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Evaluation of Nutritional efficiency of encapsulated fish oil ca-salts in vitro and in vivo
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ABSTRACT

In this research encapsulated fish oil Ca-salts were produced by using a saturated FA containing material and evaluated.
Nutrient content and FA profiles of produced supplements were determined and ruminal biohydrogenation and oil releasing
were examined in vitro. Additionally, in a complementary in vivo experiment, effects of dietary inclusion of fish oil, ca-salts
and encapsulated ca-salts on nutrient digestibility and ruminal paramerters were evaluated using three rumen fistulated
Holstein cows. Encapsulation of Ca-Salts increased protection efficiency of PUFA against ruminal biohydrogenation.
Encapsulated ca-salts with 10 % of wall material (weight basis) had lower biohydrogenation afer 48-h in vitro incubation
(P< 0.05). Encapsulation of ca-salts decreased rumen oil release but oil release in other simulated media or total tract oil
release were not affected by encapsulation (P> 0.05). Protected supplements increased nutrient digestibility compared with
fish oil (P< 0.05). Non-encapsulated fish oil decreased acetate and rumen N-NH3 concentration as well as protozoa
‘population, but increased propionic acid concentration (P<0.05). Encapsulation of Ca-Salt did not change rumen
parameters (P> 0.05). According to the results, it can be concluded that encapsulation of ca-salts increased protection of
PUFA against ruminal biohydrogenation without worse effects on rumen parameters. Encapsulation with 10 % of wall
material (weight basis) can be presented as the best treatment according to chemical composition, fatty acid profiles, rumen
biohydrogenation and oil release results.

Keywords: Encapsulation, Omega-3, PUFA, Ruminal protection.

* Corresponding author E-mail: h.khalilvandi@urmia.ac.ir



w3 ole 9y o i cemnlS SlaSed Slasdss SIS g 0,0 g 559 00 (g5 > "Rt

e ol 80uSab egia Wi e Syl el
Wlools Hlas iz b gw,p Jbcpll all
o slaassl (G pad dfgynee ol
Of9y ezl (2byo plie yo iy a0 elidl e
39,0 Ol 5l S by Sl 5 b
Doreau .cewl au S VA © > slaacsl gy ool
alisee polie 3y,5 oysey) ,o (1997) & Chilliard
Rl S92 gl ais S A1S aneSh 4 oale 08,
Oliee Gl b amsjles 4 axdly b2 DHA (e
A3 s50 0z slasel plisl 1w (laeSt &)
a8l Ly polie g odbdife,ned Com) 4neSd )3
aeSl ay (o3 polie I eS jlewe SO,k 85, @
B3l oolie LislesT cnl 5o ol 2 oapdl e
)0 LA VY 5 Ve aslial o glass!
aS 0l odwlive amojles Slgioe jo Wglae gl
saiasylad Wilgd oyl cpl 20,5 g lagoes (0l
Sl o) wrz Gladsal (g Gad w5900
Wachira et al. ool o, ol ol &b
EPA 3 DHA i) od aifs,0b ol5ee (2000)
2230,5 dwloe do 0 YA 5 VY s s |
IS s,y sloals 5 JolS iy 055 51 o
oS lacSas Liges JalS Bl alos ouiis sl 8
Sz ol sadchiln g)bv sleaie ks
Josidsw poosllael b o elasld
Block et al., 2005; Fotouhi & ) siies (glaweSs
.(Jenkins, 1992; Jenkins & Palmquist, 1984
Jgemaygbar SHb 50 0g2ge (oS looyz
coialy Gfsy eelS orp slased ol
095 (plrord Lo s )l At (ugle
gaze onl 5o medS 9 0z sl eSS

9 o\>9.:.’> JLd d.a.oiw )Q LQLS‘P u.“ 45 .)5....4‘50 V\.CL'

ool 1 a3 5l cos 1) aeSl cuis S
bsy eSS bz g (nl &5 Cwl G
Sfdes jo amiiyy g 0080 sbml SUI G,
e b oS el olml (SIS Sl il
St andS 4 Jate > lasl @anSs |
N N Vi KR S R\ RSO - Vow) By PV

