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Table 1- Approximate analysis of ruminal liquid dri
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ed with the spray drying method with various hydrocolloids

(%DM)

Treatments? DM? CP? EE* Ash
RM1 79.52° 19.89° 3.682 34.052
RC1 84.318 19.33¢ 3.33° 30.25¢
RG1 84.2072 17.53¢ 2.46¢ 33.25°
RA1 84.032 19.10¢ 2.00¢ 30.20¢

RN 84.442 24178 2.91° 32.40°
SE 0.20 0.06 0.06 0.11
P-Value <.0001 <.0001 <.0001 <.0001

1. Treatments included RM1: Spray dried rumen fluid
Chtosan, RG1: Spray dried rumen fluid with 1% Guar g
RN : Spray dried rumen fluid without hydrocolloids

2. Dry Matter, 3. Crude Protein, 4. Etrer Extract,
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Table 2- Production of gas and fermentation parameters of alfalfa grass by adding dried rumen liquid by spray drying method with different hydrocolloid

Items Treatmeants? SEM  P-Value
1%RMA 2%RMA 1%RCA 2%RCA 1%RGA 2%RGA 1%RAA 2%RAA 1%RNA 2%RNA FRF BSPA
GP at 3 h (ml/g DM) 12,2bcd 14.0% 13.2abcd 12 Qabed 12.1¢cd 12.1¢d 13.020c 14.08 13.130¢ 11.0d 13.08c  13,0%cd 0,19 0.005
GP at 6 h (ml/g DM) 21.00bed 25.30?2 22.63abc 19.33d 19.66% 19.33¢ 23.33% 23.00%  21.66bcd 23,00 23.66% 23.00% (.31 <0.000
GP at 12 h (ml/g DM) 32.1% 33.2@ 32.2@ 32.1% 32.1% 33.1% 32.1@ 31.00 31.1% 35.02 35.1@ 33.1% 0.26 0.02
GP at 24 h (ml/g DM) 43.2 43.1 43.1 40.0 42.2 44.1 44.1 43.1 43.2 42.2 440 42.0 0.25 0.07
GP at 48 h (ml/g DM) 47.1 50.0 49.0 45.1 50.1 51.1 49.0 59.1 51.0 49.0 52.1 48.1 0.13 0.57
GP at 72 h (ml/g DM) 52.0bed 54.02 50.0d 50.14 51.1¢d 52.1bed 50.14 53.18bc 52.1bcd 51.1¢d 54.12 51.1¢d 0.23 0.000
GP at 96 h (ml/g DM) 53.03be 54,02 52.0bcd 52.0cd 51.0cd 49.1¢ 53.32bc 54.2ab 53,2bcd 53.0abe 55.12 50.0% 0.32 0.000
a 3.2cd 7.18 4.2 4.0 1.3cde 0.1¢ 4.1bc 7.32 4.7b¢ 1.0de 4.1 4.0 0.41 <0.00
b 48.182¢ 46.01° 46.88 45.00¢ 49.75% 51.312 47.08b° 47.60bc  48.18%c 50433  50.19%  46.05¢ 0.51 0.02
(a+b) (ml) 52.06c%  5379ac  50.9gde 50.20¢ 51.56%%  5105¢d 51 ggcde 55.782 52.90bcd 57 G5¢de  54.65% 5050% (.33 0.0005
¢ (ml/h) 0.073be 0.06% 0.072 0.06%¢ 0.072 0.082 0.072 0.05¢ 0.06%¢ 0.082 0.072 0.078  0.001 0.009
Lag time (h) 0 0 0 0 0.16 0.17 0 0 0 0 0 0 0.54 0.06
OMD (%) 61.37 61.10 60.78 58.70 60.48 61.96 61.96 60.78 61.08 60.48 62.26 59.89 0.29 0.52
ME (MJ/kg DM) 9.04 9.00 8.95 8.63 8.90 9.13 9.13 8.95 9.00 8.90 9.18 8.81 0.04 0.52
SCFA (mmol/g DM) 0.96 0.95 0.95 0.89 0.94 0.97 0.97 0.95 0.95 0.94 0.98 0.92 0.007 0.52
(ME,MJ/Kg) NEL 5.50 5.47 5.44 5.20 5.40 5.57 5.57 5.44 5.47 5.40 5.60 5.33 0.03 0.52
TVFA 28.79 28.63 28.42 27.11 28.23 29.17 29.17 28.42 28.61 28.23 29.35 27.86 0.18 0.52
MP (g/kg OMD) 74.03 73.71 73.32 70.81 72.96 74.75 74.75 73.32 73.67 72.96 75.10 72.24 0.35 0.52

