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Introduction Barley grain is the main feed for cattle in many regions of the world. The
digestibility of barley grain is restricted by its fibrous shell and intact pericarp. The extent and
rate of digestion of ruminal carbohydrates and barley grain can be manipulated through
processing. Barley processing can be a valuable tool to optimize the production of lactating
dairy cows. The application of combinations of heat, moisture, time and mechanical action
may influence the quality of processed barley grains. Micronization is a rapid thermal
treatment (30-90 s) using infrared radiation and has great application potential in the feed
industry due to simple construction and operation. It has been demonstrated in a number of
experiments that organic acids, including lactic acid and malic acid, alter the chemical
composition and nutritional value of cereals. Essential oils are naturally occurring plant
products that are rich in chemical composition and have various biological properties. The
interactions between starch and phenolic compounds have attracted increasing attention in
recent years. The aim of this study was developed to determine the impact of chemical
processing through steam flaking or steam-infrared flaking of barley grain on physical and
chemical properties, and protein and carbohydrate fractionations.

Materials and methods The ethanolic Foeniculum vulgare (Pv) or Acanthophyllum (Ap)
extract were prepared by dissolving 100 g of dried and ground Pv or Ap in 500 mL of 96%
v/v ethanol/water and shaking for 72 h. Then, the extracts were filtered through a Whatman
No. 1 paper (Whatman Ltd., Maidstone, England). The residual solvent of the ethanolic
extract was removed using a rotary evaporator. Distilled water was added to barley grain at a
ratio of 10% by weight and mixed completely, then treated with 1% Lactic acid (La) or 1%
malic acid (Ma). The samples were then treated with 5% solution of Ap or Pv. Subsequently,
processed grains were steamed for approximately 35 min at 96 °C. Steam cooked grains were
then divided in 2 groups, which one of those was exposed under an infrared radiation for 55
seconds (SIF). All cooked grain were then flacked (SF) passing through a designed flaker
machine. physical properties (Giger-Reverdin., 2000) and chemical composition (AOAC,
2012 of the samples were then performed in. Crude protein was calculated as Nx625; NDF
and ADF contents were determined as proposed by Van Suste et al, (1991). Starch was
evaluated by anthrom and sulfuric acid (Rose et al., 1991). The bulk density was determined
by weighting of 100 ml of the samples. Water holding capacity was determined using a
method described by Robertson, J.A., and Eastwood (1998). The grain density was defined as
the ratio of the mass of the grain to the particle volume occupied by the sample (Aghajani et
al., 2012). Crude protein and carbohydrate fractionations were performed according to Higgs
et al (2015). Carbohydrates were divided into five fractions based on different degradation



rates in the rumen: A4 (water soluble carbohydrates or sugar), B1 (starch), B2 (soluble fiber),
B3 (digestible fiber), and CC (ingestible fiber).

Results and discussion All the Physical properties of the processed barley grain were
significantly affected by chemically and physically methods applied in this study (P < 0.05).
The highest bulk density and water holding capacity were shown in both SF and SIF
processing. The results of this study indicated that the contents of CP, ADF, NDF, EE,Ash,
amylose and amylopectine were significantly affected by the chemically and physically
processing (P< 0.05). The CP content of the grains treated with Ap and Ma had higher
compared with that of Pv and La. In addition, NDF concentration of the grains processed by
SF method was greater than that of SIF (P < 0.05). Both CP and NDF content of the processed
grain were higher for (SIFBapma) and (SIFBapLa) rather than those of the other treatments (P<
0.05). The soluble true protein, insoluble true protein and indigestible protein fractions of the
processed grain were affected by both chemically and physically processing methods (P <
0.05). The soluble true protein fraction in the grain treated by Ap was greater than that of the
Pv. The indigestible protein fraction increased in Pv treatments compared the Ap treatments.
Significant differences were found between the processed grains regarding the total
carbohydrates, non fiber carbohydrates, soluble fiber, digestible fiber and Indigestible fiber
carbohydrate fractions (P<0.05). The carbohydrates, non fiber carbohydrates and soluble fiber
carbohydrate fractions were greater (P< 0.05) in the SIF than those of SF method. Digestible
fiber and Indigestible fiber fractions were lower (P< 0.05) in La than Ma tratments.