855 o Oygo Slelas ansilgs o Oy slaawl

-

dodio
@z At ple (sipl A ils s«
Gl Sz e el (e Glyieds o)lgen
Gt s 2l Gleerx o 55l bl
Wlodgy yhae (popd 8590 LT 0wy
S35 el 4 dgame o wlie 2 )5 (ol
oz sadesl (S p (Sojsle s Coeal g 00g
ool 5l aedos solatwl gl |y anwey glidl, e
Reynolds et al., 2003; Santos et ) <l 05,5 o2l,3
Bl 089, & Gloig 4z Ol (nl 5o (@l 2008
SRl et oz sl vy e Glgieay
SSgl35al58s 5 (EPA) sl Sgilinl;sh) ¥
lae e slagls Llié slao > 55 (DHA) Topul

5 Sendy G s ke Wy
ol oad gl comdilie) (55l g
@ eldlnd Oy laal (YL eolall 348 Conlu
5 IS L bl 53 szrge ONaa 5 il
Sty oM Ay wmle SO a4 gl Byas
Ay aeSh 0 00 S (Ggemliin )
Gt Aoz aroSh a o Shos  Cgllask
VLTI BT I SCOU S S 75w B F SR RS
glil,e o> sleawl (Chouinard et al., 1998)
o 4SS (GpailS)lg ) Gl sl
GRS o (S (b g0 bl g 0oy
.(Maia et al., 2007 & 2010) 598 o byl Coan
4 4SS )3 o sladenl Gad aijg aee Gl
5 St 3 8wl gl (o sl
@Uls oyl (S eSS 09,5 Corex
oM ey Gl aeSs sl st
S o] Hled g 455 4o lasaliin;
ey (Harfoot & Hazlewood, 1997) osls
Gl L o Glasaul () oo dijgae
Bauman ) ol oo iulidl dayl fjog slsl e ol
Big,0up e (2Kl 09 SYL (et al., 2003
@ S Silend g Selad wel (g b

1. Ecosapentanoic acid
2. Decosahexanoic acid



-y VPAS lins) oF 5l oFA 8,58 el ol psle

Sl > bl oS LS Sl b S
Lld j0 ohon gldlpe o lavwl 5l cuslie
Bridges, 2007; Jenkins &) <ol aweSis aule pH 4
&lp gxiws 13 (Van Nevel & Demeyer, 1996
sl oollae clidle plateds alaty, 3L
@ liwd )0 (50l Comal @Sl o eldl il oy
L .(Jenkins & Bridges, 2007) s lo oase Ll slacdun
e deye bl oe OleS 4 dxg
ol Boewole oy Bl p eSSl oS
5 elS Gl ads b esn Glasn
S5 pl O PO eerlS slaJeSe
wnlp b er s s GladeSe ol
5 e lpe GRS Gl IO
Sa¥gad pliiade gl o (glaceSls glaasinl )

.05.3

g5 9 3lge
sleal, LU p Gialesl o olanwl 0,50 (slapls
ladss [0 slae,ie glapls 5l oolaiul 5 (6,lagSS
s Ses (FASS, 2010) was (5,45 als pole
S i Loy B F Kl —cilis ) jLss,ge iy
o yrad] jo Wl ils LS Lo il Seles
oSl WaS a5, 5 g eadoln
V=Y colaiwl 0)50 JoSe ol)d S3lail Glad ay5ed
oolaiwl 8,90 Jyame Slasin ;S50 09 o s
o IS o) St ssle e 5
2 ) S (S sl 2 5LS e
3o p 59k 2 p)9) S ((Sis B3le p S5l
AYYIY e by @ 2o d als (655 5 (S
2 65 Ko O/AY o YYRIEE AYIOY AYYIOF
Gy oS o Sad g S bole 6,5 9LS
3 oS 5 Jels oaiilingy sole 3l oolawl b colesys
9 Sl o SOHlal al) gl oy slaal
liadgel g oanS b GlacaS S (Se,d)
Lg S g Ol o wiler S5 slocoS 5

Ce . <
Q"‘ )Q dodu )‘Qu.w.»y 6)54.1095- P9y )‘ oolawl

1. Deep-coating

ol 09> e g, bl ;o (1991) Wu et al.
Sl GlaeSl Sty (S &jgy0ee WSS
RUVW IRV 1 R WP UUU Ly U0 SOV e
Iy Sl cdadlxs o5 (1991) Klusmeyer et al.
00l wll s, sewdS wyz oo Cnl sl
53,8 15

