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Introduction: The lack of water resources and the high water requirements of common forage plants have
created significant limitations in the production of good quality forage in the country. Therefore, it is very important
to identify and properly use new forage sources for inclusion in ruminant nutrition. A new fodder source must not
only be fast-growing and resistant to hot and drought conditions, but also have acceptable nutritional value. Plants of
the Paulowniaceae family in China and East Asia are a notable source of fodder in this regard. Several types of
Paulownia are known in the world. These plants are known for their high growth rate and intense photosynthesis,
which are specific to C4 plants, and with wide leaves with a diameter of about 90 cm. The commercial production of
Paulownia wood produces a large mass of leaves, which are usually used as natural fertilizers. At the age of about 6
to 8 years, the leaf production of each Paulownia tree reaches about 100 kg. When the leaves have a favorable
nutritional value, they can be used as fodder in feeding ruminants. In Iran, about 20 million tons of wheat straw
(WS) are produced annually, a large part of which is used as the main source of animal feed. However, the
nutritional value of these by-products is very low. Wheat straw is deficient in crude protein (CP), mineral elements,
and digestible energy, and has low palatability. Considering the large amount of WS produced in the country, and in
order to optimize the dry matter (DM) content of silage and prevent wastes from it, it seems that silage with
appropriate characteristics and nutritional value can be produced using a mixture of fresh Paulownia leaves (PL) and
WS. Therefore, the purpose of the present study was to determine the nutritional value of PL and then to investigate
the effects of adding different levels of WS to PL silage on chemical composition, gas production parameters,
digestibility and fermentation parameters in vitro.
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Material and Methods: Paulownia leaves (Tebjoo hybrid variety) and wheat straw (WS) were first collected
and analyzed for their chemical composition using standard methods. Subsequently, both forages were chopped into
2-4 cm pieces using a hand chopper to prepare them for silage. Experimental treatments included adding WS at
levels 0 (PL silage only), 6, 12, 18, and 24% to PL on DM basis. The materials were compacted in the plastic
containers and the silage period lasted two months. Determination of chemical composition of fresh fodders and the
nutritional value of experimental silages including chemical composition, in vitro gas production and fermentation
parameters, digestibility and enzyme activity were carried out.

Results and Discussion: Results showed that DM, organic matter (OM), CP, neutral detergent fiber (NDF), acid
detergent fiber (ADF), ether extract (EE), lignin and non-fibrer carbohydrates (NFC) content of fresh PL were 266,
911, 173, 402, 201, 35.5, 75.5 and 301 g/kg DM, respectively. The mentioned chemical composition in PL silage
were 273, 896, 168, 394, 191, 36.8, 74.6 and 297 g/kg DM, respectively. With increasing the level of WS in PL
silage content of DM, NDF, ADF, lignin and pH increased linearly (P<0.05), although CP and NFC content and
ammonia-N concentration of silage decreased linearly (P<0.05). The OM and ether extract content of the
experimental silages were not affected (P<0.05). With increasing the level of WS in PL silage, gas production at all
investigated times, gas production potential (coefficient b), short-chain volatile fatty acids, DM and OM
digestibility, estimated metabolizable energy, ammonia-N and microbial protein synthesis decreased linearly
(P<0.05), but the gas production rate (coefficient ¢) was not affected (P<0.05). With increasing WS to PL silage, the
activities of carboxymethyl cellulase, filter paper degradation activity, alpha-amylase and protease activity the
culture medium decreased linearly (P<0.05), although microcrystalline cellulase enzymes activity was not affected
(P<0.05).

