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Effects of non-fiber carbohydrates sources on ruminal fermentation and
nutrient utilization in vitro
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Abatract: [Objective] The study investigated the effects of non-fiber carbohydrates (NFC) from dif-
ferent sources on ruminal fermentation and nutrient utilization in wvitro. [ Method]) Alfalfa-soybean meal
with 4 different NFC sources (corn starch, sucrose, fructo oligosaccharide, and poly fructose) was de-
signed. Rumen fluid was obtained from four ruminally fistulated goats fed for 60 d to ferment the four di-

ets. The ruminal fermentation fluid pH, gas, production rate of total volatile fatty acid (TVFA) ,activities
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of xylanase and carboxymethyl cellulose enzymes, methane production, and the apparent disappearance
rates of dry matter (DM) and neutral detergent fiber (NDF) were determined. [Result)] Apparent disap-
pearance rates of DM and NDF of 4 NFC sources were significantly/extremely significantly different, and
both showed the highest in corn starch group. Apparent disappearance rate of NDF was low. Sources of
NFC extremely significantly affected TVFA production rate, and the maximum and minimum values oc-
curred in the poly fructose group and the corn starch group,respectively. Ratio of acetate to TVFA was the
lowest in corn starch group,while ratios of butyrate,isobutyric and isovaleric to TVFA were greater than
other treatments. Gas production rate of corn starch group and methane production rate of poly fructose
group were similar to sucrose group, but significantly/extremely significantly greater than other groups.
Effects of NFC sources on in vitro ruminal fermentation fluid pH,activities of xylanase and carboxymethyl
cellubse enzymes,the molar ratios of acetic acid and valeric acid to TVFA, and mass ratio of methane to
TVFA were not significant. [Conclusion] Compared with sucrose,fructo oligosaccharide and poly fructose
groups,the apparent disappearance rates of diet DM and NDF,and molar ratio of acetate to TVFA in starch
group were extremely significantly increased, while TVFA production rate and molar ratio of propionate to

TVFA were extremely significantly decreased. Compared with fructose and fructo oligosaccharidepoly

treatments, poly fructose group had higher fiber degradation rate and TVFA production rate.

Key words: non-fibre carbohydrates;ruminal fermentation;nutrient utilization; methane
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Table 1 Compositions and nutrient levels of diets with different non-fiber carbohydrates
sources (Based on dry matter (DM)) g/kg
L AU gy T ZER
W H oK oy . H AR IR H o s . H oK
. . H Fructo . . AR Fructo
Ingredient Corn . Poly Nutrient level Corn . Poly
Fructose oligosac— Fructose oligosac—
starch . fructose starch . fructose
charide charide
B8 # k) Alfalfa hay 550 550 550 550 F# % Dry matter 902 925 926 912
M1 Soybean meal 250 250 250 250 AH YL B Organic matter 935 983 954 953
K JEH Corn starch 200 — — — #l %  Crude protein 172 172 171 172
1 5 — _ _ rfPE Uk U AT 4 )
M Fructose 200 Neutral detergent fiber 411 411 408 411
RSk _ _ i P Uk Uk 2T 4
Fructo oligosaccharide 200 Acid detergent fiber 309 309 307 309
EZ -3 _ _ _
Polyfructose 200

1.4 KA *E

HEBAFRIB 4 A H KL 0.5 g TR BE . 7 M0 H HR 6
ANEE P 3T AR VR pH B R
B Wi 2 (Total volatile fatty acids, TVFA) F= @ M K
RVl AR WP A A R W P g L 53 Ah 3 N T
52 T4 i (Dry matter, DM) fil NDF %) 3% WL 2

FEI RS V0 4% W 2 B 50 mL IR & K5 R, 1
A 39 TR IR FR A AL B A 0.5 g 1R BHEE
i R T T BB 0 AR TE . SR B B P A Y
KR A 39 CHHIREE K AW 24 h, KBS
WG A KA AKKIRG W h &k ki, H
AR R 20 B 1 O R T S s U O 1 SR Ok TR R
B 2S5 Sr RV E R W pH (E . ERR BRI 1 mL &
FEVRIF A 1T mL LA A TR (% 100 g/ 1 i B 2 Al
0.6 g/L BE®) UM E TVFA By~ ; 5 B 2 mL
TR FH 10 5 A SR AR Tl AR R P 2 2 3 IO o
B BT —40 ‘CHRURIRAT

