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Twenty-four dry Holstein cows were used in a 2x2 factorial arrangement with four
dietary treatments during the transition period (21 days before calving and 21 days
after calving). The two factors were grain type (barley vs. corn) and the inclusion of a
glucogenic additive. The treatments were as follows: 1) Barley-based diet without
glucogenic additive, 2) Barley-based diet with glucogenic additive, 3) Corn-based diet
without glucogenic additive, 4) Corn-based diet with glucogenic additive. The
prepartum and postpartum diets differed in composition. Milk yield was not affected
by dietary treatments, nor were milk composition parameters (protein and fat content).
However, dry matter intake (DMI) postpartum tended to increase in cows fed the
barley-based diet without the glucogenic additive. Nutrient digestibility (dry matter,
organic matter, crude protein, non-fibrous carbohydrates, neutral detergent fiber, and
fat) did not differ significantly among treatments. Similarly, ruminal parameters
postpartum were not significantly influenced by dietary treatments, except for ruminal
pH, which was lower in cows fed barley-based diets compared to those fed corn-based
diets (p < 0.05). Ruminal ammonia nitrogen (NHs-N) concentration was not affected
by the treatments.
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Extended Abstract
Introduction

Intensive genetic selection in dairy cows has raised milk yields but also increased nutritional challenges,
especially during the transition period (21 days before and after calving). This phase involves hormonal
transformations, reduced feed intake, and high energy demands, often causing negative energy balance and
metabolic disorders such as ketosis, fatty liver, and mastitis. To reduce negative energy balance, research has
focused on boosting glucogenic precursors, like propionate from starch and intestinal glucose absorption. Grain
type matters, barley ferments faster than corn, potentially lowering intake due to higher propionate, though
effects vary with diet composition. Glycerol has also been considered as a glucogenic supplement. Glycerol is
absorbed or fermented to propionate, with safe dietary levels up to 10.8%. Optimizing nutrition of transitional
dairy cows is key to reducing metabolic disorders and enhancing productivity. Further research is needed to
balance starch sources and glucogenic additives for better metabolic health.

Material and Methods

Twenty-four multiparous Holstein cows (parity of 2.4 + 0.4; BW of 647 + 52 kg; mean + SD) were used in
a 2x2 factorial design, evaluating two factors: grain type (barley vs. corn) and glucogenic
additive (GlycoPersia®: glycerol, monopropylene glycol, and Krebs cycle intermediates on a corn cob carrier)
inclusion. The trial spanned 21 days pre- to 21 days post-calving. The experimental treatments were: 1) Barley-
based without additive, 2) Barley-based with additive, 3) Corn-based without additive, 4) Corn-based with
additive. Feed samples were collected weekly for dry matter determination. Daily milk yield was recorded,
with weekly samples were analyzed for fat, protein, and lactose analysis. Rumen fluid was collected on day 21
postpartum, and analyzed for pH, NHs-N, and VFA parameters. Daily feed intake was recorded by weighing
feed refusals each morning before fresh feed provision. The data were analyzed using SAS statistical software
(version 9.4) by mixed procedure. The significant differences were analyzed by Tukey test at a 0.05%.

Results and discussion

In pre-calving experiments, glucogenic additives and starch sources had no significant effect on dry matter
or nutrient intake. Conflicting results across studies may stem from grain type and additive differences affecting
propionate production. Post-calving, grain type tended to affect dry matter intake, with barley-based diets
showing the highest intake. This contradicts theories on propionate's negative intake effects. Some attribute
higher intake to glycerol fermentation increasing butyric acid, enhancing rumen epithelium development and
nutrient absorption. Discrepancies may relate to dosage, basal diet, glycerol form (liquid/solid), and purity.
One study found no milk production difference between cracked wheat and ground corn in postpartum diets.
Possible explanations include forage filler effects, fermentability differences, and delayed energy supply from
starch. Corn provides more post-ruminal glucose, reduces propionate, and supplies more energy for milk
production—yet results were inconsistent. Glucogenic additives can increase glucose for lactose and milk
synthesis, but during the transition period, glucose is prioritized for immunity and tissues over the mammary
gland, possibly explaining the lack of milk yield response.

In early lactation, high energy demand and low intake cause tissue mobilization, elevated NEFA, Kketosis
risk, and metabolic disorders. Glycerol can supply glucose, improve energy balance, and enhance health and
milk yield. No significant differences were observed in digestibility of dry matter, organic matter, NDF, or
starch. Finer grinding increases microbial access and ruminal fermentation but reduces intestinal passage.
Variable digestibility effects of glucogenic additives may reflect differences in glycerol level, basal diet, and
purity. More research is needed on optimal glycerol use across basal diets. Rumen pH is closely linked to
rumination. Reduced rumination from grain substitution may lower pH. Glycerol largely escapes rumen
fermentation (~75%), which may explain its lack of effect on volatile fatty acids.

Conclusions

This study evaluated grain type (corn vs. barley) and glucogenic additives during transition period in
Holstein dairy cows. Results showed no significant effects on milk production, composition, prepartum DMI,
rumen parameters, or nutrient digestibility. However, postpartum DMI was significantly higher with barley-
based diets. The glucogenic additive showed no negative impacts. Findings suggest both grains can be used in
transition diets, with barley potentially supporting better postpartum intake. Further research should investigate
effects on health and reproductive indices.
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Table 3. Effects of the Experimental Treatments on Dry Matter Intake and Feed Components.
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Table 4. Effects of the Experimental Diets on Milk Production and Milk Composition
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Table 5. Effects of the Experimental Diets on the Digestibility of Dietary Dry Matter and Other Feed
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Table 5. Effects of the Experimental Diets on Rumen pH and Rumen Parameters.

