry matter (n = 20)’ 49.2 47.5 46.9 46.2
Crude protein (n = 4) 16.9 16.5 15.8 15.4
Neutral detergent fiber 42.2 36.1 33.1 32.1
Acid detergent fiber 23.5 21.3 18.9 19.8
Non-fibrous carbohydrate 31.0 38.1 41.6 42.8
Ca 0.81 0.77 0.77 0.75
P 0.36 0.33 0.34 0.36
Estimated NE, Mcal/kg' 1.60 1.60 1.61 1.62
Forage : Byproduct : Concentrate 35:34:31 35:33:32 35:32:33 36:31:33

' DM: dry matter; SSP: sub-quality sweet potato; WB: wheat bran.

* Each 100 kg concentrate contained ground corn 56.6 kg, soybean meal 29.6 kg, fish meal 3.1 kg, molasses 3.0 kg, salt 1.0
kg, limestone 2.1 kg, dicalcium phosphate 0.4 kg, K,CO, 1.0 kg, NaHCO, 1.5 kg, urea 1.1 kg, vitamin premix (A, D, E) 0.4
kg, and mineral premix (Cu, Zn, Mn, Co, I, Se) 0.2 kg.

* Values for DM were averaged from 20 samples. Values for the other contents were averaged from two trials, one for each
trial, which were sub-sampled from two original samplings.

* Values in parentheses indicated the as fed quantity, kg, in diet.
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FFEREEIVRE H48 1 mm Wiley mill BE4T > (i AOAC (2005) 7534377 DM ~ CP ~ EE ~ Ash ~ Ca ~ P 43#7 » ifi
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[EJBF 2 FIEL (Contrast) 48517574 - ELBORIRINAE (EHHREH ) BURIIHEE + B =4 A MREE R (3. 11 1) »

e RN B

L HE + BE + BF IR
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ADL [ 1.1% B0 5.0% K IVDMD [ 87.6% (X% 69.8% ([& 1) -

~

FHT LEAE 11 EHEE + BEK + B aEREEENE 1 - FiriEie n] DA s (R E/KFRAY pH
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Fig. 1. Changes of pH (A), neutral detergent fiber (NDF, B), acid detergent fiber (ADF, C), crude protein (CP, D), and in

vitro dry matter digestibility (IVDMD, E) values of 11 SSP + SP + WB (from 10:0:1 to 0:10:1, X axis) before (¢)
and after (m) ensiling, where SSP, SP, and WB represented the sub-quality sweet potato, soybean pod, and wheat bran
separately.

FREEY pH AEE —an B 51T RFIARIRTSE e B 2 R A Rty pH #E[EI(E 3.5 — 4.0 (Bender
and Bosshardt, 1939) - TR S ER FIARATAVIERE - SR ERS/KEEOR pH EIIR NE - HEE + BEX
+EKFZ 10200 151461 LAY 7 RFRHREY pH (EHD A FEEE] 4.0 LT (3.86 — 3.98) » BE ALY 4 48 (H
HI -0 BEKT — 10 R 1) AIEEE pH R 4.03 — 437 #E - 11 HHFE + BEE + BFIRITAR
BRI BRI R - JBER > AR T RS E S (K o 11 B IR E P S RV B S H A R R E IR — 2L
(& 2) > 11 R ERr B E B R (81 — 100 51 ) (Flieg, 1952) FVAHEE + BEI +£57 73 1 1 5|5
S5t 1 =41 FFOTEESL — 82 9 10 1 B8 2 1 WsHINE BAFFRAY 80 7  (RIZF IR ST ~ FFor 8L
ILEAER B AR B R - HEEDIHEE + B + 5587911 1 (pH 3.88 ~ DM 34.6% ~ CP 8.1% ~ NDF 14.7% ~
ADF 8.0% ~ ADL 1.60% Fz IVDMD 87.0%) Bl HE + BT 3 + B8 F 5:5 1 (K FF B 3.97 ~ 28.0% ~ 11.6% -
29.2% ~ 17.8% ~ 3.19% Jz 78.6%) TLiERC T4 & » Al UMM R B/ RGN BIE A kR 2% -
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Fig. 2. The organic acid contents and silage quality scores of 11 SSP + SP + WB silages. See the abbreviations in Fig. 1.

