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Introduction: The nutritional value of many lignocellulosic food
materials can be improved by deligninating with physical, chemical
and biological methods. Biological, chemical and physical methods
are used to process agricultural by-products. In chemical processing,
the use of acids, oxidative agents and alkalis are included, which
alkalis are more accepted by animals in the animal husbandry
industry. Biological processing is a new method that is done using
enzymes and fungi. In the case of biological method, low-quality
wood materials are processed by different species of fungi that have
lignin-decomposing enzymes. Biological processing is an effort to
use less chemicals and consume less energy compared to chemical
and physical methods. Quinoa plant is a plant with good resistance
to unfavorable environmental conditions, which has high tolerance
against biotic and abiotic stresses. The cultivated area of the country
is about 18.8 million hectares, and on the other hand, about a third
of these lands are susceptible to cultivation due to poor quality soil
and inappropriate water distribution, including salinity and drought.
In areas with dry and salty conditions, using plants resistant to these
conditions is a suitable way to deal with these conditions. So, a
study was carried out to investigate the effect of different treatment
methods (chemical and biological) on chemical composition, gas
production parameters and digestibility of quinoa straw in a
completely randomized design.

Materials and methods: The following treatments were: 1)
untreated quinoa straw (control) (CON), 2) CON processed with
hydrogen peroxide, 3) CON processed with sodium hydroxide, 4)
CON inoculated and fermented with Bacillus Subtilis and 5) CON
inoculated and fermented with Aspergillus Niger. Prior to hydrogen
peroxide treatment (132 mL of 35% H,0,), samples were pretreated
with sodium hydroxide (NaOH, 80 g/kg DM) to attain and maintain
a pH of 11.5. For biological processing, activation of lyophilized
vials and preparation of starter cultures of bacteria and fungi were
done in MRS-broth at 37°C and PDA at 25°C, respectively. After
that, one liter of the combination of distilled water and starter
culture (containing at least 105 colony forming units per milliliter of




bacteria or fungi) was added to each kilogram of quinoa
straw.Treated samples were then placed into plastic bags, tied up
and stored under anaerobic conditions. Prior to analysis, bags were
opened and air dried. Chemical composition of the samples was
determined using the standard methods of AOAC. Ruminal
degradability trial was carried out using the nylon bag technique.
Gas production test was used to estimate gas production parameters.
In vitro digestibility of the samples was determined through the
batch culture method.

Results: The results showed that there was a significant difference
between treatments in terms of chemical composition (dry matter,
ash, organic matter and crude protein) (P<0.05). In this respect, the
highest amount of dry matter was in the control treatment and the
lowest in the hydrogen peroxide treatment. Among the chemical
treatments, the treatments with sodium hydroxide had the highest
and the treatments with hydrogen peroxide had the lowest values of
Crude Ash. Different treatment methods had significant effect on
gas production potential and rate (P<0.05). Treatments with control
and fungi had the highest and sodium hydroxide treatment had the
lowest gas production potential. Treatment with sodium hydroxide
and hydrogen peroxide significantly increased dry matter and
organic matter digestibility (P<0.05). In general, the bacteria had the
lowest digestibility, partitioning factor, and microbial protein
production.

Conclusions: Overall, the results of this study showed that
treatment with sodium hydroxide and hydrogen peroxide had a
greater effect on improving the nutritional value of quinoa straw.
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Table 1- Effects of chemical and biological processing methods on chemical composition of Quinoa straw (% DM)

Treatments
mfbj,f“"’/’ o el R STEN LS|
P-Value SEM b sl e 055500 Aals Item
Aspergillus  Bacillus Sodium  Hydrogen Control
Niger Subtilis hydroxide  peroxide
0.0004 2.310 67.27° 67.68° 68.10° 76.44° 87.66° S osle
Dry Matter
<0.0001  0.224 81.52° 80.50° 72.80¢ 71.58° 84.67° Slebe
Organic Matter
<0.0001  0.224 18.84¢ 19.50° 27.19° 28.41° 15.32° Pl S
Crude Ash
<0.0001  0.205 19.6% 17.05° 14.06° 14.12° 17.3° Pl S
Crude Protein
0.0020 0.304 3.96° 2.30° 1.70° 2.53 3.56° P s
Ether Extract
ok gd 53 J gl LI
0.0129 0.832 18.00° 16.20% 17.06® 15.20° 15.00° o
Acid Detergent Fiber
ok g 53 J gl LI
0.8140 2.350 33.20 34.86 33.60 31.80 35.53 .
S
Neutral Detergent
Fiber
0.8145 2.830 39.16 37.90 33.35 32.47 41.37 SY gl ohasy S
Non Fibre
Carbohydrates