Conclusion: The current study indicated that fresh or ensiled Paulownia leaves (Tebjoo hybrid variety) has a
significant nutritional value as a new forage source for use in ruminant nutrition. Moreover, adding different levels
of wheat straw to paulownia leaf silage is recommended as a method of enrichment and improving the palatability
and nutritional value of wheat straw.
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Figure 1- A view of a Paulownia tree
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loaiuld 55 5 tlof] sloo e pudglie LB (555 (a50
(29550 9y i o SUaigal (9, PH Jolids ya5o
3 s 251 eSS ol Sl g 5ioiolisS 8 g (sl
5L olie lal (Vercoe et al., 2010) (5 wlsSSl el V¥
744 Jao) yiopH alpwgs PH g 35 < Jlg 2 595
19 L JLg y» slgsizme b <lyE (udgw Metrohm sy
5outy sl o1)8 il dpd Hles (glod > 4dB Ve Gdedy Yo og
Oli—e 5 03 St 5 Gpglaor Jlug o llis A S
gl lymagn (g SBI I Suis osle glasesid (6 pdys5)lsS
Ol O St S ol (9nligSl g L 9
S bl (ke ) CObLpgm (sladiges (Sligal ()35
Ve lod 3 gond by lsw Jlop /Y S50, sl 1l Lo
855 5 J odlo G55 ol 5 60085 5 b 423
75 ol ol o iy sdalof] gl pudsilio LB

:(Menke and Steingass, 1988) 1 03; (ywosd

IVOMD (g/kg OM) = 148.8 + 8.89 (F) adslo
51 XA.GAS +4.50 CP + 6
ME (MJ/kg DM) = 2.2 + 0.136GP + (0) atsles

0.0157CP + 0.00002859CP?

GAS ( I ools (s 555 e IVOMD dal j> &8
VY 5 e g )5 e Voo sl sy A5 8 e
Ol :CP (Menke and Steingass, 1988) bl el
FawSB XA (Sis odle p)5 Voo 3 )5 Gygody pl pgp
medplio W8 (5551 ME 5 S5 oo )5 Ve 3 5 Cpgoty
ASb g

1255 dplons & dolas &0 (MPS) (5,50 (555, 55
:(Blimmel et al., 1997)
MPS (mg/g DM) = mg ADS - (ml gas (7) adoleo
x 2.2 mg/ml)

el V¥ 5l o (6ol osdpudn (gl ymsgw ADS ()] (> a8
aielo V¥ amolisSSl 5l Gy (s0d5 55 oo :ml 08S ¢ 50l 5SS]
9 O3B (1S PrS (shee s (5 tegeS il Jole VIV 4
sl i3 oligS g ol St (gl Sl 3y90 (5enS]

Al V dlslee 5l oolitwl b o0 obsS oy (sladwl clale
:(Getachew et al., 2002) .
SCFA (mmol/200 mg DM) = (V) aJsles
0.0222GP - 0.0042
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<5 ;5 ( SAS, 2005) lj3lp 55 Lawss g MIXED 4y, 5l oslizal
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LOWry et ).-\wdwdjoy)ao &9) u»Jl.M}l)J Oﬁﬁﬁ)i9°"\“s 5_0.99,.49
(al., 1951

Sl &z

bl Sy plesd oS5 4 bgje slaodly (uib)ly 455
429 31 odlisl b ] 51 Jools (alojl (slogdws 5 paS oS ol
ol MolS 7 b 5 5 (SAS, 2005) 38ls 5 Lauwgs 3 GLM
35 5 Jhe sty otilofl b (gylel Juo 285 plox

Yi= Lt Ti+ g )
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W05 Ao o yd gy (g0 pxe pdaw
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Table 1- Chemical composition of fresh Paulownia leaves and wheat straw (g/kg DM)

Wgle g9
G Forage type o Sl 3,85kl (llas S xe Jlosl
Parameter pAS olS Ligy Sy SEM P-value
Wheat straw Paulownia leaf
Siid oole 925a 266b 6.72 <0.01
Dry matter
o o3l 923 911 6.81 0.26
Organic matter
Crude protein
S okizgd 3 Jalousli U a b
737 402 12.7 <0.01
Neutral detergent fiber 3 0
&l ol gud 43 J}bub Ul a b
12.2 <0.01
Acid detergent fiber 486 201
f:gn'*{n 815 755 2.45 0.13
igni
il ojlas b a
. ) 1.53 <0.01
Ether extract 165 355
Sletlops laclung S 136° 3012 115 <0.01

Non-fiber carbohydrates

bl oo Ao yd iy w5 gime M biad L () > gliie gy Ly lael -
- Means with different letters in a row differ (P<0.05).

