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1- Roller

2- Hammer mill
3- Roasting

4- Popping

5- Micronizing
6- Autoclaving
7- Steam-flaking
8- Steam pelleting
9- Expanding
10- Extruding
11- Toasting
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1- Pound-force per square inch (psi)
2- Cornell Net Carbohydrate and Protein System
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Table 1. Chemical composition of feeds during in situ experiment (DM based %).
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Nutracor-Jds fat supplement (0.7), monocalcium phosphate (0.4), sodium bicarbonate (0.7),
magnesium oxide (0.7), salt. (0.3), mineral premix (1.1), and vitamin premix (% 0.7), altogether

constituted % 4.6 of the diet dry matter.
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1- Effective degradability (ED)
2- Washable fraction (W)
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Table 2. Characteristics of ground (control) and steam-flaked barley with various processing indexes®.

(Aoy3) o8l 3 e slaantls lyls b Lol 43,5 5

dals PESWE
Steam-flaked barley with various? processing indexes Control ltem
SFB26 SFB34 SFB41 SFB42 SFB50 SFB57
: ) J&
180 230 280 290 340 390 616 S f‘_f’s ) S
Density (gL™)

(o sheo) &l Clses
Kernel thickness (mm)

. Ny s
8.3 7.6 75 75 7.3 7.2 (roshes) s 20
Kernel width (mm)

1.0 11 1.2 1.3 1.0 15

(TA) ol 655153 51 U3 01 J&or w0 5513 5l dmr s S b ol 65513 el
YProcessing index is the volume weight of the barley after processing, expressed as a percentage of its
volume weight before processing (28).

el 515 iliie Sl s b i L ok 6,5 s> ), SFB27 5 SFB34 SFB41 SFB43 SFB50 SFB57

2SFB57, SFB50, SFB42, SFB41, SFB34 and SFB26 are steam-flaked barley (SFB) with different
degrees of processing.
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1- Steam-rolled barley
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Table 2. Characteristics of ground (control) and steam-flaked barley with various processing indexes™.
(Ao3) 5is1 5 ilinn sla o li glyls Sl bods &3,5 4>

Steam-flaked barley with various? processing indexes

L |,
SFB26 SFB34 SFB41 SFB42 SFB50 SFB57 M s
(M)J) u_ij\ 6}) e.,b'LaA;;Lg n_§~.>‘" - e:Lc ContrOI Item
Dry matter retained on top of sieve (%)
(4d32) a2, Ol
Steaming duration (min.)
55 45 35 55 45 35
(o o) Shls dols
Roller distance (mm)
0.3 0.4
x o S
95.1 94.0 92.9 90.0 81.6 74.4 0.2 At T
3.35mm
: Yve S
27 32 27 30 56 69 07 At T
2.36 mm
x VAN S
11 2.0 2.4 4.0 7.8 9.2 23.2 Ao M
1.18 mm
2 ks +/8 Sl
0.3 0.5 1.3 2.3 3.7 6.8 335 Ao
0.6 mm
. 8> S
0.8 0.3 0.7 0.7 1.3 2.7 42.4 Fohe )
<0.6 mm
Gonshe) podin I (S
8.5 8.4 8.4 77 6.8 6.0 0.9 Geometric length mean
(mm)
* [l 31 il
15 1.4 1.3 1.6 1.8 2.1 2.0 (rshee) 2ol S

Standard deviation (mm)
(YA) cd 535153 51 43 0T I 0518 5 dmy s IS bl sl b L]
Processing index is the volume weight of the barley after processing, expressed as a percentage of its
volume weight before processing (28).

Gl 551 Cilises Sl s b b L sl 43,5 s>l SFB26  SFB34 SFB41 . SFB42, SFB50.SFB57"

2SFB57, SFB50, SFB42, SFB41, SFB34 and SFB26 are steam-flaked barley (SFB) with different
degrees of processing.
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Table 4. Effect of processing method on dry matter degradability fractions of ground barley (control)
versus steam-flaked barley.
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Figure 1. Dry matter disappearance (%) of ground barley (GB) compared to steam-flaked barley (SFB).
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Table 4. Effect of processing method on organic matter degradability fractions of ground barley
(control) versus steam-flaked barley.

Jlax! dﬁ.w 3kl ol e bedd 3,5 5 Jals (A 33) (§ pdiay 28 Slaamnl 3
P-Value Standard error  Steam-flaked barley  Control Degradability fractions (%)
<0.01 0.142 21.4b 28.3° L G
Washable fraction
<0.01 0.128 56.5° 52.6° S Josliy b o
Potentially degradable fraction
<0.01 0.113 22.1° 19.1° s G e
Undegradable fraction
<0.01 0.006 0.05 0.10° Sl Sad S
Degradation rate (per hour)
Vo 1 S
<0.01 0.741 47.6" 60.6° St Sy

Effective degradability’

'Rumen outflow rate (kp) assumed to be 0.06/h.

