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Background and Objectives: One of the destructive effects of
climate change is the reduction of precipitation and global warming
which is leading to the shortage of water resources. Therefore, it
seems necessary to introduce water-resistant plants that are resistant
to heat and drought (as sources of new forage plants). In this regard,
the cultivation of dehydrated and drought-resistant forage (such as
new cultivars of amaranth) was on the agenda. There is little
information about the silage formation and nutritional value of
forage of new Amaranth cultivars (in hot and humid Golestan
province). The aim of this study was to determine the characteristics
of silage, fermentability, digestibility, metabolizable energy and
protein of three new cultivars of Amaranth cultivated in Golestan
province.

Materials and Methods: Forages of three new Amaranth cultivars,
including Laura, Sim, and Kharkovsky were grown on a research
farm Argi-mahaleh in Golestan province and harvested at the
blooming stage. These forages were chopped into pieces of two to
four centimeters and mixed with a weight ratio of five percent
molasses and five percent wheat straw. They were stored in silage in
10kg buckets. After 45 days (in the laboratory of the Animal
Science Research Institute), the silos were reopened. Sensory
evaluation and silage properties of experimental treatments were
measured. Then chemical compounds including dry matter (field
and silage), crude protein, crude ash, crude fat, and soluble sugar
were analyzed. Gas production tests (by Menke and Steingass
method) using ruminal leachate of three cows (by ruminal
fistulation) and at different fermentation times, including 2, 4, 6, 8,
12, 24, 48, 72, and 96 hours were done. Digestibility, determination
of energy, and metabolizable protein (in a completely randomized
design with six treatments in three replications) were performed.
Finally, metabolizable energy and protein were obtained in addition
to the daily dietary intake of experimental treatments.
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Results: Dry matter, crude protein, crude fat, crude ash, neutral
detergent fiber, water soluble carbohydrates, and non-fibrous
carbohydrates in forage silage of Laura cultivar were 23.0, 18.8,
0.97, 21.2, 30.5, 2.5, and 28.6 percent, respectively. In Laura forage
silage, total sensory evaluation, Flieg’s point, ammonia nitrogen
(mg), acetic acid (mg), lactic acid (mg), and propionic acid were
15.8, 7.78, 4.4, 18.4, 0.45, and 1.15, respectively. Gas production in
silos of Laura, Sim, and Kharkovsky cultivars (during 24 hours of
rumen fermentation per 200 mg) were 45.3, 43.9, and 42.1 ml,
respectively. Dry matter and organic matter digestibility in the
forage silage of the Laura cultivar was 66.5 and 70.2 percent,
respectively. The amounts of digestible energy, metabolizable
energy, net energy, and digestibility (dry matter, organic matter, and
organic matter in dry matter) of fodder and silage of the Laura
cultivar were higher than the other two cultivars. Relative forage
value, relative nutritional quality, and feed ratio (g/day/kg body
weight during maintenance) in Amaranthus silage (Laura cultivar)
were 122.3, 108.0, and 43.8, respectively.

Conclusion: Laura forage silage has better silage characteristics and
crude protein, gas production, higher digestibility, higher protein,
and metabolizable energy, as well as relative forage value, relative
feed quality, and better-feed intake. This silage had a better quality
for ruminant nutrition than other silage experimental treatments.

Cite this article: Safaei, A.R., Aghashahi, A.R., Feyzbakhsh, M.T. (2023). Silage characterization,
fermentability, digestibility, metabolizable energy and protein on forages silage of three new
cultivars of Amaranthus hypochondriacus. Journal of Ruminant Research, 11 (1), 55-74.
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Table 2. Chemical composition (%6DM) of Amaranthus different cultivars (forage and silgae)
Approximate analysis
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Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcant (P<0.01). S:
Low Signifcant (P<0.05). NS: Non-Signifcant (P>0.05). SEM: Standard Error of Means, SIG: Signifcantly. DM: Dry
Matter. OM: Organic Matter. CP: Crude Protein. EE: Ether Extract. Ash: Crude Ash. NFC: Non-Fiber Carbohydrate.
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Table 3. Chemical of cell wall (%DM) of Amaranthus different cultivars (forage and silgae)

