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4-Non-fiber carbohydrate (NFC)
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2-Neutral detergent fiber (NDF)
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1- Rumen degradable protein (RDP)
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Tablel- Components of food ingredients used in the diets
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1- Neutral detergent fiber (NDF)
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Table 2- Interaction of various sources of non-fiber carbohydrates and different level of degradable proteins on gas production

parameters®
A gl B g Sy ad Colyls dylin 5 (55, A G e slal
g Slying S (2 des) Badgeied (L) Jiesks g5 15) P Js5Ke) i el
R4S Sl (celo 2 (o) Organic (o 55k (p5sks (Jsoiskee)
Type of Gas Gas production _ matter M tfb lizabl Net Short chain
Level of RDP! NFCs production rate (mi/h) digestibility etabo |z_a/1k ¢ energy fatty acid
potential (ml) %) energy (M/KG)  (mikg)  (mmol)
b 227.3£5.739 0.0398+0.0026 51.192 7.47abe 3.60% 0.632¢
Starch
e 242.2+4.68 0.0442+0.0023 52.512 7.842 3.93 0.692
Sucrose
LRDP? o 19044358  0.0498+0.0026 48.21° 7.16° 3.34° 0.58°
Dextrose
w& 239.5+3.158 0.0433+0.0015 52.82 7.75% 3.82% 0.67%
Pectin
el 214.8+4.15 0.0385+0.0019 48.43° 7.18% 3.35° 0.58b¢
Starch
e 220.2+4.27 0.0473+0.0025 50.002 7.7130¢ 3.80% 0.662c
Sucrose
HRDP? Jo S 220.5+3.39 00.0432+0.0017 50.01% 7.46%0c 3.59% 0.62%¢
Dextrose
Pﬁn 188.8+6.81 0.0476+0.0043 50.08 7.45%¢ 3.58% 0.6220¢
MSE 1.131 0.174 0.147 0.028
RDP 0.120 0.41 0.410 0.38
NFC 0.084 0.037 0.038 0.031
NFCxRDP 0.179 0.303 0.0305 0.314

(P<O/05) 5,15 (gl sme BS03s b (gylol Lo 5l aliio i Bgy> b slael eygiw o 31
(Sl g8 (S ol cdaw LRDP?
SlesaSi pdeo 2 5y SVl gl :HRDP®
YIn each column, numbers with non-identical alphanumeric characters are statistically different.

2LRDP: Low level of rumen degradable protein,
3HRDP: High level of rumen degradable protein
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Figure 1- Gas production (ml) at different incubation times

AL oo Comas Mg datne 0> &SL1 gl sl Copoguad
wjp0 odle (A0 (p i 4l > ddl o Sligmgy 0y Al
o g Sl oS (09,500 0395 M5 5 (29,5ue JliSe 3y 00
Py sl iy (] )3 (9550 By i 033k )Sd )l
Brmae S o3l b YL SSE Jole b sladgle oSl
adox Jl iy 5B jlade oSl pyla 5 widl oo ol Lawgi SV
om0 Ll 5o 51 Ml 4 )3 g 039 Simly e 5
(A7 5 4) e

9 YL omls pinaid (Son gaw 93l adlas ool
S Lol g e odlatl (B Sl S 69 Jlkr
Ko 933 O del Wy g 5 Mg e (ke (Stsen
“o A 4 (B) 3 g (29,50 0395 A g S A o e
Yo piqanod (s hb lasles o 5> wwlis & )
L agliio )3 9 Coml 03,3 bl 1) (09)Sem (g s S
I 58y e &5 b ndbid o (eSen b slajles
19555 i £S5 e 28 3900 051 03,8 A5 1y g S0 0355
Cnl dslyy dnlis &Sty oo S5 & sl 03,8 Mg (g s
S 3ml (9,50 Sen Fie Sl ) @51 e eals

09 EuF L bad b ) awlis 0Kk b (Sl aldles
oUWy FVOX W JRIWICINL G | J-¥1 U 1 U VE I FWA
51038 () 2 (heSE (95 (235 9 (229550 (nBg

