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Effects of Fiber Sources on Ruminal pH, Buffering Capacity

and Digestibility in Sheep
In Jun Seo, Myeong Hwa Kim, Dong Sik Kim, Sang Rak Lee* and Won Jai Maeng

ABSTRACT

This study was conducted to study the effect of fiber sources on ruminal pH and buffering capacity and
whole digestive tract digestibility with five ruminally fistulated sheep. Evaluated fiber sources were alfalfa
hay cube (AHC), corn cob(CC), corn silage (CS), cotton seed hull (CSH), peanut hull (PHL), rice straw
(RS), and sugarcane bagasse (SCB). Sheep were fed consecutively a diet containing each tested fiber source
(45%) with a corn-based concentrate diets (55%) during each experimental period. Ruminal pH showed no
difference among fiber sources except the significantly lower pH at 8 h(p<0.05) with RS (pH; 5.78) then
those in other sources. Buffering capacity showed significant differences at 0 h(p<0.05) and 2 h (p<0.05)
after feeding in CS compared to those from SCB and CC, while there was higher in PHL (p<0.01) at 12
h post feeding except AHC than CC, CS, SCB, and RS. Dry matter digestibility was significantly higher
in CS(p<0.001) than in other sources. Neutral detergent fiber digestibility was higher in CC, CS, CSH,
and RS than other fiber sources (p<0.001). These results suggest that ruminal pH and buffering capacity
and whole digestive track digestibility were significantly affected by fiber sources in ruminant diet, and,
therefore, should be took those effects into account for TMR formulation.
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Table 1. Chemical composition .of ingredients

. Fiber Sources Effect on Ruminal pH and Digestibility

Chemical composition')

Ingredients

DM Ccp Ash EE NDF NSC

....................................... 0 DM -eevererserevamnnnseneerunniesaspinnns

Alfalfa hay, cube 87.62 17.22 13.41 1.57 64.36 344
Corn cob 86.65 232 1.62 0.62 93.65 1.79
Corn silage 21.70 6.94 6.95 2.88 59.98 23.25
Cotton seed hull 91.99 7.47 2.97 3.97 81.27 432
Peanut hull 86.98 6.62 4.20 1.14 81.90 6.14
Rice straw 94.14 3.65 11.91 1.06 83.11 0.27
Sugar cane bagasse, cube 91.45 2.68 4.51 1.12 84.89 6.80
Beet pulp, pellet 88.76 10.33 353 035 56.67 29.12
Corn, flaked 85.10 9.22 1.40 3.16 13.85 72.38
Comn gluten feed 91.92 20.56 5.97 2.26 46.96 24.25
Canola meal 89.29 37.80 8.32 4.16 26.12 23.60
Lupin seed, flaked 87.25 34.02 3.27 6.19 35.08 2145
Tapioca, ground 89.00 2.50 6.34 0.99 15.00 73.67

3]

carbohydrate.
2. A
A7kl AMER 7FY AR FELLS

alfalfa hay cube (AHC), com cob (CC),
silage (CS), cotton seed hull (CSH), peanut hull
(PHL), rice straw (RS), sugar cane bagasse
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DM; dry matter, CP; crude protein, EE; ether extract, NDF; neutral detergent ﬁﬁer, NSC; non-structural
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Table 2. Formula and chemical composition of experimental diet"

Formula and Treatment”
Chemical composition AHC CC cs CSH PHL RS SCB
....................................... % DM A

Formula
Alfalfa hay, cube 45.00 - — - -~ - —
Corn cob — 45.00 — - - - -
Comn silage - — 45.00 - - - —
Cotton seed hull - - - 45.00 ~ — -
Peanut hull - - - — 45.00 - -
Rice straw - - - - - 45.00 —
Sugar cane bagasse, cube - - - - - - 45.00
Corn, flaked 30.00 30.00 30.00 30.00 30.00 30.00 30.00
Com gluten feed 5.00 - 2.00 - ~ - —
Canola meal - — 4.00 - 5.00 6.00 10.00
Lupin seed, flaked 3.00 - - 7.00 - 7.00 7.00 7.00
Beet pulp, pellet 10.00 — 6.00 - 6.00 6.00 2.00
Tapioca, ground 7.00 - 6.00 - 7.00 6.00 6.00

Chemical composition
Dry matter 87.28 88.08 57.54 89.12 86.80 90.07 88.85
Crude protein 10.73 10.12 10.88 10.53 10.77 10.06 10.54
Ash 8.30 323 5.50 3.04 427 7.75 4.61
Ether extract 2.06 2.08 2.94 3.38 2.19 221 2.37
Neutral detergent fiber 43.01 55.69 39.94 49.15 49.00 50.13 49.39

NDF % from fiber sources  67.34 75.67 67.58 74.40 75.22 74.60 77.34
Non-structural carbohydrate  32.08 29.62 39.95 33.78 32.96 29.07 32.29

Y Vitamin-mineral premix (Cowton block™) was supplied to free access during experimental period.
2 AHC; alfalfa hay cube, CC; com cob, CS; com silage, CSH; cotton seed hull, PHL; peanut hull, RS; rice
straw, SCB; sugarcane bagasse.