I HEE + 357 (10 © 1) FRHERTL I e

FAIAESE + B557 (10 1 1 @8R ) ALt By TR EORMIT 2 ST s AR 3 » DUSETARR 353

PR AR 2 o AT BR T H 35 + R AR UM AR B IR (22 1) » FRAIAFF T AR 53 315 TMR

Bt 77 » CP 8 NDF 455 i 573 HL NFC AT ERE 5T » F5HAT CP 9.2% e 7.4% £ > 7374 NDF 11y

22.8% WXE R ENY 18.1% fs » HFAT NFC 1Y 57.9% WEREREN 64.3% Bk - 172 FIEZ kg CP B NDF
B + S5 R DL AT (65 . NFC BRI B DI B R A3 JER (%2 ) -

3. ROLAAH e a6 T R (F2E %)

Table 3. Compositions of major feed ingredients used in sweet potato feeding trial of Holstein lactating cows (DM basis)'

Ingredients pH DM' CP NDF ADF EE NFC IVDMD
Corn silage 3.84 243 10.9 479 28.1 3.18 30.3 70.4
Alfalfa hay -—- 93.8 16.0 48.1 39.2 1.50 26.9 64.0
WBG silage’ 4.36 31.2 30.3 51.5 20.1 10.2 4.4 62.9
SBH pellet - 91.9 11.7 66.4 471 2.26 14.8 83.2
SSP + WB silage 3.66 349 7.4 18.1 11.7 2.75 64.3 81.7
Concentrate - 91.4 22.2 11.1 3.6 2.98 54.0 93.9

' DM: dry matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; EE: ether extract; NFC: non-
fibrous carbohydrate; IVDMD: in vitro dry matter digestibility;.
> WBG: wet brewer’s grains, SBH: soybean hull.

HEE + BRI REM LI T LB E > EREWIFERZYEREE - R R AREAVE
SR RABEVRE (LT P = 0.09 ) - VUHASEE M AR o BLAGEE H S BAVFSREHAT (= 4) - &
REREHE + BEONIIENPEIMREE - BARIEREHEK 19.6 kg ZIARI0 13.5% 4HHY 22.8 kg - 4
Ml 3.2 kg > HfEEE 16% (CRD, P = 0.039) - 5GE LIKEE T - IRII=4HAVER & & P39 21.8 kg BEE S iR IR I0HY
I 11% (P = 0.023) - GRIARIIHEE + B85 4.5% — 13.5% WEARRER R - EILEIIHREETRER
HEA BB > AERIRAERT DRI TR inevEss - S e R =885 25.7 kg »
WA NIIERE IO 1.6 kg (P = 0.31) « FREEAVHEIIE > RIFAEABHPEI > WEMEAVFRIAMENNE E > HILEEF
BRI (AR /YR ER) AREAIEEE - GIRIRIIHE + B8 =8 SRR RIIRERE - BRI
RFEEE] P = 0.023 AYBE A F/KAE » =IRINAHRY AL R P45 3.40% » B TRANAHEEY 3.76% (1K 0.36% » [l 2
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9.7% ° AR E B IIEC & AL EA M INEVEE - NIEEPUAHA-ERBRFLRER (A8 /FERER ) 1T - R
NHEE + BRHRINMARTGE - FRFALAERIIEE - (B54E 4% ARERIERVA SN oI -

F4. wEREFURITH S + B E TR R AL A AL RE 2 s
Table 4. Effect of dietary addition of SSP + WB silage on milking performance of Holstein lactating cows

Rate of SSP + WB silage in diet DM' (%)

