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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
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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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1- Fresh Rumen Fluid 2- Autoclaved Fresh Rumen Fluid 3- Fresh Rumen Fluid Dried by Spray Drying Method

4- Fresh Rumen Fluid Autoclaved and Dried by Spray Drying Method ~ 5- Fresh Rumen Fluid Dried by Spray Drying Method with 1%
Maltodextrin  6- Fresh Rumen Fluid Autoclaved and Dried by Spray Drying with 1% Maltodextrin 7- Carboxymethyl Cellulose
8- Inductively Coupled Plasma 9—-Atomic Emission Spectrometer
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Table 1. Number of pathogenic microorganisms in rumen fluid before and after autoclaving and drying by spray

drying method
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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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Table 2. Approximate analysis of processed rumen fluid
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The treatments include SFRF: Fresh Rumen Fluid Dried by Spray Dryin
Drylg%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)..

O 0y b dlasly )3 baglSg e  aladls (31.(2016
(Schille et al., 2008) cuwl ous 55 (ob)S
Cuoid g u.v.ujo P Sl il ,10154, Lm.s)lflwuls

e oyl &S (De Vos et aI., 2010) KV Jal>
Alloue ) cusl sdimd iy 5 Jobs ity 7y yiunS 353l
WS 4l 5y50 yd aliee slapwslSs (et al., 2007
il (25 i gy Job 3 1) e 5l baadslSg)am
b Leasols'gyun paitine Jlie 51315 3929 cliiS o )k
(Gorka et al., 2011) cosl sai dliin (yajg)in
da dawgdy byl b aiS cglld b 3l pdaw 4 S35
e pladad psle S e ASgn S S
4,51 (Gorka et al., 2011) 1S clled Sl Hluw
5 yuSB (ol ojlas dop bas el p Sl
21 b Jy el oad by Sl b oaiSa 55 slaes 31
45 9)00 Bl s jho bl Colled 55 3,5 S 5
Feo Odedy 3,5 Bl an )0 WYY glod o 0,5 Sl L
9Bl ok wxd Ml lajles (Jy ey
9380 g mail b VE oy Lais sl S ogle
s 3l cdled doys B b el oy S dgle o yd )
Sob> oy Ls’b"u“’)l)f 5 b eddds 5)4593\ & Cod
5 sdse dlge I ooliul (pijeiST Siidgyud sl
S Gials ) laose 4y (gdxe dlge 283 g 3 dgup 1) STyes
SBL pan bl cledy (gdie dlgo o)’IJJ‘ Ol @8
LY L;;l.»...w.) 0 Cudglone U")"W LJ )L.wu‘ L)“"l)s‘B
LY 4..45\»4 é»Lo Jﬁ)lf ol UISM)IW )Jy.‘\.:)y ).‘5|.\>
sy Se GBS s Shs sy orl g oy
aeSd mle Bk oyl 3l &S Canl Caw o jlaiwgd
S plgier Ny nlply 9o oy ool lis
e pb Sligs caio sl B> 9 Gl (el pite

.(Salem et al., 2015; Salem et al., 2013) »4.

oy ) (o yiaS3g3lo ol pamndy
(P<eloN) sl s (pime gles onimd ()L aliiel gy 33y jo )

Method, SAFRR: Fresh Rumen Fluid Autoclaved and Dried by Spray
od with 1% Maltodextrin and SAMFRF: Fresh Rumen Fluid Autoclaved and

