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Extended Abstract

Background: Developing countries, especially with dry weather conditions, are facing the
problem of lack of animal feed. Thus, agricultural by-products, which are often processed for
feeding in ruminants, can be used as an alternative or part of the diet; it also reduces animal feed
costs. The reuse of agricultural waste in ruminant nutrition is a method for managing agricultural
waste, which also reduces the risks of environmental pollution. Tomato shoot obtained from
tomato plant pruning in the greenhouses for growing and producing this valuable product is one
of the major agricultural wastes, which can be considered a part of ruminant feed due to its high
volume of production. This study aimed to investigate the nutrient value of tomato shoot silage
by in vitro techniges as a substitute for a part of hay in ruminant feeding and to determine the
effect of bacterial additives on the quality of silage.

Methods: Pruned tomato shoots in a greenhouse, which are part of agricultural waste, were
collected from the industrial greenhouses of the East Azerbaijan region, cut into 3-5 cm pieces,
and ensiled in a mini-silo. Microbial additives and amounts used in this experiment were 1-
bacterial additive with the SiloLact brand, a product of the Fardis Roshd Mehrgan Company of
Iran, containing Lactobacillus plantarium, Bacillus acidophilus, and dextrose monohydrate
bacteria (108 colony-forming units (CFU) were added per gram of fodder), 2- enzymatic additive
with the brand name enzymatic-SiloLact, produced by the Fardis Roshd Mehrgan Company of
Iran, containing L. plantarium, L. acidophilus, cellulase enzyme, xylase, and dextrose
monohydrate (10° CFU were added per gram of fodder), and 3- SilOne additive containing L.
buccaneri, L. plantarum, Enterococcus faecium, L. acidophilus, and Pediococcus acidi lactici, at
the rate of 10'° CFU/g along with multi-enzyme, which was mixed with water based on the
amounts recommended by the manufacturer and added as a spray on chopped fodder. The
experimental treatments were 1- pruned tomato shoot silage without additive, 2- pruned tomato
shoot silage with enzymatic-siloLact additive, 3- pruned tomato shoot silage with non-enzymatic-
SiloLact additive, and 4- pruned tomato shoot silage with SilOne additive. It is necessary to
explain that in the preparation of silage, three replications were considered for each treatment.
The measured chemical compounds included dry matter, crude protein, ash, crude fat, neutral
detergent fibers, acid detergent fiber, and fermentation parameters including pH, volatile fatty
acids, lactic acid, ammonia nitrogen, and soluble carbohydrates. Besides, gas production and
digestibility were measured by in vitro Holden's method. This research was conducted in the form
of a completely randomized design, and the resulting data were analyzed with SAS software.
Results: The results obtained in the investigation of pruned tomato shoot silage showed that the
microbial additive SilOne and enzymatic-SiloLact significantly affected the pH of the silage
compared to the control treatment. The pruned tomato shoot ensiled with SilOne additive
contained more dry matter and crude protein than the control treatment. the enzymatic-SiloLact
and silovan additives reduced ADF compared to the control treatment. The amount of total
volatile fatty acids and lactic acid increased in silage treatments with bacterial additive compared
to the control treatment, but no significant difference was observed in this increase. Microbial
addition of enzymatic-SiloLact and SilOne decreased the amount of ammonia nitrogen in silage
compared to the control treatment. The highest volume of gas production was recorded in the
treatments ensiled with enzymatic-SiloLact and SilOne at the final hours of the incubation with a
significant difference (P < 0.05). By examining metabolizable energy, net energy for lactation,
digestible organic matter, and short-chain fatty acids of untreated and treated tomato shoot silage,
it was found that processing by microbial additives did not affect metabolizable energy, but net
energy for lactation, digestible organic matter, and short-chain fatty acids were affected
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significantly (P < 0.05). Microbial fermentation of enzymatic silolact and silovan reduced the
amount of silage ammonia nitrogen compared to the control treatment. The highest volume of gas
production belonged to the treatments ensiled with the enzyme silolact and silovan. In the final
hours of the experiment, there was a significant difference with the control treatment (P < 0.05).
In vitro digestibility, which was investigated by Holden's technige, showed that microbial
processing and additives affected the disappearance of dry matter in the rumen and the whole
digestive tract system. Moreover, the disappearance of crude protein in the rumen was
significantly affected, but the disappearance of crude protein in the whole digestive tract system
was not affected.