I e )i yoor gl S )3 Sydpd slolibng S
o3lo (glgizma Sl 3l STyss odlo 93y 40 (P<<+/+0) 24 puiS ol
(P>1+0) w5 oamlie (o)l gxo cigles i ¢

Bl g 5 odngs 40 Joloels LI «Sis odlo (glgiro
Syl e )3 gme pbodr pAS oS (gl 0agd 5> Jolowal
il oslas LS s e iz (P<-1-0) 33 Ll
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4 Sis odle lime 2y &S D905 lgie BL (P>4/00) €8,
5 ) Jgiz) og: y ol o absle I (g ludo Ligly Sy 53w
2 M ;0 S ool (glg iz il 8l sl g 05l adsle
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OIY Jain 3 pasS oS 5 gl 5y cilieo (el gsl>
VE oo U5 3o boglen 15 paiS ol Comns il b sl 003
Bl ¢ x5 oda b Joleels BLI Sk 03le 500 cduoyd
Bl (Il (ad psboas PH 5 S ccgipul 0458 5> Jolorol
L5 i s lie S El Jis 3 5l (P<+/-0)
s Mo (Sligel (59555 ChlE g gyt S )ang S
sl oylas g I osle (glgime (P<-/-D) cly il s

S olS 5 Ligll 1 Cilisn (slacs sl (5la5 s (025,85 asly b Kis o3l p,SshS 53 p)5) aboond oS 5 =¥ Jgio

Table 2- Chemical composition (g/kg DM or as stated) of silages containing different proportion of Paulownia leaf (PL) and wheat
straw (WS)

(Siid 00lo o)) Wiglly 5w (glody puiS ol pedawe Jolaio Sl lie
Level of WS instead of PL (% DM) 3kl (gllas Contrast
Céo (L"jcl’ ]““:) JI)“K 5 \Y A ¥ L;‘ET\’A ke s s
Parameter ontro 6 12 18 24 Linear Quadratic
(only PL)
i ke 2738 305¢ 344¢ 384P 4222 8.34 <0.01 0.74
Dry matter
1o
el 896 911 913 913 914 5.66 009 0.8
Organic matter
P OBz . 1682 1612 154b¢ 147% 1414 3.42 <0.01 0.91
Crude protein
£ oy 9 RN
S 2l > Jyoal S 3949 421° 441 463D 479 8.06 <001  0.49
Neutral detergent fiber
el insd 2 Jsbeal S 1919 219°  237° 253 2720 5.95 <001 041
Acid detergent fiber
"WS’J 74.6° 77.2%¢ 77.7% 78.5°  83.1° 1.07 <0.01 0.32
Lignin
s3] oslas 36.8 35.8 35.5 34.8 34.5 1.22 0.08 0.18
Ether extract
“’)qu e Saclinn s 2972 293%® 282°¢ 269  260° 4.33 <0.01 0.58
Non-fiber carbohydrates
pH 3.81b 3.94% 4.14% 424 468 0.178 0.01 0.56
PSS 3 p)5) Sbisel ois s
(03958 S 58.32 55.9%  B54.1%c 533 5] ¢ 1.39 <0.01 0.75
Ammonia-N (g/kg total
N)

WSl ge doyd iy pdaw ) gixe M oxim LS d)y o Cglite gy b olael -
- Means with different letters in a row differ (P<0.05).
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oS g Lial8l b o (Faithfull, 2000) cusls )13 sllas yasss
ey Ylasl as by s alid) bglses (clajdlows 5 puiS

P 53 pB i g bt al)rng S o (pals
W

ik 3l 5o § 3yl 95 9 yaedS HIS wd 3 sladail 3
Ligly Sy a puS oS Capud Rl L Y o> @l el
¥ NP gJucl_w )2 3)9_0 L.SLQUL") dod 2 )lf .XJ}: ‘))LM: JLl
S 3y ity 35 5 (sdgp 55 JS) azels WY+ 595 VY A
Sl Jlo g3 ol (P<+/+0) by LialS las jobay (B y)
3 mialef] oM 5515 5 (€ ) S5 Mgs ¢ oS

