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Table 1- Chemical composition of feed resulting from incubation of experimental groups

Experimental groups CP EE ASH ADF

Pw 10.46¢ 1.67¢ 5.15¢ 4.37°
Rf+pw 20.93¢ 1.76¢ 8.40¢ 11.27°
Rf+pw+N1.5 24.99¢ 3.27° 8.80° 15.472
Rf+pw+N3 27.23% 2.47° 9.77° 13.972
Rf+pw+N4.5 25.84° 2.97° 10.36% 13.60?
SEM 0.069 0.109 0.021 1.100
P-value <0.01 <0.01 <0.01 <0.01

1) Fresh potato waste (Pw)

2) 400 ml of ruminal fluid + 200 g of waste potatoes (control) (Rf + pw)

3) 400 ml of ruminal fluid + 200 g of waste potatoes + 1.5 g of nitrogen from nitrogen source (Rf + pw + N1.5)
4) 400 ml of ruminal fluid + 200 g of waste potatoes + 3 g of nitrogen from nitrogen source (Rf + pw + N3)

5) 400 ml of ruminal fluid + 200 g of waste potatoes + 4.5 g of nitrogen from nitrogen source (Rf + pw + N4.5)
abe Means in a same row with different superscripts are significantly different (P <0.05).
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Table 2- Gas production amount (ml per gram of dry matter) and gas production characteristics of
experimental groups at different incubation hours

Treat 2h 4h 6h 8h 12h 24h 48h 72h 96h 120h A C

Pw 572 972 1272 1492 1852 2412 2782 2942 3022 3082 298.62 0.0742
Rf+pw 572 82b 106° 125P 1510¢  197b 232°¢ 260° 272 279¢ 271.1° 0.053°
N1.5 49b 72°¢ 93¢ 108¢ 1244 156¢ 200¢ 237°¢ 259¢ 272°¢ 277.7% 0.032d
N3 562 80P 104b 122b 145¢ 183¢ 235¢ 263P 277° 284bc  281.4%c¢  (0,043¢
N4.5 572 84p 109° 130° 160° 208P 2570 2842 2952 301%  295.1% 0.054°
SEM 1.14 1.50 2.22 3.08 3.60 4.02 4.85 5.31 5.46 5.75 5.75 0.001
P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01 <0.01

1) Fresh potato waste (Pw)

2) 400 ml of ruminal fluid + 200 g of waste potatoes (control) (Rf + pw)

3) 400 ml of ruminal fluid + 200 g of waste potatoes + 1.5 g of nitrogen from nitrogen source (Rf + pw + N1.5)
4) 400 ml of ruminal fluid + 200 g of waste potatoes + 3 g of nitrogen from nitrogen source (Rf + pw + N3)

5) 400 ml of ruminal fluid + 200 g of waste potatoes + 4.5 g of nitrogen from nitrogen source (Rf + pw + N4.5)
abc Means in a same row with different superscripts are significantly different (P <0.05).

Table 3- Estimated nutritional parameters of gas production (percent of dry matter)

Treat ME NEL DOM SCFA
Pw 9.50? 5.252 58.06? 1.08?
Rf+pw 8.70° 4.26° 49.81¢ 0.87°
Rf+pw+N 1.5 8.08°¢ 3.37¢ 41.90¢ 0.69¢
Rf+pw+N 3 8.87° 3.99¢ 47.50¢ 0.81°
Rf+pw+N 4.5 9.60? 4.57° 52.48° 0.92°
SEM 0.126 0.092 0.804 0.017
P-value <0.01 <0.01 <0.01 <0.01

1) Fresh potato waste (Pw)

2) 400 ml of ruminal fluid + 200 g of waste potatoes (control) (Rf + pw)

3) 400 ml of ruminal fluid + 200 g of waste potatoes + 1.5 g of nitrogen from nitrogen source (Rf + pw + N1.5)
4) 400 ml of ruminal fluid + 200 g of waste potatoes + 3 g of nitrogen from nitrogen source (Rf + pw + N3)

5) 400 ml of ruminal fluid + 200 g of waste potatoes + 4.5 g of nitrogen from nitrogen source (Rf + pw + N4.5)
abc Means in a same row with different superscripts are significantly different (P <0.05).