(P<+/00) Ll Sla pme Mt K0S b aliie o oy b sldsl aciiny o o

The means within a row without common letter differ (p<0.05).
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Table 2- Effects of chemical and biological processing methods on minerals and anti-nutrition factors of Quinoa straw

(mg/kg DM)
Treatments
o el LS 5oden LS
P-Value  SEM f::;:fﬁ::/ il s e Item
F,)\”gger Bacillus ~ Sodium  Hydrogen ~ Control
Subtilis  hydroxide peroxide

0.3690 0.039 0.230 0.178 0.113 0.157 0.144 Sd
p

0.4780 0.815 3.16 3.90 450 4.20 2.56 s
Ca

0.5250 5.66 129.23 118.40 130.33 123.16 120.83 o
Na

0.0184 1.651 37.40° 3340  32.96® 31.83° 34.70° o
K

0.2400 1.254 11.66 12.10 8.46 8.96 9.93 (2
Mg

0.0125 0.037 0.107% 0.105 ® 0.063° 0.082" 0.212 45 595N

flavonoid
0.0010 0.221 1.92% 1.55% 0.212° 0.348% 0.924 Js g
Total Phenol

(P<e/+0) £,ls )l.sdlu eS| Jiz.,b/\; L AJL;.ar; ] slael was FEBL
The means within a row without common letter differ (p<0.05).
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Table 3- Effect of chemical and biological processing methods on gas production parameters of Quinoa straw

Treatments
.7 AeS g e
p sl s T A1y
value oM b ol Sotiium sy aals Item
Aspergill  Bacillus hvdroxid  Hdrogen Control
us Niger  Subtilis Y o peroxide

0.0155 1.017 50.65® 50.95%  4853°

0.0154 0.153  7.60%® 7.65% 7.28°

0.0156 0.024  0.87® 0.83%® 0.82°

00004 0742 102900 10140 g7 g0
0.0102 0'(;01 0.0733c 00790 0gg0e

51.38% 52587

0.0806%

(Ao y3) &ﬂ o3l (Mm [GwYt
Organic matter digestibility (% DM)

7710 790° (oS AS 53K ed e BB 555
Metabolizable energy (MJ/Kg)
0.89% 0.92* (Use o) i oS o sladon

Short chain fatty acid (m mol)
Yoo ebla AIbe) S8 s Jeily

OM ¢S s
Gas production potential (m1/200 mg
DM)

(Cele 55 I ) 58 W5 &5
Rate of gas production (ml/h)

96.86°  101.99°

O.OgOﬁa

The means within a row without common letter differ (p<0.05).
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Figure 1- Effect of chemical and biological processing methods on in vitro gas production.
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Table 4- Effect of chemical and biological processing methods on fermentation parameters and digestibility of
Quinoa straw

treatments*
bl sl S 5y LSl
P-Value SEM b bl e 053500 dals Item
Aspergillus  Bacillus Sodium Hydrogen ~ Control
Niger Subtilis hydroxide peroxide
0.0010  2.180 73.80° 65.80° 80.40% 82.40° 77.60° St osle pan MG
DMD* (%)
0.0004  1.930 72.60° 68.38° 80.12° 80.62° 76.10° STosle pan s
OMD? (%)
0.0006  0.132 3.44% 3.14° 4.82° 4.32° 4.11% S8 Jals
PF? (mg/ml)
0.0006  8.760 106.75° 77.67¢ 130.00° 121.21°  149.00% S
MB* (mg/gDM)
0.0020  8.650 233.21%® 252.05° 191.02° 211.66°  202.11° S8 s essl
Gas yield® (ml/g)
0.0013  0.023 0.36" 0.29° 0.42% 0.33° 0.46° 55 s M easl
EMB®
0.0970  0.038 6.76 6.82 6.89 6.84 6.92 pH

1- Dry Matter Digestibility, 2- Organic Matter Digestibility, 3- Partitioning Factor, 4- Microbial biomass, 5- Gas
Production Efficiency (ml), 6- Efficiency of microbial biomass.

(P<+/+0) 1,13 Hls gme Mzl K0S b wlie ub oy L osldel ccinsy a0
The means within a row without common letter differ (p<0.05).
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Table 3- Effect of chemical and biological processing methods on Degradability coefficients of quinoa straw
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Figure 2- Effect of chemical and biological processing methods on in situ dry matter degradation at
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