(P>+1-0) 6,55

ORI L GaebeSSl lalej aon )3 (sdg S e S
Sl dsas Yhaasl 30w 5 Liglh Sy paiS ol e
Sloome Gl g smd s ol S g pls (g clale
3 ol G 555 osg s d Joloals BLJI Jals) yud
g{.’:‘ |).)) | o.)% w‘.a)] L;Lm})’t.w » uM.iJ 9 (d..\.w.)l D..\.u}w
2 Jolorsls SUII pls iy ale Sl 3 o (ogSine el
Van Soest, ) 51> 5529 i adoi b uiSd 0594) 5 (25 004
ol 0)l53 (lime 9 55 Wi o sike (Siuned d939 (1994
OorwboSl 5lej Job 53 ogySs called yinls sy Yo
4o PSS olS G IBIL (29)S0e (B9 jiiw GRalS 3L
sl gl ol 0aiS a0l (F Jgds) 5w 3 Liglh Sy

il s ) SUigel A s 5 Linog,Spe cdled 431 3 o)
Sy sbaiss glgil pls .25 aiely .(McDonald et al., 2011)
Csl 00id )35 (Kis odle pS kS 3 5,5 VY VY Ligll
iy ) cpils Budns ol b alie (Descals et al., 2013)
Stewart et al., ) WY LilKg/ Liglh 4565 Sy pb 595 ()50
S5 Kt osle pSshS ) p)5 WWF 6,S addllas 5 4 (2018
Glaze jd> MS] 3954 (Al-Sagheer et al., 2019) cowl ol
3l (lelgs sas Vel liieo Lawgs 005 (555 pls i5ig
g9 «utS Joro (ol bl ccudlyy gl loj 0l o)
dlior M 4 o g ol dgS 38 e
5 =it g ) Jolel BUJI slgime (Kaiser et al., 2004)
5 Ligl Dl 5 35 5353 (sl osizgs > Jolonals G
Lol e 53] odimo )l o 3gy yieS a5 ol 1 angs L
Ol 1) ol pls 43555 lebgle min S e gl 4295
L Slyas s odbad )0 Jaloeal GBI lade oS sl oais 00l
(McDonald et al., 2011) 3,5 wsSae alasly ] B pan 50
allas 53 Ligll g 3D 55 odizgd 5 Jgboeal G ol3pe
5 YOR) e | (S bauogs o85S ol 1y s
e alie Lol ((Huang et al., 2022) 54, (Siis o3lo p,55LS )
9 O)lpnl by (Sis o3le pS6kS )3 )5 ¥EY) 005,155
e «65593 Linlajl j> 54 (Stewart et al., 2018) ]S
PSS 3 £y ¥ Liglh 5y 5 sstyg > Jgorols U
4 Cus & (Al-Sagheer et al., 2019) ui 355 Siis oole
GLYI (g mme 2alS el a8 pols addlas 53 saial) gl
(gl 095 )3 Jolomal BLII 5 (5 0ai5d 55 Jolonel SLJI)
L @il (V 5 ) Jga) ol ojLs absle L dnlio )5 Liglly 5w
=l o=l > (Rezaei et al., 2009) cowl Gladss plo gl
> Loy Sae clleb 151 53 sk can 5 Jobo 355 Vlas|
Rezaei ) asb o 53 (gdul PH pd byl 35 0m 55 g s
1 oS lgmme gy ULl LB &S b len (et al., 2009
YEI5) gl Dl 5 (S asle p Sk 2.5 VOIB) ofb o5
o3lo £S5k 53 )5 AVB) puiS ol 5l (Sizs o3le p)SolS” )5 )5
Sy e @B G351 BY5 (S WIgie & 2 S (Sis
pasS ol s al8l L cpizman AL paiS oS 4 o Ligly
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Table 3- In vitro gas production parameters (ml/250 mg substrate or as stated) of silages containing different proportion of

Paulownia leaf (PL) and wheat straw (WS)

(Sid 00lo iz ) gl Mo (slady puS oS rlanw Solxio Sluolio
Level of WS instead of PL (% DM) 3l (gllas Contrast
o g";’j bt J‘T) J”f 5 A vy “SOET\"A e bt b e
Parameter on LOL)(On y 6 12 18 24 Linear Quadratic
aielo V5 55 1y
o 20.1% 262° 255" 248 236" 0.917 <0.01 0.35