Goobe 5l eolanul Aol iy sl iubesl o
w2 slasl cdatbre 0 cemdS sla S
Spe o slarsl Xl a4 analy gldle
Jle sy ol 00l g Jgams adgi o oolil
Seilsd g Olsea) Lgw (29, 595 serlS
(ol Sedgid ae plgiea) Sy (585, 9 (s
cals b o sl G o5 b
Fotouhi & Jenkins .(Chouinard et al., 1998)
Wis,S olgiin 9e3 slaaw,p bt o (1992)
e glnl e O slau! andS slacSias
Oy SOl a8 anle jled 4 sadcdadloe
s Ll Oz sl oS Sad S5 5o
o> o ow,» s 4o (2003) Enjalbert et al.
3 Sl Silaid Glaasiles b, ool lad
e ol o gl pends Glases
we Yol oz ol S slS
05,5 el Send Sras S I
L ogr st YoilS sowmdS (slacSel 005G e
P e sl o gldle s Al
oS Gl Tl 5 ceendS SlaSe oS
5 ) oM Ahgydee plp e cdadle ol
Oy ol oS oS g b
Relling & Reynolds, ) wb o uals slosl e
(2007; Jenkins & Bridges, 2007

oz Slasl Bual glesll e (Jcall
53gate gz g diilen ol fole (LS o Sai sl
3 lin (GlaSs 75,5 5 5 AneS Al (o0l
Ssise a5 wiils e oo ole alazl 1) 05,05 slagls
iz ol cedS GloSes gl dlaulga
b sheeSis by Glogie Glyea | gl
Block ) s,5 slaels glacaSis clibloe Sglite zghaus
«hlie o (et al.,, 2005; Fotouhi & Jenkins, 1992



w50 ol 29, S ibg oS slaSas Slasdss &‘)K =y BRSSP P VPR Py W = O+A

b gl cilise sladae § 4SS mlo il
P xS Ge e S s IS el
U oo g jsba 4t mbe o
40 a8, 8 sadgleand Gl slalae
o @l ool i pilez 5 pome Il
dep g 4eS mle oy 0 gt 05,18
A o ol dewlbe sudigjleans sblase
a5 pbl egiae Gl L el plx
.(Khalilvandi-Behroozyar et al., 2015)
5 AlegS W) an ) eslinal 590 daSd mbe
eSilie by GlaaSs Vst &) sgme bl &l
Slopls STyps ab e o, ShS Bee £ Yo s
Lg J“)" o)ng.J L 4.95J.£ Cnnsd Ls uw-’l-ﬂ)—‘ Syg0
oo 3l eolawl L CNCPS V5 l53le 3 L £+ :F -
Vo Ol 4 She ad ags Sos sl Sy
3l baeg 50 )3 IS gl I VL as e
Al ools Lgl.‘br:‘o & yac V7 g meo A slacels
Gl ol ol o La:lnb (V Jge)
S ol Gomd oSl 5 Ol & 0)lsem 5 0ns
Oialesl Slel 51 Gias 59, ooyl axiils cwtws
sl as ad 3 Gl o eolole 5,50 leiea
g #3Ss5 5l Gy eohlesl 9, e 4
W ey ) ool b g aaSis Cilisee sla i
o2l S Gl 4 Sy 0 g 43S slapls
0 Y1 Gl L lSidls 9,0 5 byl
é)Lo oliuuLo)T 4 JLD.».)‘ )l o= REW 4.».7u) uu}‘.w.l.w
Sl Jaie slos 2SU ol las jglatedy Sl
P aSs ol den jeas 5l loebl
L oSbglsee 5l eolinwl L ojlel jo wusS laa
L ol g ool boglste aids g0 S 4 Yo ju
gl giou g Slo 4 jlx 5)95 Ak 5l eolial
Co o gamdes &30 YA oo b ol plom (49,0
gl S35 B 0o wenSliss S By ol
B9 S 8L 51 plp e booadaVl deSs
Ol S8 o)lgs g oad bl (sgras 5
N Y PR JX S BT IRSURL SVOUR. 3 (XS L VWP
Olawd 0,5 VIVY (olo, S o o5 A 0,8