Conclusion Our results demonstrate that processed barley grain with organic acids (Malic
acid or Lactic acid) and using extracts of Acanthophyllum or Foeniculum vulgare accumpany
through physical processing (steam flaking or steam- infrared -flaking) make an improvement
in nutritional value of the grain. In this study, bulk density and water holding capacity were
greater in steam flaking rather than steam-infrared-flaking method. Regarding the CP
fractionations, processed barley grain with Acanthophyllum extract through steam-infrared-
flaking displayed significant alter in the fractions. Lactic acid processed grain through steam-
infrared-flaking showed an enhancedment in both non fiber carbohydrates and soluble fiber
concentration of the grain. Present data showed a positive impact of both chemically and
physically methods applied in barely grain, however, further investigation regarding protein
and carbohydrate molecular responses are needed to be evaluated.
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Tablel- Physical Characteristics of chemically processed barley grain using extracts of Acanthophyllum (Ap) or Foeniculum vulgare (Pv) plus malic acid (Ma) or lactic acid
(La) accompany through steam flaking or steam-infrared-flaking

(> oo o) P-VNUe

osldos (S35 lrosd Slabs, Jatas lulio
Contrasts

S8 Sluogad SFBo SFBapma SFBapra SFBpwma SFBpwa  SIFBo  SIFBapma  SIFBapta  SIFBpwma  SIFBpuia SEM o aall o z
Physical properties (1) (2 3 4 ®) (6) ™ 8) 9 (10) Treatment A B C
(d il @ p)3) o35 p 356.7¢f 380° 340.79  371.2¢ 3779 412,32 397.3° 360.1¢f 363.6%f 353.61¢ 2.90 <0001 <0001 0.1368 <0001
Bulk density (g/L)
caSa yio) Ol ()l cud b 1.962 1.71° 1.69° 1.38° 1.50% 1.75P 1.53¢ 1.44% 1.450% 1.47¢ 0.014 <0001 <0001 <0001 0.4233
(8
Water holding capacity
(m3/Ton)
(05 2 Ko yio) pox> 1.292 1.184 1.27% 1.184 1.22¢ 1.11f 1.16% 1.25% 1.14¢f 1.23¢ 0.006 <0001 <0001 <0001 <0001
Volume (m?3/Ton)
2 pSokS) oz p > 774.2%  846.2° 819.9¢ 841.3« 817.3¢  898.72 861b° 796.4% 875.4° 812.4¢ 11.25 <0001 0.0006 0.4809 <0001
(See i
Density (Kg/m®)