Sppods olilojl slaylas dilise glampl colld

ol iyiS Y Jgda 50 ojl deSis mle colled I so
2 Hallops aaly YWYFVA gl o3l asls mlo .ol
oly YOIM Voo oo (oSS cld ) e
22ly VAV e Y gho (pline S,Sen il a5 Gl
CHadlips anlg WY e v g Ml Wl i o jd Jodloye
ol).o.mdg u.ww.:b O.))f Sais U%9) Lo Sis
slompl cdld i aep ) Sl
il o3l deSils mlo dy o |y a8l Ly saiiS'ay o0
o5l el g Vslo St (S5 clad (P<o/))
boax ol S g oWl anesis mle o bdlo kel
O9Rl Geh A g e ) pSdglle (3558
D1 oyiaS ol aeSs mle 4 Cuws peSagdle
ale > Mool Wl g Y5k (g S9,Seo0 Clleb (eiomon
da)f Sid yogy Lo Sis 9 o 5)4595] A4S
(P<elN) o9 (5508 0}l 4aSid @lo &) G (o234
S gy b 25 Std olyendy (g aSiglle (13958
Gl glopl culls Lis el asl o8
2 b 0l Al mle 4 Comd a8l L sniiSay o0
srasolSg 0938l L sl opl ls L 38l
gl 4 ligS 5 miw Sl OIS fao (S5l
oy s, by 008" 4355 (el 3l Clleb s iy A
Rezai Sarteshnizi ) 1 saalie jopd Y (1 ywS 350k b
oS Sds bgy dlwga b Ol o (et al., 2018
a lie ) uByp s dw ks cuwl (Seo sl
Colld JolS tals 4y Cowl Sao g d2d pusd b 09500
Vgane g (sha 4w Ji3Lo 33 1ol 393 pxia o3
aSes b bappiigy das,Slo, b e SluS 5 jpas )
gy woMeay (Alloue et al., 2007) 558 0 yioS
he i b wase &) o i & b
Lo oy 0)gbs el Cunl (Son 0yka8 pdans ) e 3
Gebrehawariat et al., ) sa> uals |y cullad o0l 5l


http://dx.doi.org/10.61186/rap.15.43.33
http://rap.sanru.ac.ir/article-1-1377-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-08 ]

[ DOI: 10.61186/rap.15.43.33 ]

¥v

Sope e g it Loy L

VEY Y ojlouds o 3l Jlo (oob Slidgs sbo yimgs

05l 4eSis lo I (ghuoyd o ygods 0dd (69l 5 4eSid wlo (slay, ISl L 0aiiS a5 Lol \(U/ml) ool cdled Y Jgas
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-Value Treatment
. SEM P t %
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The 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 o jlos b e
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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).

PRy S5 (6 35 i
coles Bodo slacoles I Al Bag NS g5l L s lon pmslE)ls Soo 4l & a5 L
Iran National Sceince ,5iS 0l 5 o) Siigh Slmpl cldld woy B0 g g a8y 5l )8
oKl AANAY-Y &S L 7, Foundation: INSF) 905 Mgl cplply was bas by, Sle L saiSa o0

5l 1y Sis JeS b cnl oMbl cll PSS 4eSS @lbe liglen lapusllg e o0 o Sl

References

Abdeshahian, P., Lim, J. S., Ho, W. S., Hashim, H., & Lee, C. T. (2016). Potential of biogas production from farm
animal waste in Malaysia. Renewable and Sustainable Energy Reviews, 60, 714-723.

Abouhief, M. A., Kraidees, M. S., & Al-Selbood, B. A. (1999). The utilization of rumen content-barley meal in diets
of growing lambs. Asian-Australasian journal of animal sciences, 12(8), 1234-1240.

Agarwal. N., I. Agarwal D.N. Kamra and L.C. Chaudhary. (2000). Diurnal variations in the activities of hydrolytic
enzymes in different fractions of rumen contents of Murrah buffalo. Journal of Applied Animal Research, 18(1),
73-80.

Agbabiaka, L.A., F.N. Madubuike and S.A. Amadi. (2012). Studies on nutrients and anti-nutrients of rumen digesta
from three most domesticated ruminants in Nigeria. Pakistan Journal of Nutrition, 11(7), 580

Aghbashlo, M., Mobli, H., Rafiee, S., & Madadlou, A. (2012). Energy and exergy analyses of the spray drying
process of fish oil microencapsulation. Biosystems Engineering, 111(2), 229-241.

