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Table 1- Proximate analysis, metabolizable energy of initial potato waste

Parameters Dry Crude Ether Crude Neutral Acid Metabolizable
Matter protein extract  Ash detergent detergent energy (MJ/Kg
(%) (%) (%) (%) fiber fiber DM)
(%) (%)
Nutrient 80.65 9.00 1.67 5.33 15.23 5.66 9.03
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Table 2-Protozoa count, ammonia nitrogen and pH of the liquid phase.

RF NO N1.5

N3 N4.5

SEM P- value

o) L Q

Protozoa (x 10°°) 3.75% 195 1.4k
N-NH3 (mg/dl) 0.074¢  0.109°
pH 69° 46° 51

1.1° 0.95° 0.26
0.354°
6.5° 7.4%

0.233°

<0.01 <0.01 <o0.01
0.003 <0.01 <0.01 <0.01
0.101 <0.01 <0.09 <0.01

0.395%

1) Ruminal fluid (RF)
2) 400 ml of ruminal fluid + 200 g of potato waste (NO)

3) 400 ml of ruminal fluid + 200 g of potato waste + 1.5 g of nitrogen from a slow release non-protein nitrogen source

(N1.5)

4) 400 ml of ruminal fluid + 200 g of potato waste + 3 g of nitrogen from a slow release non-protein nitrogen source (N3)
5) 400 ml of ruminal fluid + 200 g of potato waste + 4.5 g of nitrogen from a slow release non-protein nitrogen source

(N4.5)

abc Means in a same row with different superscripts are significantly different (P <0.05).
O = orthogonal contrast between the control group and nitrogen from a slow release non-protein nitrogen source receiving
groups, L = linear effect of nitrogen from a slow release non-protein nitrogen source, Q = quadratic effect of nitrogen from a

slow release non-protein nitrogen source.
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Table 3-Activity of hydrolytic enzymes of liquid portion (U/mL)

Rf NO N15 N3 N45  SEM P _value

0 L Q
Carboxymethylcellulase 7419 129.7° 146.1° 142.1° 131.3° 1033 <001 <001 <0.01
Amylase 643.2¢ 913.0¢ 1179.1* 1051.5° 9325° 4.660 <0.01 <0.01 <0.01
Avicellase 90.0¢  120.7° 14198 1335° 121.3° 0550 <0.01 <0.01 <0.01
Filter-paper 180.19 222.8° 264.7% 239.4° 2245° 1102 <0.01 <0.01 <0.01
Protease 1.46° 1749 234° 275 278 0006 <0.01 <0.01 <0.01
Urease 128 1379 164° 187° 206 0018 <0.01 <0.01 <0.01

1) Ruminal fluid (RF)

2) 400 ml of ruminal fluid + 200 g of potato waste (NO)

3) 400 ml of ruminal fluid + 200 g of potato waste + 1.5 g of nitrogen from nitrogen source (N1.5)

4) 400 ml of ruminal fluid + 200 g of potato waste + 3 g of nitrogen from nitrogen source (N3)

5) 400 ml of ruminal fluid + 200 g of potato waste + 4.5 g of nitrogen from nitrogen source (N4.5)

abc Means in a same row with different superscripts are significantly different (P <0.05).

O = orthogonal contrast between the control group and nitrogen from a slow release non-protein nitrogen source receiving
groups, L = linear effect of nitrogen from a slow release non-protein nitrogen source, Q = quadratic effect of nitrogen from a

slow release non-protein nitrogen source.
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Table 4-VFAs concentration of the liquid phase (mM/L).

Rf NO N1.5 N3 N4.5 SEM P- value
0 L Q
Acetic acid 45.9¢ 139.1¢ 175.8° 197.4* 186.4°® 0.68 <0.01 <0.01 <0.01
Propionic acid 16.4¢ 36.7¢ 46.92 37.3¢ 413 041 <0.01 <0.01 <0.01

iso-Butyric acid 1.42¢  2.26° 2.44

Butyric acid 9.4¢ 21.5° 24.32
iso-Valeric acid 1.33° 2.882 2.89%
Valeric acid 1.06¢ 3.98° 4,32
Total VFA 75.6¢ 206.5° 256.7°

2.85%2  265% 0.08 <001 <001 <0.02
18.4¢ 20.8> 035 <0.01 <0.01 <0.01
3.070 294 0.06 <0.01 <0.01 <0.01
3.69° 379 0.06 <0.01 <001 <0.01
262.8° 257.9° 0.84 <0.01 <001 <0.01

1) Ruminal fluid (RF)

2) 400 ml of ruminal fluid + 200 g of potato waste (NO)

3) 400 ml of ruminal fluid + 200 g of potato waste + 1.5 g of nitrogen from nitrogen source (N1.5)

4) 400 ml of ruminal fluid + 200 g of potato waste + 3 g of nitrogen from nitrogen source (N3)

5) 400 ml of ruminal fluid + 200 g of potato waste + 4.5 g of nitrogen from nitrogen source (N4.5)

abc Means in a same row with different superscripts are significantly different (P <0.05).