(P</-0) wiil oo (5l (gina BT (gh)ls o) 1 )3 wliie i By b (slacnSile
Means with different superscript letters in each row indicate significant different (P<0.05).
Sl Sl g 6l L o g pglJos g s (¥ (SFBApLa) (S — 52,5 sl StV 5 Koz b o 55l Jae g2 b (¥ (SFBApMa) (S =535 dpul o 5 S b 05 (gl Jos 52 4l (¥ (SFBo) (g = 50,6 pB 52 4l (1 2 Jols lojl (slalos
S = m3e 8 gdle endinds — 3B deed Slle 5 Sosz b oad gl o g &b (V (SIFBo) (Slgy = —je 8 gale (mdinds —jy 50 pl g2 s (£ (SFBPuLa) Sy — 30,60 duesd S8V 5 bl b ord gyl Jes 52 4> (0 (SFBrvMa) (Ssy -5
SV g bjly bosd gl dos g2l (V- (SIFBPMa) (Sgs = 5058 (igdle (gminss =5, ol Sle 5 &bl b 0ad sl Jes 52 @ (A (SIFBApLa) (Sgy = =508 (5ol (ouiinds —50)B sl S5V 5 Sig Lo gl Jos 92 4l (A (SIFBapMa)
(SIFBpuLa) (Ss; = =508 pgole (smdiads = 53,55 Sy
Experimental treatments were:1) Steam-flaking of barley grain(SFBo), 2) Steam-flaking of barley grain treated with Acanthophyllum and Malic acid (SFBapma), 3) Steam-flaking of barley grain
treated with Acanthophyllum and Lactic acid (SFBapLa), 4) steam flaking of barley grain treated with Foeniculum vulgare and Malic acid (SFBrwma), 5) steam flaking of barley grain treated with
Foeniculum vulgare and Lactic acid (SFBpvLa), 6) steam- infrared-flaking of barley grain(SIFBo), 7 steam- infrared-flaking of barley grain treated with Acanthophyllum and Malic acid
(SIFBapma), 8) steam- infrared-flaking of barley grain treated with Acanthophyllum and Lactic acid (SIFBapLa), 9) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and
Malic acid (SIFBpvma), 10) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and Lactic acid (SIFBpyLa)
S gl e 53 Slo sl (g ealjly Jlie 13 Sagy (LS o5l (0 (S = 5038 (ole (rinitd =50y Jlle 3 (g )b (Al : s Sluglie
Contrasts: A) Steam-flaking vs steam- infrared irradiation-flaking, B) Acanthophyllum vs Foeniculum vulgare, C) Malic acid vs Lactic acid
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Table2- Chemical composition of chemically processed barley grain using extracts of Acanthophyllum (Ap) or Foeniculum vulgare (Pv) plus malic acid (Ma) or lactic acid
(La) accompany through steam flaking or steam-infrared-flaking

() ine aw) P-Vlue

ol o 5 il Sai) Jizes oluglia CONtrasts
£55)stloossd S 5 SFBo SFBapma  SFBapa  SFBpwma  SFBpuLa SIFBo SIFBapma ~ SIFBapta  SIFBpwma  SIFBpvia SEM N il o z
(pS5kS @) @ (©)) (4) ®) (6) U] ®) 9) (10) Treatment A B C
Chemical
composition
(g/kg)
S 22.74%  22.82% 22.13° 24832 24.562 24.15® 23.09% 22.17° 22.16° 22.26° 0.446 0.0007 0.0323 0.0096 0.1734
Eater Extract
Ash jsis 29.532 25.43° 24.78° 31.792 23,530 24.45P 25.33° 23.76° 31.132 23.340 0.463 <.0001 0.0003 <.000 <.000
1 1
SESR 1143b¢ 11555%  113.45%¢ 11556%  109.98° 113.61%°  116.612 115.2%  114.85%¢  110.80° 0.974 0.0018 0.4233 0.0023 0.0001
Crude Protein
arolis 558.93 554 557.98 558.54 558.01 561 556.82 562.02 558.95 558.83 4.13 0.2453 0.1939 0.5058 0.1156
Starch
3 Jsloxel U 204.423¢ 224732 201.91%c  211.10%°¢ 217.88%® 203.74%° 216.922¢  184.34¢ 209.76%c  187.76° 6.62 0.0067 0.0125 0.941 0.0012
S odugd
Neutral
Detergent
Fiber (NDF)
3 Joloeals o) 74.74%¢ 79,63 85.282 63.83¢ 75.94%¢ 69 82bc 76.42%¢  72.72%¢ 80.64%  71.70%c 2.74 0.0015 0.3604 0.0104 0.5158
Sl 00095
Acid Detergent
Fiber (ADF)
Jsloe (glaais 36.03 34.32 35.91 37.09 39.24 36.79 36.10 38.56 36.06 33.90 3.19 0.1043 0.7564 0.6779 0.2411
Water soluble
carbohydrates
(3423 joluel 31.31% 31.412 30.37¢ 30.63% 30.90° 31.29% 31.38% 30.26° 30.64% 30.26° 0.252 0.009 0.3308 0.1883 0.0046
Amylose(%)
(0p3) cpiSsglaal 68.93¢% 68.59¢ 69.632 69.37% 69.10° 68.71 68.62"¢ 69.762 69.36% 69.742 0.252 0.009 0.3308 0.1883 0.0046
Amylopectin
(%)