YV o /Y oplass YV Al / cald pole (cla yimgly ay i

08 S dla o ue i ple b Hu S 4SS el
0ol o) el YA ) aay suddiay Asejouw
ol s il 4S 80,8 saaliie LIS (¢ i yas
(Yoo A) oblKan 5 sl adbe Lo al&sles]
5 Sl sule ARl Hud wayl 4S wo S 518
MIV- 5 AOIYA e s gy olubs I ol se
G oS Sl el ) € il Jalas 59 b o
a5 (VAVA LlKaa 5 o) Wl ala su
OlSas 5 5o) wdbe Culis & by sidw
bR VO i 5o e smieial Gl (149A
SIS S seT ol b g e bt 13558 51 555,538

w83 Glal 8 1) aaa culls 5 wils 155,580 )

Saa sole gadaal gliee 5 Do pie plaw
sliAe (goae yulie 5 il 5B e o sluls
Jeola tulesT slas S Lo S suls Gyl )
-43a3 Cp i 15500 51 (50030 6 S V/0 plaw S uk
o olias 1) i oluls Sl sole oy
VE 0ol oSl 51 ans ek gai PH 05 00 5o .(P<: /- 0)
e S G308 b Gl b &€ i€ o)) 53 o el
PH Jlaie (iul38) ool oS @8l il ydl PHIuEs ) 951
daly 5 @S 3 Sad sule (uipdrad Llade L

o GLES (s mipiad Glse 5 PH (o (n Sae
Bt 5 (Sla (Y- -V) GlLlSaa 5 & s oy s ol

0 5 ald Juedmes Bl Bl G Gaile 433

Table 4- Degradability of dry matter after 24 hours of incubation of experimental groups

Experimental groups Rf+pw  Rf+pw+N1.5 Rf+pw+N3 Rf+pw+N4.5 SEM P-value
24h DM deg % 68.79° 81.332 74.16% 68.34° 3.026 <0.01
pH 4.60¢ 5.05¢ 6.53" 7.44P 0.031 <0.01

1) Fresh potato waste (Pw)

2) 400 ml of ruminal fluid + 200 g of waste potatoes (control) (Rf + pw)

3) 400 ml of ruminal fluid + 200 g of waste potatoes + 1.5 g of nitrogen from nitrogen source (Rf + pw + N1.5)
4) 400 ml of ruminal fluid + 200 g of waste potatoes + 3 g of nitrogen from nitrogen source (Rf + pw + N3)

5) 400 ml of ruminal fluid + 200 g of waste potatoes + 4.5 g of nitrogen from nitrogen source (Rf + pw + N4.5)
abc Means in a same row with different superscripts are significantly different (P <0.05).

Table 5- Digestibility of the total digestive tract of feed obtained from incubation using Holden method

Experimental Pw Rf+pw  Rf+pw+N15 Rf+pw+N3 Rf+pw+N4.5 SEM P-value
groups
Digestibility 90.55*  70.90° 71.32° 76.90 79.90° 1.94 <0.01

1) Fresh potato waste (Pw)

2) 400 ml of ruminal fluid + 200 g of waste potatoes (control) (Rf + pw)

3) 400 ml of ruminal fluid + 200 g of waste potatoes + 1.5 g of nitrogen from nitrogen source (Rf + pw + N1.5)
4) 400 ml of ruminal fluid + 200 g of waste potatoes + 3 g of nitrogen from nitrogen source (Rf + pw + N3)