Gas producion at 16 h

el V¥ 55 Mg
e WIS Ay 42,62 413 203  398® 378 118 <001 085
Gas producion at 24 h
welo YA 25 56.3% 528°  521°  51.1%  484° 0.967 <0.01 0.70
Gas producion at 48 h

el VY 55 g

S TP ey 60.8% 5012 583 568" 555° 1.16 <0.01 0.95
Gas producion at 72 h

welo A7 5 2y 61.3% 5030  585%C 531 556 0.965 <001 089
Gas producion at 96 h

welo VYo g 5 S
Total gas production 62.12 505 592 5880  56.1° 1.07 <0.01 0.92
(120 h)

b) 55 sJgs Jawls

)35 5 Joits . 63.7% 615° 599 508% 568" 1.35 <0.01 0.95
Gas production potential

(celo 1 doyd €) 55 Wy &)

Rate of gas production 0.033 0.032 0.031 0.03 0.03 0.002 0.21 0.55

(c; %/h)

bl oo Ao yd iy e 5 gme OS] simd i () o > glie Ligys L slael -
- Means with different letters in a row differ (P<0.05).

sBan Ol ol 012 3l (ol 5 Az AT
Al @l ol S an s Wlgiee 35 (0 Joia) yS (slavesis
2 gl Cuaglio g Liglly Sy 5 puS oS Ly Sluogas
il 48l 31 o) il > Canl (SSon o (SlsoSid sTigs
OSea &S Casl (Jgid OLS 5 g BB polie (s Ligh S
Gk ) dneSd ) (i S jos Kg) (25 WS L
gle » ol cble (il o (29,800 gy 4 N Ligel s
P (g m lgizme Jddany jols adllas )3 Lol g 4eSi
5N )3 Lighy Sy 2 o8 o (il 31 L o i M dons Cgllas
naS Sy ool oy g g 3 45 lazs)
S iblS sl oddd b LS 5 e Il ad oy I wile
il (Sae s 3 05 Gline GRIBIL (29)See (389
siato byl 5 dl 035 a8l )3 (sadgp Sligel g talS
Sl 015 (51 (29)Sem 0395 Jiw 5 dsaSud Sligel clale oy
J=B (655 s ials (Azizi-Shotorkhoft et al., 2013)
2 Ly Sy ol s (al3l L alol sl Mons unelgelic
sl (Al odle (spin)lss (il Jbas Yiws!

092 SRS 9 e ladominld 4 by je ol
oS s yial8l b ol oads &)1 ¥ Jgas po iulojl (olasMaw
530055 )% o sladpel cdalé GMew )3 Lighy Sy 4y paiS
pnidalio B (55501 a5 (T sl 5 S 03le 4 dy 5155
ks gy (s19)See (g s g CulS lame (Slisel )39 %
Cod S by oa PH (0 45 dizja oP<e/-0) 8L ralS
sdos Ay LS s e85 1,5 tlegl (sl 5T
L sl adllas )3 (g2 590 SRt 9 o35 sla el
@B 55 prals ddvan Yhaos! M 1 oS o i3l
95 Cradps SLOhAg S 5 ol 19y (Slyoee (ialS) o
09l L (Y 92 Cosl 0392 (065 9 b (Slgiome (il
P S oo (Slisel (g clle (oialojl s Mow don
@) Ol 3 2y90 sk Sl I iy (yseligSSl ol VE s
D92 (295w sty 35y S () 3 p)S e
Ol L citS bme (Sligel (g 05 clale jials’ [
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(Ozelcam et al., 2012) 54 ldixe pl 3 yeS ol imgs )0 edelcandds padplie JB (6550 (slgixe

by (S_is odle p )5 kS )3 Jo3Ke V+/A) odalcamsas golis

P olS 5 Liglly Sy cilises (glacums (5ol (sla5Mes (sdko dlgo (2Ll (620s 355 5 55 (slmaciial b~ € Jgua
Table 4- Fermentation parameters and in vitro nutrient digestibility of silages containing different proportion of Paulownia leaf (PL)
and wheat straw (WS)