(P<-1-0) widlyco g)b (no BB (gl sy )3 bty By L glaSike
Means with different superscript letters in each row indicate significant different (P<0.05).
Aol Slo 5 L1 L ods (6550 Jas g s (F (SFBApLa) (Sgy — 50,0 dsl S8V 5 Sosr b o gl o g2 s (¥ (SFBApMa) (Sg; — 50,050 sl Sle g Sogr L o5 (659l Joe g2 s (¥ (SFBo) (g — o)l pls g s (1 2ol otolesl (slalos
Sy = =308 pdle iads — )b del Slo 5 Koz b osd gpslJes g2 &b (Y (SIFBo) (Sgy = —jo 8 pgale ouinits —50)b pl g 4l (7 (SFBPLa) (g —50,bu el SV 5 b, b osd sl des s> b (b (SFBevma) (S 50,6
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Experimental treatments were:1) Steam-flaking of barley grain(SFBo), 2) Steam-flaking of barley grain treated with Acanthophyllum and Malic acid (SFBapma), 3) Steam-flaking of barley grain
treated with Acanthophyllum and Lactic acid (SFBapLa), 4) steam flaking of barley grain treated with Foeniculum vulgare and Malic acid (SFBpwma), 5) steam flaking of barley grain treated with
Foeniculum vulgare and Lactic acid (SFBpwa), 6) steam- infrared-flaking of barley grain(SIFBo), 7 steam- infrared-flaking of barley grain treated with Acanthophyllum and Malic acid
(SIFBapma), 8) steam- infrared-flaking of barley grain treated with Acanthophyllum and Lactic acid (SIFBapLa), 9) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and
Malic acid (SIFBpvma), 10) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and Lactic acid (SIFBpyLa)
SV sl Jlie 3 Slo sl (z elly Blio 3 Sugr (2US o)l (0 (Sgy = 5038 (g0l (i =)l Jlie 5 (g0l (Al : Jise lusli
Contrasts: A) Steam-flaking vs steam- infrared irradiation-flaking, B) Acanthophyllum vs Foeniculum vulgare, C) Malic acid vs Lactic acid
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Table3- Protein fractionation of chemically processed barley grain using extracts of Acanthophyllum (Ap) or Foeniculum vulgare (Pv) plus malic acid (Ma) or lactic acid (La)
accompany through steam flaking or steam-infrared-flaking

(&> o o) P-VlUe

Sogldes (So3d g (olond slagsby, S sl
Contrasts

OSep (Sl sy SFBo SFBapma SFBapa SFBpwma SFBpua  SIFBo  SIFBapma  SIFBapra  SIFBpuvma  SIFBruLa SEM o )l o
ST ) @3) (4) 6  © @) ®) ©) (10) Treatment A B

O™

Oan 3l she))
(Pt

Protein
fractions (%
of CP)
(Al) Slsgel 0 0 0 0 0 0 0 0 0 0 - - - - -
Ammonia

s i g 5.102 5.572 4.20° 5.242 1.99¢ 4.09P 5.412 5.322 2.92bc 3.43b 0.85 0.0826 0.7315 0.0091 0.0949

(A2) Jgoe

Soluble true

protein

b g 83.46° 86.63®° 87.72* 85.67* 88.76° 86.14® 87.01* 87.16* 88.66*°  87.69° 0.084 0.01 0.1104 0.3519 0.1736
(B1) Jslxeb

Insoluble

true protein

odd Jate cpBigy  3.7D 2.6 3.38 3.17 3.33 2.56 3.13 244 2.61 331 0.514 0.6633 0.1934 0.5574 0.5178
(B2) eyl «

