Iranian Journal of Animal Science Research

Homepage: http://ijasr.um.ac.ir iith

Research Article
Vol. 17, No.1, 2025, p. 1-19

Effect of Chemical Processed Barley Grain (Hordeum vulgare) Through Steam
Infrared Flaking on Productive and Parameters of Ruminal Fermentation in
Holstein Lactating Cows

Amir Honarmand "1, Alireza Vakili“*2*, Mohsen Danesh Mesgaran "2, Abdolmansour Tahmasebi*?

1 and 2- Ph.D. Candidate and Professor, Department of Animal Science, Faculty of Agriculture, Ferdowsi University of
Mashhad, Mashhad, Iran, respectively.
*Corresponding Author's Email: savakili@um.ac.ir

How to cite this article:

Honarmand, A., Vakili, A., Danesh Mesgaran, M., & Tahmasebi, A. (2024).
Effect of chemical processed barley grain through steam infrared flaking on
productive and parameters of ruminal fermentation in Holstein lactating cows.
Iranian Journal of Animal Science Research, 1%V), 1-19. (in Persian with
English abstract).

http://doi.org/10.22067/IJASR.2024.88578.1206

Received: 19-06-2024
Revised: 21-08-2024
Accepted: 15-09-2024
Available Online: 23-04-2025

Introduction: Barley grain can provide energy and protein to lactating dairy cows; however, feeding high
levels of barley grain may increase the risk of developing rumen disorders with extensive consequences for
health, welfare and continuity of milk production. Various barley processing (chemically and physically) is
critical to prevent ruminal acidosis, enhance digestion, nutrient utilization, and promote productivity. Steam-
infrared heated-flaking is a physical-specific process and it impresses on starch gelatinization and protein
denaturation which may modify both site and rate of digestion. Treating barley grain with lactic acid have been
shown to alter the chemical composition and the nutritional value of treated grains. Barley grains ammunition
treatment increased nitrogen content, effective rumen degradable and intestinal digestibility of nitrogen. Plant
extract through the selective effect on certain rumen bacteria and the attachment and pattern of their colonization
of starchy grain such as barley grain may alter starch degradation.

Materials and Methods: To prepare Acanthophyllum (Ap) extract, 1 Kg of dried sample was solved in 5
liter distilled water and manually mixed for 48 h at 30 min hiatuses. Barley grains treated with 5% solution of
Acanthophyllum or 5.6% ammonium bicarbonate, simultaneously treated with 1% lactic acid. Consequently,
non-treated and chemically treated barley grain steamed for 50 min. Then, steam cooked grains were exposed
under an infrared -heated for 55 seconds to attain surface kernel temperatures of 100°C. Finally, passed through
the roller mill in a flaker machine and were flaked. Thus, experimental treatments were: 1) Steam- infrared
heated -flaked of barley grain, 2) Steam- infrared heated -flaked of barley grain treated with extract of
Acanthophyllum and lactic acid, 3) Steam- infrared heated -flaked of barley grain treated with ammonium
bicarbonate and lactic acid. This experiment with a 3 x 3 Latin square design were conducted with three rumen-
cannulated Holstein cows (average BW: 690+ 13, DIM: 96+ 9) in three 21-day periods. Productive responses
and dry matter intake were evaluated during the last 4 d of each period. Blood sample was collected on day 21 of
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the experimental period before the morning feeding and 2, 4 and 6 h after morning feeding to evaluate the
concentration of serum glucose, albumin, total protein and blood urea nitrogen concentration. Acid insoluble ash
as an internal marker was used to measure the apparent digestibility of nutrients. The ruminal pH and NH3-N
concentration were continuously measured.

Results and Discussion: Results illustrated that the experimental diets did not affect (P>0.05) on DMI, milk
production, FCM and ECM. Milk fat and lactose concentrate were higher in cows fed by the diet containing the
steam- infrared heated -flaked of barley grain treated with extract of Acanthophyllum and lactic acid and/ or
treated with ammonium bicarbonate and lactic acid treatments than the steam- infrared heated -flaked of barley
grain treatment (P < 0.05). Milk total solid, protein and MUN concentrate were increased in response to fed the
steam- infrared heated -flaked of barley grain treated with ammonium bicarbonate and lactic acid compared to
the control (P < 0.05). Generally, serum BUN concentration was significantly affected by the chemical treating
during 2, 4 and 6 h after the morning feeding (P< 0.05). The consuming of steam- infrared heated -flaked of
barley grain treated with ammonium bicarbonate and lactic acid resulted in increased total blood protein
concentration (at 6 h after the morning feeding) in the cows (P< 0.05). When the chemical treatment was used,
the apparent digestibility of dietary DM, CP and starch was increased in the cows consuming these diets (P<
0.05). Ruminal pH and also redoex potential were not affected by treatments and sampling time (P> 0.05). In this
study, data showed that cows fed the SIFBLaar had greater ruminal NH3-N concentration when compared with
the other treatments (p< 0.05).

