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Table 1. Chemical composition of the experimental fat supplements (dry matter basis)
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Table 2. Chemical composition of the experimental treatments (dry matter basis)
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Table 3. Chemical composition of the full fat soybean and protected soybean meal (dry matter basis)
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Table 4. Experimental diet ingredients (gr/kg) and chemical composition (% of DM)
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Table 5. Mean of protein digestibility of various source of protected protein in rumen, small intestine and total tract

ol Gl O
JLows Load clitbu  Load clitbuwe  oas chibew

&> e ) _ Jals

ofenes vIoa ov/ar® NV Y/ vajy? g oS’

NG 4 S s el
e VYA /5 v510-° AATAR vefy? 135" dlows S et =
ofeee -/fa vy a¥/an” ay/a.° M/xa’ bgw dlois T
0.

deeny vy AY/D-" v/ af/¢s? YAV 1518 oS S129) @B S
-/¥AN -I5% /.5 vy /Ay aF/y- g Ao oKz IS 53 gt s
o[+ -I5Y ar/ e oy > as/an? ayjy." 18 dbus oS

(P +1+0) wdlygn Yo dine SN (gl Syitio uf By b ey o Sl

o & Cos oy e mlio b odd clible LIS Jady 5 cilisee claleg St odlo pain ol ol
ol Sid odle paan <ol o1y (6l e VS sals 3 St odle claeSd (g plod o Canl oad 03y9] £
LIS 5 Lgw oS 43 3 Sy b S 5 (<0.0001) wisls o5 cdbliomo 151 oS 5 L oS slalos ke
Pl e OB gl 5l g pte L Bl gl il h el baled 4 Cuns
Ll il ol gledgy St odle maan bl cpido5 olise cpyieS Lgw xS 4> (p<0.0001)
03g) ¥ wab Cell JRlBl 5 eSS 3 cpdajs ) bosd clibe jld 4 baye sl Sis 03l
ladbeS § SaSelibtloe caslo ALT5 akmdoll duglie )3 (p<0.0001) 35 doys VE/F (Sikio b asedS
Sl oS Cuslond SIS Grizmen sl odgy (2 by bgye (SlaeSS e i (npteS 1S slajles
cdadle bgw dbuS > Sid odlo SlareSd g i Cnimed g (w8 (22 b osd cladlone IS dllous” 4
(V) ol Ll lodl s LomdS om bond Loy 45 390 glisS & gl oyl (0<0.0001) 55 VISl
O 2 WIS oSed IS )3 man ol (gl L ] Sphps Gl cage 403 Y7 9 FA (5t o ey
om o bl s Goli Lgw dbuS oyl plo e cobll b By Lgw alus 5 Sis ool
@ booad cbblre bales IS dbuS Glajles L oosd (yglp IS dlouS o 5o Sis osle (laeSls
&S by i 1y YL pie ol sald 09,5 4 Cos cab yials dopd Yoodgas 0 4y Yr Gledy Oyl
4y s Y&l b ot cliblons Jlag M) e ol 3 gl o 51 odlital b (YY) ohiSen 5 ol (1F)
bl (a3l > (p=0.03) 59 (ibdne wald Jles lie R dbgw dbxS lde Jele lyea
losloss 6518 g9 glés Sl o2l Yioisl Sl o win (V) 03,8 odnlie |, Sis oole (laneSi (6 iy o5

bl gl a8l o g9y 2 bed Sl g bgw @ Cans IS AlbuS aals Jlod 4 Lo (Slodgy et bl (1 yieS
Iy gy man Cubll & bayo gols «Sid oolo puin (o> YAIA 5 00/Y Cusy5an) 29— 3L S 5 b
53,8 308 g bgw oS (glaless 5 slodg) Al e 4> (p<0.0001)


http://dx.doi.org/10.52547/rap.11.30.57
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.16.8
https://rap.sanru.ac.ir/article-1-1126-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22518622.1399.11.30.16.8 ]