ool Lo )T gd (slod 4y o, b ousiligs sole b,
Gy sl Pl ailoles jo ols 1,3 51 g 00l
SRER I P91, ROV L -1 v-YE GNP X vy ¥}
Sis g S Gl sles o gy sl e
)90 Gider Oj9 Oy U (B by anl )8 aind
eondS S Sad 39 o010 g Ve D 4y eolaul
8L dslsl
o9y 3l sy sledeSe IS 2z e sl
L gl 5 goeal ma2) AOAC 954.02 (2000)
S ole liee dslme (gl ol oslial (D>
grmades 3250 140 (los L gl 5l (sudgs Y gae
solatwl AOAC 930.15 (Y+++) celw Y o @
boysS 5o lotiges ool 3 b 1Sl i 5
Oeetd Sl VY S0 @ ugedis d 0 £ leo
laaiges 23,5 5 vy (AOAC ID #942.05)) u
Oliee 0l solaiwl dus 0 FO S is awwl 5l o558 0
Cdo olSiws l eolatul b ladigad ;0 352 g0 el
Atomic absorption, flame emission ) .l
w25 (spectrophotometer, AA-670, Shimadzu
ez gl 3l o s slaaesl sl
Ohey Blhae eaii g ead b by ladiges
OMD Wiyt Olie el GRS 0 eddliogs

R Iy

Bds g3l solnzmo 30 (59 s3luoll (3!
QWb difgyiad ply 50 Caoglie 9 (Gh)leS oliws

)
sloboe (8, el Gbjyl slaiea
Cai A 08lsS 5 Sk 8oy, conne Badigiluand
oolitisl b s )3 a3 VI 5 BIA VY ayonsl pyolie b
(@l LS lanssS sy 5 Gl SOl ey S|
plp e eolaiul 0js0 il SOL e S0l Ay
Sole ylime L b ol Ol onliaoss e 5 i
Kosaraju ) ail axsls Slgsees oolainl 5,50 Stz
38 089y il ol s sy (et al., 2009
o ez 5l )l oK dilize slais
4o (Kosaraju et al., 2009) o oolatwl calizes
v Al O aed sadidadln olge gl >



-4 VPAS lins) oF 5l oFA 8,58 el ol psle

Lol 5 od e 00 colesys 5 (Jenkins, 2004
O Sl pylie Ly Cod 3l 5 aeSl b
L cSadls g, 5 09538 LeSudld 51 alaS o 15,0
iy Y Gl byl 0 sl al el
3 om s i O &al o alosl gl
FaPpH ol 5l eolaiul b oo )l 8,90 o)LL
Seyslgedenl ydides 1 Caledye 5 0ad 6 So3ll
2 295 bl okl jshiea Jlop Ve
b St mle 5l o zlydenl o alol Sl
T g o b pyig)lS - Jsie 5l eslisd
Sz 0,90 ,» 4o b plxl (Folch et al., 1957)
Eooma,d 5 bslie waly Kb g 5l suiiz] Sl
Selo y2 g JoSe 5 Gl 4 0j90 5o 5l diged an
Sl e b oolisel Jelosisar 325 (sl 5,
SFolee Sy Sl Sl ool b oy laal
ol SEl0lie) sl SOk 1 g Ay
oolawl L51>’|e 3, laitiwl lgieas (Sigma, H3500
Jo" z % (Ichihara & Fukubayashi, 2010) .
ol 655 spSolail 5 ge3T el (SisSe
Khalilvandi-)  cuwl  cal i)l i o,
G pd s 5l culys,o (Behroozyar et al., 2015
gdlpe oz slasesl I elSe Gl
el SSlRaliess el Syl
Seigid el Selgd el Syl e
Oley 2 30 (Sl Sigay )Ll 5 dsl Syl e
Somed a3 g 9 She o) 4 Cand (550K

