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Abstract 
 The studies were carried out using the Latin square method on model fistula lambs with 

a live weight of 28-30 kg. All experimental animals were implanted with scar cannulas. The 
daily diet of group I consisted of 1 kg of alfalfa hay, 100 g of barley, 30 g of sunflower cake 
and 30 g of soybean meal (basic diet). Animals of the second group received the same diet, but 
the sunflower cake was treated with a 1% formaldehyde solution. The animals of the third 
group also received a basic diet and soybean meal treated with a 1% formaldehyde solution. It 
has been established that in animals that received sunflower cake and soybean meal treated 
with a 1% solution of formaldehyde in rumen fluid, the acidity decreases. This process most 
clearly occurs in lambs that received soybean meal treated with formaldehyde. VFAs are 
absorbed better in the body of lambs that received soybean meal treated with formaldehyde. In 
animals fed sunflower meal and soybean meal treated with formaldehyde as part of the diet, 
the concentration of ammonia in the rumen contents was lower than in the groups consuming 
the main diet.  

Treatment of feed with formaldehyde slightly reduces the number of rumen microflora. 
However, this decrease was insignificant and did not lead to statistically significant facts. A 
significant decrease in the level of urea in the blood of animals fed sunflower cake and soybean 
meal treated with formaldehyde was established. It was also noted that there was an increase 
in the concentration of total protein in the blood of animals fed with feed treated with 
formaldehyde, a significant increase in albumin, and a significant decrease in the concentration 
of urea and creatinine. 

Keywords. Lambs, sunflower meal, soybean meal, formaldehyde, volatile fatty acids 
(VFA), ammonia, bacteria, protozoa and urea. 

 
Introduction.  
In feeding ruminants, one of the key factors is the breakdown of feed protein in the 
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rumen. Since in ruminants, part of the feed proteins is absorbed by the rumen microflora, and 
valuable microbial protein is synthesized. Another part of the feed protein avoids breakdown 
in the rumen. Thus, the protein nutrition of ruminants consists of microbial protein and 
undigested feed protein. The ratio of these proteins determines the metabolic processes in the 
body of ruminants, as well as their productivity. Research over the past 20-30 years shows that 
microbial protein can only meet ruminant needs by 30-40%. Therefore, feed protein not broken 
down in the rumen is of increasing interest (Aliev A.A., 1997; Ismailov I.S. et al., 2017; 
Kalnitsky B.V., Kharitonov E.L., 2002). Based on this, the concept of protecting feed protein 
from degradation in the rumen emerged. To do this, various feed processing methods are used 
(Haryanto B., 2014). One such method is treating feed with formaldehyde. Formaldehyde, a 
chemical used in animal feed, is environmentally friendly (EFSA Panel on Additives and 
Products or Substances used in Animal Feed, 2014) and can reduce protein degradation in the 
rumen (Mahima K.V. et.al., 2015). Mahima et al. (2015) reported that the use of mustard cake 
treated with 1.5% formaldehyde increases the in vitro protein digestibility of wheat straw. 
Formaldehyde may also reduce the in vitro breakdown of soybean meal into ruminal contents. 
Suhartanto et al (2014) reported that in in vitro studies, treatment of soybean flour with 
formaldehyde reduced dry matter breakdown by 89.9% to 52.3%. Although formaldehyde-
treated soybean meal is increasingly used in cattle (Perdhana P.W. et.al., 2013; Rochijan 
Widyobroto, B.P. and Ismaya, 2016) and sheep (Yörük, M.A. et.al., 2006; Abdel- Ghani A.A. 
et.al., 2011; Riyanto J. and Sudibya 2018), its use in goats is still limited. However, there is 
evidence of the use of sesame waste treated with formaldehyde when feeding goats (Tiwari 
M.R.et.al., 2015). Beigh Y.A. et.al. (2017) studied total mixed diets (concentrates) to improve 
nutrient intake and utilization in ruminants. The mixed diet included concentrated, roughage 
(Beigh Y.A. et.al., 2017), sources of protein, minerals, vitamins to form a balanced and 
economical diet (Beigh Y.A. et.al., 2017; Kmicikewycz A. and Heinrichs J., 2016; Linn J., 
2016). Feeds with low nutritional quality can be mixed to increase intake (Kmicikewycz A. 
and Heinrichs J., 2016). Feed efficiency is increased by approximately 4% when using TMR 
compared to concentrate and roughage fed separately. Thus, these studies examined the effect 
of treatment of 1% formaldehyde in both single feeds and mixed feeds on the performance of 
ruminant animals. Based on the above, in our studies we studied the effect of formaldehyde 
treatment of individual diet feeds on some blood parameters and rumen metabolism in rams. 
 