Treatments include alfalfa grass treated with 1% maltodextrin solution (1% RMA), 2% maltodextrin solution (2% RMA), 1% chitosan solution (1% RCA), 2% chitosan solution (2% RCA),
1% solution Guar gum (1% RGA), 2% guar gum solution (2% RGA), 1% sodium alginate solution (1% RAA), 2% sodium alginate solution (2% RAA), 1% rumen solution without hydrocolloids
(1 % RNA), 2% solution of ruminal fluid without hydrocolloids (1% RNA), fresh ruminal fluid (FRF) and phosphate buffer (BSPA).

Table 3- Production of gas and fermentation parameters of wheat straw by adding different dried rumen liquid by spray drying method with different

hydrocolloids

Items Treatmeants*
1%RMA 2%RMA 1%RCA 2%RCA 1%RGA 2%RGA 1%RAA 2%RAA 1%RNA 2%RNA FRF BSPA SEM P-Value

GP at 3 h (ml/g DM) 7.86% 7.56° 6.50° 6.33° 6.66% 6.66% 6.66% 6.50° 6.93% 6.33° 7.66% 8.00? 0.13 0.02
GP at 6 h (ml/g DM) 9.66 10.66 9.66 10.50 10.66 10.33 11.33 9.33 9.66 10.33 11.00 10.66 0.14 0.69
GP at 12 h (ml/g DM) 12.00 11.66 12.00 13.33 13.00 12.66 12.16 12.00 12.33 12.83 12.00 12.26 0.12 0.13
GP at 24 h (ml/g DM) 23.00° 22.16° 22.50° 22.00° 22.00° 22.33° 23.00° 21.00° 22.66° 22.66° 25.66% 22.00° 0.74 0.03
GP at 48 h (ml/g DM) 29.00% 26.33¢ 26.66% 27.00% 27.33 27.66" 27.339 26.00¢ 28.00%° 27.66" 29.33% 27.00% 0.18 0.00
GP at 72 h (ml/g DM) 37.00%° 35.33¢ 37.00%° 36.00° 36.430cd 37.00%° 37.33% 35.66% 37.00%° 37.33% 37.66% 35.66% 0.16 0.01
GP at 96 h (ml/g DM) 40.00% 38.33¢ 39.330cde 38.66% 38.66% 39,13 39.30Pbcde 40.06 40.50° 39.66" 41.66*  39.00% 0.16 <0.00
a 4.95 5.91 4.60 5.10 5.23 4.79 5.27 5.21 4.84 471 5.21 6.18 0.11 0.147
b 40.98 40.69 41.99 39.43 39.51 40.98 41.41 46.69 42.56 41.26 40.96 41.98 1.71 0.38
(a+b) (ml) 45,94 46.61 46.60 44,53 44,74 45,78 46.69 51.90 47.40 45,97 46.11 48.16 0.54 0.42
¢ (ml/h) 217 2.09 2.05 2.05 2.03 2.02 1.98 1.92 1.88 1.72 1.68 142 0.00 0.27
OMD (%) 38.41° 37.67° 37.97° 37.52° 37.52° 37.82° 38.41° 36.64° 38.12° 38.12° 40.782 37.52° 0.21 0.03
ME (MJ/kg DM) 5.66° 5.540 5.59° 5.52° 5.52° 5.57° 5.66° 5.38° 5.61° 5.61° 6.022 5.52° 0.03 0.03
SCFA (mmol/g DM) 0.50° 0.48° 0.49° 0.48° 0.48° 0.49° 0.50° 0.46° 0.49° 0.49° 0.562 0.48° 0.01 0.03
ME,MJ/Kg ( NE.) 2.75° 2.67° 2.70° 2.65° 2.65° 2.68° 2.75° 2.55° 2.75° 2.72° 3.022 3.65% 0.03 0.02
TVFA 18.46 17.99 18.18 17.90 17.90 18.08 18.46 17.34 18.27 18.27 19.95 17.90 0.17 0.39
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MP (g/kg OMD)

