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3- Synchrony Index
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2- Indigestible Neutral Detergent Fiber (iNDF)
3- Effective degradability (ED)
4- Small Ruminant Nutrition System (SRNS)
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1- a-Amylase, heat-stable, A3306-10ML, Sigma-
Aldrich.
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Table 1- Crude protein and carbohydrate degradability parameters of the feeds

Shs> 2l P Cean i S
Feeds Crude protein Carbohydrate

a (%) b (%) ¢ (%/h) ED (%) a (%) b (%) c (/h) ED (%)
Sid doigy 39.80 46.95 6.80 66.86 18.53 46.95 5.06 42.15
Alfalfa hay
puiS ol 14.52 33.83 9.30 36.52 3.93 51.94 1.97 18.61
Wheat straw
o 4l 33.55 60.75 6.41 67.68 22.72 61.55 15.21 69.04
Barley grain
& ah 28.06 60.53 12.94 71.72 20.77 73.00 7.29 64.07
Corn grain
25 e dlla 15.00 74.25 3.63 46.23 16.17 79.11 5.22 56.58
Sugar beet pulp
puS wgns 40.29 51.65 28.53 84.24 26.87 41.41 18.91 59.62
Wheat bran
Lge oS 15.21 83.34 3.64 50.32 24.09 75.70 5.31 63.08

Soybean meal

(03) g sy 4225 ED ciel 3 15h) gk 425 ¢ 1€ o(00y9) 5 5 JB s D (03) @ o 28 JB i@t
La: rapidly soluble fraction; b: potentially degradable fraction; c: rate of degradation of b; ED: effective degradability

24 Bao 3 0y glaaSd oytod LB Slamg S g ()3
PSS 4n (59> p)S G sllanas B2 s g el
aw d boys Jlojen (adlis (32) ol odd yess lpamg S
Pl CpBigp 45 Wb wala g9k 0/92 4 0/78 0/64 s
Sl b 039yl ddsle & 0yl el 5 el gilie LB (535
o0 5 (el mlatS it 0,8 Slesl (2 Jods) azzils Sl

B9 LSy 0y s a3 (sldgle (5w (13,5 55

Olinle T ciad (laiiey 63 dadas

o L o 5 didosS ol) G2 3] g3y 31 s cnl )3
b p,59 LS 30/17EL/1T 59 ko b g anlo 15 5 14 oy
i Sy 5 itisS 1 S b o3litl (glraSit Agtinsd
Bl yglaer 5 Sl Bpae 655 ojll Sl b (Sl
g 4l Of 4 slil o yiod it iy JLE 1l g sgdne
0393 4w 3 Ginlafl JS 292 (s T den (sl (Jarme bl
b bl (6 pS03ll jg, iy 9 sy ke gy 14 Jalid 059, 19
MiaosS ol 93 4 (lad) (2 0 s Sl S 2 090 2
O bangi (A 0y 1 0)93 dw ()L 53 4S9k @ Ab ge 03D
i1 Sizs osle )5 830 29 39 0 b puna ())S5) AidugS o],
Sty e 17 g o cin oaeg 93 )0 ciulojl (sloo s
oasle (L dm jgy (23S Ty3 5l S 5 8,5 (o0 )5 (tdugS
Ao i 9 Sogleen Shss