O = orthogonal contrast between the control group and nitrogen from a slow release non-protein nitrogen source receiving
groups, L = linear effect of nitrogen from a slow release non-protein nitrogen source, Q = quadratic effect of nitrogen from

a slow release non-protein nitrogen source.
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Introduction: Daily, large amounts of rumen contents are produced as waste in slaughterhouses,
which are not used and released into the environment, which causes environmental issues and
problems (Rezai et al 2018). Potato (Solanum tuberosum) is one of the crops with high production
throughout the world a large amount of which is removed from the consumption cycle as waste
during different stages, and if not used correctly, it can cause environmental pollution (FAO 2019).
The main method of using potato waste is to use it in fresh or dried form to feed domestic animals.
Although drying waste potatoes for use in animal feed seems like a good idea, but its high cost has
made this uneconomical. Therefore, it is necessary to transform potato waste into a sustainable
product that has a higher economic value (Haas et al 2008). Compared to other processing methods,
bioconversion is a new and desirable method for agricultural waste management. Ruminal fluid, as
a rich source of enzymes, can be used in the bioconversion of agricultural waste. The microbial
population present in the rumen is a rich source of new enzymes that have a high potential for
industrial use (Pourbayramian et al 2021). Various studies using different methods, such as the use
of Saccharomyces yeasts and Lactobacillus species for the biological conversion of potato waste to
ethanol (Moza et al 2022), producing biogas from solid potato waste in a two-step process
anaerobic digestion (Parawira et al 2005), fermentation of potato waste by mixed culture to produce
lactic acid (Liang et al 2014), enzymatic hydrolysis of potato pulp to produce glucose and ethanol
(Lesiecki et al 2012) and using various bacterial species have been used for the biological
conversion of potato pulp into cellulose (Shigematsu et al 2005). The objective of this study was to
investigate the effect of different levels of slow-release non-protein nitrogen on the bioconversion
of potato waste by ruminal microorganisms.

Materials and methods: Potato waste was collected from potato storage stocks and after cleaning
the waste materials, it was boiled and then grated before incubation. The required rumen fluid was
obtained from the slaughterhouse and after being filtered with a four-layer cheesecloth, it was added
to the glass bottles of the rumen digestion simulator apparatus (Daisyll) and immediately
transferred to the apparatus and incubated at 39 degrees Celsius for 24 hours. Experimental groups
were: 1) 400 ml of rumen fluid + 200 g of waste potato (NO), 2) 400 ml of rumen fluid + 200 g of
waste potato + 1.5 g of nitrogen from a slow-release nitrogen source (N1.5), 3) 400 ml of rumen
fluid + 200 grams of waste potatoes + 3 grams of nitrogen from a slow release nitrogen source (N3)




~ VoY Jlo /) o)l ¥F als [ als psle (sla iy 4 i

and 4) 400 ml of rumen fluid + 200 grams of waste potatoes + 4.5 grams of nitrogen from a slow
release nitrogen source (N4.5). After the end of the incubation time, the samples were removed
from incubation bottles, and after filtering and separating the solid and liquid parts from each other
for further tests. The liquid portion of the incubation medium was analyzed for protozoa count,
volatile fatty acids, ammonia nitrogen, and hydrolytic enzymes and compared to the fresh initial
rumen fluid used for the incubation. The resulting data were analyzed in the form of a completely
randomized design using SAS software (2003). Means were shown as Least Squares (LSMEAN)
along with standard error and mean comparisons at a significance level of five percent.

Results and discussion: Protozoa count in the liquid portion of the incubation medium was
affected by the experimental groups. Rumen fluid had the highest number of protozoa and
supplementing the culture medium with a non-protein nitrogen source had a decreasing effect on the
protozoa population. The activities of carboxy-methyl cellulase, alpha-amylase, microcrystalline
cellulose, and filter-papers enzymes were affected by the levels of supplementation from slow-
release non-protein nitrogen sources and the highest carbohydrate-degrading activities were
recorded at 1.5 gr nitrogen supplementation per 100 gr potato waste (P<0.05). The level of urease
and protease enzyme activity was also affected by different levels of non-protein nitrogen sources
and 4.5 grams of nitrogen from non-protein nitrogen sources showed the highest level of activity.
Supplementing the incubation medium increased its ammonia concentration and the highest value
was observed at 4.5 grams of slow-release non-protein nitrogen level (P<0.05). For all enzyme
activities, initial fresh rumen fluid had the lowest activities. Volatile fatty acid production was
affected by supplementation with non-protein nitrogen levels and the amount of volatile fatty acids
in the liquid phase of the incubation medium showed the highest values with 3 grams of non-protein
slow-release nitrogen supplementation.

Conclusion: Based on the results of the present study, the addition of slow-release non-protein
nitrogen to the incubation medium of potato waste with rumen liquid microorganisms significantly
increases their power in the biotransformation of potato waste. Also, the liquid part of the culture
medium can be considered as a source of enzymes and acids for use on an industrial scale due to the
increased activity of hydrolytic enzymes and volatile fatty acids that are the product of the
fermentation process. The use of the processed rumen fluid resulting from this incubation as a
source of enzymes and nutrients in feeding livestock and poultry will be an environmentally
friendly method, in this way, the rumen fluid of slaughterhouses and potato waste will be used with
a proper management methods. According to the results of the present study, rumen liquid
microorganisms with a non-protein nitrogen source can be used more effectively in the
bioconversion of potato waste to increase its nutritional value and produce a liquid rich in volatile
fatty acids as well as a source of favorable enzyme activities.

Keywords: Potato wastes, Rumen fluid, Slow release urea, Bioconversion.