P-Value’ Y lows il )3
A*G G A  SEM’ ¥ Y v \
037 096 004 0.163 6.80 6.95 6.57 6.56 4eSa5 mlo pH
052 094 013 1334 9.20 9.99 7.82 6.82 (Mgldl) slawess  Sligel 539558
(Moyd) (lanaSlis jlyd oy (sladpl
076 076 053 1.54 74.18 73.16 71.63 72.62 St ]
0.87 092 0093 1.45 20.38 20.76 20.75 20.65 Signgy sl
0.80 073 047 0.48 3.10 3.05 3.62 3.31 S pig Syl
0.86 036 055 0.20 1.87 2.04 1.97 221 Saxs 93] dpml
099 022 059 0.21 0.77 0.48 0.90 0.60 S ly Sl
058 028 0.40 0.29 0.67 0.48 1.11 0.58 S g3l el
(MM) (glewasls 515 2 (slasml
046 015 0.60 9.85 74.06 81.53 61.57 83.66 Setaol Al
0.77 057 0.85 3.97 20.55 21.61 18.67 22.06 Sigmgy sl
0.78 0.18 0.99 0.35 1.76 2.16 1.67 2.26 Sesigignl gl
0.82 056 0.68 0.76 3.10 3.38 3.25 3.86 S g gl
0.80 093 0.22 0.15 0.61 0.56 0.77 0.80 Sl g3l dul
067 053 041 0.07 0.60 0.58 0.70 0.61 Sl gl
053 022 070 14.03 100.72 109.86 86.61  113.29 % Gy ol JS

«S5395 oI5 (50938 (g ©)3 Ay 0y (VS50 5lS (539331 L g2 b 0 (VS35 (33938 g 92 Al o> (1 Jold bl (slmo e )
S3555 oIS (309391 b )d asly oy (¥
5l oliztl yeSika Y

(i3S ol g ale JiiSanyy 1 AXG (3358515 311G el A ny 16 (iiSamy g 59586 ) ¥

& pan Sid ook

5 Bran Suid odlo (59 » ($)dime 8T L5 | i (Sl gl 5 K359 oIS slge ) eslitul psls Linlejl )
Anil and Forbes, ¢Silveira etal., 2007) la_yislo;l (35 b guredls a5 cunl o0 odnlivo 3 puas (gdao dgo slial plo
tAlbornoze et al.,2024) il o Oldllas | 35 b swed 5 (Oba and Kammes, 2023 ¢Albornoz et al.,2019 2009
S gessn soy p 1y diwlis puan oo 3 (Y- +9) o Ken ¢ Garnsworthy .(Doepel et al., 2009 ¢Grings et al., 1992
ol 423135 (5 I3 im0 13T (B e Sis 03l (59 2 355 Atlts et Joo 3, e 5 53,8 2 LaglS (Slgplie
e a5 S35eS oIS 53938l g ale £ s Sen Lilisee Clalllae 5> dlate guls . Cuwl gunen ool Cawd 4 ol b &S
5 (V29+) o)) Ken 9 Herrera-Saldana buwgs sdel Joe 4 aalllae ;3 il oS o Sdgmgp ol | Jglite polie WIg5 4
OiblS 4y ()3 b duwlie pd dtwlis (glawSs ezt YL F5 Lo b gy saglS 4 (VAAY) S 4 Yang
odlo o YU g (gols (slroys aS 5l dgng Sl pl &S 65 lgie jeS e Baiwg 9 13,5 Spae Siid ook
GneSs oo bbd 4 dle 1 gglate mlie (Y+)Y) 4, San 5 Milkula ¢ poizmon 2l (6 yud (sglS )3 (3 pne Siis
3 g dg05 0dalie |y (Bpae Suid 03le (59) 2 yne gl pas g 83)S (g Sl 0)93 53 (&) 5 S )
ol 0392 52 4y 0 42 bogypo e (i ASEBD (50 gine 4 RS (B pae StS 03le (g9 2 4le g b
5 AIDOMOZe .l 639 guanodls S o g shao |y B puae Seis odle p Sdgugy Sl o pil ayylas a5 Slalllae b &
2 YA GYY Glise o pliS y2 ond Olowl 32y 55 il 9 YU gl b c)d ) alé g5 31 ooy b 35 (YVIA) oo
00,5 oanliie (8 pas Suid odle jd gy pme glad ol syl g9,



YV o009 B [ glodmin]y g pds 0 ) Klac o552k 5,155 o F a0 Ty95 0 SuijaT sl (29595 e £40 NP (g — oole)

Lo oloadly b 33le5 )5 cuils Jl 8,90 (Byae Sis odlo p (gl sine yuili S35656l5 30933] ¢ pils Adlllas 5
W30,S5 odblie (Bpas S odle p (Jeld Cugby p Oy b JapalS 30 L s (Vo)) oK 4 Carvalho
» «Jbxsl b .(Chang et al., 2007 ¢Bodarski et al., 2005) 15,5 sanlin aolie gl 3o )50 Oldllas )0 ¢ cpinpd
e 0y90 50 JgymddS 1 oolatwl (V< +¥) o) Ken 4 Ogborn o (Y+YY) 4, an 5 Van Soest lawgs osds pbs! wlallas
odlo i3l s o, Simgs 5l By ool 0391 gl okel Cwd 0 gl b 48000 ,5 (3 puae Sl odle a8l s il
245 00h 4aSh 3 Sy Syl e SIS g 4S5 53 JgpenlS 12055 o K905 ol kel |y (e SiS
o il G Coled ) &S 0dpiSu dgue 1) 0)leed drwgs 9 8y Bojb cul I 5 29 e odlitul 5 Dl AreSld poliy
;! (Schroder and Sudekum,1999 ¢Dirksen et al., 1985 &an Suest et al., 2023 Boyd et al.,2013) 3,5 (siso lge
Ol 92,8 )15 (Bpae Sis ole 59y g JopulS (88 1355 adllas > (V1 F) S o Defarine qa ()b
ol s il atily b e Kis ole |y glie ol Wlgi e oM alie b JgpunlS iiSuls dmd e b gl
g (Jal> b xlo) oolitl gy bl o 33 Ciglds «dyme ljue yulas Jolge 4 Llg5 o ool Joo a4 Slalllan o coladls
.(Van Soest et al., 2023) 355 03> Cunss JgpunlS osls
3 Slas