P-value
Items 0 4.5 9 13.5 P-value® Contrast’
Cow No. 13 12 14 13
BW change, kg 0.28 0.49 0.43 0.33 NS NS
DM, kg’ 19.6° 20.5% 22.1% 22.8° 0.039 0.023
Milk yield, kg 24.1 25.1 25.4 26.5 NS NS
4% FCM, kg 23.5 22.7 23.4 235 NS NS
ME 1.23 1.23 1.14 1.16 NS NS
Milk compositions:
Fat, % 3.76" 3.39® 3.45® 3.35® (0.13) 0.023
Protein, % 3.63 3.42 3.61 3.58 NS NS
Lactose, % 4.80 4.67 4.84 4.85 NS NS
Solid not fat, % 9.13 8.80 9.15 9.18 NS NS
Total solid, % 12.9 12.2 12.6 12.5 NS (0.09)
Urea N, mg/dL 13.6 14.1 14.5 14.5 NS NS
SCC, x 10*/mL 26.1 31.4 36.6 30.2 NS NS

' DM: dry matter; SSP: sub-quality sweet potato; WB: wheat bran.
? Two statistic methods were used, CRD w/ covariate and Contrast, 0% vs. 4.5 - 13.5% groups.
* BW: body weight; DMI: dry matter intake; 4% FCM: 4% fat corrected milk, milk yield x 0.4 + milk fat yield x 15; ME:
milk efficiency, milk yield/DMI; Urea N: urea nitrogen; SCC: somatic cell count.
“*¢ Means in the same row with different superscript differ significantly (P < 0.05), When P value close to 0.10, it was
shown in parentheses to indicate the tendency. NS indicates not significant (P > 0.05).

FELCE Rz s ST - ANIIHEE + B E R =EE R R R0 - EREANEI - A RHEAEIIELER
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99% — 105% > ¥4 101% » FoR(EBRER] (B4 10 — 11 ) DA HEEINGHTER 1.6 TTER > &k
045 — 13.5% HE + BB ST SURMEE R SRV (R 5) - fEEEREUNH HIE A DUE R
CEREACR - AR FLAERIE(RE] 3.40% Fr o] REfURAYVA-E R B (R SER. - W07 8 & Ay H 3R 2 EHRY
i

5. EETURIIH S + BAGE IR R AL 2 SRR

Table 5. Evaluation of economic benefit of dietary addition of SSP + WB silage for Holstein lactating cows

Rate of SSP + WB silage in diet DM' (%)

Items 0 4.5 9 13.5
Diet price, NT$/kg DM’ 10.5 10.4 10.4 10.2
Diet fee, NT$/cow/day 206 213 230 233
Milk price, NT$/kg 28.9 27.7 28.3 28.1
Milk income, NT$/cow/day 695 696 720 745
IOFC, NT$/cow/day’ 489 482 490 511
IOFC, % 100.0 98.6 100.2 104.5

' DM: dry matter; SSP: sub-quality sweet potato; WB: wheat bran.
* The price for SSP + WB (10:1) was NT$ 1.9/kg (as fed basis).
* IOFC: income over feed cost.
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AYHBE SRR + BRI =4 S IR BUERERE (83 ) TR R s H
BT AR NDF 51 NFC & 8 - M H SRBIE (O BRI TR RERI I B B B LR 251 (5%
2016 ) » A JCEABRHE (T AN EFBIFUR - AR (4 R DA R R AR EXBBIH B TS MEIE - BB 5110 2
ERURLLE: - FTRELHEH R 2 98% HUBVE RGBT - H6 + B A E DR 22 96.9% - (B3
W E(ES 28.7% RMTRIAF5E0E » R PP ARSI « BRI s PP DU MR S VR « H86 + 25
RS STRLL BURIIP A SR - RTINS R TRRRS  TTLUAIE 64.7% HOBLE EBGHIHIET-5
P - BEEEEE + BT RLR IR ST O NV TS M 2 B 7.2%  12.7% R 16.8%
F75.6% (% 6) o HIFPU R BEEE EIREHTAI TS AR ERA - IR A0 PR 5 SR — B e 2R
e » DRIHE I AT AE S B S TR (AT -