[ DOI: 10.52547/rap.11.30.57 ]

il o3 Yl gy IS Allous” g bgw alluS glodg) et Cubld g clareSs 6y o5 (o) 2

Oi cladlbre coge oy bodd )‘-5@“-“9’ bgw dlus ol
o3l pan Cebl Jial eSS (29)Sie eSS pln
SlaS sphais pials L &S cwl 8 wg g
=5 (W) o)l cllas pimgs ol 3 (g sallus
o b ond Sy ale yog 45 3l b 45 adllae
b 2 B g g Jlele pan cull alS coge

(M) 28 (5592 OogamlisSS]

cil e @l S b ob adhs @b
oedS (22 ) odlitul & Canl 0l (B)1F oS 6y
Il g 4eSd )3 (g oy palS Cage Ml e
Orzzen (YY) 258 mean Jlyd Sras gy (el
4 e xfign )5 b ke sehieds eplS plo
P il adale g5 Gl (S eald ()5 Sl
O 35 ohlSan g 5550l ddlllae (YY) 4D (g0d (slagls

L)")I; DKI.M:.) Jf).) 9 a.)g) 9 w ).) ol cdadle L)..f.»s).: aliss EJL.A ;ﬁ..o odlo r‘,.a.m u.\.l:lﬁ wi)lm -5 ‘_JB..\>
Table 6. Mean of dry matter digestibility of various source of protected protein in rumen, small intestine and total

tract
daw e il : o S
. L ol cladle L ol cladle ol cladle
S gixe 3kl . _ Jali
sl o2 oS o2 Y 2 b
T Y YV VF/FeT YY/xY© AY/YYE Ly b SlaeSs pan colls
oo V¥ /55" W v/ AANS 158" dllos’
ooy Y/-0 AY/y -2 MMV Asy? aY/¥A° Lgw dllous lodgy man colls
ey £/ vo/or? va/a.8 M/a? YAAY® 518 s
PV VYA av/av AYS av/ay Lpw s R 2 e el
q./f- oIS
Ry Y/FV AYIVE® A/ Ad -2 V¥/oA” il

P o/ +0) bl o Yz BB gyly Syiiie e gy b ndy o slouShe

O30l pgidgid Ay odmwy SO kil e ST &S
ol s Ojsoa SO kil sl pan collB b
oYl Sdglil an el pues b e
G Syl (V) ol S lialiml 5 Sitaallysnd
Copols (gl p 85 lard (oS ) Silid el Copols
odd Ol a5 odg (Cawl Suwgd oy o2 9 Swgd O
Sy » e 8b Caol o) bl Syl
(Y5) 3,15 Sl ] s (5 oy ISl
el e bl & cons gldl ps o Glasel
g i ops 40 Az ya (AFF) Wyl oYL pin culls
Lol cowl ous saliiwl &Lw)] s 5! 50 bow USJ}% 0 pu>
~bgw Yl 2> 22 ol Olie 9 VL S Gy
ol el jlass 93 cnl 4 S (303 VIY) bl (o2
hlzolyd adlles S g0 ol o (_‘j mad Cabl 5
)Jd).o)l.i ﬂ,.n.s oy dL&’.\».wl M‘&QJJ 45 ol lie
ol JoSe tizyn codls NDF puin cobls (o
5 Seiely o bl I (bsle gol> gldl oz
ol b s NDF s bl Ll el oSt
0Bl 4 baye 1) pan (LI ol Qi ol 3924
(YY) dizawsly Hloss oyl 5 Sis 0ole B puao

Foar bl

2 O ol 5 )3 dae dlge (6 alb pan LB
byw dbous bl b cov lasyje dspe
(V Jsia) €85 )13 o it gl b saddgus
P @ 0ofn S ol gpd bl (p</+0)
g ASIOY APIVY) YISl o b osd dgunS Low Slas
L (p<+/0) 390 5V ajlo b dy s (10> AV/S-
NS 0 39,18 Lgws o sloySibo b b
5 odgd SUI (gl pan Coll il gl g
Olie S 3 gl (02 b odddlgunS Lo slos
ol Jb ol b (el 0) 39 503 bajles 4 s
Nosiae 2aLS 09)5 5 (cornlS Ligw Jlowi (0kie b S
L ok cdiblone Ly Slo 50w cubls Liulsél 550
ol 2 Shpy Spae (bl Jda sy Yl 02
ke U aw Sialf) il Sod slajles 4 cud o
ol b (bjles S0 4 Comd Siid oole (0,5 5LS
Syt gls 3 (sdae dlgo muan Cubl STyes L pas
(FOF) Mb e pials