VanSost index

WSC ADF NDF i
cc HC S as  APL GGl s Jsdeat Gl Treatments
e sk P on . Pl S , - ,
<l Sl oy 55 R ey s
T .
14.4 9.1° 5.8% 4.8 19.2° 28.3¢ o ek
Laura forage
‘s
15.5° 10.3° 5.4° 5.0¢ 20.5° 30.8° A Sl
Kharkovsky forage
14.8° 10.5° 5.8° 5.9° 20.7° 31.2 St
Sim forage
1.0 1.0 0.3 1.0 1.6 2.4 SEM (Forages)
NS S S NS S S SIG (Forages)
15.3° 10.1° 2.5° 5.1 20.4° 30.5° b S
Laura silage
,_i_.J.S' =
16.6° 11.8 2.4 5.3° 21.9° 33.7° e
Kharkovsky silage
15.0° 10.2° 2.5° 5.9° 20.9° 31.1° e Sk
Sim silage
1.2 1.1 0.2 0.7 0.7 1.8 SEM (sitages)
S S S S S S SIG (silages)
7.7 15 7.7 7.7 1.3 2.2 SEM (Total)
S S HS S S S SIG (Total)

pls NS (P<+/+0) s e S (P<2/0)) s ms 5y :HS

.(P<'/'O> ’\_":'L'f" L_A‘-P:KJL_‘.A B ‘5)13‘;‘;.4 PH ;[)}L..JJAJJ Q}Ufw J};"

J).lNU in] ADF RS oy 5 3 J)lmb Ul :NDF (Sols e C]a.~ SIG LAJKJL,« e sl gl SEM .(P>./+Y) Sols e
bt Jsk CF b on Hemi OT s Jglone 13 WSC ol oK) ADLI sl 0ty 55 )3

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcant (P<0.01). S:
Low Signifcant (P<0.05). NS: Non-Signifcant (P>0.05). SEM: Standard Error of Means, SIG: Signifcantly. NDF:
Natural Detergent Fiber. ADF: Acide Detergent Fiber. ADL: Crude Lignin. WSC: Water Solubel Carbohydrate. HC:

Hemi Cellulose. CC: Crude Cellulose.

WSSVl Jals) gl T sladnd

Sl 03558 (S s el 5 Sl
sdaS ) 0 g0 5 Coblel sdd gl (glads le
i SVl S 35 5 T sladl an o
S ske s N slasul £ e 5 Szl
Sl Slaaigle iy 5l 22y Ty =P el s
byl Stisel 035,55 Ladd axdl (P</0)) 54
A e Al S IS S ke lasled 0k

=S ALE 2D psbs Sls sas
3 PH (S35858 e s ol 1 oS0 Jol
Fadr 5 bl el sl sladishe KL abais
ol shw slaabde ool els 1S
3 PH e o maS gl Ty o 23U
g Sltal izmen 5 Sl aha olie o 2l
gty s o35 5 e s LB )
bt (3l 3w sland ad 3l (5l e
(P<+/+Y)

5¥

Archive of SID.ir



Archive of SID.ir

Ol)Sad g (o Loy pual [ ceniomid ColslB (6 193 paoBT ¢ o g Oloo guas

bl lzsee 06,1 o s 4 5ke 55T s
Table 4. Evaluation of silage forages of Amaranthus different cultivars

SES SS, SS;
Js st oS SSs 55 SS 0 FP PH bl
‘ . Shlss S S .. Sl b (age] Treatments
LSS <3k S
i
15.8° 4.4 35 4.0 3.8° 78.7° 4.4° - “5’;*”“
Laura silage
Syl
14.4° 3.9 2.8 3.8 3.9% 72.2° 45" ? “”_l’“
Kharkovsky silage
13.2° 3.2 2.9 3.7 3.4 61.5° 5.0° e Sobe
Sim silage
1.2 0.6 0.6 0.4 0.4 7.7 0.3 SEM
HS NS NS S S HS S SIG

pdee NS .(P<2/20) Jls ae S .(P<e/0)) ls s Sl tHS L(P<0/00) aiily s Lo ke o (513 me L3 O o 3 oslie g
LS 2SS s SS1:. &b abaii FP . cucnl & ,05 pH Sl e e SIG b Kls o s )likad glast SEM .(P>2/01) (gl sxe
.Ul JS skl SSES il e SS; st 55 : SS3.l8 K5, :SS,

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcant (P<0.01). S:
Low Signifcant (P<0.05). NS: Non-Signifcant (P>0.05). SEM: Standard Error of Means, SIG: Significantly. pH: Acid
power. SS;: Non-Moldy. SS,: Plant Color. SS;: Acid smell. SS;: Tissue strength. SES: Sensory Evaluation Score
(SES=SS;+SS,+SS3+SS,). FP: Flieg Pointe (220+((2*DM%)-15) -(40*pH)).