Cobad lj,» sire odlo awpiwd CllBP calay oyl o
P eSSl g 5 K aaphaps ) Job gladolb
295 b g 36 o L g ol 4o slaplej g ol
lgle (150 )y £5 (SRNS) oad oolitl qugio > )lj3l p 5
B 4/01 o3ga5e )3 a4 o wulats sy j3 (Il lge g
dlS oygl 3y90 g celw > woys 544 15 5/38 4 4/05
sop gy 9 20 95 (1 (8) gy 4 BB pisw & 3 08
2oy3 50) el ya 55 15l 05 (C) ey a5 £ b obilesdly
Saiize (18) o, SKimg Sy (B1) conl 4K > (el jo
w5 5l ol sbodls 55y 5l Slejer jadld auslxe oS
ol Jolse gt aals 5> Joole g pls g sy
lojen sl duslons plSin & Casl Sao 5 5,5 3 (o3
Ol s b ads aw Gimoty ol po W Gl cund 4 bl jlide
Gl Gl g adl palS ez Sl sbonl sal il Jalys
3 B0) Slojen sasls dwloee abnly )5 Jole gl &y o
| Loy (S1) 2 ilegon el (32) 43 ssical lysag,S
b ShamsS 5 0sni upid Sl ) onel Cunday olie
(32) i apulxe 4 alay,
[25—hourlyn/cHO2

” 24
22-E7

Sl = =

o

(4 k)
sy 4 CHO y N (Slojen s Sl akaly oyl o

1- Synchrony Index
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Table 2- Ingredients and chemical composition of experimental diets on dry matter basis.

(o S 3l 2o ) Shygs pME oy (Glojor (sl
Ingredients (% of ration) Synchrony index of diets
0.64 0.78 0.92

St ag 6.38 17.78 24.40
Alfalfa hay

puiS olS 24.90 13.02 6.54
Wheat straw

o ab 58.00 38.10 21.54
Barley grain

5 4l 0.00 13.30 22.43
Corn

25 e dlli 3.20 0.00 13.08
Sugar beet pulp

pUS pgew 4.90 13.30 6.54
Wheat bran

Lges allouiS’ 0.00 2.67 4.67
Soybean meal

(<51 946) gl )3 o 1.40 0.44 0.20
Granulated urea (N=%46)

Lataliyg g (sdne JoSo 0.40 0.40 0.40
Mineral-vitamin premix*

Sl 0.14 0.14 0.14
Salt

S Sl S 0.68 0.85 0.06
Calcium carbonate

Chemical composition

(30y3) pB gy 13.65 13.24 13.14
Crude protein (%)

(332 1 £.5) pslytio B (532 121 119 120
Metabolizable protein (g d1)

(PSS 2 Sl & ¢ JEI50) puidiplio L5 (55, 2.42 2.45 248
Metabolizable energy (Mcal Kg1)

(2o p) S5 09 ) Jgloeels LI 39.31 38.21 38.54
Neutral detergent fiber (%)

(3y3) ot BB e 15 o9 > Joloel LI 24.54 23.88 23.30
Indigestible Neutral detergent fiber (%/NDF)

(32) sy 0)luas 2.31 2.72 2.84
Ether extract (%)

(10)3) S5 5.42 5.67 5.56
Ash (%)

o8 20 i 7 50 ik o 20 E poling 35 e 100 D3 iy Al 2o 100000 A ool Al 2oy 500000 ol oS J p 5o yo T

g2 pgstles p S o 4 g 3y 25 oo 100 LS 2.5 oo 100 o 25 oo 280 cg, .58 (53S0 2.5 2 cioml 5 3 o
! Containing vitamin A (500000 IU), vitamin D3 (100000 1U), vitamin E (100 mg), P (20 g), Na (50 g), Mg (20 g), Fe (3 g), Mn (2 g), Zu
(3 g), Cu (280 mg), Co (100 mg), 1 (100 mg), Se (4 mg) per kilograms.
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1- General linear model (GLM)
2- Orthogonal polynomial
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Table 3- Effect of synchrony index levels on rumen pH and NH3-N (mg dI) concentration in fisulated sheep.