e sl Jolo pgidgid & odpw) iy sl LBy
o yasuie (V) Mk Cy> sladl pan ol o

S oS5 JS 15 (sika pn 6,0l i bl 5y oy chlisie slin b o, gy L gl (slaless 51V Jpae

Table 7. effect of protected soybean meal with different fat sources on apparent digestibility of nutrient in total tract

silejl b o
P value SEM ST L >
elskbgw csowalS—L g Wi—bgw J”ti,_) 2 sl .
ooy IR YY/AV" ATV NIV AAF VA" Sid oslo
ooy NAG YAIFA® AY/a."C Asfoy? MY AY/¥s™° e
een -Jov A5t a./a° ay/s.? ay/ /v e
oo ¥/Y AN a/vs*° va/fAt V¥4 SVIFO™C 5 gy Jobrel LI

(P +1+0) wdlgo o sine SN (gl Syitio i By b i) o oSSl


http://dx.doi.org/10.52547/rap.11.30.57
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.16.8
https://rap.sanru.ac.ir/article-1-1126-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22518622.1399.11.30.16.8 ]

[ DOI: 10.52547/rap.11.30.57 ]

£y

WA s ¥+ 0jlads /o235l o ool Clidgs (slouing sy

G s Yol 5 oradS o LB s clitbe plie glibbee ide lsisa bigs 5l eslil

&85 don g MBI syt 3o gldl (2 (Son ple pbiajps (Rl cel Sl iy
JEsl el oz b (Son dbuS ()5 )Gkl 2 45 59 035y )0 (T mead Cubll SRl 5 4SS
OS5 ll Bl Ao )3 g 0dg) 4 ASS I (19 puan S 500yl slgls W5 dgme 9 g Sl ke (5590 %

10.
11.

12.

13.

14.
15.
16.
17.
18.

19.

A5 analsd 15y, dbus RUP Lges AlouiS clablons 4 0 03l (Lis (ppioman g1 Salgs
9 Vel o 4 Cud oS o> 9 gldl 0 L