Conclusion: It was found that bacterial additives had no effect on the digestibility of tomato plant
silage. Due to the high production of tomato plant waste, this by-product can be used in ruminant
feed, but it should be considered that adding another by-product that has high soluble carbohydret
content should be examined due to the low level of soluble carbohydrates in the pruned tomato
shoot to improve the silage quality.

Keywords: Bacterial additive, Digestibility, Gas production, Inoculant, Pruned tomato shoot
silage
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Table 1. Chemical composition of ensiled tomato shoot (% DM)

ADF% NDF% ASH% EE% CP% DM% pH (mg7dI) fiem
22.39° 55317 21447 7,44 16.96 15.02° 6.2° A
18.17% 49.59% 23,33 5.31° 15.69 11.16> 6 B
20.26%° 44.16° 23.442 4.36% 19.96 10,2 5.8° C
19.52° 55.31% 24.442 5.00° 15.65 9.66¢ 5.4¢ D
16.12° 42.99° 23.99% 3.13° 18.13 12.13° 5.3 E
0.52 2.07 06 04 114 0.44 0.09 SEM
0.0035 0.0039 0.0448 0.0272 0.5438 <0.0001 0.0002 P-value

P D 1o <3 SEV3s o5 b e 3 Do € s g Gyt 3] b B ot im0 eyt o G A o
ASH B oy> EE ol (1Sgy (CP «Sid o3lo DM (laghlo (53938l b (53065 gy 5w 1B jlas c oo 3l pu& cSVsbl (339581 L (S5 04065 &gy
S sze gaw P-value (1 Sbe 3kl (glad [SEM ¢ gdunl 000 1> Jaloeoli BLIIADF (s sy )d Jalowel GLINDF ol uss

L5 aald jled & Cond Jolowe Sl yamgs S 50 > Sials
Kung ) ais sdalie gyl sxe lyuss 5wl zslaw 5o Ll
sl 085 )Y gia 3 45 psbsles (et al., 2000
Sl oSt 5393l o lole 3 SV e
SR 538 B s g papidl oshlsisY
(Filya, 2003) LLs .15 oanlie gl sixe coslis Lol cdly
@byl (90938 Sy &S b &S 55 )15
Sl Olge 53,87 €8> (0 g o)l ushaolsSY
0395 e il dals Jlod &) G 55V S8V
Sl 5938l Leadshe lajles > (Sligel
Joss 5l 308 (0080 oglewlsSY g 29 LD ushinlssY
A5 odalie dald s b (g)bdme ©gle 5 2g sald
ol eS8Vl (329380 b osdglews o (P< +/-0)
2 &b sme wolis (Khodaverdi et al., 2014) |, Ken
g odd Sulid (S5 805 Ly (Sligal (950 9 PH polia
5 Ohen 5 SOl il 392y (Kj3ansS Ui e
Giimiis & Aktiirk, 2020; Zhang ) ,Sen g 9055
GoySh el oS a8 S (et al, 2021
Sgl 3l i 2 55 sl 43 Fan ol
555 Lo )5S (Filya, 2003) s .cuslss asgsy 5 5y $us
2981 b osdglew lajlos 3 (Sbigel (igs (e &
3 Bl x5 5 paplidl sl (solo (29,5

