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Extended Abstract

Background: Every day, a significant amount of rumen fluid is discarded in Iranian
slaughterhouses, which contains a wealth of microbial protein, volatile fatty acids (VFAs),
enzymes, microorganisms, vitamins, and minerals. However, this fluid also contains high levels
of ammonia and phosphorus, and when disposed of in slaughterhouses, its nutrients can leach into
the soil and waterways, causing environmental pollution. Therefore, it is crucial to find sustainable
ways to utilize rumen fluid. Recycling this waste can primarily reduce environmental pollution
and provide a feed source for ruminants. To eliminate pathogenic microorganisms, rumen fluid
can be autoclaved and dried to remove moisture. The spray drying method is a simple, fast, and
economical technique for converting a liquid solution or suspension (such as an enzyme
suspension) into powder. Due to its short drying time and relatively low temperature, spray drying
has been successfully used for heat-sensitive materials, as the materials are exposed to high
temperatures for only a few seconds. Covering materials, such as carbohydrates, gums, proteins,
and chitosan, are essential in this process. Polysaccharides like maltodextrin are excellent choices
for carrier materials due to their stability, natural abundance, and low cost, as they protect sensitive
compounds from the high temperatures involved in spray drying. Therefore, this research aimed
to autoclave rumen fluid to destroy pathogenic microorganisms while assessing the chemical
compounds, enzyme activity, and essential and deficient mineral elements in rumen fluid dried
using spray drying with 1% maltodextrin.

Methods: Rumen fluid was collected from a slaughterhouse, strained, and then autoclaved at
121°C for 40 minutes. The spray drying method was employed to dry the rumen fluid, utilizing
maltodextrin to mitigate the effects of high temperatures. A fresh rumen fluid sample was dried
using a spray dryer at an inlet temperature of 168°C, an outlet temperature of 85°C, and an air
flow rate of 8 liters per minute. Another sample of rumen fluid was autoclaved at 121°C for 40
minutes and then dried in a spray dryer with an inlet temperature of 172°C, an outlet temperature
of 85°C, and an air flow rate of 8 liters per minute. A subsequent sample was dried by adding 1%
(weight/volume) maltodextrin, using the same spray dryer conditions. Additionally, a sample of
autoclaved rumen fluid was dried with 1% maltodextrin at an inlet temperature of 168°C, an outlet
temperature of 79°C, and an air flow rate of 8 liters per minute. Fresh rumen fluid and autoclaved
fresh rumen fluid served as negative and positive controls, respectively. The treatments included:
1) Fresh Rumen Fluid, 2) Autoclaved Fresh Rumen Fluid, 3) Fresh Rumen Fluid Dried by Spray
Drying, 4) Autoclaved Fresh Rumen Fluid Dried by Spray Drying, 5) Fresh Rumen Fluid Dried
by Spray Drying with 1% Maltodextrin, and 6) Autoclaved Fresh Rumen Fluid Dried by Spray
Drying with 1% Maltodextrin. Pathogenic microorganisms assessed included Escherichia coli,
Klebsiella pneumoniae, Proteus, Pseudomonas aeruginosa, coliforms, Staphylococcus aureus,
non-aureus staphylococci, Strep agalactiae, and Strep obris. Chemical compounds measured
included dry matter percentage, protein, ether extract, and ash content. Enzyme activities
measured included carboxymethylcellulase, microcrystalline cellulase (Avislase), alpha-amylase,
and filter paper enzyme activity. The concentrations of mineral elements analyzed included

® Copyright ©2024 Rezai Sarteshnizi & Moharrery. Published by Sari Agricultural Sciences and Natural Resources University.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 Unported License which allows users to read, copy, distribute and

Lm make derivative works for non-commercial purposes from the material, as long as the author of the original work is cited properly.



https://www.openaccessjournals.com/
https://orcid.org/0000-0002-4321-1583

Rezai Sarteshnizi & Moharrery
Research on Animal Production, VOI. 15, ISSUE 1, 2024 ....... ...ttt e 37

calcium, phosphorus, magnesium, silver, boron, barium, beryllium, cobalt, chromium,
manganese, lead, strontium, zinc, lithium, iron, copper, aluminum, and silicon.

Results: The results indicated that autoclaving reduced the concentration of pathogenic
microorganisms in the rumen fluid to zero. The percentage of dry matter and crude protein was
highest in the treatment involving freshly autoclaved rumen fluid dried by spray drying. Dried
rumen fluid with 1% maltodextrin exhibited the highest activity of polysaccharide-degrading
enzymes compared to fresh rumen fluid. The concentrations of calcium, magnesium, silver, boron,
barium, beryllium, cobalt, chromium, manganese, lead, strontium, and zinc were highest in the
rumen fluid dried by spray drying (p < 0.01). The concentration of phosphorus was highest in the
sample dried with the addition of 1% maltodextrin (p < 0.01). The concentration of lithium was
highest in the autoclaved and dried rumen fluid with 1% maltodextrin (p < 0.01). The
concentrations of iron, copper, aluminum, and silicon were highest in the autoclaved and dried
rumen fluid processed by spray drying. Autoclaving effectively killed pathogenic microorganisms
while retaining about 50% of the activity of various enzymes.