Al ool e dwlore (gl SO polie @

5 TV lS iy 05 2OV o (39000
pr oaibey 5 ol o Al You 5 ds o8
bylo §f i il 4t ) & gl oo
EESN 1 U P PSP UK o | PR PR W
A (5 )IS 0y aST6s 5L g egendas
2 Oy Gl slagie (GsmlsS) 5 IS
Sl L g (1996) Van Nevel & Demeyer &L
Khalilvandi-Behroozyar et ) ¢é,5 &jq0 s
oles 5 395 B 530 om 3l skiees (@l 2015
doals BeSs mlbe coiS 5 by b 5 (6l
Aolil (Dglate g, dw) 0,50 dw [0 (5,laeSS
Pl sw 8,50 ST 5 0550 o 0L G 03500
Voo MJ)-IO LJ) J.....y)ie w 0)5..) »® )b 9 IR
AN ley o 50 ladeSe 5l plaS o (6l (il e
5 Oy b myp polaied welo FA 5 VY
il olais] (aeSs 5l e il slacas o
ogdlea, .(Dohme et al., 2003; Fievez et al., 2007)
bolowe (gl S il (5 IS5 8590 2 0
oS 9 9 SThe> sladeSe Sl 5 4eS be
Enjalbert et ) oi az3,5 Lo o sald lgeas o)
b JoSo 5l plaS 2 51 9, 0,5 o YO .al., 2003
£S5 ko O+ «(Van Nevel & Demeyer, 1996)
weasads Shes L oasles) S Slpes
lu)fu;].uo \- 9 ‘SJMGJM Yy L: o..\.w&_’L».wi
iy, S e (0 pssigel Giginee Sl
Van Nevel & Demeyer, 1996; AbuGhazaleh & )

(S sole 0,551 2 p,5) 4eSs mulo Aus sl ooliinl 590 Jlo¥5id slapls (L8 8 oS5 oo
Table 1. Composition of diet fed to fistulated animals to produce rumen fluid donors (g/kg DM)

Feed Ingredient Quantity Feed Ingredient Quantity
Alfalfa Hay 217.8 Wheat bran 45.3
Corn Silage 249.9 Rice bran 29.5
Wheat straw 132.3 Na-Bicarbonate 3.2
Beet pulp 28.4 CaCO3 4.9
Barley grain 99.8 Calcium, Phosphate-Di 0.8
Corn grain 28.4 Min-Vit Mix* 3.9
Wheat grain 48.8 White Salt 1.6
Canola meal 69.2
Soybean meal 36.3

cCap) 8 JooV oo e B yslig o8 oo Voo D3 palng Mollipw axlg Voot A peeling Mallops aslg Bee e e ol JoSo p,55LS o
CZn p Skt M S eV e LU S Ve Fe e S el e S el A oS e B0 e e P op Sl A0 e

(B.H.T) casuSToly p,5 b Yoo e g Se p,5 Leo) d o5 LoV e v Cop)S Lol e
* Each kg contained: Vit A, 5000001U; Vit D3, 100000 1U; Vit E, 100mg; Ca, 190000mg; P, 90000mg; Na, 50000mg; Mg, 19000mg; Fe, 3000mg; Cu,
300mg; Mn, 2000mg; Zn, 3000mg; Co, 100mg; | 100mg; Se, 1mg; Antioxidant (B.H.T) 3000mg.
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Table 2. Composition of diet fed to fistulated cows which used in in vivo study (g/kg DM)

Fish oil Fish Ca-Salts Fish Ca-SaltsEncasulated
Alfalfa Hay 223.6 223.6 223.6
Corn Silage 186.3 186.3 186.3
Beet pulp 37.7 37.7 37.7
Corn grain 112.9 112.9 112.9
Barley grain 131.2 131.2 131.2
Wheat grain 40.5 40.5 40.5
Soybean meal 105.8 105.8 105.8
Canola meal 67.1 67.1 67.1
Corn Gluten meal 26.9 26.9 26.9
CaCO3 12 12 1.2
Magnesium Oxide 2.9 29 2.9
White Salt 2.1 2.1 2.1
Na-Bicarbonate 9.1 9.1 9.1
Calcium, Phosphate-Di 4.9 4.9 4.9
Min-Vit Mix* 7.9 9 7.9
Fish Qil 40 NA NA
Ca-Salts of fish oil NA 47 NA
Coated Ca-Salts of fish oil NA NA 47
DM (%) 60.74 60.74 60.74
NEI (Mcal/kg) 1.66 1.66 1.66
CP (%) 17.1 17.1 17.1
NDF (%) 18.98 18.98 18.98
NFC (%) 24.24 24.24 24.24
CF (%) 6.34 6.34 6.34
Ca (%) 0.76 0.85 0.83
P (%) 0.55 0.51 0.51
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Table 3. Dietary fatty acid profile (g/100g fatty acids)
for feeding fistulated cows used in in vivo study