Conclusion: Feeding chemical treated barley grain with 5% extract of Acanthophyllum and/or 5.6%
ammonium bicarbonate plus 1% lactic acid did not affect DMI and milk production in dairy cow, but improved
the milk composition, with higher milk fat, lactose, protein and total solid. In animals fed chemicallym, treated
barley grain the nutrient apparent digestibility, enhanced significantly. The MUN, BUN and ruminal NH3-N
concentration increased in cows fed the diet with SIFBaap.
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Table 1- Ingredients and nutrient composition of experimental diets fed to dairy cows as TMR
salojl slajlos
Experimental treatments
SIFBy  SIFBraay  SIFBraas

27.4 27.4 27.4

(g_gu..> odlo A.o)b) 0> sl)}\
Ingredients (% DM)
) 3w

Corn silage

iy bl 219 219 21.9
Alfalfa hay ' ' '
pAS olS
Wheat straw
S 5058 oo (il — jy )l g2 4l 14.6
SIFBy

@YM‘B;&%A?W)B)LA&L.VBJ.:JLS)glJACUﬁ%—}ﬁfgd93b@:@m—}i)w?ﬁb _ 14.6
SIFBLaap

SV del g posigel SluyS 0 bodd gl Jes (S =508 (gle (minids 5 )b g2 4> 146
SIFBLaab

epal 8.8 8.8 8.8
Corn grain
Lo Alles’
Soybean meal
4 o 6.4 6.4 6.4
Cottonseed whole
fa..\.lf ab

Wheat grain

ol 0.3 - -
Urea '

parjia douS) 02 02 0.2
Magnesium oxide

e Sl o 0.9 0.9 0.9
Sodium bicarbonate ' ' '
Slinsd elS 52 0.4 0.4 0.4
Dicalcium phosphate

porbo 9 (2l oelig 0.4 0.4 0.4
Vitamin E and selenium ' ' '
T3S 0.4 0.4 0.4
Fat powder

(s osle p)5 Veee 13 p)5) (gdie dlgo S 3

Nutrient content (g/100g DM)

3.0 33 33

3.7 3.7 3.7

dDM““" »le 5012 5197 5094
El:ug: ;fbtein 1650 1651 165.1
;‘“’mlr”:h 2405 2406 2406
(,\T‘Sf ) 5 gl 53 Joboual S 3030 3027 3029
o)1) (gl odizgd 13 Jslonals LI

(Folosod (192 ok 1970  196.7 196.8
ADF

(f’)f?l‘s » d)ﬂﬂi‘) (R s L)“]B d;)ﬂ 64 1.64 1.64

NEL (Mcal/kg)
S =308 9ole (oudnds =5y 5 g2 @l (¥ (SIFBo wanld) aliosd (515lJes g0 igtt (Ssz =508 (ol (oniinds =y )0 g2 &b (V 2ol ialosl (slo sl
(SIFBLanb) S5

Experimental treatments were: 1) steam- infrared-flaked of barley grain (SIFBo), 2) Steam- infrared-flaked of barley grain treated
with extract of Acanthophyllum and lactic acid (SIFBLaap), 3) Steam- infrared-flaked of barley grain treated with ammonium
bicarbonate and lactic acid (SIFBLaab).
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Table 3- The effect of various chemically processed barley grain accompany through steam-infrared-flaked in rumen-fistulated
Holstein dairy cows diets on Concentration of blood metabolites at the before and 2, 4 and 6 h after feeding

aseil el sloles skl ot Sl (6 e
Parameters Experimental treatments SEM Pvalue

SFIBo  SIFBiaay  SIFBiaan

oo (23Sgs 5l S
Before the morning feeding

(e 2 p S iske) 3515 55.60  56.03 55.36 1.90 0.969
Glucose (mg/dl)
(deed 2 pS o) 085 Sloodl 39 1769 1871 1801 0.558 0.272
Blood urea nitrogen (mg/dl)
(f"*'&”’_)* P5) onesd 4.14° 395 4.26° 0.063 0.031
Albumin (g/dl)
(oo Py ) 5 o 6.65 6.86 6.83 0.139 0.558
Total proteins (g/dl)