Ogls g 03,5 w03 (slaglS JWEsl 0y90 j0 Iy dtwlis pdaw 5 dle go5 (Y+YY) e 5 Mirzaei-Alamouti
13 559 o ) ol guod pols adllls ol LS 15,55 (i)i5 ool (clao s o s Mo bl 4 (gyld xe
oy 5 (008 Glul G0 b dwslie )3 atuSs paS) oMe wlis g5 (Y+YF) o, Ken 9 Albornoze @wlSlis  islejl
Sy JL b |y Slanlie Jlatsl LYV 5 153,55 eaalio ot 55 5 5 055 s Gl 3 de slagS
slaalllan ) 0538 ()15 4slis 32035 ol (5551 (0B 3 3B (e g (S0l i 10036 B )3 Coglis gl
2050 &S (29)S 30 i Mgl b oy Sglaiie (glaneS pest b atwlids mlie (Y+YA) o] Ken g AlbOrnoze lawgs o
Joleie (laeSii poss b ale O lgie a1 )d wanl 03¢ gunen s ol Cawd o b oS dg ey Wlaisl (650wl
ol e Sl g a5 | Jols Sligan 45 (i 5 18 el (650t (5aseSh Gy 3S5I8 Lo 2 5 pAIS 4 Copns
035: gl oal Cd &y gl L 4S5 350 ool b 5ol ag el s yidin (g5 1 g e S |y (Bpae SitS odle
» &S 565 llke addllas )3 (Y+VY) o) Ken g Ferraretto do (claasl b 38lg5 )5 (Yo V¥ o), Kang Albornoze) ol
W33,S5 odmliie yu GloS 33 5 Adgi Blod a1y ()1 gime gl gy s SluS 35 g yud gl M mlio glgil dunlio 590
2 9 35 Stk slyy S5 goiod Sl GBI cge S0 oy > S5 (2539l Sl odinal o ol ey
S5 b S b Mg g el i o (B Cumdg o Jli] 0y93 3 45 bl ) dol g e it Coles
My g Sy 8L B odgr (S Sl g (oul i (sl 59157 51 oolil Coglgl )15 3929 1o s Sl oS o0 6l
(Habel et al.,2020) 13 0,93 cpl 1 s M5y 59y 2 0 dne 15U pie Cogo Lilgi o aSepus

o1 il 31 e 0o 59 3 5 1 Sslite Il & oo JUaSh 0,5 (SlaglS 0y 53 gyl ) o3lizal o IS obo
I3 4 o o (slogl 55 (5551 JoU5 g s Jp el JoSo o8 ool o5 adlas s s lsie & 2ol
Sl aldlas 55 aSJl s (Bodarski et al., 2005 {Lomander et al., 2012 «van suest et al., 2023) 3 0 yuss o5
sdnlin (6yl3 gxe i 5 ©llae 54 o ( Boyd et al,, 2013 Paiva et al., 2016) 15,5 5155 1y yud g5 LialS
3w Jilsl 090 5o (Kafilzade et al., 2016 < Carvalho et al., 2011 < Khalili et al.,1997 Ezequiel et al., 2015) 15,55
OoRIBl ) 93 NEFA 03,8 (8L 300 4 g9y8 «Slhod SBpae (lime (992 omb 9 YL 65515k s 4 bagls i
SIS el 55 o Bl o &0 JopedlS s iz 3 355 (St YD) 5 358 4 i Slgicse oS amd0
e 3 S5l g 98 oM Gl ol donit o it g |y (5531 ol g 03,5 S8 (6550l 5aS” Gl 4 Wl 0
23,5 odalie |y pd oy o yd HialS JgpmalS 5l oolaiol b (YV+10) ,Ken g Ezequiel (Puvaca et al.,2024) >4 Jalgs
lely JopunlS o5 s 4 il & Slgngp Cond GRIFIL bsye |y o2 8l ol &S
SN



1F+d o5 Syl oidd g aL'%LJ 5,49 ‘Obg/‘;ofdp}& A pdd YA

SUI ¢ J ool «Sisd ool g pdu y2)lg5 )3 6yl xe oglds g 4dly gunen Slualie (YY) o, Ken 4 Ferraretto
b aS 00, awyp |y (pA5 9 ©)d ) ale g8 4w (Y2IY) ) Ken ¢ Ferraretto ..60,55 (6,155 anwlis o (5 odiygid
Oold iyleS olRiwd IS5 (sl yo)lsS (VAR 5 OF/Y Vo /F iy ) diwlid (glaweSl puan )0 )0 jxe Cgldl D429
»de g9 1l ) guen Slialin 3 (Voo )) o, Ken o Firking [A¥/2 5 AY/F AY/A Cip ) canl adly I e
S5 kel bl S jgb 4 blatusls Lase aME (6y9l 13 g5 a1y ael Cwd 4 @l g sl Sygd cpdo yb)lsS
Ol g YL OME (g by <55 Jlanl bl iy (98 Gl a5 &5 o)l s j» {132Y) Huntington
039) &1 )9e (jee 9 4eeSd )3 PV 30058 £ s Caled 3 &S Al il A4Sl (slaiogSe sl o o> JB o
FOIN o DAA 5y &y adgl celo ¥V o 1y paiS 5 ©)d dtwolis (gl h)leS (Y+TYF) o) Sen 9 AlbOrnoze .34 o S
O sl e ol b ast 0,8 saalie 560,5 wyp |y ©)d g e @l (Vo)) o)) Kan 5 Reynolds 65,8 4,158
V) @3 S ojlul Gl opizren b o (RIS ()15 old S ) sl (b )lsS ((jSule o) A4
& gl 5> @0 @l ojlul ;b baimy (i & Wi GRS (s osine ok & (5 RsS (i (sEecde YIV 5 VA
9 5YL) Sl o3l s b ) (clanSid pods cuelo ¥ )3 (chuoyd O cglis (YV5) o, Kan 9 Gao .cuwl ool cwd
2 BlaS5 1055 Gal3l o> VIS 5 390 5V (L gl sl 4K > 65,8 S (09,5em O+ 51 il
03y sglS 0 1y yd g g il (Vor)) o) Ko g Khorasani el oud ()53 5 Sa o8 ojluil (glyy cslw V
oo Bl (55 01ty 31 Jeols G (T oole Sts 03le (600 5,155 (595 2 Soldisine 5B 9 538 ) A5
L Pl (g (s phoilsS (Jlel b bl guad odol Cund & b b 45 00,5 ()15 Jobo g (sl 0aiy5
ae g4 dw o5 (VYY) o) Kar g Demirci .cuol bo slaaidl b olas (o a8 58 by Lials oo sl & &y ik
Cebo W )3 g 039 )3 I jden adgl Slel 3 g2 g paiS a3 (e &5 203,8 (B)1S 9 38 gy ]) (P55 2 )
W53)S5 ey 1y G955 oBed JS 55 s i )15 Jg 90 e JolS jobo 4y g2 ale
S35 2 4 42l STyss il sla it Sl s oy 2 b S SIS g3 il adllas 3
Kafilzade et al., 2016) Slislejl (30 b gued ol a8 canl odg iol38l & blaie iols 51 8 o cpdoo)lsS
Saleem <Paiva et al., 2016) gl L sumenl 5 (Boyd et al., 2012 Chibisa et al., 2008 «Schroder and Sudekum,1999