. Fish Fish Ca- Fish Ca-Salts
Fatty acids oil Salts Encasulated
16:0 14.76 14.83 15.03
16:1 cis-9 6.31 6.21 5.95
18:0 7.16 7.11 8.02
18:1- trans 157 172 1.73
18:1 cis-9 17.53 17.31 17.23
18:2n-6 22.65 22.58 22.35
18:3n-3 2.98 3.11 3.08
20:00 2.17 2.17 2.17
20:1cis 0.62 0.62 0.62
20:4n-3 0.36 0.36 0.33
20:5n-3 7.42 7.38 7.39
22:0 0.78 0.78 0.78
22:1 cis 0.34 0.33 0.34
22:5n-3 1.17 1.23 1.18
22:6n-3 7.25 7.05 6.87
Other 6.78 1.38 1.38
SFA 24.87 24.89 26
MUFA 26.37 26.19 25.87
PUFA 41.83 41.52 40.96
N-3 fatty
acids 19.18 19.13 18.85
N-6 fatty
acids 22.65 22.58 22.35
N6/N3
ratio 1.18 1.18 1.18
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Table 4. Chemical composition of Ca-salts (g/kg DM)

DM CF Ca TDN (%)° _ DE (Mcallkg DM)' ___NE; (Mcal/kg DM)"
Fish Ca-Salts 9722 87356 11353 12644 18152 758 6.07
Fish Ca-Salts Encasulated (5 %) 974.85 87864 8712 9621  187.809 7.846 6.277
Fish Ca-Salts Encasulated (10 %) 97382 88232 7864 915 18859 7.879 6.303
Fish Ca-Salts Encasulated (15 %) 974.88 891.13 69.86 83.75  190.479 7.958 6.366
SEM 5718 1549  14.272  15.49 2.551 0.107 0.085

ol 55 0 &y bgs e 0B l55 6l lone Byl 5 uSiles T

sl 00 dle (2001) NRC (6 s sloglS (s3ne dlge slajls ¥olee &L ¥
T Presented Data was LS-Means and corresponding SEM from 5 replications for each of supplements.

¥ Calculated from NRC 2001.
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Table 5. Fatty acid profile of fish oil Ca-salts and encapsulated Ca-salts (g/100g FA)

Ca-Salts Encasulated

Fish Ca-Salts Encasulated

Fish Ca-Salts Encasulated

Fatty acids Ca-Salts 5 %) (10 %) (15 %) SEM
12:0 0.129 0.126 0.123 0.12 0.0038
14:0 1.117 1.092 1.073 1.045 0.034
15:0 2.106 2.154 2131 2.089 0.064
16:0 3.094¢ 5.142°¢ 6.735° 8.0332 0.094

16:1 cis-9 4.083 4.133 4.063 3.974 0.124
16:2 5.072 5.149 5.088 4,982 0.155

16:4n-3 6.06 5.925 5.823 5.668 0.185
17:0 7.049 6.892 6.773 6.592 0.215
18:0 8.378°¢ 9.857° 10.252° 11.562 @ 0.365

18:1 cis-9 25.952 25.238 24.882 23.209 0.655

18:1 trans 1.404 1.363 1.338 1.301 0.06

18:2n-4 0.366 0.355 0.349 0.339 0.015

18:2n-6 2.055 1.965 1.929 1.871 0.092

18:3n-3 2.718° 2.485° 24443 2.356° 0.097

18:4n-3 3.114 3.024 2.969 2.886 0.134

20:00 0.168 0.163 0.16 0.156 0.017

20:1cis 1.296 1211 1.191 1.152 0.053

20:4n-3 0.88 0.854 0.839 0.815 0.038

20:4n-6 0.781 0.758 0.744 0.723 0.033

20:5n-3 9.944° 9.587 ® 9.411% 9.139° 0.378

22:1cis 0.237 0.23 0.226 0.22 0.01

22:5n-3 1.7212 1.660 ® 1.628® 1.581° 0.072

22:6n-3 10.220° 9.771%® 9.598 ® 9.310° 0.346

Other 2.028 0.864 0.227 0.877 0.334

SFA 22.041 25.426 27.248 29.596 0.694
MUFA 32.972° 32,1762 31.7012 29.855° 0.739
PUFA 41,943° 41,5342 40.824 * 39.672° 0.854

i s y51,8 5l alaS e ol ailSlas (6 5uFelail ¥ SEM g il po JBlas 1. S5kie 0 yi))55 slael