Doy dali Hlew

S5 Ol O gz ) 0l )15 slaesdls 4 dagi L

bl (929381 ool (slolosi )3 518 C 2 slassu
O b re wolas Lol il yiolial sald e 4 cuws
Filyaetal., ) o, Ken g LLé islojl )3 .0is samlio bl
259 s ($9) 2 29,50 2938 95 V¥ b (2007
Lo 33938) (oolos &5 a8 ()15 5 B35 )13 (awy 390
Obler 5 Jjl 235 )3 oy laded Rl o
J5 s &5 W 45)l55 (Charbel et al., 2005)
ooslaslasY b addled s 3 JLE Cpp slaal
29 (935 gk o ploS )3 dald Jlod &y Capnd 2
Om oS 23 e ol Galef] nl @l g i )b e
S foisine M Jylos ol ysemgs S e b los
(Sadeghi et al., 2012) ,Ken 5 (Bolo i oanlic
sl 5 Jsbe slolynag S plie o 338 bl
S (29,5 (99938 b esdshw (slajlas > SasY
ot 2ol jlas b ()ld gne gl 29, L3 uplwls sy
ol it e ST (529381 &8 1555 ol i 312
s 5 P gl 5l Sl el sk
Oher 5 osreyd (P<e/0) w05 wls e
wbySh Sag381a8 65,8 %135 (Driehuis et al., 2001)
Ol Bl el jbgly ddgle Pl 59y p Sy
2 opezed bl las 4 Cons Jole Oljang S
2 S skl LSl (3938 b ol
oS 00l LS gl (28)S 18 )2 3)90 )3 Phew (555

el 5V g ) (8 baolsSY (LS (53938

a5 gy Sohw o35 3 bl (339381 b Y Jpun

Table 2. The effect of bacterial additive on fermentation parameters of ensiled tomato shoot

Items
Lactic acid Ammonia nitrogen Water-soluble carbohydrate Volatile fatty acids
SY Sl Bjort Joloxe hydung S e sl
('mg/dl) (mg/dl) (mmol/1) (mmol/1)

0.47 2118 1.27 25 A
0.65 0.533° 1.21 27 B
0.68 2.012 1.24 26.5 C
0.69 0.59° 1.32 255 D
0.07 0.36 0.06 0.79 SEM
0.257 0.022 0.703 0.33 P-value
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Table 3. The effect of bacterial additive on the gas production of ensiled tomato shoot (ml gt DM)

p_value SEM Treatments _iolojl slo)lous Q,:,TJL,S;\ el

E D C B A Incubation time
0417 711 551 53.9 527 295 520 2
A T :
0.0001 2.51 155.1° 143.0° 154.1° 152.4° 170.7° 8
0.0001 2.15 187.9° 172.3° 187.3° 185.1° 192.0° 12
0.0016 2.83 2213 216.7%° 2305 223.0% 211.2¢ 24
<0.0001 2.34 255.12 244.7° 255.42 237.1° 228.0° 48
<0.0001 3.37 270.0° 263.0° 271.9° 251.7° 241.1¢ 72
<0.0001 2.51 250,55 254.1° 261.9° 242.0° 227.67 A
<0.0001 0.0026 0.0989° 0.0864¢ 0.1011¢ 0.1223° 0.1773 C
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Table 4. The effect of bacterial additive on gas production parameters of ensiled tomato shoot

obgS oy oy (sladend wan LB Jlosle @b oy 855 pedsilio JB (55l o ot
Short-chain fatty acids Digestible organic matter Net energi(y of Iactatlon Metabolizable energy Treatments
(mmol 0.2 g'*' DM) (%g) (MJ/Kg DM)
0.92° 11.10% 5. 61C 7.16 A
0.97* 9.15¢ 5.88% 9.23 B
1.012 8.02° 5.99° 9.48 C
0.95® 7.37° 5.72%° 9.05 D
0.96% 9.39° 5.68° 9.50 E
0.013 0.068 0.062 .78 SEM
0.0049 < 0.0001 0.0017 0.2213 P-value
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Table 5. Ruminal and total digestive tract disappearance of dry matter and crude protein of ensiled tomato shoot by

Holden's method

Pvalue SEM Treatments _.islojl (sl jlogs <id ool
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Table 6. Physical examination and the silage quality class of ensiled tomato shoot

iS5 I (3hetel ¥+) JS 0503 (el ¥) S, (el ¥) Lo (sbsel 1Y) 52 oss
Quality class Sum (20 score) Color (2 score) Structure (4 score) Odor (14 score) i
Medium Jo.3 |18 11.3° 2.0 2.0° 7.3 A
Good g5 14.6 2.0 4.0 8.6 B
Good g5 14.0 1.6 3.3 9.0° Cc
Medium o8 & 13.32 2.0 3.6% 7.6° D
0.388 0.129 0.182 0.224 SEM
0.007 0.441 0.001 0.010 P-value
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