Sl &8 cuwl 024y (Zacaroni et al.,2022 Dankin et al., 2010 Dankin et al., 2008 :Matras et al., 2012 «t al., 2018
S35 55 2938l aBlize Il in S oIS Jesle 5 ol o b g «SUiS 00le (gl 1) s 0By B)lsS Sl
55 b g 44055 (slacg Se Callid (5938l cul Sglite T & Bl e (ko dlge Sy 5 B 59, 5
Sy a9y 2 3 3L JspenlS ool 5 4l 030 55 gyedlS s b o5 lgicgm ol s 4 ol Jlo) L 5054
Kholif et ) wsb o clislejl 5 al (clao s 4 ohg do g gy liios a4 5L Jg S dingo 03l 0956 4 (ol
(al., 2019
Sluos slaint B

o) o Albornoze (Albornoze et al., 2024) 1L o aglS )3 jlgseis Jkd, L5l o o3b; oljse 4 4Sis pH
s 4 315 o S ) o 355 Slpie 5 03,8 sanlia |y (sleraSis PH inlS 3 sl 4 pS 23Sl L (VYY)
S(YYY¥) o) g Chen do glaaidl b 38lg5 jo bl oMe mlio pl 03Kl 51 b jlesis flo; G Lials
9 DEMIrci iz o 53,5 ()15 4S8 PH (59 2 (4285 157 L dulie )3 pody 455 @ pw) 4l £95 5l () e
Olels 13 agls e85 PH (59, 2 (s losine 185 5 53,5 oy |y (©)3 9 92 paiS) il e 3 (V4 VF) ] o
sl )3 og,S plo 50 el pH y0lds (Y4 YY) ) San o Demirci dallas ;5 .16 ,S5 odnlie (23S T)95 5l s caliseo
oy (FIFA GBIV ) day 365 JlaBa o yieS 40 0335 5w & color > wile (3L (VA B V/+0) 5 pdaw 3 Linlojl
28 S (FIAS B FIAY) adgl polie & Lo &5 0% 5 Vo sl 13 a8 (g5 4 )T 095 4 (4dgm0 Mgy yuw
G5l e ¥ gV slacels ;0 widg oads 4385 &y g i slrops b aS Slagls 10 awess pH polis S5 cilalllas
G sxe Ogldi Jg cCunl 09)3 ) dnoSs > dtwlis JUS jesd odiad lis &S dgy ;550 09,5 93 1 YL (gdus job
.(Oetzel, 2004 Khafipour et al., 2009 Morgante et al., 2009 Danscher et al., 2015) >4.



YA R0 B [ slodmin]y g pds 0 ) Klac o552 5155 o F o Tyg5 0 SuijaT sl (39595 e £40 I (g fp — oole)

Boyd etal., ) clllas (5 p gl b guon 45 Canl 42315 088 PH (55, 2 syl gtna 5B 55 S3sS ol (238]
Khalili et <Zacaroni et al., 2022 <Paiva et al., 2017 «Kristensen et al., 2007 Defarine et al., 2004 2012
Oygo 4 0l o (Carvalho et al., 2012 ¢ Ariko et al., 2015:Shin et al., 2012 ‘Vang et al., 2009 <al.,1997
aSi PH ialS Sldlas 3 5 S (6 )ysb &) il 4l (lawaSs PH Lasls 51 slite lydl JgpmaslS 5l oslil o IS
(van Cleef et al., 2018) wlos)s" 5,55 1, polde > 5158l 55 S, 9 (Mach et al., 2009 «Kijora et al.,1998)
Jole g 0392 yusie jg) 3 p)S YO+ U 59y )3 p)S VOV 51 45" (539331 luide 4 bguje Ml o bt > glis Jlazsl ¥
lo Gy 4 (S 909 TMR ) bl @jgw 4y ladllas (S50 )0 a5 O opl 4 .l odliiwl (jog) 4y bgsye pod
(Kholif, 2019) el 039) yidin @l ygo 41 (53938 5l a8 ol o 0l 65

de g5 Bl canl 4S5 )8 bl Jlite 5l g Al g3 K55 olS 3938l il o 38 laweSs (Sbigel (jex
oablS @ gl @ puS ol L (VYY) o) Sen g Chen aSJls (o cunl 035 (Y2 +Y) oy Sen g Khorasani b gues
O W5 lp eSS ) 50 BB Slidimgs S d5iaS SalS ]y o1 > 5 w3, G3)l5S 1) (slaesis Slagel (e
ol 039 yepite liseo Sllllas 13 (529)Se0 By W5 (sl Sligel y SjsS ol (o33l ST larils 9,Se
O 1 il 1 s lilel sl 5 wninyS 3,5 1y ilél 51 (Y+10) o, 1en o Arico .(Kholif et all., 2019)
Szl Y5 . (Paiva et al., 2016 Boyd et al.,2012 Shin et al.,2012 :\Wang et al.,2009 :Defarine et al.,2004) xilos )
il K568 o5 (509381 e g (B pae Siid odle il 0y oS 5 Llgi o R8lEe s