2 6. THEIBAAH R BB AR R E ORI TS (%) 1L
Table 6. Change of the trypsin inhibitor activity (TIA, %) of ingredients and diets in sweet potato feeding trial by Holstein
lactating cow'

SSP’ fresh SSP + WB SSP + WB SSP + WB SSP + WB SSP + WB SSP + WB

Items fresh Ensiled 0% 4.5% 9% 13.5%
Mean * SE 98.2 96.9 69.1%£17.1 64.7%3.5 69.314.0 729193 75.616.7
Ensiling effect - 100 -28.7 - - - -
Diet effect --- --- --- 100 +7.2 +12.7 +16.8

" TIA was valued by comparing the color reaction between the sample and the pure trypsin reacted with BAPA (benzoyl-DL-
arginine-p-nitroanalide hydrochloride).
* See footnote in Table 1.

100 38

O r - 37
3:10 80
= - 36
© o
% 70 9\_)
. -35 ®
Y e | =
< == DF% L34 =
"é: 50 | '
= «l=NFC%
D a0 | =WeTIA% - 33
= 9= Milk fat%

30 - - 3.2

20 . : ‘ 31

Fresh SSP  Fresh  Ensiled SSP+WB SSP+WB SSP+WB SSP+WB
SSP+WB SSP+WB 0% 4.5% 9% 13.5%

3. faEpA A HEE RS T HE + BRI = A EREE R R RN - AlER - Gy R HEES
REHIEIA &M 21 -
Fig. 3. Speculation of the reason for sharply decreased milk fat percentage of SSP + WB addition groups in sweet potato

feeding trial using Holstein lactating cows. See Fig. 1 and 2 for the abbreviations. The X axis represented the diet
ingredients and diets added with 0 to 13.5% SSP + WB silage.
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Abstract

This study is aimed to explore the proper ensiling method for domestic sub-quality sweet potato (SSP) and its
feasibility as a feed ingredient for lactating cows. Eleven silages constituted of SSP, soybean pod (SP) and wheat bran (WB)
sequentially from 10:0:1 to 0:10:1 fresh weight ratios were formulated. With the decrease of high starch SSP and increase of
high fiber SP, non-fibrous carbohydrate (NFC), the in vitro dry matter digestibility (IVDMD) of the silages were decreased
and crude protein and fiber content increased. Ensiling effectively cut down the pH value by 0.88, decrease [IVDMD by 5.1%,
but has little effect on the crude protein and fiber contents. Due to the good quality, SSP + SP + WB silages from 9:1:1 to
5:5:1 ratio was recommended. In the feeding trial, silage formulated by SSP + WB at 10:1 fresh weight ratio was used. By
substituting the wet brewer’s grains and soybean hull pellet, SSP + WB silage was added into diets by 0, 4.5, 9, or 13.5% (DM
basis). A total of 28 Holstein cows, with daily milk yield above 23 kg, were randomly assigned into four groups and group
fed for 24-day feeding twice. Results showed that ensiling decreased 28.7% of the trypsin inhibitor activity in SSP. The main
effect by adding SSP + WB silage was the high DM intake and the low milk fat percentage (control vs. three adding groups,
3.76 vs. 3.40%, P < 0.05). Milk yield increased following the increasing addition of SSP + WB in diets. The low fiber and
high NFC contents in diets may attributed to the response. NDF content was decreased by 20% from 42.2% to 32.1% and the
NFC was increased sharply by 32% from 31.0% to 42.8%. SSP is an feed ingredient of high energy and digestibility for dairy
cows. To avoid the milk fat reduction and the possible rumen acidosis, it is suggested that adding SSP in diet to substitute
the corn in the grain mixture. This can balance the diet nutrition and maintain the rumen health and the cow milking

performance.
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