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Table 1- The fixed effects of roasting duration and variety on chemical compaosition of barley grain
(% of DM)
DM CP? ASH EE® ADF* NDF®
Variety  Sahand(sie.) 92.12 9.69 2.21 2.29 4.11 18.43
(Gls)  Makoei( s SLe) 92.27 10.75 2.34 1.81 4.92 20.26
0 91.18 10.19 2.42 1.98 3.90 18.78
Roasting 5 92.06 9.88 2.28 2.04 4.60 19.03
(0ol i) 10 92.50 10.38 2.22 2.07 473 19.63
15 93.03 10.42 2.18 211 4.83 19.95
Effects of Variety (<) ol 30) 0.50 0.05 0.35 0.01 0.01 0.01
Effects of Roasting(gsls s ol 3 0.01 0.87 0.66 0.8 0.01 0.01
SEM 0.01 0.59 0.89 0.01 0.01 0.01
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1-Dry matter, 2- Crude protein, 3-Ether extract, 4- Acid detergent fiber, 5-Neutral detergent fiber
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Table 2- The interaction effects of roasting duration and variety on chemical composition of barley grain (% of

DM)

Roasting duration
Variety (min) DM CP? ASH EE? ADF* NDFS

(4s,03) —ouls el ey ous)

(4as8s
0 90.35 9.66 2.33 2.23 3.06 17.7
Sahand 5 92.06 9.1 2.26 2.27 4.3 17.9
() 10 93 9.71 2.1 2.3 4.46 18.86
15 93.06 10.27 2.13 2.36 4.63 19.26
0 92 10.71 2.5 1.73 4.73 19.86
Makoei 5 92.06 10.66 2.3 1.81 4.9 20.16
(sSbe) 10 92 11.04 2.33 1.83 5 20.4
15 93 10.57 2.23 1.85 5.03 20.63
Variety *Roasting

0.01 0.84 0.96 0.99 0.02 0.51

(Cols el Lo 4yl JslEie @l 1)

SEM 0.01 0.59 0.89 0.01 0.01 0.01

1-Dry matter, 2- Crude protein, 3-Ether extract, 4- Acid detergent fiber, 5-Neutral detergent fiber
Lsin&adlgﬁ)ddj.\uu_)ﬁé—o (5-’3“““*‘:‘3\9*:2‘)‘3;]\9";"[:'.):‘:‘5_5 LS.)H AJL.A:.—V 'A‘A [):\I\J_)%—V SEA sule)
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Table 3. The fixed effects of roasting duration and variety of barley grain on dry matter degradability (%0)

Time of incubation (hour)(cela - & suls 51 Lo )

0 2 4 6 8 12 16 24 36 48
Sahand
i . 3453 36.45 44,08 5499 6199 6793 70.85 76.07 8293
Variety (Aigs)
(s5ls) Makoei
33.13 35.28 44.63 5376 6169 6422 6780 7274 77.91
(2SLe)
0 2431 3285 3389 4456 5531 6555 7043 7394 80.19 85.85
Roasting duration 5 2459 3359 3437 4389 5444 6297 66.39 70.60 75.74 8291

(Oals @l Hley was) 10 2486 3396 36.61 4474 5318 5997 64.69 6741 7226 77.72
15 25.09 3494 3859 4424 5458 5887 6280 6535 6945 75.20

Effects of Variety
(<2, o 3)
Effects of Roasting

(Cyols s &l 531)

036 029 029 043 041 084 001 004 001 0.01

097 071 002 097 073 023 001 001 001 0.01

SEM 099 08 011 023 005 015 001 001 001 0.01
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Table 4- The interaction effects of roasting duration and variety of barley grain on dry matter degradability

Time of incubation (hour)
(el =5 el S Le)

Variet Roasting duration (min) ;L5 =us
y g (min) ooy =) 2 4 6 8 12 16 24 36 48

(Gols) (oo e

23.7 33.02 3492 46.77 5937 66 718 753 8235 88.2

Sahand 5 2395 342 3457 4432 56.72 63.87 68.62 7217 78.27 85.37
(Ligs) 10 243 3475 3692 44 5215 59.72 66.47 69.2 73.75 80.47
15 245 36.15 3937 4122 517 5837 6482 66.72 69.92 77.67
0 2492 32.67 3285 4235 5125 651 69.05 7257 78.02 835
Makoei 5 2522 3297 3417 4345 5215 62.07 64.15 69.02 732 8045
(2sSLe) 10 2542 33.17 363 4547 542 6022 629 6562 70.77 74.97
15 25.67 33.72 378 4725 57.45 5937 60.77 6397 68.97 72.72