e 5 Demirci 8,55 )5 ol Blite il g dlé g5 «Si5sS o8 53958 il o jlE opn sl Cons
O (PS5 g 92 ) Ald gy dw e Clelo eSS 18 Cpr sl )3 () ne gl (VYY)
039 92 & bgiye jee (i 9 Cusl 0392 Yl gime SThgd 5l Gy sl ¥ 53 Sl st gl e o Jlo 0l b £33,
Syl g Al g slaos (olp aess Jl8 O slaswl gy gl sre Golas 35 (Vo)) o, 9 Khorasani .cuwl
8 355 4y I3 gy Sy sl i 3 5 8l il S5 3l b o St sl 2 4 20,55 B3
odaliie |y 4008l lo 1> Siigng Sl Canmd Gl (0)d Gl & 032 )3 PS5 Glise JRISIL (V+YF) Gl Sen 5 Chen
5 (303 V0 Dg15) 0S5 j| JgpualS 03ee 115 & 2255 L ol 0392 JgpuanlS ) lias o8 SijSolST g8l 3l .52,
L (Werner et al., 2012) wsb 4w 5,8 Cyn slasuwl p o] (9 1 o Jlein] Jus Bl o 4 3 )] pues pae
S 22,8 ) Jgpeals Brao L) Siggy dumsl 4 Sl sasl s (talS (VW) e 5 Kijora g9 oyl
Stan] dnnl idlS 5 S g Sl 0] 381 (Y2 + V) ], Ken 9 Kristensen .acibly gued gols 55 (Y+)VF) ,Ken 4 Paiva
o938 b (YAWY) ohlKen g Boyd 8,55 51,8 15 cod Signgp dl aSls 5 53,5 sanliie Jo S 39330 L 1,
5 Defarine .55, olyic 1y Sapigs sl 5 S ol olojor il 5 St doud Jgo Cas 13 18IS ¢ JgpelS
e Jo el (39381 L el 1w (Jg 253,50 edmlio gyl (39381 b 6yl sine oglds iy 51 JS (V2 +F) oo
25 ot alé g9 5 S35 o938l 1 45 amd e s ALz g5l Gl sybisine o 4 Seigersy el
Krogstad Kholif, 2019) 3,5 S o)l (659113 L9y 9 4le 95 0 pun 5o BUI bl oy ¢ 5393381 Loold ¢ 53938 l5ae
.(and Bradford, 2023

Lalgiing § 5 5 40

A5 ke 2 (5l e 86 S5S oIS 53938 g (92 9 ©)3) e g5 S ol syl inlejl jl eel s 4 s
P am 095 )3 )85 (e Slge (R S)5S 5 (SlareSd (Sladominl b (sl 5 S (Bras Sid odlo pnd GlaS gl
ool S0l A an g b ad S Brae S odlo Hlade 0 ol 38] Cawe dtlids e lgie 4 g aiby ) edlatal < il;
Sgls o Slas e @lypsl S5eS 68 53958 o5 g atwlis dilisee @lio 1 ool walisee Slallas (awyp
byl 2y90 calisre (slaen 43 g Wllan Cijgo 4 mlie oyl 5l edlaiwl 48" 33 )5 o dlpsui ] aily sl oy90 1> (6w
29 syt 35 oMl 35 9 ey gl by (sl bl ogMe il gl g B S 13



1F-4 .,a,.ws)w,,,w,a@;g 5)}.?“_3/)5/‘-,’.01.),4}&4,!)_.2.? ¥

REFERENCES

Abeyta, M. A, et al. "Effects of abomasally infused rumen fluid from corn-challenged donor cows on
production, metabolism, and inflammatory biomarkers in healthy recipient cows." Journal of
Dairy Science 106.6 (2023): 4336-4352. https://doi.org/10.3168/jds.2022-22809

AbuGhazaleh, A. A., S. Abo El-Nor, and S. A. Ibrahim. "The effect of replacing corn with glycerol on
ruminal bacteria in continuous culture fermenters." Journal of animal physiology and animal
nutrition 95.3 (2011): 313-319. https://doi.org/10.1111/j.1439-0396.2010.01056.x

Albornoz, Rodrigo 1., Victoria M. Russo, Christie KM Ho, Khageswor Giri, Michael S. Allen, Adam
L. Lock, William J. Wales, and Matthew I. Knight. "Effects of Concentrate Feed Starch Source
Offered Twice a Day on Feed Intake and Milk Production of Cows During the Early Postpartum
Period." Animals 14, no. 24 (2024): 3622.https://doi.org/ 10.3390/ani14243622

Akhtar, M. U., et al. "Effects of prepartum dietary protein level and feed intake on postpartum lactation
performance and feeding behavior of multiparous Holstein dairy cows." Journal of Dairy Science
104.9 (2021): 9886-9901 https://doi.org/10.3168/jds.2021-20218

Albornoz, R. I, K. J. Harvatine, and M. S. Allen. "Diet starch concentration and starch fermentability
affect energy intake and energy balance of cows in the early postpartum period." Journal of dairy
science 102.6 (2019): 5161-5171. https://doi.org/10.3168/jds.2018-15634

Allen, Michael S. "Effects of diet on short-term regulation of feed intake by lactating dairy cattle."
Journal of dairy science 83.7 (2000): 1598-1624. https://doi.org/10.3168/jds.S0022-0302(00)75030-2

Anil, M. H., and J. M. Forbes. "The roles of hepatic nerves in the reduction of food intake as a
consequence of intraportal sodium propionate administration in sheep." Quarterly Journal of
Experimental ~ Physiology: ~ Translation and  Integration  73.4  (1988):  539-
546. https://doi.org/10.1113/expphysiol.1988.sp003174

Ariko, T., et al. "The effect of replacing barley with glycerol in the diet of dairy cows on rumen
parameters and milk fatty acid profile." Animal Feed Science and Technology 209 (2015): 69-78.

https://doi.org/10.1016/j.anifeedsci.2015.08.004

Boyd, Jamie, J. K. Bernard, and J. W. West. "Effects of feeding different amounts of supplemental
glycerol on ruminal environment and digestibility of lactating dairy cows." Journal of Dairy
Science 96.1 (2013): 470-476. https://doi.org/10.3168/jds.2012-5760

Broderick, G. A., and J. H. Kang. "Automated simultaneous determination of ammonia and total amino
acids in ruminal fluid and in vitro medial.” Journal of dairy science 63.1 (1980): 64-75.

https://doi.org/10.3168/jds.S0022-0302(80)82888-8

Cardoso, F. C., K. F. Kalscheur, and J. K. Drackley. "Symposium review: Nutrition strategies for
improved health, production, and fertility during the transition period." Journal of dairy science
103.6 (2020): 5684-5693 https://doi.org/10.3168/jds.2019-17271

Carvalho, E. R., et al. "Replacing corn with glycerol in diets for transition dairy cows." Journal of dairy
science 94.2 (2011): 908-916. https://doi.org/10.3168/jds.2010-3581

Chen, Panliang, et al. "Optimizing dietary rumen-degradable starch to rumen-degradable protein ratio
improves lactation performance and nitrogen utilization efficiency in mid-lactating Holstein dairy
cows." Frontiers in Veterinary Science 11 (2024):
1330876. https://doi.org/10.3389/fvets.2024.1330876