23.00

22.17

22.50

22.00

22.00

22.33

23.00

21.00

22.66

22.66

25.66

22.00 0.39

0.33

Treatments include processed wheat straw with 1% maltodextrin solution (1% RMW), 2% maltodextrin solution (2% RMW), 1% chitosan solution (1% RCW), 2% chitosan
solution (2% RCW), 1% gum solution Guar (1% RGW), 2% guar gum solution (2% RGW), 1% sodium alginate solution (1% RAW), 2% sodium alginate solution (2%
RAW), 1% non-hydrocolloid solution (1% RNW), 2% solution without hydrocolloid (2% RNW), fresh ruminal fluid (FRF), phosphate buffer (BPSW).

Table 4- Production of gas and fermentation parameters of corn silage by adding different dried rumen liquid by spray drying method with different

hydrocolloids

Items Treatmeants! SEM P-Value
1%RMA  2%RMA 1%RCA 2%RCA  1%RGA 2%RGA 1%RAA 2%RAA 1%RNA 2%RNA FRF BSPA

GP at 3 h (ml/g DM) 16.402 16.502 15.732 16.162 15.662 15.832 12.83« 13.660¢ 14.83% 15.00% 16.00? 12.00¢ 0.26  <.0001
GP at 6 h (ml/g DM) 27.20 27.40 26.33 26.00 25.83 25.66 25.33 25.33 25.33 25.13 26.33 24.50 0.20 0.11
GPat12h (ml/lgDM)  45.00% 45.50? 44.33%® 43.83® 43.40° 43.71%® 43.00° 44.00% 43.16° 43.50% 44.86™ 44.16%  0.19 0.16
GPat24h (ml/lgDM)  63.83%® 65.732 62.00b¢ 62.36%¢ 62.00b¢ 61.66% 58.00¢ 58.33¢ 61.33b¢ 60.50 61.66" 61.33* 0.39 <.0001
GP at48 h (ml/lgDM)  70.00% 71.502 67.00¢ 64.430¢ 66.66 67.66% 62.66° 64.33¢ 65.66% 65.66 67.00% 66.66° 043  <.0001
GPat72h (ml/lgDM)  74.66% 75338 71.00%  72.00% 70.80%% 72,63 66.76 68.43¢f 69.66% 69.73%  71.00%¢  70.66°  0.44  <.0001
GP at 96 h (ml/g DM) 76.102 76.76% 72.76° 72.73 72.33° 72.86° 67.00¢ 69.00¢¢  70.66°¢  69.66% 71.66% 70.66°¢ 048  <.0001
a 74.552 75.54° 71.12° 71.90° 70.86" 72.00° 65.90¢ 67.74¢ 69.51¢ 69.10% 70.58" 69.88°  0.44  <.0001
b 74.942 75.362 70.98° 71.55P 70.74P 71.79° 66.48¢ 66.93¢ 69.45° 69.35° 70.22° 70.61° 0.74  <.0001
(at+b) (ml) 149.508  150.91%  142.11%¢ 143.46°¢ 141.61°¢  143.80°  132.39" 134.68%f 138.97¢%¢  138.47% 140.81%¢ 140.50°“ 0.99  <.0001
c (ml/h) 0.07¢ 0.07¢% 0.08¢cd 0.07¢% 0.08% 0.07¢ 0.092 0.082¢ 0.08bede 0.08°cd 0.08°cd 0.08% 0.01 <.0001
Lag time (h) 0® 0.05% 0.03% 0.08% 0.05% 0.006° 0.60° 0.37¢ 0.24¢ 0.09% 0.11¢% 0.918 0.06