Variety * Roasting
O3l @S o 4l JlEe ol i

1 095 094 004 001 091 097 099 0.7 0.99

SEM 099 088 011 023 005 015 001 001 0.01 0.01
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Table 5. The fixed effects of roasting duration and variety of barley grain on degradability parameters of dry

matter
Effective degradability (%/h)
(el 5o a0 — 5 g0 (5 3y w3a3)
A b C 2 5 8
Sahand
Variety (Wiges) 23.05 57.45 0.08 70.29 59.93 53.16
(ols) Makoei
(=sSLe) 24.39 53.41 0.09 66.89 57.05 4959
25.19 63.27 0.10 73.08 61.80 54.09
Roasting duration 5 24.23 58.41 0.09 70.09 59.39 52.71
(ools s oyley oas) 10 23.32 51.80 0.08 66.36 57.54 51.49
15 22.14 48.25 0.08 64.82 55.24 47.21
Effects of Variety
. . 0.09 0.01 0.04 0.01 0.05 0.01
(Gl =15
Effects of Roasting
i . 0.05 0.01 0.19 0.01 0.01 0.01
(Ouls o =l 431
SEM 0.14 0.01 0.06 0.01 0.01 0.01

a: Soluble fraction (%), b: Potentially degradable fraction (%); c: Degradation constant fraction (%/h)
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Table 6. The interaction effects of roasting duration and variety of barley grain on degradability parameters of

dry matter
Effective degradability (%/h)
(el 5o dem 0 =55 5o (52l ©3a3)
Variet Roasting duration (min
Gl (amooctratctim A " ¢ ? ° °
0 24.17 64.48 0.085 74.9 64 55.8
Sahand 5 23.58 60.91 0.084 72.17 60.92 54
() 10 22.97 54.09 0.083 67.85 57.82 51.62
15 21.48 50.31 0.082 66.22 56.97 51.22
26.2 62.05 0.115 71.25 59.6 52.37
Makoei 5 24.87 55.9 0.1 68 57.85 51.42
(2sSke) 10 23.67 49.5 0.083 64.87 57.25 51.35
15 22.8 46.18 0.081 63.42 53.5 43.2
Variety * Roasting
ol e s €,y Lol ol 3l 0.94 0.93 0.14 0.91 0.07 0.09
SEM 0.14 0.01 0.06 0.01 0.01 0.01

a: Soluble fraction (%), b: Potentially degradable fraction (%); c: Degradation constant fraction (%/h)
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Table 7. The fixed effects of roasting duration and variety on physical characteristics of barley

WHC! (gr/gr DM) BD100?(gr/ml DM) DS® (gr/gr DM) AS*(gr/gr DM)
(0 solsSs caiol)  (sloass o p2) (Saa ool sl da) (GaSK gl Ja)
Sahand
. . 1.59 0.52 0.32 0.93
Variety (wiges)
(Sls) - Makoel 2.44 0.55 0.34 0.95
(L) | | | |
Roast_ing 0 1.77 0.54 0.34 0.95
duration 5 1.86 0.54 0.34 0.94
Oles ) 10 2.18 0.54 0.33 0.94
(Ools o8 15 2.26 0.52 0.32 0.93
Effects of Variety
- . 0.01 0.01 0.04 0.01
(Gaols =)
Effects of Roasting
S 0.01 0.01 0.09 0.15
(UJLJ Sy u‘_)a‘)
SEM 0.01 0.01 0.12 0.07

1-Water holding capacity, 2- Bulk dencityioo, 3- Dry matter solubility 4- Ash solubility
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Table 8. The interaction effects of roasting duration and variety on physical characteristics of barley

_ Roasting duration (min)  WHC! (gr/grDM)  BDuw(grimlDM)  DS?(grigronmy A5 '@79r M)
Variety (diads — Gols s &) (o ol it k) (loass o poa) (s sule sy Ja) SR )
(FeSla

0 1.37 0.52 0.33 0.94
Sahand 5 1.47 0.52 0.33 0.93
(Wiges) 10 1.73 0.52 0.32 0.93

15 1.79 0.5 0.31 0.91

0 2.17 0.56 0.35 0.96
Makoei 5 2.24 0.56 0.34 0.95
(2sSbe) 10 2.63 0.55 0.33 0.94

15 2.72 0.53 0.33 0.94
Variety * Roasting
ol e s €,y Lol ol 3l 0.71 0.79 0.71 0.58
Standard error 0.01 0.01 0.12 0.07
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Table 9. Correlation (r) between chemical composition and physical characteristics of barley grain

DM CP ASH EE ADF NDF WHC D100 DS AS
DM
(<t sule)
CP 0.41
(pl> oS 5)
Ash -0.15 -0.18
(5Sls)
EE 0.02 -0.06 0.02
(st oolnse)
ADF 0.60 020 -0.02 -0.33
(sl oy g 53 Jslaols 5u3)
NDF 040 010 018 -0.39 0.72
(05 o gt 5u Jslaals 5uid)
WHC 038 026 013 -061 071 084
(ST ol s k)
BDi(slosss oan ey 000 020 013 053 035 040 048
DS -0.36 -0.35 009 -024 009 034 0.09 0.23
(S2a sule 50k )
AS -0.17 001 027 -049 021 0.17 034 055 0.26
(RS (5503 da)