Alloue, W. A. M., Destain, J., Amighi, K., & Thonart, P. (2007). Storage of Yarrowia lipolytica lipase after spray-
drying in the presence of additives. Process Biochemistry, 42(9), 1357-1361.

Andries, J. I., Buysse, F. X., De Brabander, D. L., & Cottyn, B. G. (1987). Isoacids in ruminant nutrition: Their role
in ruminal and intermediary metabolism and possible influences on performances—A review. Animal Feed
Science and Technology, 18(3), 169-180.


http://dx.doi.org/10.61186/rap.15.43.33
http://rap.sanru.ac.ir/article-1-1377-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-08 ]

[ DOI: 10.61186/rap.15.43.33 ]

Gopre Sl g Gty SLoy L b
¥ VY /Y ojlosis [paa b Jlo ol clides sla imgs

AOAC. (2005). Official methods of analysis, Association of Official Analytical Chemists (16™ Edition). Arlington,
VA, USA.

Bajsic, I., & Kranjcevic, E. (2001). Automation of industrial spray dryer. Instrumentation Science &
Technology, 29(1), 41-52.

De Vos, P., Faas, M. M., Spasojevic, M., & Sikkema, J. (2010). Encapsulation for preservation of functionality and
targeted delivery of bioactive food components. International dairy journal, 20(4), 292-302.

Fanoodi, M., Hosseini Vashan, S.J., Moitahedi M. and Raii. F. (2022). Effect of dried surplus white mulberries and
multi - enzyme on growth performance, blood biochemical indices and intestinal morphology of broiler chickens.
Research on Animal Production, 12(34),40-51. (In persian)

Fathi, M., Martin, A., & McClements, D. J. (2014). Nanoencapsulation of food ingredients using carbohydrate based
delivery systems. Trends in food science & technology, 39(1), 18-39.

Gebrehawariat, E., Animut, G., Urge, M., & Mekasha, Y. (2016). Sun-dried bovine rumen content (SDRC) as an
ingredient of a ration for White Leghorn Layers. East African Journal of Sciences, 10(1), 29-40.

Gharsallaoui, A., Roudaut, G., Chambin, O., Voilley, A., & Saurel, R. (2007). Applications of spray-drying in
microencapsulation of food ingredients: An overview. Food research international, 40(9), 1107-1121.

Gorka, P., Kowalski, Z. M., Pietrzak, P., Kotunia, A., Jagusiak, W., & Zabielski, R. (2011). Is rumen development in
newborn calves affected by different liquid feeds and small intestine development?. Journal of dairy
science, 94(6), 3002-3013.

Gouin, S. (2004). Microencapsulation: industrial appraisal of existing technologies and trends. Trends in food science
& technology, 15(7-8), 330-347.

Lauruenatana, V., Paramita, V., Neoh, T. L., Furuta V. and Yoshii. H. (2009). Encapsulation of enzymes by spray
dryving. Japan Journal of Food Engineering, 10(2),79-85.

Mondal, S., Haldar, S., Samanta, I., Samanta, G., & Ghosh, T. K. (2013). Exploring nutritive potential of undigested
rumen contents as an ingredient in feeding of goats. Animal Nutrition and Feed Technology, 13(1), 79-88.

Muscato, T. V., Tedeschi, L. O., & Russell, J. B. (2002). The effect of ruminal fluid preparations on the growth and
health of newborn, milk-fed dairy calves. Journal of dairy science, 85(3), 648-656.

Namaldi, A., Calik, P., & Uludaa, Y. (2006). Effects of spray drvina temperature and additives on the stability of
serine alkaline protease powders. Drying Technology, 24(11), 1495-1500.

Ottenstein, D. M., & Bartley, D. A. (1971). Improved gas chromatography separation of free acids C2-C5 in dilute
solution. Analvtical Chemistry, 43(7), 952-955.