Fiber-bound

protein

UCIVEIR- 7.68%  5.19¢ 4.69°  591%c 590% 7.20% 4.43° 5.07¢ 5.80%¢ 5.56 0.423 0.0005 0.3361 0.0048 0.9297

(C) pn
Indigestible
protein

(P<e/o0) sl o (5l (gine BT (gl i) 2 )3 o i By b (slaSilie

Means with different superscript letters in each row indicate significant different (P<0.05).
Sl Sl g 6l L o gpgl Jos g s (¥ (SFBApLa) (S — 52, sl StV g Koz b o 55l Jas g2 4l (¥ (SFBADMa) (S =550 dpul o 5 o o5 (gl Jos 52 s (¥ (SFBo) (S 50,60 pB 52 4l (1 2 Jols ioloj] (slalos
$Slgy = =308 Gale i — )by dsl Sle 5 Sogn Lo (gygles g2 4l (V (SIFBo) (g = — 505 (pgle miiaits =3B pls g2 il (8 (SFBpyLa) (g —jpyl50 ol SSY 5 abjl, b osd syl os g2 ol (0 (SFBPvMa) (Sgs — 1)l
Sa8Y g bl bosd 5y5los 52wl (V¢ (SIFBruMa) (Sgs = =50 B igole oudnds =53 50 ssl Slo 5 031, L o 55l Jas 52 4l (4 (SIFBApLa) (S = =508 (gdle smiiasds = 33, B dpul SV 5 S L o 55l Jas 2 4l (A (SIFBApa)
(SIFBpuLa) (Ss; = = 50,8 (pgole (smdiads = 53,55 Sy



Experimental treatments were:1) Steam-flaking of barley grain(SFBo), 2) Steam-flaking of barley grain treated with Acanthophyllum and Malic acid (SFBapma), 3) Steam-flaking of barley grain
treated with Acanthophyllum and Lactic acid (SFBapLa), 4) steam flaking of barley grain treated with Foeniculum vulgare and Malic acid (SFBpvma), 5) steam flaking of barley grain treated with
Foeniculum vulgare and Lactic acid (SFBpvLa), 6) steam- infrared-flaking of barley grain(SIFBo), 7 steam- infrared-flaking of barley grain treated with Acanthophyllum and Malic acid
(SIFBapma), 8) steam- infrared-flaking of barley grain treated with Acanthophyllum and Lactic acid (SIFBapLa), 9) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and
Malic acid (SIFBpvma), 10) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and Lactic acid (SIFBpvLa)

SV sl Jlie 3 Slo sl (z elly Blie 3 Sogr (2US o)l (0 (Sgn = 5038 (gl (b )l Jlie 5 (g0l (Al : Jne luslio
Contrasts: A) Steam-flaking vs steam- infrared irradiation-flaking, B) Acanthophyllum vs Foeniculum vulgare, C) Malic acid vs Lactic acid
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Fengetal., ) o 5 b bawgs o plul islejl ;> (Folawiyo and Apenten., 1997) 54 oo (595
Dy ldl g2 Ciles sl ly (Sacliang S ity p g g ogbye «Sis yld ,sb (2023
pan BB G oy cble el 4 oue (W9l 0 coy) ogbye 6slp CES By 20
5 Jolone slasd pan JB 52 SUI Gl yisu 666 il gl B - 2 ol ol 5 g2 slacumgS
(Zinn et al., 2002) ,Ken g opj il Slgen yobs iole] zlil a5 cuslys olyung S Joloxe SUI
@l 2gdiee bOLing S goecme g dlwlds man dgm0 4 pxie Cugby 9 Vb Oyl aeyd S SIS