il lof Cidases Pl (2 sl dbsle (K25 00le d) Sl 05558 5 I kel ~0J 5>
Table 5. Organic acids and N-NHj; of silage forages (%DM) of Amaranthus different cultivars

N-NH, LA/AA
VFA e s PA AA LA Lalag
T sladd it T e SV )
e Ssl Sl Sasy TR T = Treatments
T
78.5° 4.4° 2.5° 15.1° 18.4% 45.0° o4 ‘5};1?“
Laura silage
< e
67.9° 5.0° 2.40 12.9" 16.1° 38.8" S
Kharkovsky silage
58.3° 5.9° 2.5° 10.9° 135° 33.8° = S
Sim silage
8.7 0.4 0.1 2.7 1.3 4.5 SEM
HS HS S HS HS HS SIG

piee NS .(P<2/20) Jls ian S .(P<e/0)) ls inn Sl tHS (P</00) aiily o Lo nKle (o 513 inn a1l gt o 3 oslie o
S el PA Sl il AA LSS LA (gl iae o SIG e Sk syl slast SEM L(P>2/01) (503 one
;;I slasd VFA éhyT O35t N-NH3.&:;..4| Sl 0 SVl s LA/AA

Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcant (P<0.01). S:
Low Signifcant (P<0.05). NS: Non-Signifcant (P>0.05). SEM: Standard Error of Means, SIG: Signifcantly. LA:
Lacitic Acid. AA: Acetic Asid. PA: Propionic Acid. N-NHj3: Nitrogen of Amonia. VFA: Organic Acids.
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Table 6. Gas production (%DM) on silaged forages of Amaranthus different cultivars

Deferent times of fermentation (h)

(Cel) jeass calises a0l Lo lay
9% 72 8 24 12 8 6 4 2 Treatments
I .
64.8 59.5 56.2 46.0 334 23.3 16.5 11.0 7.5 o ek
Laura forage
C e
58.5 58.5 54.8 44.3 32.9 22.0 16.0 105 6.9 A sl
Kharkovsky forage
57.0 57.0 52.8 42.3 32.4 21.1 14.6 9.9 6.3 ‘W sk
Sim forage
1.2 1.2 15 1.6 0.8 1.0 0.9 0.7 0.6 SEM (Forages)
HS HS HS HS HS S S S S SIG (Forages)
i
51.4 51.4 486 453 322 223 148 108 74 - “5’1“”
Laura silage
< .
50.7 50.7 484 439 302 183 145 9.7 6.5 o ‘”_l"”
Kharkovsky silage
o Sk
50.3 50.3 47.8 421 290 17.7 133 9.3 6.1 o
Sim silage
0.6 0.8 0.7 14 15 2.2 0.8 0.8 0.6 SEM (silages)
NS NS S HS S HS HS S S SIG (silages)
4.4 4.0 35 15 1.7 2.2 11 0.8 0.6 SEM (Total)
HS HS HS HS HS HS HS HS HS SIG (Total)

(Sls e ch.w SIG LSl oy 5yllkul glex :SEM .(P>4/4Y) Sl sna e NS .(P<./+0) Jls oxe S (P<:/+)) BIEYECYIg HS
HS: High Signifcant (P<0.01). S: Low Signifcant (P<0.05). NS: Non-Signifcant (P>0.05). SEM: Standard Error of

Means, SIG: Signifcantly.
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Table 7. Parameters gas, RFV and RFQ on silaged forage of Amaranthus different cultivars

RFQ and RFV Gas Parameters
Sladss 5 Glade s 55 S8 5 glaaen b
RF RFV MP SCFA B .
DMI _ﬁ o . o g ol
St ole o i S S g o Treatments
. \;.w; \;.w; J;G al;js e _ i Al
S . S8 s
Sled she Sladss e S5 e
i .
50.0% 110.0% 124.3% 14252 1.02% 0.05° 62.7% el
Laura forage
e
48.5° 105.2° 120.1° 136.5° 0.98° 0.06° 61.5% A sl
Kharkovsky forage
47.3° 99.5¢ 1168  133.1¢ 0.94¢ 0.06° 60.6" N Rl
Sim forage
14 4.6 4.0 4.2 0.04 0.003 1.0 SEM (Forages)
HS HS HS HS HS S S SIG (Forages)
i
46.8° 108.0°  122.3°  138.2° 1.00° 0.07° 60.6° - “”;l”“
Laura silage
SdS
45.0° 104.1° 1197 134.4¢ 0.97° 0.08° 53.4° ? é’_l‘*‘“
Kharkovsky silage
437 98.7°  1151°  1315° 0.93° 0.08% 52.1¢ e S
Sim silage
11 4.1 36 3.1 0.03 0.004 11 SEM (siages)
S HS HS HS HS S S SIG (silages)
2.2 4.3 3.7 3.9 0.22 0.01 49 SEM (Total)
HS HS HS HS HS HS HS SIG (Total)