5 Vb s g n adaw b slaopr )3 pols adllle
i o ShimeS mlie b L dwlie o atulls (ol
3y (w3l el |y (Sligel gy clale 03Vl g cndomb
09— 5> aiwlis b laylo )3 5 (9o (59—
el acwlis comle d angr Uy gy o YU pliaiod
5 el el U atusly anwlis & sy ooy 4 o phiay o0
cbale Lapasl)lySee slim oyiws BB Sliang S pglie
03)5 ald b pha 5 (WSon Loy 1) (Sigel (s
s Yl YU i o8 uion b ope > (Jb ol b il
Oigrie cbale ((Slhang Sy (g plie m Slejen pas
ol 4l gl Sgel
O 9 Sy comle i s e L slajles o
h S8 Jole 0 YL s Vb g jos (g 0 b sl las
O by (PF) 288 Jole tly bacilyimgs S plo b duslie
07 ) e oad min (i (] ool 5 (e G iy 5
4 Dtasge (28l 4525 S 018 (o 5 Cul gy palls 51
A8 1, 24 Y gane) yomslisSil Sloj slaoye 53 0 g 5w
Loyl ) (52950 0395 ks Loty 51 et 5 (22) 092 (ecles
iz »Sole SYL SCSE Joale (4) 1ib o il

1-Partitioning factor



1398 (line) 4 oyleis A1 alsr oyl 5l ools pole sloiddgs apii 420

« ACDAEE ™o AR Fm el iy ey
AMTE = V70 o0 ifleie ¥ e
oo o i o § T 7 ey peg R Behsl e T g (e gh

regond H|qepREap TR 30 [RAR] TR A(NIH,
) W0 SqEpREep IR 0 [R4E] MO (T T;
“TREGTP A[[EINSGES A SEIJEETD JUEMTETEE [Emapi-Ton L STaqUma ImoD [IE2 U],

AFITRER TomMpos SSET [ERGeRT]

00 So00D ETD B0 ai¥ 0 HED SF 0 1IF 0 et 0 A0t 0 S0 fles By dom aneiE

: ; : ; ;i : s ; . ; : () monmpond SSET [EpgeIsTy]

00 S000 GO0 WELT S TFL 2L ECT FEST g GOET o LIFl @ GFEL  #E961 Spr fom o6 (Sm)

. : y . . , - " : : . (o ) rogey SUmoIe g

CE0Q L0000 L0 & 8L A E LT &LE #I8E WL E gl =" e {on/Sm)

() Ametaige wogonpand seoy

6100 0000 010 90IT 89T o 35T € £TC ST 3 TFT Py aL LTT He= pr af ()

6100 00 9100 £99 o859 ql99 LD #9399 HI9 #3899 L9 Hd

; : : ! ! i : L ; . i (/) RS QT ERIoITy

- £ B : e o {vg) o =STp EREm JmmEElD

10000== oo Ima 3L W& 0L B89 ALY o9 (L =L e[l s e 7 ()

1000 0= 500 900 HIL qCl A16°LY =l 89 LD w00L 1L 1L g s e e [
- RE)S 9S0IANE  Se0qEX(] WhaRg REYS PEOUEEG TEOIER(] TRag
dild=2dN 24N dOE o il o eta et = i sl e

d pd(TIH I T

[EREErEd nonRHaIE] PUE ARG SASp 10 megoud S EpRELp TS §o S[2As] FREp PUE eIpAfoqed B el Jo 530S SolEA Jo BT —§ qe L
b WS B e ol il oty abb e b eodulel et Ll il | e A e o L ol



A21  lanesd 2525 B o 5 B pé b yags S Elgl (palo)T wid il 5 515 g

©)hergS Alise mlie i s ye GO Gml G pha s
YU il i e 5 oSOT Jlo 0900 bl (B
3 Bl sy S il lio o shalan Mo b8 coglis
Dgd e odnlie (et sba Shy s
e 45 5, ciby Glos e osel Cauwnd 4 gl wlil
2UIF cnl phr s S daw ohen 4 (BUIs ©)lang S
Sl A2 i |y (6laeSs j0a3S o Shy U )b )
@S 9 SWle lurgS e glyil 435390 )5 (ke

A5 et Glagls oy 55 55 (glaSis (y9)0 (32,5
adllas opl 2ol b slas jo oS (14) ol soldlly 09,50 (pgp

Ol ATP Lo s <yl conl S 28 b il (0351
ojlal g odly ili ol glaasiis 5950 5l oolaul cplply s