Materials and research methods.  

The studies were carried out using the Latin square method in the vivarium of the 
Azerbaijan State Agrarian University on model fistula rams with a live weight of 28-30 kg. All 
experimental animals were implanted with scar cannulas according to the method of Aliev A.A. 
(Aliev A.A., 1998). The daily diet of group I consisted of 1 kg of alfalfa hay, 100 g of barley, 
30 g of sunflower cake and 30 g of soybean meal (basic diet). Animals of the second group 
received the same diet, but the sunflower cake was treated with a 1% formaldehyde solution. 
Animals of the third group also received a basic diet and soybean meal treated with a 1% 
formaldehyde solution (Table 1).  
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Table 1. Experimental scheme and daily rations. 
Feed 1st group 2nd group 3rd group 
Alfalfa hay, kg 1 1 1 
Barley, g 100 100 100 
Sunflower cake, g 30 30 (treated with 

formaldehyde) 
30 

Soybean meal, g 30 30 30 (treated with 
formaldehyde) 

Salt licker + + + 
 
Soybean meal contained 48.02% protein and the following percentage amino acids: 

aspartic acid - 6.15; threonine - 2.03; serine-2.46; glutamic acid -9.52; proline – 2.5; glycine – 
2.3; alanine – 2.42; cystine – 0.73; valine – 2.73; methionine – 0.75; isoleucine – 2.58; leucine 
– 4.18; tyrosine – 1.83; phenylalanine – 2.72; lysine – 3.38; histidine – 1.44; arginine – 3.94; 
tryptophan – 0.75. 

In a comparative aspect, the processes of ruminal fermentation were studied in terms of 
pH, concentration of volatile fatty acids, ammonia nitrogen, and amylolytic activity of ruminal 
fluid. The pH in the rumen contents was determined using an Aquilon-410 device; the total 
amount of volatile vital acids - by steam distillation in a Markgamma apparatus; ammonia 
nitrogen using the Conway microdiffusion method; amylolytic activity, biomass of protozoa 
and bacteria by differential centrifugation for 20 minutes at 15,000 rpm. Feed analysis was 
carried out in the laboratory of the Azerbaijan Research Institute of Animal Husbandry. 

Biochemical blood tests were performed on a Chem Well automatic biochemical 
analyzer. During statistical processing, the P value meant the level of significance, which was 
calculated using the Student's T-test. The data in the tables is presented as an average value and 
its error. The research results were considered highly reliable when p<0.001, significant when 
p<0.01 and p<0.05. 
 
Results and Discussion 
 

The efficiency of using energy and nutrients of feed in ruminants is directly dependent 
on the nature of microbial processes in the forestomach. Taking this fact into account, we 
determined pH, VFA and ammonia in the ruminal fluid of experimental rams. 