DM: Dry matter (% of DM)
ADF: Acid detergent fiber (% of DM)
WHC: Water holding capacity (gr/gr DM)
DS: Dry Matter solubility (gr/gr DM)
oS A Wy gy ) (WA )L 5 olEas
i soliio) Loja dicud 5 55 sand i Loja oS
Ssais obi] S sala Ginle )T G3NA s Gaines

oS 5 Hslaoar somd eSS Ho sas

CP: Crude protein(% of DM)
NDF: Neutral detergent fiber (% of DM)

BD: Bulk Density(gr/ml DM)

AS: Ash solubility (gr/gr DM)

EE: Ether extract(% of DM)
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Introduction: Barley grain is one of the major feedstuff in ruminant animal’s nutrition due to its
high energy density and lower price than grains such as corn. Rate of barley starch digestion in the
rumen is critical issue in high-grain fed ruminants because it is associated with higher performance
of animal. Feeding high amount of barley in ruminant animal rations can cause an increase in the
incidence of digestive disorders including reduced feed intake, off-feed, acidosis, and liver
abscesses. Processing methods such heat treatment can affect physical characteristics and ruminal
fermentation of grain. Moreover, barley grains from diverse cultivars are different in their chemical
composition and fermentation characteristics due to geographical, environmental and genetic
variations as well as their interactions. This experiment was conducted to investigate the effects of
variety and heat treatment duration on physical characteristics and ruminal disappearance of barley
grain.

Material and methods: Two varieties of endemic barley grain (i.e. Sahand and Makoei) were
prepared from Seed and Plant Improvement Institute, Karaj, Iran. The grains were roasted in three
time duration (5, 10 or 15 min at 120° C) in a cast iron container. The experiment was conducted
using a 2*3 factorial design. The samples were dried in 60° oven for 48 hours. Chemical
composition was determined according to prescribed procedures of AOAC (2002). Neutral
detergent finer (NDF) and acid detergent fiber (ADF) were measured by method of VVan-Soest et al.
(1991). Bulk density of sample was determined using the method described by Montgomery and
Baumgardt (1965). Water holding capacity (WHC) determined by filtration method (Robertson and
Eastwood, 1981). Dry matter solubility and ash solubility of samples were determind by method of
Giger-Reverdin (2000). Dry matter degradability was measured by in situ technique using two
fistulated Ghezel sheep (fed 60% forage + 40% concentrate). Samples were put in the polyester
bags and incubated in the rumen for 2, 4, 8, 12, 16, 24, 36, and hours. After the specific incubation
periods, bags were washed under running tap water until the effluent was clear and then dried at
55°C for 48 h. Bags and contents were weighed to estimate DM disappearance (DMD). Kinetic
parameters of DM degradation was estimated by the nonlinear regression procedure of SAS (SAS
Inst. Inc., Cary, NC) using the model of McDonald (1981) y =a + b (1 — e—c(t—lag)). Data were
subjected to analysis as a factorial in a completely randomized design using the General Linear
Model (GLM) procedure of SAS.

Results: Roasting increased dry matter (DM) content of both barley varieties (P<0.05). An increase
in ADF and NDF content of roasted grain was due to decrease in water content of grain. Sahand
variety showed higher degradability than Makoei (P<0.05). Dry matter degradability of both barley
varieties decreased during 16 to 48 h of incubation due to roasting process (P<0.05); however, these
varieties showed different kinetics of degradation during early period of incubation. Roasting
increased DM degradability of the Sahand variety during initial 6 h of incubation; however, it
showed different pattern in the Makoie variety. The rapid and slow degradable fractions (ie; a and
b) decreased by roasting duration in both varieties (P<0.05). Also heat processing of barley grain
resulted in a lower effective degradability of dry matter (P<0.01). Effective degradability of
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Sahand variety was higher than Makoie in all passage rates and all duration of heat processing
(P<0.05). Fractional rate of degradability did not change by heat treatment. Makoei variety had
higher water holding capacity (WHC), bulk density (BD), dry matter solubility (DS), and ash
solubility (AS) than Sahand (P<0.05). Roasting increased WHC and decreased BD in both varieties
(P<0.05) but had no effect on DS and AS. There were positive correlations between BD1oo and
Ether Extract (EE), NDF and ADF content of barley grain, which were 0.53, 0.40, and 0.35,
respectively. Also, water holding capacity showed high positive correlation with NDF and ADF
content (r =0.84 and r =0.71 respectively) and as expected conversely correlated with EE content (r
= -0.61) of barley grain. Both of DMS and AS conversely correlated with EE content of barley
grain (r = -0.24 and r = -0.49 respectively).

Conclusions: The results of the current study demonstrated that it is possible to decrease ruminal
degradability of barley grain by using the right roasting treatment and choosing the proper variety.
Makoei variety showed more decrease in fractional rate of digestion, which should be considered in
the ration formulation.
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