S8 TVFA B, S8k 5 F 11 000 r/min B0
10 min, W B EVE WL 0. 45 pm 8 B SR 5 AR 4
Akalin 25 (1) 77 i DL KR R o9 b 06 A 2
AL (1.-2000, Hitachi,Japan) 43 #1 TVFA 24 . H
ot VA FEE (%) DN 5 R P 85 A KM B8 - AR A T 8 1 <O
35 (663-30, H 37 = Hi AR A Al H A K 50) 4
B s NDF W31 2k % 5% Van Soest % 1 J7 2
SE BT E 2% Agarwal %1 [k, DM £
ML 2 ARG Nordoy 25 1Y 7 320 5E .
1.5 #HiEsiItAE
% EHl A SPSS 15, 0 8Bk i#AT G2 1t 43 b
Duncan’s #1745 B H5 L HEILE.
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Table 2 Effects of non-fiber carbohydrates sources on apparent disappearance rates of diets and
cellulose enzyme activities of fermenters (n=3)
" TR % PR RN R % AT/ BREAER
Ut | . : i fif G /(U « mL™1)
: Dry matter Neutral detergent fiber (UemL™D) .
Group . . L Carboxymethyl cellulose
disappearance disappearance Xylanase activity ..
enzyme activity
FKTEK H AR Corn starch diet 61.1 Aa 23.4 Aa 3.11 a 0.12 a
b H M Fructose diet 52.3 Bb 13.5 Be 2.56 a 0.17 a
% B S H M Fructo oligosaccharide diet 54.5 Bb 17.1 ABbc 2.80 a 0.13 a
%2 R WE H K Poly fructose diet 56.4 ABb 19.1 ABab 2.70 a 0.13 a
- 45 1% SEM 1. 420 1. 400 0.156 0.025
P {fi P value <0.01 <0. 01 0.10 0.93

T« [ 98008 15 AR R IRl /NG T8 3R 22 5 38 (P<C0. 05) W AR AN ) K5 7 RER0R 22 Bl i 3% (P<<0. 0D, TR,

Note:In each column,different lowercase letters mean significant difference (P<Z0. 05) ,and different uppercase letters mean extremely sig-

nificant difference( P<C0. 01). The same below.
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Table 3 Effects of non-fiber carbohydrates sources on pH, VFA and methane in fermenters (n=3)
o7 B K P R U R ) I R 1 L A8/ 6
Nl Percentage of TVFA
Group 4R NR T 3473 ST SR
Acetate Propionate Butyrate Pentanoic Isobutyric Isovaleric
?*ﬁﬁ]ﬂ*ﬁ 68.5 a 20.1 Bb 8.7 Aa 0.67 a 1.02 Aa 0.98 Aa
Corn starch diet
o H K Fructose diet 69.1 a 21.2 ABa 7.4 Bb 0.62 a 0. 88 Bb 0.79 Bb
fIC2 Rk AR Fructo 68.1a 22.2 Aa 7.2 Bb 0.68 a 0.94 ABb 0.81 Bb
oligosaccharide diet
2 R R . 68.6 a 21.9 Aa 7.2 Bb 0.66 a 0. 94 ABb 0. 80 Bb
Poly fructose diet
T bR LR SEM 0.18 0.27 0. 20 0.01 0.018 0.025
P {8 P value 0. 26 <0.01 <0.01 0.19 0.01 <C0.01
, SRR R/ el oy ggreg) 1o BRI
gl 2 Wy 0 1 o L 1 - fig i i
o (mmol « d71) pH (mmol « d™ 1) (mmol » d™1) e ]
Group TVFA Acetate/ Gas ducti Meth Wy 5 A L
propionate yas production ethane CH, /TVFA
I?K?;E?FEEH‘E 77.9 Be 6.49 a 3.41 Aa 90.0 Aa 1.00 Ab 0.26 a
Corn starch diet
SR H M Fructose diet 85.5 ABb 6.59 a 3.27 ABab 85.7 ABab 1. 09 ABab 0.26 a
R Rk AR Fruceo 85.5 ABb 6.48 a 3.07 Bb 81.7 Bb 1.05 ABb 0.25a
oligosaccharide diet
s L 1
2R H R . 93.9 Aa 6.48 a 3.14 ABb 82.7 Bb 1.17 Ba 0.25 a
Poly fructose diet
bR iR SEM 1.87 0.024 0.047 1.15 0.023 0.002
P {& P Value <C0.01 0. 34 0.02 0.01 0.02 0.24
s Wi S5 e FLRURE B 7T AR AL A2 6 R 1
: b NN Nt AY N Mz N N . N
1) NDF J5 2 2415 T R K 30y H O 5 38 0 75 Jn % 25
3.1 NFCRBEXMBMRFNSRUBEREMERE RS KM T R AR AU ERE R NDF i 26 2 0] &
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2555 ORI H O s b e I Y I R S EOKTE
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