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Introduction: The dried climate and water lack in most areas of Iran caused to serious
restriction in planting fodder. Therefore, it is very important to find new fodder sources to
feed ruminants in order to reduce the ration costs. One of the new sources of fodder that may
have a favorable nutritional value are plants of the Paulowniaceae family in China, East Asia
and some parts of Iran. 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 Cs4 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 production leaf 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, there has been no study on the nutritional value of paulownia leaves for
use in animal feed. Therefore, the aim of this research was to investigate the chemical
composition of paulownia leaves and the chemical composition, gas production parameters,
digestion and fermentation characteristics of the silages from the mixture of different levels of
paulownia leaves (Tebjoo hybrid variety) and fodder corn in vitro.

Material and Methods: The corn forage and paulownia leaves (Tebjoo hybrid variety) were
prepared. At first, the chemical composition of corn forage and Paulonia leaf samples was
determined based on the conventional methods. Then, both forages were chopped into 2-4 cm
sizes using a hand chopper for silage preparation. Experimental treatments included silages
containing different ratios of fodder corn and Paulownia leaves (0:100, 75:25, 50:50, 25:75
and 0:100). The materials were compacted in the plastic containers and the silage period
lasted 60 days. Determining the 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 based on a
completely random design.

Results and Discussion: Results indicated that dry matter (DM), organic matter (OM), crude
protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), ether extract (EE),
lignin, non-fibrer carbohydrates (NFC) and water soluble carbohydrates content of fresh
paulownia leaves were 266, 911, 173, 402, 201, 35.5, 86.4, 404 and 91.2 g/kg DM,
respectively. The mentioned chemical composition in paulownia silage were 273, 902, 164,
393, 191, 38.8, 74.5, 386 and 25.4 g/kg DM, respectively. With increasing the proportion of
paulownia leaf in silage, DM, CP, lignin, EE, ammonia nitrogen concentration increased
linearly (P<0.05). However, OM, NDF and ADF decreased linearly (P<0.05). By increasing
the ratio of paulownia leaf to corn in th silage, in vitro gas production (GP) in 24, 36 and 48 h,
GP potential (coefficient b) and short-chain volatile fatty acids concentration decreased
linearly (P<0.05), although it linearly increased ammonia nitrogen concentration and
microbial protein synthesis (P<0.05). The carboxymethyl cellulase and filter paper degrading
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activities decreased linearly with increasing the inclusion level of paulownia leaf in silage
(P<0.05). However, ruminal alpha-amylase and protease activity showed a linear increase
(P<0.05).

Conclusion: The present study showed that the paulownia leaf of Tebjoo hybrid variety has a
favorable nutritional value as a new forage source in animal nutrition. Also, the preparation of
silages including different ratio of paulownia leaves and corn is recommended for animal
feeding in the conditions of significant shortage of protein resources in the country. Future
research is warranted to investigate how paulownia leaf affect ruminant performance.
Keywords: Paulownia leaf, Chemical composition, corn forage, silage, Fermentation
parametes, Digestibility.
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Table 1- Chemical composition of fresh forage corn and Paulownia leaf (g/kg DM or as statsed)

L5k &9 >yl glas
Sl Forage type b Ry RN
Parameter @ Ligl, 5, SE?/I P-value
Corn Paulownia leaf
i Bl 2340 2667 4.82 <0.01
Dry matter
15
Bl 9362 911" 5.27 0.02
Organic matter
Poofen 81.4 173 7.27 <0.01
Crude protein
S By Jgloeel L) a b
. 6.74 <0.01
Neutral detergent fiber 502 402
Sl B9 > Joloels LI a b
. . 7.08 <0.01
Acid detergent fiber 325 201
o 63.4° 86.42 2.85 <0.01
Lignin
&rlelas 335 35.5 1.64 0.41




Ether extract

Sleidle pé glachyag S

. 319 301 6.65 0.11
Non-fiber carbohydrates
<1yl slaclyag S 101 91.2 3.65 0.11

Water soluble carbohydrates

il oo Mo yd O e 3 > gime BB buiad LS d) yb yd Wglite gy Ly dlusl -
- Means with different letters in a row differ (P<0.05).
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Table 2- Chemical composition (g/kg DM or as stated) of silages containing different proportion of forage corn
(FC) and Paulownia leaf (PL)

o Proportions of corn and Paulownia in the silage 5 bl slas Contrast
Parameter (% of DM) by Sile
Control  75:25  50:50 25:75 0:100 SEM s s
(only (only Linear Quadratic
FC) PL)
Suis bole
° 242¢ 252  260% 267° 2732 4.30 <0.01 0.65
Dry matter
[N
ol 9278 920%™ 915"  9o7™° 902° 4.97 <0.01 0.97
Organic matter
b s
Foomax 80.5°  102¢ = 122 144P 164° 3.56 <0.01 0.93