Conclusion: Based on the results of this research, it is recommended to autoclave rumen fluid to
eliminate pathogenic microorganisms, in conjunction with drying using the spray drying method.
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4- Fresh Rumen Fluid Autoclaved and Dried by Spray Drying Method
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9—Atomic Emission Spectrometer

8- Inductively Coupled Plasma

3- Fresh Rumen Fluid Dried by Spray Drying Method
5- Fresh Rumen Fluid Dried by Spray Drying Method with 1%
7- Carboxymethyl Cellulose
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Trgfﬁmﬂts Number of microorganism (cfu/gr)
Eh cfu/gr) bepuws!S| lass
SAFRF SFRF (CRUIGT) a5 g 50 3
0.0 <3 Escherichia coli
MLyl
0.0 0.0 Klebsiella pneumonia
0.0 0.0 Proteus
oo
0.0 0.0 Pseudomonas aeruginosa
35239 81 (lgegogw
0.0 <3 Coliform
Pz
0.0 2.5x10° Staphylococcus aureus
o5l g5 S skl
0.0. 5x10° Non-aureus staphylococcus
P9l 1 oS S skl
0.0 0.0 Strep agalactiae
sV O el
0.0 25 Strep disagalactia
SV L oyl
0.0 15 Strep Obris
ool 2yl
0.0. 3.8x10° Total
JS olas

sy (10,5 SiS gy b osds Siid g oM g1 03 4l mlo :SAFRR g (il (93,8 s gy b o Suid 03l aeSs mlo :SFRF Jolis Lo los”
The treatments include SFRF: Fresh Rumen Fluid Dried by Spray Drying Method and SAFRF: Fresh Rumen Fluid Autoclaved and Dried by Spray

Drying Method .
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oeals cel snlp pl & ey e sl Liliel oyl
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G e wizeed .(Sakaba et al., 2017)
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Table 2. Approximate analysis of processed rumen fluid

S s SAMFRF SMFRF SAFRF SFRF (o) Loyell
<0.01 0.34 8L75 7953° 86.14° 844" Dry Matter
Sis oobo

<0.01 0.16 20.79¢ 19.89" 25.66" 24.17" Crude Protein
pL g

<0.01 0.19 2.23° 3.68° 2.82° 2.91° Ether Extract
slojlas

<0.01 0.28 23.23 34.05¢ 26.15° 32.40° Ash
S5

2l SMRF (23l 03,5 S5 g, b ond Sl 5 30511 o) areScd gilo sSAFRR (il 03,5 gy b o0 (Sl 00 aSd le SSFRF ol bnjlot!
Al 03, Sts e b snd Siidg sMS il o) aveSid @lo SSAMRF 5 3oy V S d5lle olyandy (bl (3,8 K5 gy b o (Ki3 o 4

The treatments include SFRF: Fresh Rumen Fluid Dried by Spray Dryin
Dryng%Method SMFRF: Fresh Rumen Fluid Dried by Spray Drying Me!

Dried by Spray Drying with 1% Maltodextrin

In each row, dissimilar letters indicate a significant difference (P<0.01)..
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Method, SAFRR: Fresh Rumen Fluid Autoclaved and Dried by Spray
od with 1% Maltodextrin and SAMFRF: Fresh Rumen Fluid Autoclaved and
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Table 3. The activity of the main enzymes (1 U/ml) that degradable polysaccharides of the processed rumen fluid as a

percentage of fresh rumen fluid

P-Val "Treatment
Jm?;:w SEM YL‘“)L%J" Parameters (%)
Slsine SAMFRF SMFRF SAFRF SFRF AFRF (3u2y3) s ol by
<0.01 0.06 41.52° 83.447 40.19° 55.64° 58.49° Carboxymethylcellulase
<0.01 0.12 33.32" 81.30° 28.53° 44.43° 54.19° Microcrystalline cellulose
; , ; sk i 5,500
<0.01 0.09 32.66° 88.34° 26.98" 32.83° 43.00° a-amylase
Mol Wl
<0.01 0.08 79.24° 98.62° 70.33° 86.53" 80.93" Enzymatic activity of filter paper

ilo JelS ezl cled

483 53 0 31 38 Jgeg,Sue V bl pl '

0355 Suid b, b oond Sis g oMl 0j5 4eSd wle [SAFRR il (13,8 Sutd by, b osd K ojl 4 @le SFRF ol (iolojl (sl los”
Oh9) b odd Suid g gMS gl 03l e mlo :SSAMFRF 5 0o )3V (o yiaS3gillo ol yods 4y (oibly (90,8 Sid hg) b o s 051 4seSi aolo :SMFRF ¢ il