OMD (%) 76.39% 78.082 74.76% 75.08b¢ 74.76% 74.46%¢ 71.20¢ 71.50¢ 74.16%¢ 73.42¢ 74.46%¢ 73.87° 0.34 <.0001
ME (MJ/kg DM) 11.42% 11.682 11.17%¢ 11.22% 11.17%¢ 11.13%¢ 10.63¢ 10.68¢ 11.08b¢ 10.97¢ 11.13P¢ 11.04¢ 0.05 <.0001
SCFA (mmol/g DM) 1.41% 1.452 1.37%¢ 1.38% 1.37%¢ 1.38%¢ 1.28¢ 1.29¢ 1.35% 1.34¢ 1.36" 1.35¢ 0.00 <.0001
ME,(MJ/Kg) NEL 7.21% 7.402 7.02% 7.06" 7.03% 6.99 6.624 6.65¢ 6.69" 6.67¢ 6.99 6.92¢ 0.03  <.0001
TVFA 40.80% 41.872 39.78% 39.98 39.78% 39.59% 37.544 37.72¢ 39.40% 38.94¢ 39.59¢ 39.22¢ 0.21  <.0001
MP (g/kg OMD) 92.14% 94.182 90.18" 90.57" 90.18" 89.82%¢ 85.89¢ 86.25¢ 89.47%¢ 88.57 89.82¢ 89.11° 0.42  <.0001

Treatments include processed wheat straw with1% maltodextrin solution (1% RMW), 2% maltodextrin solution (2% RMW), 1% chitosan solution (1% RCW), 2% chitosan solution (2%
RCW), 1% gum solution Guar (1% RGW), 2% guar gum solution (2% RGW), 1% sodium alginate solution (1% RAW), 2% sodium alginate solution (2% RAW), 1% non-hydrocolloid

solution (1% RNW) , 2% solution without hydrocolloid (2% RNW), fresh ruminal fluid (FRF), phosphate buffer (BPSW).
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Evaluation of chemical composition and nutritional value of dried rumen fluid by spray
drying with various hydrocolloids in vitro
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Introduction: Slaughterhouse rumen fluid contains microbial proteins, volatile fatty acids,
microorganisms, vitamins and minerals. Rumen fluid has a very diverse population of bacteria and
other microorganisms. Rumen bacteria have a thick bacterial polysaccharide (BPS) coating, so this
fluid contains hundreds of bacterial polysaccharide molecules. Rumen fluid activity does not appear
to be highly dependent on the diet. Bacterial polysaccharides are potent antigens and remain active
even after autoclaving (Muscato et al., 2002). On the other hand, it contains high levels of ammonia
and phosphorus, which, when disposed of in slaughterhouses, cause environmental pollution. Its
nutrients cause eutrophication when excreted in soil and waterways. It is therefore important to find
consistent uses of ruminal fluid (Trit and Schuchardt, 1992). The benefits of recycling these wastes
are firstly reducing environmental pollution and secondly producing a feed source for ruminants
(Mundal et al, 2013). pray drying has recently been used to dry biologically active compounds
(Tribizenk et al. 1997). It is a simple, fast, and economical technique for obtaining powder from a
solution or a liquid suspension (such as an enzyme suspension) (Bajsic and Kranjsevik 2001). This
method is widely used in the pharmaceutical and dairy industries to dry milk, whey, antibiotics,
vitamins, and enzymes (DeVos et al. 2010). spray drying changes the liquid to a solid form and causes
transport, storage, easy examination, and uniform mixing and distribution in food formulations in
small amounts (Tan et al. 2005). Some materials are used in the spray drying method as stabilizers to
protect active molecules from heat. These include carbohydrates (such as starch, maltodextrin, and
dextrose), gums (gum arabic, acacia gum, alginates, and carginals), proteins (milk proteins, whey,
and gelatin) (Aghbashloo et al., 2012), Chitosan (2004). These materials improve stability during the
manufacturing and storage process, as well as reducing stress and protein denaturation (Maiori et al.
2005). This study was performed in order that these compounds are biologically active after drying
by spray drying, and also ruminal fluid can be converted into an enzyme source.