Crude protein
S B sd 5> Jaloel LI

Neutral detergent 4877 465"  438° 4159 393° 4.24 <0.01 0.78
fiber

b 53 Jslorels CBLI

™ 310° 278>  253° 223¢ 191° 3.94 <0.01 0.74
Acid detergent fiber

o5 60.1° 639" 663 703 7450 238 <0.01 0.77
Lignin

A 334>  351% 359  37.2%  38.8° 1.57 0.03 0.91

Ether extract

JEICE VP INCH W ¢

Non-fiber 326 318 319 311 306 7.28 0.10 0.75
carbohydrates
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O 2 Jslows (slacling, 5

Water soluble 229 235 244 25.3 25.4 1.19 0.11 0.81
carbohydrates

pH 396 399 411 4.26 4.29 0.157 0.15 0.89
Sbigal G595

Ammonia-N (g/kg 51.3° 54.2% 548 573% 5912 1.59 0.02 0.46
total N)
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- Means with different letters in a row differ (P<0.05).
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Table 3- In vitro gas production parameters (ml/250 mg substrate or as stated) of silages containing different
proportion of forage corn (FC) and Paulownia leaf (PL)

o Proportions of corn and Paulownia in the silage 5 bl slas Contrast
Parameter (% of DM) by Sile
Control ~ 75:25 50:50  25:75 100 SEM s s
(only (only Linear Quadratic
FC) PL)
el 17 55 49 312 323 326 342 345 2.05 0.21 0.95
Gas producion at 16 h
ele ¥V 35 sy 2 o b be : 1.60 <0.01 0.68
Gas producion at 24 52.3%  48.1 45.8 434 40.5 : . .
sl Y5 55 Ay
el 17 8 g 59.88 57.5% 563%® 526  495° 1.98 <0.01 0.58
Gas producion at 36 h
ebe YA J5 sy : & & o b 2.70 0.02 0.83
Gas producion at 48 h 64.22 63.1% 611 58.1 55.8 : . .
el VY35 g 649 638 616 608 588 221 0.09 0.87
Gas producion at 72 h
wele 87 55 g 651 645 623 622 603 2.50 0.16 0.76
Gas producion at 96 h
welo W sulgi 55 IS
Total gas production 66.7 65.5 63.3 61.1 60.9 2.58 0.18 0.87
(120 h)
(0) 55 g Sty 721  68.3* 675 658%  63.5° 2.11 0.02 0.87
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Gas production b

potential

(C) 5 2 &5

Rate of gas 0.033 0.032 0.031 0.030 0.030 0.002 0.22 0.55
production (c; %/h)
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Table 4- Fermentation parameters and in vitro nutrient digestibility of silages containing different proportion of
forage corn (FC) and Paulownia leaf (PL)

o Proportions of corn and Paulownia in the silage 5 bl glas Contrast
Parameter (% of DM) bl
Control  75:25  50:50 25:75 100 SEM s s
(only (only Linear Quadratic
FC) PL)
P SR P LR LR
(mmol/g DM) 464 426 405" 383 358 0.142 <0.01 0.68
Short chain fatty acids
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() Sizs 8olo (s iy y3)le5

. . 58.4 59.4 59.8 60.8 61.4 1.87 0.24 0.97
Dry matter digestibility
() JTsko s iy i3 )lS
Organic matter 60.4 58.9 58.4 58.2 57.4 1.14 0.08 0.70
digestibility
MI/KG ) pdglio 1B (555
(DM 8.52 8.30 8.21 8.32 8.31 0.171 0.41 0.56
Metabolisable energy
pH 6.59 6.66 6.63 6.66 6.70 0.043 0.13 0.87
Idl) (Slsel a5
(MOE) #Lisel 0355 11.9° 128 143"  161° 163 0.383 <0.01 0.55
Ammonia-N
DM e
MG/g DM) sSe 03 14se 1650 180¢ 2020 228 4.35 <0.01 0.71

Microbial protein
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- Means with different letters in a row differ (P<0.05).
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Table 5- Rumen activity of hydrolytic enzymes (U/h/ml or as stated) of silages containing different proportion
of forage corn (FC) and Paulownia leaf (PL)

o Proportions of corn and Paulownia in the silage 5 bl slas Contrast
Parameter (% of DM) oy Sikeo
Control  75:25  50:50 25:75 100 SEM s s
(only (only Linear Quadratic
FC) PL)
ko Jite (S52)8
Carboxymethyl 16.2% 148%™ 146® 153  13.8° 0.586 0.03 0.72
cellulase
ok ol )5 Sine
Microcrystalline 10.98 104%™ 104%®  10.3®  10.6° 0.492 0.50 0.39
cellulase
il 1l & jou el
Filter paper 28.9 25.9 24.9 24.1 22.8 1.49 <0.01 0.55
degrading
P Wl 31.1° 328" 333> 371 42710 2.54 0.01 0.61
a-amylase
OB p595we) gy
(el 5 ok 33 70.6° 73.9% 76.6%  79.4% 8412 3.25 0.01 0.84
Protease
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