Amd a1y (09)Sse (pgp W B Sge Fiw

S (6 S Ao

PH 1 Lagl il 5l (mels 55 & b ol j3 5,90 00592
‘USL,;FT Ofgysws cdale ol b Gy s glany wl clale (awSs
alplag ang Lol cun b oS 5 g Mg (9> gl

e glacling S as b L u;".;“Lp)"l o=l s

= Soliie lagewl piodn s iy maw g (Sl
2 58k Hle oS gysb 4 aindl (glaeSls (5 ez sla ol )y
G5 g Sl poolie oy s <ol plod 350 (g p aw
slasl clale (alls (655l qpudglie JB (555l G5 g g
eL‘n )?.L“’ b c\m)hu 5 l) ‘_;ﬂ odle M u.\l:lssryu)ob; g
L gy jl oolatwl pl i a S sy oy 1a5 4y iy (g8

9 pIgd S gy cdale 5 BUE Oolimg S ae madie
oS 395 g0 gty Glo 3 Shas pois (sl Wl e blize )
glate glsil o glayis olite sl Sy Jold xels lalllas

29 plosl Sl ) S sl B saclung S

&l

1- Amanzougarene, Z., S. Yuste, A. Vega, and M. Fondevila. 2017. In vitro fermentation pattern and acidifiation

potential of different sources of carbohydrates for ruminants given high concentrate diets. Spanish Journal of
Agricultural Research, 15(2): 2171-9292.

2- AOAC. 2005. Official Methods Of Analysis. 18" ed. Vol. 1. No. 1. Association of Official Analytical Chemists
Washing Town, D.C.

3- Barrios-Urdaneta, A., M. Fondevila, and C. Castrillo. 2003. Effect of supplementation with different proportions of
barley grain or citrus pulp on the digestive utilization of ammonia-treated straw by sheep. Journal of Animal
Science, 76: 309-317.

4- Blummel, M., H. P. S. Makkar, and K. Becker. 1997. In vitro gas production: a technique revisited. Journal of

Animal Physiology and Animal Nutrition, 77: 24-34.

5- Broderick, G. A. and J. H. Kang. 1980. Automated simultaneous determination of ammonia and total amino acids in
ruminal fluid and in vitro media. Journal of Dairy Science, 63: 64—-75.
6- Broderick, G. A. and W. J. Radloff. 2002. Effects of replacing dietary high moisture corn with dried molasses on

production of dairy cows. U.S. Dairy Forage Research Center 2000-2001. Research Report, pp. 106-109.

7- Chamberlain, D. G., S. Robertson, and J. J. Choung. 1993. Sugars versus starch as supplements to grass silage:
Effects on ruminal fermentation and the supply of microbial protein to the small intestine, estimated from the urinary
excretion of purine derivatives, in sheep. Journal of Science of Food and Agriculture, 63: 189-194.

8- Chester-Jones, H., M. D. Stern, H. M. Metwally, J. G. Linn, and D. M. Ziegler. 1991. Effects of dietary protein-
energy interrelationships on Holstein steer performance and ruminal bacterial fermentation in continuous culture.
Journal of Animal Science, 69: 4956- 4966.

9- Hall, M. B. 2002. Working with sugars (and molasses). In Proceedings from the 13th Annual Florida Ruminant
Nutrition Symposium, Gainesville, FL.

10- Hall, M. B. and C. Herejk, 2001. Differences in yields of microbial crude protein from in vitro fermentation of
carbohydrates. Journal of Dairy Science, 84: 2486-2493.

11- Hall. M. B., C. C. Larson, and C. J. Wilcox. 2010. Carbohydrate source and protein degradability alter lactation,
ruminal, and blood measures. Journal of Dairy Science, 93: 311-322.

Heldt, J. S., R. C. Cochran, G. L. Stokka, C. G. Farmer, C. P. Mathis, E. C. Titgemeyer, and T. G. Nagaraja. 1999.
Effects of different supplemental sugars and starch fed in combination with degradable intake protein on low-quality



1398 (ylins) 4 oyleis A1 alsr oyl 1l ol pole ooy &yt 422

forage use by beef steers. Journal of Animal Science, 77: 2793-2802.

12- Huhtanen, P. 1988. The effects of barley, unmolassed sugar-beet pulp and molasses supplements on organic matter,
nitrogen and fibre digestion in the rumen of cattle given a silage diet. Journal of Animal Feed Science and
Technology, 20 (4): 259-278.

13- Kim, K. H., J. Choung, and D. G. Chamberlain. 1999. Effects of varying the degree of synchrony of energy and
nitrogen release in the rumen on the synthesis of microbial protein in lactating dairy cows consuming a diet of grass
silage and a cereal-based concentrate. Journal of Science of Food and Agriculture, 79: 1441-1447.