oo lojon sl

: ] P-Value
Synchrony index of diets
) aallae 3y90 iy 0y 0.92 SEM Model Linear
ems
pH
(;m;;:;z;;%;))w-o 6.61 6.46 0.07 0.1561 0.9117
((f;f hes f?” Tf:_ll ‘r’))pH'l'S 6.00 5.840 6.03° 0.04 0.0384 0.6658
. ours arter teeaing
(2315 o el pH-3 5.72 5.76 0.04 0.0583 0.1501
(3 hours after feeding)
(2315 | el BpH-6 5.76 5.88 0.04 0.0532 0.3404
(6 hours after feeding)
Slogel gy
NHs-N
((éi;j:;:;;%fg))'\'m'“ 0 12.15 12.43 9.91 1.01 0.5858 0.2372
((f;:r:; ‘;9; ;‘ f?:r?:e:iigNHTN 15 24,63 20,720 16.07° 0.99 0.0675 0.0075
(ﬁgﬁgf{;ﬁe;ﬁg“ Hs-N -3 21.00° 18.542 11.65b 1.26 0.1679 0.0227
(23195 ot el BNHz-N -6 14.03 12.74 10.05 1.25 0.3728 0.1452

(6 hours after feeding)

(P<OM05) asl o 3 sine glis (chyls line i g by sl Siko Yo o o1
1 Means in the same row with the different letters are significantly different (P<0.05).
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oy B 1 5 (slaoyy sl 3 (28) phlSen 5 gud)lo,
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Table 4- Effect of synchrony index levels on rumen liquor volatile fatty acids (VFA) (mmol I'Y) concentration in fistulated

sheep.
by (Slojar pasld P-Value
Synchrony index of diets
:J”“" %90 lao 0.64 0.78 0.92 SEM Model Linear
ems
(23855 3 LEVFAO
(Before feeding)
::;‘ate 23.05 22.71 28.01 1.59 0.6422 0.1224
;ﬁ::ij:nate 11,91 13.42 14.128 0.31 0.0092 0.0928
Sy 9.42 9.37 9.37 0.37 0.4210 0.7300
Butyrate
gl 0.03 0.052 0.04 0.003 0.0147 0.9203
Iso butyrate
©hlsgs! 0.23 0.22 0.24 0.03 0.4167 0.4762
Iso valerate
<l 1.41 0.98 1.19 0.22 0.7364 0.3078
Valerate
o sl IS 46.13 46.75 52.97 2.24 0.5210 0.1227
Total VFA
(23Sy9 il am el JVFA-3
(3 hours after feeding)
:L'Lwt‘ t 40.38 42.75 49.58 2.37 0.4108 0.1242
cetate
;:%_m t 17.25° 17.69° 21.08° 051 0.0234 0.0049
ropionate
<y 7.27 6.45 10.16 1.40 0.6341 0.1638
Butyrate
yisg! 0.04 0.03 0.03 0.06 0.6271 0.3019
Iso butyrate
< llgg! 0.36 0.45 0.34 0.07 0.2149 0.2723
Iso valerate
<llly 2.54 1.74 1.64 0.29 0.4966 0.0798
Valerate
4)3;.;;\%/ ;s:w 5 67.840 69.11° 82.83 1.60 0.0401 0.0045
otal

(P<OM05) sl o 3 sine glis (chls line i g b sl yuSibo Yo o o1
1 Means in the same row with the different letters are significantly different (P<0.05).
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Table 5- Effect of synchrony index levels on purine bases and microbial protein synthesis in fistulated sheep.

oy Slojon a3ls P-Value
Synchrony index of diets

adllan 3y50 Clio 0.64 0.78 0.92 SEM Model Linear
Items
(s 3 Jso Lo ) sV 5.25 4.91 5.25 0.22 0.1688 0.1302
Allantoin (mmol d-%)
(5 33 Jso oo ) (il st yil;S 0.72 0.72 1.20 1.58 0.1363 0.0589
Xanthine + Hypoxanthine (mmol d2)
(391 0 Jge e ) Sapol sl 1.21 1.33 1.13 0.11 0.5894 0.4730
Uric acid (mmol d*)
(3) 1 Jso oo ) o5 285 Liaygr ol JS 7.12 7.01 7.34 0.14 0.3964 0.5938
Total purine derivates excretion
(mmol d?)
(s 33 Jso Lo ) 038 Gl gy linia JS 7.97 7.83 8.22 0.17 0.3964 0.5938
Total purine derivates absorption
(mmol d?)
(s 33 £.5) 053 M55 LoagsSwe s 5.79 5.69 5.98 0.07 0.3964 0.5938
Microbial nitrogen produced (g d1)