(1986)°] AAIF Wlo] wel Askact m 23 9 D&
5. %ﬁli{al 1. 852 pH
2t Aol Tty 24" ARAT KNS MR pHE AR 3o F 2417 2 44

SAS package?] GLM (general linear model) 3t A AlE A9stie 247 AlEgA AF
procedureZ ©]8-3lo] Duncan’s multiple range  0A1Z+3} 8A1ZF R 12417 A3k Ajol A T3k
testZ 243}t (Steel @ Torrie, 1980). of AolE RATH(Table 3). & ALEFA AF

1 0AIZHol A 9] pHYE PHLFOlA AHCT9
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Table 3. Ruminal pH in the rumen of sheep fed 800g of dry matter containing a 45%
different fiber sources and a 55% corn-based diets per day

)]

Time afier Fiber sources
feeding AHC CcC CS PHL RS SCB
0 6.5740.08°  6.62+0.07°  6.74+0.04®°  6.93+0.02°  6.5240.18°  6.55+0.10"
2 5.96+0.06 6.08+0.13 6.190.01 6.27+0.15 6.120.40 6.06+0.17
4 5.87+0.06 6.13+0.14 6.20+0.10 6.18+0.12 6.10+0.39 5.8740.14
8 631+0.04°  6.24£023*  6.47+003* 6612008  5.78+023°  6.29+0.08°
12 6.68+0.09°  6.69+0.09°  6.81+0.01®  7.02£0.02°  6.81£0.02°  6.72+0.07°

Y AHC; alfalfa hay cube, CC; corn cob, CS; com silage, PHL; peanut hull, RS; rice straw, SCB; sugar cane

bagasse.
? Meanzpooled S.E.

>® Means in the same row with different superscripts differ (p<0.05).

SCBF # RsTl Hlgt] #oHoz A Y
BT (p<0.05). AR B ¥ 8AIZF AT Ao
= RSTOATE b2 ATl vsld Wkn
(p<0.05), =& 12412 A3 A= RST (pH
68D ATt AlE Fo FFo wrgs} F
A3 AFE Ho PHLT (pH 7.02)7} SCBT
(pH 6.72)9} AHCT (pH 6.68)°1 nv]3le] {913
o2 FA JeEbdt} (p<0.05). 281 AYEF
T 12412 E2%9 wEAY pH WaE PHLT
7} AvtE o R FA fA| 99 RSTE MR
A FA = AT

£ AFoA RSTFE Uub¥oz F &
Hie} o] 7]54do] yo} & Hiih ¥
of nste] HAEE ¢ =& Ao #

T, 71540 wof WA HHE 7z
(EFALE)E mEA Faste ool VFAE
ABdgtozA pHZE wolxl AP Al Aol
W Ao g AAFZHQYCH

B pH AsE 2l st = ‘8}711
TRHAE Bhoy BEAUW VFA F59 2
A BAS M0 9109 (Rumsey % 1970;
Briggs 7, 1957), %59 v|AEe] 9§ wa
BEET 98E 53 VFAY &, B 2y
AR e AR, o As|#Hoz o AstE
o FYF 5 E3F AT Fgol sy gt
A} 3% th (Baldwin %, 1987; Sutton, 1985).

2 @7ola 44
pH7L 2A T2l ekt
glo] BzksAl Bejsha gl

2. gLl 2455

AHa T899 S8 5t 2 3tho]
23=(Table 4) CST7} AL2 %04 Z 0, 2A|7H]
A} SCB, RS, CCToll H|et FA JEltoH
(p<0.05), 4A137t F 8AIZF AT Aol EE A
Tl Aolzb Utk 281 Al 39 ¥
12X A% Al $45F8L PHLT(88.0
meg/)oN A 71 EEO D] AHCT (82.2 meq/1)h
T zZoprt ey a1 9 HET(CS, 76.3;
CC, 73.8; SCB, 66.8; RS, 56.2 meq/l)oll H]alA]
T TAFLE A FAHEUTG (p<0.01).

AME 9] S5 EE ALE A= QL

==

[=1
o] 23} Fol9 FEAel uet debAr] wE
o (Van Soest &, 1991), cation®] FHHS

AsleigtE 4F5E S A5E F e ==
8o} V3Tt (Tucker 5, 1992). =3+ AlR
9o 52l wkEAY] pH WH3le}l acid-base
metabolismoll ZA| 2833 (McDougall, 1981;
Playne?} McDonald, 1966), F3 2%7} &3}
24 SR 450 Fo AR F
of A9 W&ol wAY @id FFol &
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Table 4. Buffering capacity in the rumen of sheep fed 800g of dry matter containing a 45%
different fiber sources and a 55% corn-based diets per day

Time after Fiber sources"
feeding AHC cC CS PHL RS SCB
.......................................... Meq / Titer «sveereeeermseeerssneermereesneseenens

0 83.6+4.33™ 74.7:1.84® 03.8+283"  89.5£3.83" 67.0+11.00°  70.7+3.98°
2 7124358%  61.9£1.93%  75.0+167° 69.2+4.17° 633+ 6.67 57.1x1.98°
4 6774598  643+4.82 6433400  66.7£1.00  57.0+ 8.00  55.6:0.56
8 7354506 684641  71.0:0.00  76.5+8.50  67.5+ 417  65.0£2.55
12 8224056 73.8:1.22%Y  76.3+8.67F 88.0£3.67" 562+ 4.17°  66.8+2.44"

D AHC; alfalfa hay cube, CC; com cob, CS; corn silage, PHL; peanut hull, RS; rice straw, SCB; sugar cane
bagasse.