14- Lykos, T., G. A. Varga, and D.Casper. 1997. Varying degradation rates of total nonstructural carbohydrates: Effects
on ruminal fermentation, blood metabolites, and milk production and composition in high producing Holstein cows.
Journal of Dairy Science, 80: 3341- 3355.

15- Makkar, H. P. S. 2004. Recent advances in the in vitro gas method for evaluation of nutritional quality of feed
resources. Assessing Quality and Safety of Animal Feeds. FAO Animal Production and Health Series 160. FAO,
Rome, pp. 55-88.

16- Makkar, H. P. S. 2005. In vitro gas methods for evaluation of feeds containing phytochemicals. Animal Feed
Science and Technology, 124: 291-303.

17- Menke, K. H., L. Raab, A. Salewski, H. Steingass, D. Fritz, and W. Schneider. 1979. The estimation of the
digestibility and metabolisable energy content of ruminant feeding stuffs from the gas production when they are
incubated with rumen liquor in vitro. Journal of Agriculture and Food Science, 93: 217- 222.

18- Menke, K. H. and H. Steingass. 1978. Estimation of the energetic feed value obtained from chemical analysis and
in vitro gas production using rumen fluid. Animal Science Development, 28: 7-12.

19- Nocek, J. E. and J. B. Russell. 1988. Protein and energy as an integrated system: Relationship of ruminal protein
and carbohydrate availability to microbial synthesis and milk production. Journal of Dairy Science,71: 2070-2107.
20- National Research Council. 2001. Nutrient Requirements of dairy cattle.7"" ed, National Academy Press.

Washington, DC.
21- Olivera, R. M. P. 1998. Use of in vitro gas production technique to assess the contribution of both soluble and

insoluble fraction on the nutritive value of forages. Msc thesis, University of Aberdeen.

22- Ordway, R. S., V. A. Ishler, and G. A. Varga. 2002. Effects of sucrose supplementation on dry matter intake, milk
yield, and blood metabolites of periparturient Holstein dairy cows. Journal of Dairy Science, 85: 879-888.

23- Orskov, E. R. and I. MacDonald. 1979. The estimate of protein degradability in the rumen from incubatoin
measurments wighted according to rate of passage. Journal of Agricultural Science, 92: 499- 503.

24- Rezaii, F., and J. Bayat kouhsar. 2019. Effects of microwaving, and moist and dry heating on ruminal degradability
of protein and dry matter in soybean meal. Journal of Livestock Science and Technologies, 2019, 7 (1): 11-19.

25- Sannes, R. A., M. A. Messman, and D. B. Vagnoni. 2002. Form of rumen- degradable carbohydrate and nitrogen on
microbial protein synthesis and protein efficiency of dairy cows. Journal of Dairy Science, 85: 900-908.

26- SAS. 2003. SAS User's Guide: Statistics, Version 9.1 Edition. SAS Institute, Cary, NC.

27- Strobel, H. J. and J. B. Russell. 1986. Effect of pH and energy spilling on bacterial versus corn starch or beet pulp
fiber diet effects of digestion and intestinal amino acids in dairy cows. Journal of Dairy Science, 76: 2692-2700.

28- Theodorou, M. K., B. A. Williams, M. S. Dhanoa, A. B. McAllan, and J. France. 1994. A simple gas production
method using a pressure transducer to determine the fermentation kinetics of ruminant feeds. Journal of Animal
Feed Science and Technology, 48: 185-197.

29- Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber, and
nonstarch polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74: 3583- 3597.

30- Weisbjerg, M. R., T. Hvelplund, and B. M. Bibby. 1998. Hydrolysis and fermentation rate of glucose, sucrose and
lactose in the rumen. Journal of Animal Science, 48:12-18.

31- Zhao, X. H., M. G. Jian, Z. Shan, B. F. Chuan, J. L. Chan, J. X. Lan, P. Ke, and R. Q. Ming. 2015. Effects of
Degradable Protein and Non-Fibre Carbohydrates on Microbial Growth and Fermentation in the Rumen Simulating
Fermenter (Rusitec). Italian Journal of Animal Science, 14 (2):3771.