Chibisa, Gwinyai Emmanuel, et al. "Effects of peripartum propylene glycol supplementation on
nitrogen metabolism, body composition, and gene expression for the major protein degradation
pathways in skeletal muscle in dairy cows.” Journal of Dairy science 91.9 (2008): 3512-3527.
https://doi.org/10.3168/jds.2007-0920

Chung, Y-H., et al. "Effects of feeding dry glycerin to early postpartum Holstein dairy cows on
lactational performance and metabolic profiles." Journal of dairy science 90.12 (2007): 5682-5691
https://doi.org/10.3168/jds.2007-0426

DeFrain, J. M., et al. "Feeding glycerol to transition dairy cows: effects on blood metabolites and
lactation  performance.” Journal of dairy science 87.12 (2004): 4195-4206.
https://doi.org/10.3168/jds.S0022-0302(04)73564-X

Demirci, Mehmet, et al. "Effects of Different Starch Sources Used at High Levels in Cattle on Ruminal
Fermentation Properties and Some Blood Parameters." Erciyes Universitesi Veteriner Fakiiltesi
Dergisi 21.2 (2024): 99-109. https://doi.org/10.32707/ercivet.1515414



https://doi.org/10.3168/jds.2022-22809
https://doi.org/10.1111/j.1439-0396.2010.01056.x
https://doi.org/10.3168/jds.2021-20218
https://doi.org/10.3168/jds.2018-15634
https://doi.org/10.3168/jds.S0022-0302(00)75030-2
https://doi.org/10.1113/expphysiol.1988.sp003174
https://doi.org/10.1016/j.anifeedsci.2015.08.004
https://doi.org/10.3168/jds.2012-5760
https://doi.org/10.3168/jds.S0022-0302(80)82888-8
https://doi.org/10.3168/jds.2019-17271
https://doi.org/10.3168/jds.2010-3581
https://doi.org/10.3389/fvets.2024.1330876
https://doi.org/10.3168/jds.2007-0920
https://doi.org/10.3168/jds.2007-0426
https://doi.org/10.3168/jds.S0022-0302(04)73564-X
https://doi.org/10.32707/ercivet.1515414

£8Y K09 b /i sloaxiuw]S g s 0, Kbok 51y s3I (B pmao STy95 4 S99 S (0955 5 4Ll £95 ST (g jy — Sols)

Dirksen, G. U., H. G. Liebich, and E. Mayer. "Adaptive changes of the ruminal mucosa and their
functional and clinical significance." The Bovine Practitioner (1985): 116-120.

Doepel, L., A. Cox, and Armagan Hayirli. "Effects of increasing amounts of dietary wheat on
performance and ruminal fermentation of Holstein cows." Journal of Dairy Science 92.8 (2009):
3825-3832. https://doi.org/10.3168/jds.2008-1062

Donkin, Shawn S. "Glycerol from biodiesel production: the new corn for dairy cattle.” Revista brasileira
de zootecnia 37 (2008): 280-286. https://doi.org/10.1590/S1516-35982008001300032

Ezequiel, J. M. B., et al. "Effects of high concentrations of dietary crude glycerin on dairy cow
productivity and milk quality.” Journal of Dairy Science 98.11 (2015): 8009-8017.
https://doi.org/10.3168/jds.2015-9448

Fatahnia, F., et al. "Influence of starch sources in prepartum diet on colostrum quality and blood
immunoglobulin concentration of calves." (2012): 57-61.

Ferraretto, L. F., P. M. Crump, and R. D. Shaver. "Effect of cereal grain type and corn grain harvesting
and processing methods on intake, digestion, and milk production by dairy cows through a meta-
analysis." Journal of dairy science 96.1 (2013): 533-550.Dirksen, G. U., H. G. Liebich, and E.
Mayer. "Adaptive changes of the ruminal mucosa and their functional and clinical significance."
The Bovine Practitioner (1985): 116-120. https://doi.org/10.3168/jds.2012-5932

Firkins, J. L., et al. "Effects of grain variability and processing on starch utilization by lactating dairy
cattle." Journal of animal science 79.suppl_E (2001): E218-E238.
https://doi.org/10.2527/jas2001.79E-SupplE218x

Gao, X., and M. Oba. "Effect of increasing dietary nonfiber carbohydrate with starch, sucrose, or lactose
on rumen fermentation and productivity of lactating dairy cows." Journal of Dairy Science 99.1
(2016): 291-300. https://doi.org/10.3168/jds.2015-9871

Garnsworthy, P. C., et al. "Effect of site of starch digestion on metabolic hormones and ovarian function
in dairy cows." Livestock Science 125.2-3 (2009): 161-168.
https://doi.org/10.1016/j.livsci.2009.04.002

Grings, E. E., R. E. Roffler, and D. P. Deitelhoff. "Evaluation of corn and barley as energy sources for
cows in early lactation fed alfalfa-based diets." Journal of dairy science 75.1 (1992): 193-200.
https://doi.org/10.3168/jds.S0022-0302(92)77753-4

Gross, Josef Johann, and R. M. Bruckmaier. "Invited review: Metabolic challenges and adaptation
during different functional stages of the mammary gland in dairy cows: Perspectives for
sustainable milk production.” Journal of dairy science 102.4 (2019): 2828-2843.
https://doi.org/10.3168/jds.2018-15713

Grummer, Ric R. "Impact of changes in organic nutrient metabolism on feeding the transition dairy
cow." Journal of animal science 73.9 (1995): 2820-2833. https://doi.org/10.2527/1995.7392820x

Gualdrén-Duarte, Laura B., and Michael S. Allen. "Increased anaplerosis of the tricarboxylic acid cycle
decreased meal size and energy intake of cows in the postpartum period." Journal of dairy Science
100.6 (2017): 4425-4434 https://doi.org/10.3168/jds.2016-12104

Habel, Jonas, and Albert Sundrum. "Mismatch of glucose allocation between different life functions in
the transition period of dairy cows." Animals 10.6 (2020):
1028. https://doi.org/10.3390/ani10061028

Herdt, Thomas H. "Ruminant adaptation to negative energy balance: Influences on the etiology of
ketosis and fatty liver." Veterinary Clinics of North America: Food Animal Practice 16.2 (2000):
215-230. https://doi.org/10.1016/S0749-0720(15)30102-X