KR
-

(A2 3) ‘;” osbe 5

A an S ks Cele 30/ F =elanSs e Cf"

JV—ZLV‘;‘ Loy \ dL&l CE—.N)JJ\JL;.\M Q)Lﬁﬁjﬁlf ;Ll))ﬁjé CJ}LE.I.A «_53)7-
Different letters within row show significant differences at 1% level.

—4—SFB, y =
30.915e0.0157x
R?=0.7379

——GB, y = 37.44€0.0129x
R? = 0.7594

100.0 -
£ g0.0 -
]
o
(]
S 600 -
[}
o
&
2 400 -
o
2
o 20.0
£
1%}
2
5 00
S

Incubation time (h)

0 8 16 24 32 40 48 56 64 72

DB bedd 55 b awlie 3 0kd Oll s 4l Il asbe gl doys Y K3

Figure 2. Organic matter disappearance (%) of ground barley (GB) compared to steam-flaked barley (SFB).
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Table 5. Effect of roller distance and steaming duration on dry matter degradability fractions steam-
flaked barley.
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Figure 3. Dry matter disappearance (%) of steam-flaked barley (SFB) with various processing indexes (%).
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Table 5. Effect of roller distance and steaming duration on organic matter degradability fractions of

steam-flaked barley.
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Figure 4. Organic matter disappearance (%) of steam-flaked barley (SFB) with various processing
indexes (%).
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Abstract

Background and objectives: Whole barley kernel because of its intact pericarp is
resistant to bacterial attachment in the rumen and digestion by ruminants. Therfore,
barley processing is required to make its endosperm, encased within indigestible
pericarp and hull layers, accessible to the microbial population in the rumen. This
study was carried out to evaluate the effects of processing method (grinding vs.
steam flaking) using completely randomized design and to investigate the impacts
of steaming duration, roller setting, and interaction between steaming duration and
roller setting on ruminal degradability of barley grain dry and organic matter in a 3
x 2 completely randomized factorial design.

Materials and methods: Five grams (DM basis) of processed barley, ground
barley using a hammer mill with a standard screen size of 3 mm (GB) or steam-
flaked barley (SFB) using 3 steaming times including of 35, 45 or 55 min. and 2
roller setting distances of 0.3 or 0.4 mm for each steaming time, were weighed into
bags (10 x 20 cm) made of polyester (pore size, 50 um). Triplicate nylon bags were
placed in the rumen of a non-lactating Holstein dairy cow for 0, 2, 4, 8, 16, 24, and
48 h, respectively, for each sample. The incubation was repeated three times.
Residues of dry matter (DM) and organic matter (OM) per incubation time were
analyzed using SAS software.

Results: Processing method changed the density of GB (616 g/L), SFB (285 g/L on
average) compared to whole barley grain density (684 g/L). Increasing the extent
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of barley flaking decreased the density from 390 to 180 g/L, and kernel thickness
from 1.5 to 1.0 mm. Grinding of barley versus steam-flaking on average increased
DM and OM disappearance (%) and raised (P<0.01) the washable fraction (28.6 vs.
21.6%), degradation rate of potentially degradable fraction (0.10 vs. 0.05/h), and
effective degradability (60.4 vs. 47.5%); whereas it reduced (P<0.01) the
potentially degradable fraction (51.7 vs. 56.0%), and undegradable fraction (19.7
vs. 22.5%) of DM and increased (P<0.01) the washable fraction (28.3 vs. 21.4%),
degradation rate of potentially degradable fraction (0.10 vs. 0.05/h), and effective
degradability (60.6 vs. 47.6%); whereas it reduced (P<0.01) the potentially
degradable fraction (52.6 vs. 56.5%), and undegradable fraction (19.1 vs. 22.1%)
of OM (P<0.01). Increasing the steaming time and decreasing the distance of roller
setting (to comparison the distance of rollers, 0.4 vs. 0.3 mm) on average increased
DM and OM disappearance (%) but decreased the potentially degradable fraction
(62.6 vs. 49.4%), and increased the washable fraction (17.8 vs. 25.3%),
undegradable fraction (19.7 vs. 25.3%), degradation rate of potentially degradable
fraction (0.05 vs. 0.06/h), and effective degradability (44.1 vs. 50.9%) of DM and
decreased the potentially degradable fraction (62.9 vs. 50.1%), and increased the
washable fraction (17.7 vs. 25.1%), undegradable fraction (19.5 vs. 24.9%),
degradation rate of potentially degradable fraction (0.05 vs. 0.06/h), and effective
degradability (44.2 vs. 51.0%) of OM for SFB (P<0.05).

Conclusion: Results of this study showed that processing method could change
barley grain density, particle size and its distribution on sieves. Grinding versus
flaking increased the effective degradability of grain DM and OM. Ruminal DM
and OM degradability of barley grain could be manipulated by varying the duration
of steaming and the distance of roller setting.

Keywords: Barley grain, Grinding, Non-lactating cow, In situ ruminal
degradability, Steam-flaking
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