Iranian Journal of Animal Science Research Olnl ols pole (sletidg s 4yl
Vol. 11, No. 4, Winter 2020, p. 413-424 i A413-424 . p 1398 e b o5l L1 s

Gas Production and In vitro Digestibility of Various Sources of Non-fiber
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Introduction:Carbohydrates are generally classified as either non-structural or structural carbohydrates.
Structural carbohydrates include cellulose, hemicellulose and lignin, and non-fiber carbohydrates (NFC) are
present inside the plant cells and are usually more digestible than carbohydrates found in plant cell walls. Dietary
non-fiber carbohydrates are the main source of energy for high-producing dairy cows, which provide 30 to 45
percent of the dry matter intake. They are a very diverse group of non-fiber carbohydrates, which include starch,
sugars, fructans, and pectin substances. Although the total amount of non-fiber carbohydrates is referred to as a
single value, different types of NFC have different effects on digestibility and production properties. The dietary
profile of NFC has the potential to alter the supply of metabolizable nutrients to the animal because NFC differ
in digestion and fermentation characteristics. Sucrose is rapidly fermented in the rumen compared with corn
starch. In vitro fermentation of sucrose, starch, and pectin resulted in different organic acid profiles, digestion
characteristics, and maximal microbial protein yields. In addition, these effects may be affected by other feed
components, such as the amount of rumen degradable protein. Some researchers have been showed that the
impact of starch and sugars on low quality forage utilization may interact with the amount of supplemental
rumen degradable protein.

This experiment was conducted to investigate the effect of various sources of non-fiber carbohydrates
(starch, sucrose, pectin, dextrose) in combination with different levels of rumen degradable protein on gas
production and digestibility of fermentation parameters in in vitro condition.

Materials and Methods: Soybean meal treated with heating at 160°C-60 min and untreated soybean meal
were selected as low rumen degradable protein (RDP) and high RDP sources, respectively. Four types of non-
fiber carbohydrates (dextrose, sucrose, starch and pectin) supplemented with two levels of rumen degradable
protein (RDP) in a 2x4 factorial arrangement by gas production and batch culture. A basal diet including: alfalfa
(30%), corn silage (10%), barley grain (25%), wheat barn (9%), salt (0.5%), mineral-vitamin supplement (0.5%),
soybean meal (15%) and non- fiber carbohydrate source (10%) was prepared. This study was conducted in two
experiments. In the first experiment, the gas production parameters for two levels of high and low rumen
degradable protein and four types of non-fiber carbohydrates (starch, sucrose, pectin and glucose) using the gas
production technique. In the second experiment, the digestibility of the first experimental treatments were
measured in an in vitro batch culture method. In the first experiment, the gas pressure was recorded with the
pressure gauge at 0, 2, 4, 6, 8, 12, 24, 36, 48, 72, 96 h after incubation. In the second experiment treatments were
incubated in batch culture conditions for 24 hours and the degradability parameters were determined using
equations.

Results and Discussion: the obtained results showed that sucrose had highest gas production potential,
organic matter digestibility (OMD), metabolizable energy (ME) and SHORT CHAIN FATTY ACIDS

(SCFAs) than other NFC type in low RDP level. There was a significant difference in digestibility of organic
matter and dry matter between treatments (P<0.05). The highest and lowest ammonia nitrogen concentrations
were obtained from treatments with starch in combination with high and low RDP, respectively. Treatments had
a significant effect on partitioning factor and production of microbial mass (P<0.05). Among the low-
degradability protein-based treatments, pectin treatment had the highest amount of microbial production and
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among the treatments with high degradability protein content, starch treatment had the highest production of
microbial mass and partitioning factor. Overall, the results showed that when the RDP level is low, sucrose has a
better performance in terms of fermentation parameters, whereas when using the high RDP, there was no
significant difference between different types of carbohydrates. It seems that these interactions should be
considered in regulating diets.

Conclusion: The results of this experiment showed that different types of non-fiber carbohydrates and levels
of rumen degradable protein had a different responses to fermentation parameters. When using low protein
levels, it seems that there is a greater difference between different sources of non-fiber carbohydrates, while at
high levels of protein degradation there is no significant difference between the different sources of non-fiber
carbohydrates in terms of digestibility. Based on these results, it can be concluded that the non-fiber
carbohydrate sources, along with the degradable protein supplement, has the ability to change the characteristics
of ruminal fermentation, the source of food and the production.

Keywords: Degradable protein, Gas production, Non-fiber carbohydrates, Digestibility.