&bo
Boerman, J.P., J.L. Firkins, N.R. St-Pierre and A.L. Lock. 2015. Intestinal digestibility of long-chain
fatty acids in lactating dairy cows: A meta-analysis and meta regression. Journal of Dairy Science, 98:
8889-8903.
Coblenrz, W., J. Fritz, R.Cochran, W. Rooney and K. Bolsen. 1997. Protein degradation in response
to spontaneous heating in alfalfa hay by in situ and ficin methods. Journal of Dairy Science, 80: 700-
713.
De Souza, J., J.L. Garver, C.L. Preseault and A.L. Lock. 2017. Short communication: Effects of prill
size of a palmitic acid-enriched fat supplement on the yield of milk and milk components, and nutrient
digestibility of dairy cows. Journal of Dairy Science, 100: 379-384.
Fatahnia, F., S.G. Mosavi, E. Abdi and A. Shokri. 2014. Effect of roasting and extruding on nitrogen
fractions and ruminal degradability of soybean seed protein. Research On Animal Production, 5(10):
84-97 (In Persian).
Firkins, J.L. and M.L. Eastridge. 1994. Assessment of the effects of iodine value on
fatty acid digestibility, feed intake, and milk production. Journal of Dairy Science,
77, 2357-2366.
Gargallo, S., S. Calsamiglia and A. Ferret. 2006. A modified three-step in vitro procedure to
determine intestinal digestion of proteins. Journal of animal science, 84, 2163-2167.
Getachew, G., E. Depeters, P. Robinson and S. Taylor. 2001. In vitro rumen fermentation and gas
production: influence of yellow grease, tallow, corn oil and their potassium soaps. Animal Feed
Science and Technology, 93: 1-15.
Hedayati, A.K., Y. Chashnidel, M.D. Banadaky and A.T. Yansari. 2017. Effects of different
processing of soaybean meal on ruminal degradability parameters and intestinal digestibility of crude
protein and amino acids in Holstein cows. Iranian Journal of Animal Science, 48(3): 353-362
(In Persian).
Ipharraguerre, 1., J. Clark and D. Freeman. 2005. Rumen fermentation and intestinal supply of
nutrients in dairy cows fed rumen-protected soy products. Journal of dairy science, 88: 2879-2892.
Kamalak, A., O. Canbolat, Y. Gurbuz and O. Ozay. 2005. Protected protein and amino acids in
ruminant nutrition. Journal of Science and Engineering, 8: 84-88.
Kang, S., M. Wanapat, P. Pakdee, R. Pilajun and A. Cherdthong. 2012. Effects of energy level and
Leucaena leucocephala leaf meal as a protein source on rumen fermentation efficiency and
digestibility in swamp buffalo. Animal Feed Science and Technology, 174: 131-139.
Kononoff, P.J., S. Ivan and T.J. Klopfenstein. 2007. Estimation of the proportion of feed protein
digested in the small intestine of cattle consuming wet corn gluten feed. Journal of dairy science, 90:
2377-2385.
Manterola, H.B., D.A. Cerda and J.J. Mira. 2001. Protein degradability of soybean meal coated with
different lipid substances and its effects on ruminal parameters when included in steer rations. Animal
feed science and technology, 92: 249-257.
Nia, S.M. and J. Ingalls. 1992. Effect of heating on canola meal protein degradation in the rumen and
digestion in the lower gastrointestinal tract of steers. Canadian journal of animal science, 72: 83-88.
Nowak, W., S. Michalak and S. Wylegala. 2005. In situ evaluation of ruminal degradability and
intestinal digestibility of extruded soybeans. Czech Journal Animal Science, 50: 281-287.
NRC. 2001. Nutrient Requirements of Dairy Cattle. 7" ed. National Academy Press, Washington, DC.
Palizdar, M., H. Amanlou, H.R. Mohammadian-Tabrizi and A. Mirhadi. 2012. Effects of soybean
meal coated with fat on in vitro organic matter fermentation and gas production. Journal of Animal
and Veterinary Advances, 11: 171-180.
Palizdar, M., H. Sadeghipanah, H. Amanlou, K. Nazer and A. Mirhadi. 2011. In vitro organic matter
digestibility and gas production of fish-meal coated with fat. African Journal of Biotechnology, 10:
248-2555.
Perfield J., A. Lock, A. Peeiffer and D. Bauman. 2004. Effects of amide-protected and lipid-
encapsulated conjugated linoleic acid (CLA) supplements on milk fat synthesis. Journal of Dairy
Science, 87: 3010-3016.


http://dx.doi.org/10.52547/rap.11.30.57
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.16.8
https://rap.sanru.ac.ir/article-1-1126-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22518622.1399.11.30.16.8 ]

[ DOI: 10.52547/rap.11.30.57 ]

¥ o0 )IJW?} 1)15 dJl}uf 9 l.:?w 4”:?:.5 ‘51039) an u.._uﬁ 9 d‘w d).:.bcb)m )y

20.Rico, J.E., J. de Souza, M.S. Allen and A.L. Lock. 2017. Nutrient digestibility and milk production
responses to increasing levels of palmitic acid supplementation vary in cows receiving diets with or
without whole cottonseed. Journal of Animal Science, 95: 436-446.

21. Sahraei-belverdy, M., A. Alamouti and A.A. Khadem. 2018. The effect of rumen protection of
soybean meal by fats and zeolite on ruminal degradability and intestina digestibility of protein.
Animal Science Journal (Pajouhesh & Sazandegi), 123: 335-348 (In Persian).