36.20 35.56 37.34 0.76 0.3964 0.5938

(395 2 p.5) 03 Mg (295500 (W9
Microbial protein produced (g d*)

(P<OM05) asl o 3 sine glis (shls dline i g b (sl Siko Yo o o1
1 Means in the same row with the different letters are significantly different (P<0.05).
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Table 6- Effect of synchrony index levels on nitrogen balance and reinstating in fistulated sheep.
oy lojon a3L3 P-Value
Synchrony index of diets

adlllae 3y50 Sl

0.64 0.78 0.92 SEM Model Linear

Items
(55) 2 F)f ) u'a)“"" 39y 17.26 17.26 17.26 _ _ _
Nitrogen intake (g dl)
(39 22 £5) ggbae Slosd 83 Ui 3.55 2.96 3.25 0.16 0.2036 0.4112
Nitrogen excretion from feces (g d*)
(3522 £5) )3 1 oas 28> 0ay% 371 3.55 3.36 0.17 0.1216 0.3334
Nitrogen excretion from urine (g d%)

. z A AN A e 1
(392 £5) 035 > 039y IS 7.26° 6.51° 6.61° 0.08 0.0019 0.0123
Total nitrogen excretion (g d*)
("”_” 7) o Aol 0o 10.00b 10.76° 10.65° 0.08 0.0019 0.0123
Reinstated nitrogen (g d*)
(1259) o5 Bl o233k 57.94P 62.30° 61.69° 0.14 0.0019 0.0123

Reinstated nitrogen efficiency (%)
(P<O/05) 4l o )l gne 95 (1> bt i g by (sl xSk o o 13 2 suumgy 5l o Lis sloaY g ity 330, sl gt
L Wool loss and dandruff skin was considered negligible; 2 Means in the same row with the different letters are significantly
different (P<0.05).
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Table 7- Effect of synchrony index levels on blood parameters in fistulated sheep.
oy Slojon il
. . P-Value
Synchrony index of diets

axlllas 3yg0 Clao
Items

Shgs Span | LS
Before feeding

0.64 0.78 0.92 SEM Model Linear

(g 2 5 k) 5595 63.50 62.92 66.50 0.89 0.0616 0.2472
Glucose (mg dI-Y)

(=2 f)_s) Orese) 3.80 3.55 3.87 0.27 0.5920 0.7221
Albumin (g I'Y)

(s 2 p k) 0 slogl g 1610 1518 1576 1.37 0.6754 0.7508
Blood urea nitrogen (mg dI-)

Slygd Bpas jlam el 3

3 hours after feeding

(oo 2 £ S dee) 595 7300 7420  74.00 4.00 0.3982 0.9047
Glucose (mg dIY)

(= f’_s) G 3.66 3.58 4.04 0.33 0.6071 0.2953
Albumin (g I'Y)