2o (23S]gs jlan colo 5

After the morning feeding, 2 h
(dipmd 2 )5 ko) 55515 5577 5628  56.19 1.89 0.980
Glucose (mg/dl)
(deed 2 pS ko) 08 Sloosl 039% 17680 19332 19120 0.428 0.047
Blood urea nitrogen (mg/dl)
(#e> 2 £5) mgel 418 413 424 0.060 0.190
Albumin (g/dl)
(e 2 £5) I 2 679  7.00 6.84 0.125 0.360
Total proteins (g/dl)

plowe (23She jl  celo Sl

After the morning feeding, 4 h
(e 2 p S ko) 355 5816 5929 5817 178 0.878
Glucose (mg/dl)
()"‘J&“"’ » ?)SAJL“‘) o9 Sloygl (95 18.67¢ 20.66° 22.16% 0.616 0.02
Blood urea nitrogen (mg/dl)
(o> 2 £5) egel 424 411 4.16 0.085 0.582
Albumin (g/dl)
(s> 2 5) J 0y 697 727 7.12 0.162 0.547
Total proteins (g/dl)

2Bors (23S il celw i

After the morning feeding, 6 h
(e 2 p S iske) 3585 50.08 6003  59.36 218 0.952
Glucose (mg/dl)
(s 2 pSe) 055 ool i 91 470 pzam 26500 0.533 0.001
Blood urea nitrogen (mg/dl)
WU‘“% £5) Coeyd 421 4.22 4.03 0.077 0.219
Albumin (g/dl)
(=die> 2 £5) J5 09 7.14¢ 7.47° 7.77° 0.138 0.049

Total proteins (g/dl)

(P<+/+0) aiisl oo gyl sixe BWBT (glyls cind)y o 1> dliie jue By b slapSlo

S =508 gl (ritad =3 550 g2 @l (¥ (SIFBo wals) (obewd syl Jos g 9t (Sgg =058 (9olo (omind =y Jbu g2 &l (V 2ol ptolol (slalos
,\..._...J‘ 9 ?9“'9“] uLu)fd b W) d»]Ja& uﬁy _).4)5 O53L° M—)J )59\ 9> by (\" 9 (SlFBLaAp) n_i.‘.SY .,\.:..ul 9 ‘3)? o‘.:_f Al o)La_c b W) d”h}o&
(SIFBLaab) sy

Means with different superscript letters in each row indicate significant different (P<0.05)

Experimental treatments were: 1) steam- infrared-flaked of barley grain (SIFBo), 2) Steam- infrared-flaked of barley grain treated
with extract of Acanthophyllum and lactic acid (SIFBLaap), 3) Steam- infrared-flaked of barley grain treated with ammonium
bicarbonate and lactic acid (SIFBLaab).
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Table 4- The effect of various chemically processed barley grain accompany through steam-infrared-flaked in rumen-fistulated
Holstein dairy cows diets on nutrient apparent digestibility

ialejl ololass P Gne daw
sl b Experimental treatments )kl slas uSSle P-value
Parameters SFIBo  SIFBiaap  SIFBrass SEM e ol ole X e

Treatment Time Treatment x time

(o)) St osle 60.08°  63.022  61.88% 0.689 0.033 0615 0.658
DMI (%)
(22) B o592 63.87° 65.08®  67.67° 0.571 001  0.002 0.922
Crude protein (%)
(o3) dilis 7758b 79458  80.13 0.876 005 0578 0.426

Starch (%)

(P<+/+0) a2l o (sl sine SHT (s s, o 53 e b By b sl il
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Means with different superscript letters in each row indicate significant different (P<0.05)
Experimental treatments were: 1) steam- infrared-flaked of barley grain (SIFBo), 2) Steam- infrared-flaked of barley grain treated
with extract of Acanthophyllum and lactic acid (SIFBLaap), 3) Steam- infrared-flaked of barley grain treated with ammonium

bicarbonate and lactic acid (SIFBLaab).
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