pls NS (P<+/+0) s 2ae S .(P<e/0)) s me Sl tHS L(P<e/00) il o La Sl cn (ols ne L D52 o 53 oslie o >~
C .= ) o 53 Jshomals R TI -{ERNOeS) .l 8B (Sols e Cla.ﬂ SIG b Slo o 3,18kl gl SEM .(P>1/01) (g)ls ome
S RFQ (oSS 2 08) pmd pilie JB 255 0 MP (g o) 13 0B 5S 3 ool SCRAL(Cole 1) Joo) 58 Ws oo 55

Gy s Sple 035 (a)f).ltSJ.. @5) s St osle DMLl dss s 23V RFV (gl e s
Different letters in each column, indicated significantly different means (P<0.05). HS: High Signifcant (P<0.01). S:
Low Signifcant (P<0.05). NS: Non-Signifcant (P>0.05). SEM: Standard Error of Means, SIG: Signifcantly. B: The

gas production from the slowly-soluble fraction (mL). C: Gas production rate (mL/h). SCFA: Short chain fatty acids
(mmol). MP: Metabolizable Protein (g/Kg). RFQ: Relative Forage Quality, RFV: Relative Feed Value. DMI: Dry

Matter Intake (g/Kg, W°™ body weight/in day).
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Table 8. Digestibility and energy values on silage and forage of Amaranthus different cultivars
Digestability index(%DM) Energy index (MJ/Kg)

[,..L.q.a ol S5 A el
DOMD OMD ol
DMD e b NE, ME DE :
oslo pin L . . &5 B 50 &5 Treatments
Sist osle s T hepds el P Y A
= e BL - - & g
I .
71.6° 747%  79.8° 5.8° 9.7° 11.5% oS sl
Laura forage
C e
69.7° 735> 767 5.6° 9.3° 11.1°
Kharkovsky forage
67.9° 723°  753° 5.3¢ 9.0° 10.7° et
Sim forage
2.8 2.5 2.2 0.2 0.3 0.4 SEM (forages)
HS HS HS S HS S SIG (Forages)
i
66.59 702° 738 5.6° 9.4° 11.1° oS S
Laura silage
e .
62.5° 66.9¢ 71.3° 5.4° 9.2¢ 10.8° S ”’_l"”
Kharkovsky silage
60.41 64.6° 68.9" 5.2 8.9f 10.5¢ = “5_’1"“‘
Sim silage
2.3 1.3 1.9 0.2 0.2 0.3 SEM (sitages)
HS HS HS HS HS HS SIG (sitages)
7.7 37 2.0 0.2 0.3 0.3 SEM (Total)
HS HS HS HS HS HS SIG (Total)

pls NS .(P<./+0) BILYpEY S A(P<~/~\))l>‘}_‘.~= s :HS (P<4/00) Lol e (EPNCS] W ol s Gl Ot o 53 Soslite oy >
=6 5550 ME (S s 1 J53LKe) mas 6 (5550 DE L)l sxs o SIG s Sl o 51kl slas :SEM .(P>1/01) (05 one
: DOMD .t esle uan bl :DMD LS esle - 26 OMD (o Sbs 5 U530 Lalls 6550 NEL (p S LS J5580) pod i

ot esle 53 Jlesle aa ol

Different letters in each column, indicated significantly different means (P< 0.05). HS: High Signifcant (P< 0.01). S:
Low Signifcant (P< 0.05). NS: Non-Signifcant (P> 0.05). SEM: Standard Error of Means, SIG: Signifcantly. DE:
Digestible Energy. ME: Metabolizable Energy. NE_: Net Energy for Lactation. DMD: Dry Matter Digestibility.
OMD: Organic Matter Digestibility, DOMD: Digestible Organic Matter in the Dry Matter.
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