22.Sklan, D. 1989. In vitro and in vivo rumen protection of proteins coated with calcium soaps of long-
chain fatty acids. The Journal of Agricultural Science, 112: 79-83.

23.Sklan, D. and M.Tinsky. 1993. Production and reproduction responses by dairy cows fed varying
undegradable protein coated with rumen bypass fat. Journal of dairy science, 76: 216-223.

24.Vanzant, E.S., R.C. Cochran and E.C. Titgemeyer. 1998. Standardization of in situ techniques for
ruminant feedstuff evaluation. Journal of animal science, 76: 2717-2729.

25. Vatandoost, M., M. Didarkhah and F. Jamili. 2020. The effect of different levels of soybean oil,
soybean and canola meal onproduction performance, rumination activity and nutrient digestibility in
holstein dairy cows. Research On Animal Production, 10(26): 38-47 (In Persian).

26. Weiss W.P. and D.J. Wyatt. 2004. Digestible energy values of diets with different fatsupplements
when fed to lactating dairy cows. Journal of Dairy Science, 87: 1446-1454.

27.Weld, K.A. and L.E. Armentano. 2017. The effects of adding fat to diets of lactating dairy cows on
total-tract neutral detergent fiber digestibility: A meta-analysis. Journal of Dairy Science, 100: 1766-
1779.

28.Wu, Z., J. Bernard, R. Eggleston and T. Jenkins. 2012. Ruminal escape and intestinal digestibility of
ruminally protected lysine supplements differing in oleic acid and lysine concentrations. Journal of
Dairy Science, 95: 2680-2684.


http://dx.doi.org/10.52547/rap.11.30.57
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.16.8
https://rap.sanru.ac.ir/article-1-1126-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22518622.1399.11.30.16.8 ]

[ DOI: 10.52547/rap.11.30.57 ]

Research on Animal Production, Vol. 11, NO. 30, WINer 2021 .......ouiitinirit it e 65

Investigation of Ruminal Degradability and Intestinal Digestibility in Soybean and
Canola Meals Coated with Different Fat Sources

Mohsen Ebrahimzadeh', Mehdi Ganjkhanlu?, Mehdi Dehghan Benadaki®, Abolfazl Zali*
and Kamran Reza Yazdi®

1- Ph.D. Student, College of Agriculture and Natural Resources, University of Tehran
(Corresponding author: ganjkhanlou@ut.ac.ir)
2- Associate Professor, College of Agriculture and Natural Resources, University of Tehran
3- Professor, College of Agriculture and Natural Resources, University of Tehran
4- Associate Professor, College of Agriculture and Natural Resources, University of Tehran
5- Associate Professor, College of Agriculture and Natural Resources, University of Tehran
Received: 1 August, 2020 Accepted: 7 October, 2020

Abstract

The aim of this study was to evaluate the in vitro effect of coating soybean meal and canola
meal with different fat sources on ruminal degradability and intestinal digestibility, as well as,
the in vivo digestibility. For this purpose, calcium salt of omega-3, calcium salts of unsaturated
fatty acids and prilled fat were used for coating. To determine ruminal degradability, three
lactating Holsteins cows fitted with rumen fistulas were used and ruminal degradability and
intestinal digestibility of dry matter and crude protein were measured. In the in vivo experiment,
40 Holstein cows were randomly assigned to five treatments (control, full fat soybean, soybean-
omega3, soybean-ca salt and soybean-prilled fat). The results of the present study showed that
coating soybean meal and canola meal with different fats reduced the degradability of dry
matter and protein in the rumen and increased their digestibility in the intestine (p <0.0001). It
was also shown that protection of soybean meal with prilled fat and calcium salts of unsaturated
fatty acids was better than omega 3, but coating of canola meal with calcium salt and omega 3
fats was better than prilled fat (p <0.05). The results of in vitro experiment showed that omega-3
coated soybean meal had the highest digestibility (p=0.009). It can be concluded that coating
protein meal with fat will transfer protein digestion from rumen to intestine and thus increase
the RUP portion of protein meal.
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