(P <e10) syl bl gy Sglicis sV cosdle b iy, o olasl

Presented Data was LSMeans and corresponding SEM from 3 replications for each of supplements.
Means with different superscript in each row are significantly different (P<<0.05).
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Table 6. Biohydrogenation of Omega-3, Omega-6 and Omega-9 fatty acids in different incubation times

Omega 3& Omega-6 C18:1
12 24 48 12 24 48
Fish Oil 51.973 76.845™ 88.416™ 47.871° 61.396" 80.371%
Fish Fatty acids 64.797° 88.843% 92.322% 64.802° 74.407% 82.374%
Fish Ca-Salts 25.749° 39.767° 63.094° 21.749° 35.765¢ 59.22¢
Encapsulated (5 %) Fish Ca-Salts 20.148¢ 29.618% 39.268° 17.394f 21.161° 34.351°
Encapsulated (10 %) Fish Ca-Salts 16.3379 27.274% 31.749f 13.58% 24.782% 29.9139
Encapsulated (15 %) Fish Ca-Salts 17.628" 26.415% 32.328% 16.802° 26.899% 31.184%
SEM 1.0086 1.0086 1.0086 1.2535 1.2535 1.2535

ol (0855 )lo3 S oSS glgil s (g Lol o cime cglis Basms lis gt y2 40 Sglite mug¥b cudle C b @

sl JoSo 8 30 sy 10 3 y50 o yz Sl A 93 G (5,15 Gl S8 50 (6 kel o sime glat ez Baimolis (s, e 0 Y X
a,b,c Means with different superscript in each column resemble significant difference between different supplements x,y, Means with different
superscript in each row resemble significant difference between FA groups in each of incubation times.
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Table 7. Oil release percentage from protected fatty acid supplements in rumen fluid and simulated Gl fluids

Rumen Fluid Abomasum Small intestine Large Intestine SEM
Fish Ca-Salts 31.345Y 87.426" 3.863° 4.114% 0.391
Encapsulated (5 %) Fish Ca-Salts 24.211% 86.216" 4.546° 3.418™ 0.3139
Encapsulated (10 %) Fish Ca-Salts 18.341% 87.115* 3.846° 3.259™ 0.2485
Encapsulated (15 %) Fish Ca-Salts 20.395% 86.654" 4.258* 3.518™ 0.5621
SEM 0.6501 0.3021 0..5877 0.1385
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a,b,c Means with different superscript in each column resemble significant difference between different supplements x,y, Means with different
superscript in each row resemble significant difference between different simulated G1 fluids.
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Figure 1. Effects of different fish oil sulements on in vivo apearant nutrient digestibility
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Table 8. Effects of different fish oil supplements on rumen fluid parameters 4 hours after morning meal

Fish oil Fish Ca-Salts Fish Ca-Salts Encapsulated S.EM
pH 6.74° 6.62° 6.68° 0.022
N-NH3 (mM/L) 88.69° 79.57° 78.33° 0.161
Protozoa (*10° ml™?) 8.35" 12.16° 13.12° 1.397

P D) ol oSS oy ‘_g)L;l S sine Dgls basmolad sy o 50 Sgliie LueVh cdle

Means with different superscript in each row are significantly different (P<0.05).
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Table 8. Effects of different fish oil supplements on total VFA and VVFA profile in rumen fluid 4 hours after morning meal

Fish ail Fish Ca-Salts Fish Ca-Salts Encasulated S.EM
Acetate 58.66° 77.21° 77.03° 0.571
Propionate + IsoButyrate 32.62° 13.67° 13.87° 0.725
Butyrate 6.93 7.92 7.67 0.571
Valerate 0.98 0.78 0.87 0.084
IsoValerte 0.81 0.42 0.47 0.087
Total VFA 77.76° 110.71% 113.73% 7.499

P 0) ol gine gl Basmo L 8y 2 50 Sgliie LugVl cdle

* Means with different superscript in each row are significantly different (P<0.05).
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