5) 400 ml of ruminal fluid + 200 g of waste potatoes + 4.5 g of nitrogen from nitrogen source (Rf + pw + N4.5)
abe Means in a same row with different superscripts are significantly different (P <0.05).
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In-vitro bioconversion of potato byproduct by rumen microorganisms
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Introduction: Feed insecurity as well as high feed cost have directed many studies towards the reuse
of food process discards and/or agricultural waste rich in nutritious compounds. The byproducts have
been successfully utilized as feedstuff in order to meet the needs of livestock while reducing breeding
costs (Ghorbani et al. 2016). Potato with a cultivated area of more than 22 million hectares in the
world and production of 376 million tons is the number one tuber crop (FAO 2016). At present, a
large amount of potato crop is allocated to animal feed worldwide. Approximately 35% of the total
potato crop is wasted during processing and would be end up in landfills if not added value to
(Agricultural Report 2009). Biotransformation of agricultural wastes and process discards compared
to other processing methods increases the nutritional value of the compounds and causes the least
pollution to humans, livestock, and the environment. Biotransformation is a cost-efficient method
(Nikkhah and Amanloo1992). Large amounts of ruminal contents are produced daily as wastes in
slaughterhouses (Fathalla et al., 2015) and are considered environmental pollutants. Abouhief et al.
(1999) that the high cost of disposing of these wastes requires a revision of slaughterhouse by-product
management (Rincon, Bermudez-Hurtado et al. 2010). A decrease in protein (Cherdthong et al. 2014)
is one of the most important factors limiting feed intake for ruminants (Mapato et al. 2010). Today,
various plant sources (oilseed meal), animal sources (meat powder) and seafood (fish meal) and non-
protein nitrogen (urea and slow-release urea) are used to provide the protein needed by livestock.
Utilization of non-nitrogen protein sources reduces the cost of feed consumed in animal feed and
improves production efficiency in ruminants (Horn et al. 1979; Herrera-Saldana and Huber 1989;
Gado et al. 1998, Holden 1999; Wang et al. 2010). Nitroza is a slow-release non-protein nitrogen
source for ruminants containing 40% nitrogen, equivalent to 250% crude protein. Nitrogen is a
compound with a special structure that causes the slow release of ammonia in the rumen. Fiber-
digesting bacteria need a constant amount of ammonia throughout the day (equivalent to 10-15
mg/dL) for their proper growth and function. This amount of ammonia could meet the nutritional
requirements of the ruminal flora plying important role in fiber digestion. In normal diets, ammonia
imbalance occurs in the rumen. Therefore, ammonia deficiency is observed in the rumen during
significant hours of the day, but sometimes excess ammonia is also seen. Improper environmental
conditions, improper harvesting, physiological changes, insect and pest damage, etc. are among the
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reasons for potato waste. Potato waste, an ideal substrate for biohydrogen products, could be treated
by simple fermentation using rumen fluid (a byproduct of slaughterhouse) and slow-release urea
(Nitroza) to produce a high protein value added product. This study aimed to investigate the potential
of using rumen liquid microorganisms with slow-release non-protein nitrogen source for
bioconversion of potato waste to value-added product. In this study we investigated the compositional
characteristics and nutritional value of the final product by measuring CP, N-NH3, VFA, pH,
digestibility, and nutrient composition.

Material and methods: Rumen fluid was obtained from the slaughterhouse (400 mL) and added to
potato waste (200 g) along with different levels (1.5, 3 and 4.5 g) of nitrogen from the Nitroza source
and incubated for 24 h at 39°C. Data was analyzed in a completely randomized design (CRD).
Results and discussion: Protein content in experimental treatments was significantly (P<0.05) higher
than the control group, and the highest level was related to 3 g nitrogen level (27.22). In the presence
of rumen microorganisms, potato waste with 1.5 g Nitroza had the highest digestibility (81.33) during
24 h incubation (P<0.05). The pH of fermentation medium of the experimental groups ranged from
4.60 to 7.43 for potato waste along with rumen microorganisms’ group to the added levels of 4.5 g
Nitroza, respectively (P<0.05). In general, based on our results, rumen liquid microorganisms along
with Nitroza as a non-protein nitrogen source can be used in bioconversion of potato waste to increase
nutritional value and nutrient composition. The results of Swingersren et al. (2007) showed that more
than half of the raw potatoes remained non-degradable after 5 h of incubation with ruminal fluid. In-
vitro disappearance of dry matter and organic matter of potato, skin lesions were reported to be 85.4%
and 88.7%. These results are probably slightly dependent on crude fiber (Horn et al. 1979) while
digestion rate depends on starch amount (Gado et al. 1998). One gram of nitrogen produced may be
associated with sufficient nitrogen-induced Nitroza ammonia origin and increase digestion. The
results of the study of the effect of various additives including nitrogen on the disappearance of dry
matter using the Holden method are reported in Table 5.

Conclusion: Based on the results, adding different sources of nitrogen had a significant effect on food
digestibility. According to the results of the present study, ruminal fluid microorganisms along with
a non-protein nitrogen source can be used in the bioconversion of potato waste to increase the
nutritional value and production of new protein nutrients.

Keywords: Nitroza, Potato waste, Rumen ecosystem, Rumen fluid