2 Mean+pooled S.E.

**¢ Means in the same row with different superscripts are significantly different (p<0.05).

WXYZ Means in the same row with different superscripts are significantly different (p<0.01).

ol YEFHE oF 2~4u] FolAr}(Jasaitis WMATE DM A3HEE CST(78.19%)°1A 7+
2 1987). 2 479 Ay pHLTFOA 945 & =4 Ueldsl CSHT (7480%) 2 CCF
H7b w4 olfE ©E AHeETol vete]  (73.76%), RST (71.44%), AHCT (68.88%), SCB
cation®] $to] E9t7] wWFoletn Aztdch F(62.97%) R PHLT(60.76%)2 <=olom,

CSTE CSHT € cCcighe Aol7l fileny

3. s3g RST, AHCT, SCBT B PHL7 vt} &
AMoz 45l w7 dErdet (p<0.001).

Mfd BEWIE A LB 2880]  NDF 2388 A ATNA 35.64~66.44%

nXE 9P ST ARE Table 51 Ut o WS wPon), CCT(664%)7F H F

Table 5. Digestibilities of dry matter and neutral detergent fiber of sheep fed 800g of dry
matter containing a 45% different fiber sources and a 55% corn-based diets per

day
Fiber sources”
Item
AHC cC cs CSH PHL RS SCB
............................................. L PPy
Dry matter 68.88°  73.76"°C 78.19"  74.80"® 60.76°  71.44°C 6297°

+1.14 +1.83 +0.70 +2.38 +1.67 *1.52 +2.80

51718 6644  6485%  6395% 35645  60.68" 4832

Neutral detergent fiber )3 e 057 +410 312 4211 +2.74

b AHC; alfalfa hay cube, CC; com cob, CS; com silage, CSH; cotton seed hull, PHL; peanut hull, RS; rice
straw, SCB; sugar cane bagasse.
ABCD Means in the same row with different superscripts are significantly different (p<0.001).
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T} CCHF= CST(64.85%), CSHT (63.95%)
2 RST (60.68%)¢h= BAIH o2 Aol7t §I
91} AHCT (51.71%), SCB- (48.32%) % PHL
T (35.64%)°1  Hlstq  FostAl  F=UhTh(p<
0.001).

TMR 9489 A wet =AIE 92 FFA}
F9] Fo7]Fo] g2l F Sled, AFdEA
(CS) THY Alg Fo AldlE TMRY 135
TFE HaT 0% o} Ao} 39, F
ojAlg o THE FFOF 25~30% FFo] H
ojo Attt &k Edh 4380l 65%

L

ZRS)E TMRY YFE FATE A=
1HE 29 30% A=A drHol =
8tH, o2 Q1% YR REL S5,
g o}, AAUF, A9 DAY FFL
B33 Fo2M FEL F A o
o},

#@H @33 (PHL)O AA FodFEES A%
Q2 AlE 9 10%7FA] 183 H]So e 30%
MR AGe Aoz HEo] At} (Ensminger
%, 1990).

e
K ol lo -

3o o Y o

)

VI. 2 ok
2 d7e HAAAFEd9 7%, alfafa hay
cube (AHC), corn cob (CC), com silage (CS),

cotton seed hull (CSH), peanut hull (PHL), rice
straw (RS), sugar cane bagasse (SCB)2] w39
ofxe] wagF, pH, 455 Hisr|H
W 2388 gotr At AAEgIth 34l
B2 HTAF 371 kg?l CorridaleZ & &
F BFE W59 fismla F2HE ALEEA
, BENBES FAIFEANA 9T AlsE
Zyzke] ZATE Y 45%%}F com-based AlE 55%
o H&=Z 3t9 1Y 23] (09:00, 21:00) Z 800
g(dry matter basis)Z FI3t31th. Ruminal pH

pow
[0 o2 of

T 39 F AR AT g zbozt
ARAA T 8A1Z & B} ZALEY (6.24~6.61)T
RS (5.78)3tll= zko]7} AATHP<0.05). W4
U €559 SCBF, CCT¢} vlmste CST
NA AMEFH F 0AZF(p<0.05), 2417 (p<
0.05)° & olgs Pl L, AlEFd
F 12A12F A3k A} AHCTFE #9138 CCF, €S
T, SCBT9 RST ETt} PHLT (p<0.01)ollA]
=A Yebdth DM 2382 CcsTolA 78.19
%z EBAZET fFolshAl E%or (p<0.05),
NDF 4342 CCT, CSTF, CSHT¢ RST7}
0g 2Asd J97EY =4 JEt
(p<0.001).
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