Fsbo 5 ol chiamg S ggame 3 536 g2 ald ()l — gy ygld & ob ol (A slaingly
o bl o o b ol o]l ol a8 ol Liulidl ]y (ADL) seul ) Jglone 55 o ADF Lol wasls
@y Sl 505 Shale gy b dwslie 1 o b (g Kb 4 > il (,91,6 .(Feng et al., 2020) sl
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Table4- Carbohydrate fractionation of chemically processed barley grain using extracts of Acanthophyllum (Ap) or Foeniculum vulgare (Pv) plus malic acid (Ma) or lactic
acid (La) accompany through steam flaking or steam-infrared-flaking

(&) ine aw) P-Vlue
osldos (S5 5 o Slaby, Jitne Slaolio

Contrasts
iy SFBo SFBApMa SFBApLa SFBpuma  SFBpuLa SIFBo S|FBApM S|FBApLa SIFBpwm SIFBpwL SE o all o z
SlydngS @ (2 3 ()] (5) (6) a (8) a a M Treatmen A B c
(pS5S 2 0) ™ ©) (10) t

Carbohydrate
fractions (g/kg)
(B1) awlis 558.93 554 557.98 558.54 558.01 561 556.82 562.02 558.95 558.83 4.13 0.2453 0.1939 0.5058 0.1156

Starch

oo (slaid 36.03 34.32 35.91 37.09 39.24 36.79 36.10 38.56 36.06 33.90 3.19 0.1043 0.7564 0.6779 0.2411
(A4)

Water soluble

carbohydrate

g Egecme 833.72%F  836.19%¢  839.63%c  828.42f 84191 837.78% 83497 838860  831.85¢ 843.592 1.09 <0001 0.0508 0.2229 <0001

Carbohydrates
NI INCT WY 636.67°  618.46°  644.11*  624.13° 627.08"  638.45%® 624.85° 661.50° 627.02° 662.93° 6.64 0.0008 0.0062 0.6841 <0001

Sl

Non fiber

carbohydrate

(B2) Jsloxo LI 41,71%°¢ 30.14 50.22%¢ 28.49° 29.83 40.65%¢ 31.93% 60.91% 32.01% 70.19° 6.41 0.0012 0.0131  0.493 <0001
Soluble fiber

i 5 Gl 181.16%  197.69°  179.77®®  186.74*  192,77®®  180.88* 191.51% 167° 185.91% 167.44° 5.63 0.0138 0.0191 0.847  0.0026
(B3)

Digestible

fiber

wan BB e G 16.673¢ 20.03? 15.743%¢ 17.69% 18.50% 16.43%¢ 18.61% 12.11° 17.26% 13.72%¢ 0.99 0.0007 0.0034 0.8133 0.0001
(CC)

Indigestible

fiber

(P</-0) wiil oo (5l (gina BT (gl o) 1 ) wliie yé By b (slacnSSle

Means with different superscript letters in each row indicate significant different (P<0.05).
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Experimental treatments were:1) Steam-flaking of barley grain(SFBo), 2) Steam-flaking of barley grain treated with Acanthophyllum and Malic acid (SFBapma), 3) Steam-flaking of barley grain
treated with Acanthophyllum and Lactic acid (SFBapLa), 4) steam flaking of barley grain treated with Foeniculum vulgare and Malic acid (SFBpvma), 5) steam flaking of barley grain treated with
Foeniculum vulgare and Lactic acid (SFBpvLa), 6) steam- infrared-flaking of barley grain(SIFBo), 7 steam- infrared-flaking of barley grain treated with Acanthophyllum and Malic acid
(SIFBapma), 8) steam- infrared-flaking of barley grain treated with Acanthophyllum and Lactic acid (SIFBapLa), 9) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and
Malic acid (SIFBpvma), 10) steam- infrared-flaking of barley grain treated with Foeniculum vulgare and Lactic acid (SIFBpvLa)

SV sl Jlie 3 Slo sl (z elly Blie 3 Sogr (S o)l (0 (Sgy = 5038 (gl (b — )l Jlie 3 (gl (Al : Jine lugli
Contrasts: A) Steam-flaking vs steam- infrared irradiation-flaking, B) Acanthophyllum vs Foeniculum vulgare, C) Malic acid vs Lactic acid
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