Materials and methods: Slaughterhouse rumen fluid obtained by filtration with 4 hydrocolloids of
sodium alginate, guar gum, chitosan and maltodextrin in 1% (volume / weight) ratio was dried by
spray drying. The chemical composition of the produced powders including the percentage of dry
matter, protein, ether extract, in neutral detergent fibre and non-fibrous carbohydrates were
determined. To determine gas production and nutritional parameters, 1 and 2 g of each powder were
dissolved in 100 ml of 0.1 M phosphate buffer at pH 6.8 and sprayed on alfalfa grass, wheat straw
and silage corn (10). Ml per 5 g of feed) and incubated for 24 hours at 39 ° C. Fresh ruminal fluid and
phosphate buffer were selected as positive and negative control groups The method of Monk et al.
(1979) was used to measure the amount of gas produced Digestible organic matter, metabolizable
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energy, short-chain fatty acids, lactation specific energy and total volatile fatty acids were estimated
using their own formulas.

Results and discussion: The results showed that there was a statistically significant difference
between dried rumen fluid with different hydrocolloids and without hydrocolloids in terms of
chemical composition (P <0.05). The highest percentage of crude protein was related to dried rumen
fluid with 1% maltodextrin. The amount of gas produced from incubation of alfalfa hay with
processed ruminal fluid was significant at all times except 24 and 48 hours after incubation (P <0.05).
Gas production parameters were significantly different (P <0.05). In the case of wheat straw and corn
silage, the amount of gas produced was significant at all times except 6 and 12 o'clock (P <0.05). The
highest amounts of digestible organic matter (DOM), metabolizable energy (ME) and specific
lactation energy (NEL) were related to wheat straw processed with fresh rumen fluid. The highest
values of nutritional parameters were related to corn silage processed with rumen dried with 2%
maltodextrin. Changes in gas production kinetics of enzyme-treated feeds have been reported
previously. Elghandour et al. (2013) stated that increasing doses of an enzyme preparation from a
ruminal bacterium, Ruminococcus flavefaciens, increased gas production from four fibrous feeds at
all incubation times. Similarly, rate of gas production in two of the four fibrous feeds increased in
response to higher doses of the enzyme preparation- Colombatto et al. (2003) observed higher in vitro
ruminal organic matter digestibility for enzyme-treated feeds using an in vitro gas production method.
This effect is attributed to the increase in degradation rate achieved via a combined effect of direct
enzyme hydrolysis and synergistic action between the endogenous (ruminal) and exogenous enzymes.
Wallace et al. (2001) examined the effect of two enzymatic preparations on the fermentation of corn
and grass silages using an in vitro ruminal gas production method and reported that the rate of gas
production increased at concentrations much higher than the recommended application rates. They
also observed the highest correlation between increased gas production and enzyme activities against
micro-granular cellulose (Wallace et al., 2001). Nutritional parameters, amount of metabolizable
energy, total volatile fatty acids, digestibility of organic matter in silage corn were also significantly
affected by dried rumen fluid with different hydrocolloids (P <0.05).

Conclusion: This study showed that dried rumen fluid with different hydrocolloids is biologically
active and alive and has the ability to become an enzymatic source. Maltodextrin hydrocolloids are
also more successful among hydrocolloids in maintaining protein percentage, gas production, and
nutritional parameters. Therefore, slaughter ruminal fluid is of great value.

Keywords: Slaughterhouse rumen fluid, drying, spray drying method, hydrocolloid, gas production,
maltodextrin