(Siid 00lo o)) Wiglly 5w (glods puiS ol edaww Solsio il lio
o Level of WS instead of PL (% DM) Skl (sllas Contrast
o
i 1. b Sile
Parameter (1l bsd) J = 5 \Y A V¥ O b b
Control 12 18 24 SEM Linear  Quadratic
(only PL)

2550055 58 0 sladl
S oxle p )3
: > F_)S 2 J’“‘;\tf) 3.762 3.65% 3.56% 3.51% 3.33" 0.105 <0.01 0.56
Short chain fatty acids
(mmol/g DM)
() S8 esle (s s )55
Dry matter digestibility 58.42 57.3% 56.2% 55.8° 55.2° 0.801 <0.01 0.56
(%)
(%) N osle s pdsit)lsS
Organic matter 59.52 57.2% 56.1%¢ 55.40¢ 53.6¢ 0.844 <0.01 0.65
digestibility (%)
2 J935%) padglio LB (655!
Kis odle 0,5
( ° _hs?l:s 7.792 7.61% 7.46%¢ 7.37% 7.11° 0.129 <0.01 0.85
Metabolisable energy
(MJ/kg DM)
pH 6.34 6.40 6.49 6.59 6.62 0.139 0.10 0.67
2 pSke) Sbisel st
Sl od 16.82 14.9% 13.9% 13.2b 12.4b 0.943 <0.01 0.75
Ammonia-N (mg/dl)
P S he) 2955 O
(&Mo ool P)f

. . . 2332 2252 2178 2232 201° 5.01 <0.01 0.51
Microbial protein
(mg/g DM)

bl oo Ao yd ey w5 gime BMEE] o L () 2 0 gliie gy Ly dlacl -
- Means with different letters in a row differ (P<0.05).

CdyS )y 5 pialel lalas 18t s Vgho i S50
elin s ooy oS (o 31 (S Sl bt (P>+/+0)
Ay 4 jos 9 ye3S 53 Jdd SlagSe Cpmo 023 Ll
CJled ¢ Jsoro y5bods L(Raghuvansi et al., 2007) cuol STyss
Ol L (e g aiime bLS| a3l uSlaS Ly 3l o

Dy il o] el g

CuliS Jaans (o3 9 Sae (SLaps 3T cuallas
L coisS b (9,80 slam il clad 4 by o ol
Ll oas sl O Jgdn 5o (oialof] (slaw (ygmoleSSl
slampl b M 15 Ligly Sy 4 olS e (38l
9 3ol Ll ¢ Bl 3215 o cllad Vb Jite uS'2)S
254 gwlisSSl Celo VY loj )3 cuiS bame (4585, olled
slampl el a8 iz yn (P<+/-0) bl tals' s
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Table 5- Rumen activity of hydrolytic enzymes (U/h/ml or as stated) of silages containing different proportion of Paulownia leaf
(PL) and wheat straw (WS)

(s o3le 2o ) Liglly 3Mws (gloty i olS e dolete Sl
Level of WS instead of PL (% DM) 3l (gllas Contrast

o (Wo L) Jjzs # W A Y L"”S“J;\"AL"‘ s uh‘d”i
Parameter Control (only PL) 6 12 18 24 Linear Qu?c rat
Noho Jo 55,5 16.72 1522 161 1522  13.1° 0.625 <001 075
Carboxymethyl cellulase
}I’l_w O’Jw’%’_&"‘ 11.7 10.9 10.6 10.8 10.6 1.01 0.23 0.49
Microcrystalline cellulase
o 8 el 30.72 27.1% 262  256°  23.2b 1.47 <001 063
Filter paper degrading
3l a1 b b b b

37.42 35.6% 34.1¢ 32.9% 31.6 1.55 0.01 0.76
a-amylase
o (Son p)S9,5e) W
(celes 3 o 86.12 79.4% 77.4%  76.8® 68.3° 3.43 <0.01 0.78
Protease

bl oo Ao yd gy e 5 gme AT sl L () o 0 glie Ligys L slael -
- Means with different letters in a row differ (P<0.05).
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J=B ol 5] s Jeols sbaiM 31 3929 (B9
Ll 5 bsn (sla3Sbo 45 sl S o 4 2l S
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