Humer, E., et al. "Invited review: Practical feeding management recommendations to mitigate the risk
of subacute ruminal acidosis in dairy cattle." Journal of dairy science 101.2 (2018): 872-888.
https://doi.org/10.3168/jds.2017-13191

Huntington, Gerald B. "Starch utilization by ruminants: from basics to the bunk." Journal of animal
science 75.3 (1997): 852-867. https://doi.org/10.2527/1997.753852x

Kafilzadeh, Farokh, Vahid Piri, and Hamed Karami-Shabankareh. "Effects of feeding dry glycerol on
milk production, nutrients digestibility and blood components in primiparous Holstein dairy cows
during the early postpartum period.” Spanish Journal of Agricultural Research 13.4 (2015):
€0609-e0609 https://doi.org/10.5424/sjar/2015134-7439

Khalili, Hannele, et al. "The effects of added glycerol or unprotected free fatty acids or a combination
of the two on silage intake, milk production, rumen fermentation and diet digestibility in cows



https://doi.org/10.3168/jds.2008-1062
https://doi.org/10.3168/jds.2015-9448
https://doi.org/10.3168/jds.2012-5932
https://doi.org/10.2527/jas2001.79E-SupplE218x
https://doi.org/10.3168/jds.2015-9871
https://doi.org/10.1016/j.livsci.2009.04.002
https://doi.org/10.3168/jds.S0022-0302(92)77753-4
https://doi.org/10.3168/jds.2018-15713
https://doi.org/10.2527/1995.7392820x
https://doi.org/10.3168/jds.2016-12104
https://doi.org/10.3390/ani10061028
https://doi.org/10.1016/S0749-0720(15)30102-X
https://doi.org/10.3168/jds.2017-13191
https://doi.org/10.2527/1997.753852x
https://doi.org/10.5424/sjar/2015134-7439

1F+d o5 E)M;M; aL,aI:g 5,49 “jbg/‘;ofdp}‘c A pdd ffY

given grass silage based diets." Agricultural and Food Science 6.5-6 (1997): 349-362.
https://doi.org/10.23986/afsci.72798

Kholif, Ahmed E. "Glycerol use in dairy diets: A systemic review." Animal Nutrition 5.3 (2019): 209-
216. https://doi.org/10.1016/j.aninu.2019.06.002

Khorasani, G. R., E. K. Okine, and J. J. Kennelly. "Effects of substituting barley grain with corn on
ruminal fermentation characteristics, milk yield, and milk composition of Holstein cows." Journal
of Dairy Science 84.12 (2001): 2760-2769. https://doi.org/10.3168/jds.S0022-0302(01)74730-3

Kijora, Claudia, et al. "Research note: Investigation on the metabolism of glycerol in the rumen of
bulls." (1998): 341-348. https://doi.org/10.1080/17450399809381931

Kristensen, Niels Bastian, and Birgitte Marie Lgvendahl Raun. "Ruminal fermentation, portal
absorption and hepatic metabolism of glycerol infused into the rumen of lactating dairy cows."
Energy and protein metabolism and nutrition. Wageningen Academic, 2007. 355-356.
https://doi.org/10.3920/9789086866137 128

Krogstad, K. C., and B. J. Bradford. "Does feeding starch contribute to the risk of systemic
inflammation  in  dairy cattle?.” JDS  communications 4.1  (2023): 14-18
https://doi.org/10.3168/jdsc.2022-0303

Kupczynski, R., et al. "Effect of glycerol and propylene glycol supplementation on metabolic
parameters and production performance in periparturient period of dairy cows." Agricultural
Journal 7.2 (2012): 88-94. https://www.cabidigitallibrary.org/doi/full/10.5555/20123231323

Lomander, H., et al. "Supplemental feeding with glycerol or propylene glycol of dairy cows in early
lactation—Effects on metabolic status, body condition, and milk yield." Journal of dairy
science 95.5 (2012): 2397-2408. https://doi.org/10.3168/jds.2011-4535

Mach, Ndria, Alex Bach, and Maria Devant. "Effects of crude glycerin supplementation on performance
and meat quality of Holstein bulls fed high-concentrate diets." Journal of Animal Science 87.2
(2009): 632-638. https://doi.org/10.2527/jas.2008-0987

Madrid, Josefa, et al. "Effect of feeding glycerin on ruminal environment and in situ degradability of
feedstuffs in young bulls." Animals 9.6 (2019): 359 https://doi.org/10.3390/ani9060359

Matras, J., R. Klebaniuk, and E. Kowalczuk-Vasilev. "Impact of glucogenic additive in transition dairy
cow diets of varying ruminal starch degradability on yield and composition of milk and
reproductive parameters."” Czech Journal of Animal Science 57.7 (2012): 301-311.
https://doi.org/ 10.17221/6005-CJAS

McCarthy Jr, R. D., et al. "Effects of source of protein and carbohydrate on ruminal fermentation and
passage of nutrients to the small intestine of lactating cows." Journal of Dairy Science 72.8 (1989):
2002-2016. https://doi.org/10.3168/jds.S0022-0302(89)79324-3

Mezzetti, Matteo, et al. "The role of altered immune function during the dry period in promoting the
development of subclinical ketosis in early lactation." Journal of dairy science 102.10 (2019):
9241-9258 hittps://doi.org/10.3168/jds.2019-16497

Mikula, R., et al. "Effects of different starch sources on metabolic profile, production and fertility
parameters in dairy cows." Polish Journal of Veterinary Sciences 14.1 (2011).
https://doi.org/10.2478/v10181-011-0008-9

Mikuta, Robert, et al. "Propylene glycol and maize grain supplementation improve fertility parameters
in dairy cows." Animals 10.11 (2020): 2147. https://doi.org/10.3390/ani10112147

Mirzaei-Alamouti, H., et al. "Effects of prepartum diet grain type and postpartum starch level on milk
production, milk composition, and plasma metabolites of primiparous and multiparous Holstein
cows."  Animal Feed Science  and Technology 291 (2022): 115393.
https://doi.org/10.1016/j.anifeedsci.2022.115393