Table 2. Indicators of rumen metabolism. 
Group                                        Sampling time 

1 hour before feeding                         After feeding 
After 3 hours After 5 hours 

 
I 
II 
III 
 
I 

                           pH of ruminal contents 
6,64±0,03                            6,45±0,05                              6,38±0,06 
6.72±0,14                            6,65±0,04                              6,48±0,07 
6,95±0,04                            6,59±0,06                              6,57±0,02 
                 VFA in rumen fluid, Mmol/100ml 
7,46±0,39                            10,78±0,30*                          8,47±0,23 
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II 
III 
 
I 
II 
III 

8,27±0,21                            11,96±0,46*                          10,05±0,91 
7,19±0,12                            11,07±0,32**                         8,64±0,39 
                      Ammonia in rumen fluid, mg% 
6,91±0,93                            15,12±1,54                            10,19± 1,36 
6,59±0,97                            12,96±1,27                             9,04±1,29 
6,04±0,45                            11,32±0,69                             8,91±1,02 
 
 

Note: *-Р<0,05; **-Р<0,01. 
An increase in the total acidity of the rumen contents was found in rams of all groups 3 

and 5 hours after feeding. However, the highest level of acidity of the rumen contents is 
observed in group I rams 1 hour before feeding, which is 0.23 units. and by 0.31 units. 
respectively lower than those of groups II and III. There is also a tendency for the acidity of 
the rumen contents to decrease in animals of all groups 3 hours after feeding. The lowest level 
of rumen fluid acidity is also observed in group I rams, which is 6.45 units, versus 6.59 and 
6.65 units. in groups II and III, respectively, with this trend maintaining 5 hours after feeding. 
As can be seen from Table 2, in animals that received sunflower cake and soybean meal treated 
with a 1% solution of formaldehyde in rumen fluid, the acidity decreases. This process most 
clearly occurs in lambs that received soybean meal treated with formaldehyde. 

As for the formation of VFAs in the rumen fluid, rams of groups I and II predominated 
in terms of this indicator. The lowest values for VFA were observed in animals of group III 1 
hour before feeding, which was significantly (P<0.01) lower than 3 hours after feeding. This 
suggests that VFAs are absorbed better in the body of lambs that received soybean meal treated 
with formaldehyde. In terms of the VFA content in the rumen fluid, another trend was 
observed: in all groups of animals, 3 hours after feeding, its concentration increased, and after 
5 hours it decreased, almost reaching the initial level, i.e. an hour before feeding. This happened 
most clearly in animals of group I, since the content of VFAs in the rumen fluid in these animals 
5 hours after feeding was significantly (P<0.05) lower than 3 hours after feeding.  

With a general tendency to increase the level of ammonia formation after feeding, the 
highest intensity of this process was observed 3 hours after feeding in group I, which received 
the main diet, without treating feed with formaldehyde - 15.12 mg% versus 11.32 mg% in 
group III and 12. 96 mg% in group II. 5 hours after feeding, a general decrease in ammonia 
levels was noted in groups I, II and III by 48.4, 43.4 and 27.0%, respectively, relative to these 
values, which may characterize the efficiency of the use of protein nitrogen by their rumen 
microflora. At the same time, in animals that received sunflower meal and soybean meal treated 
with formaldehyde as part of the diet, the concentration of ammonia in the rumen contents was 
lower than in the groups that consumed the main diet. It is known that a high concentration of 
ammonia in rumen fluid determines the loss of protein in the form of ammonia and urea. Based 
on this, it can be assumed that treating feed with formaldehyde reduces excessive breakdown 
of protein in the rumen. Similar results were obtained by Yörük, M.A. et. al. (2006). In 
experiments on lambs with fistulas of the rumen and duodenum, it was found that when 
soybean meal is treated with formaldehyde, the flow of protein into the duodenum increases. 
These studies also found that treatment with formaldehyde reduced the concentration of 
ammonia in ruminal fluid.  
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When determining the content of microbial mass in the rumen contents, it was found that 
the number of both bacteria and protozoa in all groups increases 3 hours after feeding.  