w e Ll ‘o ‘ R
(s 2 p k) 0 slogl g 17.48 1656 1628 1.23 0.4194 0.5086
Blood urea nitrogen (mg dI-1)
(P<OM05) sl o 3 sine glis (chls uline i g by (sl Siko Yo o o1
1 Means in the same row with the different letters are significantly different (P<0.05).
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Introduction: The nutrient synchrony is synchronization of ruminal fermentation rate of energy and nitrogen
which is a method to increasing microbial protein synthesis, improving nitrogen efficiency, decreasing urinary
nitrogen excretion and improving animal performance. Microbial protein production is important for ruminants.
Current concepts of ruminant nutrition focus on optimizing ruminal microbial protein synthesis. Microbial yield
in rumen depends largely on the supply of carbohydrates and nitrogen in the rumen. Balancing the rate of supply
of nitrogen and energy yielding substrates to rumen microbes has been proposed in order to maximize the
capture of rumen degradable protein and to optimize microbial growth rate and its efficiency. A more efficient
capture of rumen degradable protein would reduce the requirement for expensive undegradable protein sources
and also reduce the excretion of urinary nitrogen which case to environmental pollution and economical losses.
Synchronization index expressed as the ratio between the hourly degradability of nitrogen with organic matter or
carbohydrates in the rumen where the highest value for the synchrony index is 1.0. This research was done to
evaluate the effect of synchronizing the rate of carbohydrate and crude protein ruminal fermentation on ruminal
fermentation products, microbial protein synthesis, and nitrogen balance and blood parameters in sheep which
were fed with similar components or structure high concentrate diets.

Materials and methods: Chemical compositions and degradability parameters of crude protein and
carbohydrate for alfalfa hay, wheat straw, barley grain, corn grain, sugar beet pulp, wheat bran and soybean meal
were determined. Three diets were formulated for feedlot male lambs with same energy and metabolizable
protein but containing different synchrony index 0.64, 0.78 and 0.92 which calculated by using degradation
parameters of carbohydrate and crude protein of feeds from the diet. The effects of synchrony index of diets by 6
rumen-fistulated sheep with an average weight of 30.17+1.17 kg in metabolic cages were assigned in a duplicate
3x3 Latin square design (2x3 animals; 3 periods). Samplings were done in 3 periods (each period containing 14
days for adaptation and 5 days for sampling). Rumen fluid was collected for 5 consecutive days in the end of
each period and ruminal fermentation parameters containing pH, NHs-N and volatile fatty acids were
determined. Urine of sheep was collected end of each period for 5 days and microbial protein synthesis was
estimated by measuring purine bases also nitrogen balance was calculated from the values of nitrogen
consumption and excretion. Bleeding (19" trial day) were done from sheep and blood parameters such as
glucose, albumin and blood urea nitrogen were determined.

Results and discussion: There was no significant difference in ruminal pH among diets during fasting
conditions or before feeding. Also there was no significant difference in ruminal pH between treatments at 3 or 6
hours after feed intake. With increasing synchrony index, ruminal NHs-N concentrate reduced especially at 1.5
and 3 hours after feed intake. Total volatile fatty acids highest at 3 hours after feed intake for diet had highest
synchrony index. With increasing synchrony index, total volatile fatty acids concentration increased almost by
20 percent. Also the propionate concentrates increased not only before feeding but also at 3 hours after feeding.
Total volatile fatty acids and propionate concentration showed a linear trend between diets at 3 hours after
feeding. Purine bases such as allantoin, uric acid, xanthine and hypoxanthine, total purine derivatives excreted or
absorbed also microbial protein synthesis not affected by experimental diets. With increasing synchrony index,
total excreted nitrogen reduced but nitrogen retained and its efficiency increased. Blood parameters such as
glucose, albumin and blood urea nitrogen not affected by treatments.

Conclusion: with increasing synchrony index of the diets, microbial protein synthesis did not increase but
total volatile fatty acids concentration and retained nitrogen increased whereas ruminal NHs-N concentration and
total excreted nitrogen decreased. However, increasing nutrient synchrony index in high concentrated diets did
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not show the expected desirable results such as increasing microbial protein synthesis however did not also show
undesirable results such as animal health. Due to the beneficial effects as increasing in fermentation and
decreasing nitrogen excretion or environmental pollution using the high synchrony index diets can be useful for
feed formulation or providing the perfect mix of feed items to meet nutritional requirements of sheep.

Keywords: Blood urea nitrogen, Microbial protein, Nitrogen retained, Ruminal fermentation, and Synchrony
index.