Rezai Sarteshnizi, F., Abdi-Benemar, H., Seifdavati, J., Khalilvandi-Behroozvar, H., Sevedsharifi, R., & Salem, A.
Z. M. (2020). Influence of spray-dried rumen fluid supplementation on performance, blood metabolites and
cytokines in suckling Holstein calves. animal, 14(9), 1849-1856.

Rezai Sarteshnizi, F., Benemar, H. A., Seifdavati, J., Greiner, R., Salem, A. Z., & Behroozyar, H. K. (2018).
Production of an environmentally friendly enzymatic feed additive for agriculture animals by spray drying
abattoir’s rumen fluid in the presence of different hydrocolloids. Journal of cleaner production, 197, 870-874.

Rios Rincon, F. G., Bermudez-Hurtado, R. M., Estrada-Angulo, A., Juarez-Reyes, A. S., & Pujol-Manriquez, C.
(2010). Dried Ruminal Contents as a substitute for Alfalfa hay in growing-finishing diets for feedlot cattle.

Journal of Animal and Veterinary Advances, 9(10), 1526-1530.

Said, I. F., Elkhair, R. M. A., Shawky, S. M., Abdelrahman, H. A., Elfeki. M. A. (2015). Impact of feeding dried
rumen content and olive pulp with or without enzymes on growth performance, carcass characteristics and some
blood parameters of molar ducks. International Journal of Agriculture Innovations and Research, 4, 2319-2473.

Sakaba, A. M., Hassan, A. U., Harande, I. S., Isgogo, M. S., Maiyama, F. A., & Danbare, B. M. (2017). Proximate
composition of rumen digesta from sheep slaughtered in Zuru Abattoir, Kebbi State, Nigeria. Journal of
Agricultural Science and Practice, 2(5), 86-89.

Salem, A. Z. M., Alsersy, H., Camacho, L. M., EI-Adawy, M. M., Elghandour, M. M. Y., Kholif, A. E., ... &
Zaragoza, A. (2015). Feed intake, nutrient digestibility, nitrogen utilization, and ruminal fermentation activities in
sheep fed Atriplex halimus ensiled with three developed enzyme cocktails.

Salem, A. Z. M., Gado, H. M., Colombatto, D., & Elghandour, M. M. Y. (2013). Effects of exogenous enzymes on
nutrient digestibility, ruminal fermentation and growth performance in beef steers. Livestock Science, 154(1-3),
69-73.

Schiile, S., Schulz-Fademrecht, T., Garidel, P., Bechtold-Peters, K., & FrieB, W. (2008). Stabilization of 1gG1 in
spray-dried powders for inhalation. European journal of pharmaceutics and biopharmaceutics, 69(3), 793-807.
Seankamsorn, A., Cherdthong, A., Wanapat, M., Supapong, C., Khonkhaeng, B., Urivaponason, S., ... & Chanjula, P.
(2017). Effect of dried rumen digesta pellet levels on feed use, rumen ecology, and blood metabolite in swamp

buffalo. Tropical animal health and production, 49, 79-86.

Shahravand, F. and Ghorchi. T. (2020). Study of Cellulase Enzymes Activity in Rumen Fluid of Fattening
Slaughtered Goat Kids. Research on Animal Production, 11(27), 9-17. (In Persian).

Tan, L. H., Chan, L. W., & Heng, P. W. S. (2005). Effect of oil loading on microspheres produced by spray
drying. Journal of Microencapsulation, 22(3), 253-259.

Tritt, W.P. and Schuchardt, F. (1992). Materials flow and possibilities of treating liquid and solid wastes from
slaughterhouses in Germany. A review. Bioresource Technology, 41, 235-245.

Yue, Z. B, Li, W. W., & Yu, H. Q. (2013). Application of rumen microorganisms for anaerobic bioconversion of
lignocellulosic biomass. Bioresource technology, 128, 738-744.


http://dx.doi.org/10.61186/rap.15.43.33
http://rap.sanru.ac.ir/article-1-1377-en.html
http://www.tcpdf.org