Table 3. Content of microbial mass in ruminal contents, g/100ml. 
Group                     Bacteria Protozoa 
 
 
 
I 
II 
III 

1 hour before 
feeding 

3 hours after 
feeding 

1 hour before 
feeding 

3 hours after 
feeding 

0,44±0,04 
0,41±0,03 
0,39±0,05 

0,53±0,03 
0,48±0,03 
0,43±0,06 

0,28±0,04 
0,26±0,03 
0,23±0,02 

0,32±0,05 
0,31±0,04 
0,27±0,05 

 
As can be seen from Table 3, the lowest bacterial mass was observed in group I an hour 

before feeding 0.39 g/100 ml, versus 0.41 and 0.44 g/100 ml in groups II and III, respectively. 
As for the mass of protozoa, the lowest data for this indicator were also obtained one hour 
before feeding in group I rams - 0.23 g/100 ml, against 0.26 and 0.28 g/100 ml in groups II and 
III, respectively. This means that treating feed with formaldehyde somewhat reduces the 
number of rumen microflora. However, this decrease was insignificant and did not represent a 
statistically significant fact. 

Table 4. Biochemical blood parameters. 
Index Group I Group II III group 
Total protein, g/l 76,04±0,7 78,56±0,6 79,27±0,9 
Albumins, g/l 31,24±0,5 33,45±0,3* 33,51±0,4* 
Globulins, g/l 46,03±1,1 46,75±1,3 47,34±0,9 
Urea, mmol/l 7,22±0,13 5,47±0,21* 5,43±0,31* 
Creatinine, mmol/l  83,48±0,45 81,37±1,08 79,62±0,67* 

Note: *- Р<0,05. 
It was revealed that feeding sunflower cake and soybean meal treated with formaldehyde 

as part of the diet has a more favorable effect on the course of nitrogen metabolism than use 
without treatment with formaldehyde. Thus, the concentration of total protein in sheep of 
groups II and III was higher relative to group I by 3.3 and 4.52%, respectively, mainly due to 
albumin. The concentration of albumin in the blood of rams of groups II and III was 
significantly (P<0.05) higher than that of group I. 

A decrease in the level of urea in the blood of animals of groups II and III that received 
sunflower cake and soybean meal treated with formaldehyde was established by 31.99% 
(P<0.05) and by 32.96% (P<0.05) relative to group I, which may indicate a more rational use 
of nitrogen in the body of rams that consumed sunflower cake and soybean meal treated with 
formaldehyde as part of their diet. 

Creatinine, like urea, is a product of protein metabolism, the content of which depends 
on both the level of protein and the intensity of metabolism. Its concentration in the blood of 
group III rams was lower by 4.85% (P<0.05) and 2.2%, respectively, than in animals of groups 
II and III, which may indicate a greater accumulation of creatine phosphate - in the form of 
loss of energy used during protein synthesis. The materials we obtained are in good agreement 
with the experimental data of Q. Z. Shams Al-dain (2019), H.M. El-Shabrawy and H.A. El-
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Fadaly (2006) and Retno Adiwinarti et. al (2019). 
 
Conclusion.  
Thus, in our experiments it was established that in animals that received sunflower cake 

and soybean meal treated with a 1% solution of formaldehyde in rumen fluid, the acidity 
decreases. This process most clearly occurs in lambs that received soybean meal treated with 
formaldehyde. VFAs are absorbed better in the body of lambs that received soybean meal 
treated with formaldehyde. In animals fed sunflower meal and soybean meal treated with 
formaldehyde as part of the diet, the concentration of ammonia in the rumen contents was lower 
than in the groups consuming the main diet.  

Treatment of feed with formaldehyde slightly reduces the number of rumen microflora. 
But this decrease was insignificant and did not represent statistically reliable facts. A 
significant decrease in the level of urea in the blood of animals fed sunflower cake and soybean 
meal treated with formaldehyde was established. It was also noted that there was an increase 
in the concentration of total protein in the blood of animals fed with feed treated with 
formaldehyde, a significant increase in albumin, and a significant decrease in the concentration 
of urea and creatinine. 
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