Mokhtarzadeh Dilmaghani, Saeid, Mohammad Reza Sanjabi, and Abdolreza Salehi. "Considering the
culling reasons and trend of its changes Using 16 years data of mega dairy Holstein farms in Iran.”
Iranian Journal of animal Science 55.4 (2024): 683-
691. https://doi.org/10.22059/ijas.2024.371219.653993

Oba, M., and K. Kammes-Main. "Symposium review: Effects of carbohydrate digestion on feed intake
and fuel supply." Journal of dairy science 106.3 (2023): 2153-2160. https://doi.org/10.3168/jds.2022-
22420

Oetzel, Garrett R. "Monitoring and testing dairy herds for metabolic disease." Veterinary Clinics: Food
Animal Practice 20.3 (2004): 651-674.



https://doi.org/10.23986/afsci.72798
https://doi.org/10.1016/j.aninu.2019.06.002
https://doi.org/10.3168/jds.S0022-0302(01)74730-3
https://doi.org/10.1080/17450399809381931
https://doi.org/10.3920/9789086866137_128
https://doi.org/10.3168/jdsc.2022-0303
https://doi.org/10.3168/jds.2011-4535
https://doi.org/10.2527/jas.2008-0987
https://doi.org/10.3390/ani9060359
https://doi.org/10.3168/jds.S0022-0302(89)79324-3
https://doi.org/10.3168/jds.2019-16497
https://doi.org/10.3390/ani10112147
https://doi.org/10.1016/j.anifeedsci.2022.115393
https://doi.org/10.22059/ijas.2024.371219.653993
https://doi.org/10.3168/jds.2022-22420
https://doi.org/10.3168/jds.2022-22420

L8Y K09 b /i gloaniw],S g s 0, KLok 51y s3I (B pmaro ST)95 4 SKifeTe S (0955 5 4Ll 95 ST (g fy — Sols)

Ogborn, K. L., et al. "Effects of method of delivery of glycerol on performance of dairy cows during
the transition period.” Journal of Dairy Science. Vol. 87. 1111 N DUNLAP AVE, SAVOY, IL
61874 USA: AMER DAIRY SCIENCE ASSOC, 2004.

Omazic, A. Werner, et al. "High-and low-purity glycerine supplementation to dairy cows in early
lactation: effects on silage intake, milk production and metabolism." Animal 7.9 (2013): 1479-
1485. https://doi.org/10.1017/S1751731113001110

Overton, T. R., and M. R. Waldron. "Nutritional management of transition dairy cows: strategies to
optimize metabolic health." Journal of dairy science 87 (2004): E105-E119.
https://doi.org/10.3168/jds.S0022-0302(04)70066-1

Paiva, Pablo Gomes de, et al. "Effects of crude glycerin on milk composition, nutrient digestibility and
ruminal fermentation of dairy cows fed corn silage-based diets." Animal Feed Science and
Technology 212 (2016): 136-142. https://doi.org/10.1016/j.anifeedsci.2015.12.016

Puvaca, Nikola, and Dragan Glamoci¢. "Beneficial Effects of Glycerol Usage in Dairy Cows Nutrition."
https://doi.org/10.55817/SDKD5058

Rémond, B., E. Souday, and J. P. Jouany. "In vitro and in vivo fermentation of glycerol by rumen
microbes."  Animal Feed Science and Technology 41.2 (1993): 121-132.
https://doi.org/10.1016/0377-8401(93)90118-4

Reynolds, C. K. "Production and metabolic effects of site of starch digestion in dairy cattle." Animal
Feed Science and Technology 130.1-2 (2006): 78-94. https://doi.org/10.1016/j.anifeedsci.2006.01.019

Reynolds, C. K., et al. "Splanchnic metabolism of dairy cows during the transition from late gestation
through early lactation.” Journal of dairy science 86.4 (2003): 1201-1217.
https://doi.org/10.3168/jds.S0022-0302(03)73704-7

Saleem, A. M., A. I. Zanouny, and A. M. Singar. "Effect of glycerol supplementation during early
lactation on milk yield, milk composition, nutrient digestibility and blood metabolites of dairy
buffaloes." Animal 12.4 (2018): 757-763. https://doi.org/10.1017/5175173111700180X

Schroder, A., and K. Sudekum. 1999. Glycerol as a by-product of biodiesel production in diets for
ruminants. Paper 241 in Proc. 10th Int. Rapeseed Congress: New Horizons for an Old
Crop.Canberra,Australia. The Regional Institute Ltd.

Shin, D. H., et al. "Associations between serum haptoglobin concentration and peri-and postpartum
disorders, milk yield, and reproductive performance in dairy cows." Livestock Science 213 (2018):
14-18. https://doi.org/10.1016/j.livsci.2018.04.015

Silveira, C., et al. "Effect of grains differing in expected ruminal fermentability on the productivity of
lactating dairy cows." Journal of Dairy Science 90.6 (2007): 2852-2859
https://doi.org/10.3168/jds.2006-649

van Cleef, Eric Haydt Castello Branco, et al. "Effects of partial or total replacement of corn cracked
grain with high concentrations of crude glycerin on rumen metabolism of crossbred sheep.” Small
Ruminant Research 159 (2018): 45-51. https://doi.org/10.1016/j.smallrumres.2017.12.011

Van Soest, B. J., et al. "Effect of pre-and postpartum supplementation of a pure glycerol product to
dairy cows on feed intake, metabolic markers, and milk yield and components.” Journal of Dairy
Science 106.10 (2023): 6798-6815. https://doi.org/10.3168/jds.2022-23173

Zacaroni, Ozana F., et al. "Complete replacement of corn grain with crude glycerin for dairy cows."”
Livestock Science 258 (2022): 104893. https://doi.org/10.1016/j.livsci.2022.104893



https://doi.org/10.1017/S1751731113001110
https://doi.org/10.3168/jds.S0022-0302(04)70066-1
https://doi.org/10.1016/j.anifeedsci.2015.12.016
https://doi.org/10.1016/0377-8401(93)90118-4
https://doi.org/10.1016/j.anifeedsci.2006.01.019
https://doi.org/10.3168/jds.S0022-0302(03)73704-7
https://doi.org/10.1017/S175173111700180X
https://doi.org/10.1016/j.livsci.2018.04.015
https://doi.org/10.3168/jds.2006-649
https://doi.org/10.1016/j.smallrumres.2017.12.011
https://doi.org/10.3168/jds.2022-23173
https://doi.org/10.1016/j.livsci.2022.104893