Yis equal to 1 micromol of glucose released per minute

o> VS dgille ol pad 4y il 0,8 Sis
(Pl V) sl Yl ire gl onimd i bl By 3y b y>

2The treatments include AFRF: Autoclaved Fresh Rumen Fluid, SFRF: Fresh Rumen Fluid Dried by Spray Drying Method, SAFRF: Fresh Rumen
Fluid Autoclaved and Dried by Spray Drying Method, SMFRF: Fresh Rumen Fluid Dried by Spray Drying Method with 1% Maltodextrin and
SAMFRF: Fresh Rumen Fluid Autoclaved and Dried by Spray Drying with 1% Maltodextrin

In each row, dissimilar letters indicate a significant difference (P<0.01)..
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Table 4. Concentrations of Macro and Micro minerals of processed rumen fluid

P-Value SEM b jlas b yusio
SAMFRF SMFRF SAFRF SFRF AFRF FRF
(S5 ool p S8 2 £5) 515 2 oo I
<001 0.000 361" 735" Z7IT 5.596" 0.137 0.205° Calcium
<0.01 0.000 2.000" 2.530" 2.451°¢ 2796 0.120° 0.103' Magnesium
it
<0.01 0.000 7.084° 9.583* 0.810° 0.137' 0.446° 0.452° Phosphorus
prow}
(ppm) 5L oS (Jdas Slge
<0.01 1.832 0.099" 0.138° 0.197° 0.246% 0.0I7 0.025° Silver
0,8
<0.01 0.000 471.239" 515.707° 743.503° 537.024" 2.015¢ 1.724' Aluminium
posiegll
<0.01 3.854 1.090¢ 16.538° 19.028" 193.710¢ 1.087¢ 0.932' Boron
9
<0.01 2.870 10.924¢ 14.221¢ 164.53" 176.560° 0.565° 0.421' Barium
b
<0.01 0.187 0.039" 0.045* 0.060" 0.106* 0.005° 0.005° Beryllium
pokn
<0.01 0.254 0.198" 0.223* 0.308" 0.336% 0.013' 0.014° Cobalt
s
<0.01 2.369 1.574° 1.892 2.863° 4.192¢ 0.063' 0.079° Chromium
P95
<0.01 0.000 5.053" 5.397¢ 88.888" 6.910° 0.174' 0.151° Copper
e
<0.01 8.472 251.414° 325.913 403.411° 342.125" 1.117' 2.435° Ferrum
ol
<0.01 6.185 8.812* 7.037¢ 5.764" 7.793° 0.058' 0.097¢ lithium
<0.01 3.547 23.521" 34.578° 32.979° 41.609° 0.355' 0.579° Manganés:e
<0.01 4.061 0.249° 0.358" 0.348" 0.696* 0.002" 0.006" Molybdenum
Oelge
<0.01 1.91 2.094° 2.526° 3.636° 4.513¢ 0.081' 0.186° Nickel
Jss
<0.01 0.321 0.766" 0.858° 1.266" 1.874% 0.084' 0.092¢ Lead
o
<0.01 0.000 2156.953" 2071.486° 2992.810° 2002.216° 64.510° 36.027' Silicium
<0.01 3.290 69.004" 88.887° 895.510” 1110.616% 1.820' 3.463° Strontium
o ol
<0.01 1.563 31.602" 42.713° 51.713" 734.91% 0.887' 1.121° Zinc
)

5 a5l 03l aaSs malo [SAFRF (il (13,8 Sis gy b osds S 031 dieSid zalo :SFRF cois 9MS g5l 031 Sl malo :AFRF w03l 4008l mole:FRF Jolis u‘;‘.laj slalot
Suid g Mgl 05 40Sh mlo :[SAMFRF 5 o3 V(oS dgidlo ol jods 4y (dily 093,87 Sl gy b oad SUiid 031 dueSid molo :SSMFRF ¢ ily 0,8 Suid g, b o Sis
oy ) S dgdle ol e 4y bl 03,80 S gy b oss

(Pl Y) ol o (pime glas oind L aliiol Bgy <>y oy

The treatments include FRF: Fresh Rumen Fluid, AFRF: Autoclaved Fresh Rumen Fluid, SFRF: Fresh Rumen Fluid Dried by Spray Drying Method, SAFRF: Fresh Rumen

Fluid Autoclaved and Dried by Spray Drying Method, SMFRF: Fresh rumen Fluid Dried by Spray Drying Method with 1% Maltodextrin and SAMFRF: Fresh Rumen Fluid
Autoclaved and Dried by Spray Drying with 1% Maltodextrin

.In each row, dissimilar letters indicate a significant difference (P<0.01).
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