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  INTRODUCTION 
The reason for adding fat in dairy cattle rations is based on 
their caloric value, which increases dietary energy density, 
and therefore, milk production, feed efficiency, and milk fat 
(Rabiee et al. 2012) and non-caloric effects, which include 
interactions with the immune system, inflammation, and 
reproduction (Silvestre et al. 2008). Findings of fat studies 
vary drastically for several reasons: the type and amounts of 
FAs (saturated or unsaturated); provided reaching the small 
intestine; supplying FAs; particle size of FAs; associative 
effects of the proportion of forage and other dietary ingre-

dients and animal factors including production level, stage 
of lactation and parity (Rabiee et al. 2012; Vazirigohar et 
al. 2014; de Souza et al. 2018). Unsaturated FAs are toxic 
to some rumen microbes, so the majority of dietary lipids 
undergo rumen biohydrogenation producing a series of FAs 
intermediates that ultimately result in the production of 
saturated FAs. The rate of biohydrogenation depends on 
two main factors which are the nature of FAs in the rumen 
(e.g., n-6 or n-3) and rumen pH (Loor et al. 2004). For in-
stance, in the case of n-3, low rumen pH leads to a reduc-
tion in the last step of biohydrogenation, so t11 C18:1 
(trans-vaccenic acid) may accumulate in the rumen (Loor et 
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al. 2004). Because of the adverse effect of unprotected FAs 
on rumen environment through altering the direct pathway 
of rumen biohydogenation and alteration of the FAs profile 
in the fore-stomach, as well as sensitivity to oxidation dur-
ing storage of unprotected FAs, methods should be used to 
protect poly unsaturated fatty acids in the rumen (Chilliard 
et al. 2007). Protection methods include either encapsula-
tion of unsaturated FAs inside a microbial-resistant shell 
(such as lipid encapsulation) or modification of the FAs 
structure through blocking carboxyl group (such as CS or 
fatty amides) to resist microbial enzymes (Dewhurst et al. 
2013). According to the type FAs, type of protection led to 
challenging and various results on biohydrogenation 
(Carroll et al. 2006). In some studies, CS of FAs had mini-
mum protection for herbal n-3 FAs and therefore change 
the rate of oil release and consequently, rumen biohydroge-
nation (Baldin et al. 2018) or sodium hydroxide, formic 
acid or ammonium tetraformate reduced the rate and extent 
of biohydrogenation in compare of formaldehyde protection 
(Sinclair et al. 2005). Because of the commercial availabil-
ity of calcium salt research has used this form of protection 
in assessing the flow of FAs in the duodenum, (Fievez et al. 
2007). Therefore in this experiment, we hypothesized that 
in calcium salt of fatty acids, the nature of the fatty acids 
affects the linkage between calcium and fatty acid, and this, 
therefore, affects the rate of oil released at different sites of 
gastrointestinal tract. The objective of this study was in 
vitro evaluation of the extent of oil released from different 
calcium salts of fatty acids in three simulated sites of the 
gastrointestinal tract. 

  

  MATERIALS AND METHODS 
Preparation of the simulated gastrointestinal tract 
Measuring oil releasing in different sites of the gastrointes-
tinal tract was conducted according to Kosaraju et al. 
(2009). Treatments were 1) CS of fish oil (CFO), 2) CS of 
flaxseed oil (CFL), 3) CS of herbal n-6 (corn and canola 
oil) and herbal n-3 (flaxseed oil) (CHO) and 4) CS of fish 
and herbal n-3 (flaxseed oil) (CFH). Oil was placed into a 
sealed glass-lined vessel equipped with mixing blades and 
an argon blanket. After heating to 30 ˚C, an appropriate 
calcium source to provide molar proportions of calcium and 
fatty acids were added and thoroughly mixed. The vessel 
was then resealed and the mixture was stirred and heated 
until the saponification reaction has occurred. During the 
saponification reaction a light smoke was released and the 
material formed a yellow toffee-like material. It was then 
cooled inside the vessel to 25 ˚C under the argon blanket 
before emptying from the vessel and being processed into 
small granules of a dry, free-flowing calcium salt. The pro-
file of FAs in various CS is shown in Table 1.  

To measure ORE in rumen, rumen fluid was collected 
from two early lactations rumen-cannulated Holstein dairy 
cows (BW= 680±20 kg, 40% forage diet, ration formulated 
according to NRC, 2001 software) from both central and 
ventral sites of rumen for four hours after the morning feed-
ing. To minimize the effect of day and time of incubation, 
sampling was performed on two consecutive days. The ru-
men fluid was filtered by cheese-cloth (0.5 mm), placed in 
anaerobic bottles, and incubated under constant CO2 gas. 
The rumen simulative environment was prepared by shak-
ing batch culture (39 ˚C with 1 rcf for 24 h) plus 6 bottles 
for mixing of CS of FAs and rumen fluid. Three bottles 
were considered as blanks for correction of ORE from other 
sources of rumen fluid such as free FAs which were in the 
diet. McDougall buffer was used for controlling pH of ru-
men fluid to 6.4. To each bottle 1.5 g CS of FAs and 50 ml 
rumen fluid were added with the constant flow of CO2 and 
kept anaerobic for 24 h in a batch culture. After incubation, 
two separate phases were made in each bottle. To measure 
ORE, the chloroform phase named the low phase was ex-
tracted by Folch (chloroform/methanol (2/1)) method two 
times. After drying with N2 gas in the oven (65 ˚C), differ-
ences in weight which is weight of samples before and after 
drying were calculated and adjusted in line with the blank. 
The extent of oil release in the abomasum was measured by 
preparing pepsin (SIGMA life science) and adding 2 g so-
dium chloride and 3.2 g pepsin to 500 mL of HCL 370 
cc/lit of distilled water. The pH was set to 1.2. Six bottles 
were used for mixing. Each bottle was given 1.5 g CS of 
FAs and 50 mL of solution and kept anaerobic for 3 h in a 
batch culture. After incubation, two phases were extracted 
from each bottle. To measure ORE in the abomasum the 
ether phase named the high phase was extracted by petro-
leum solution (1/1) twice. After drying with N2 gas in the 
oven (65 ˚C), differences in weight which are weight of 
samples before and after drying were calculated and cor-
rected to the blank. 

The extent of oil release in the small intestine was meas-
ured by preparing Pancreatin (MERCK); 6.8 g KPO4 di-
luted in 250 mL distilled water, 77 mL NaOH 0.2N and 500 
mL distilled water and 10 g Pancreatin added to form a 
solution. After adding HCL and NaOH, the pH was 6.8. Six 
bottles were used. In each bottle 1.5 g CS of FAs and 50 
mL of this solution were added and kept anaerobic for 3 h 
in a batch culture. Steps to measure fat extraction in the 
small intestine were similar to those used for the aboma-
sum. 
 
Statistical analysis 
This experiment was analyzed as a complete randomized 
design with four treatments (different CS of FAs) and six 
replicates (bottles of calcium salt).  
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Statistical analysis was performed using PROC GLM of 
SAS (2003). Data are reported as means ± standard error of 
means (SEM). Different days for sampling were not signifi-
cant so this effect was removed from the statistical model, 
means differences were compared by Tukey test, and data 
were analyzed by the statistical model:  
 
Yij= μ + Ti + eijk  
 
Where:  
Yij: rate of oil releasing.  
Ti: effect of treatment.  
eijk: random error. 
 

  RESULTS AND DISCUSSION 
Mean ORE from the various CS of FAs in different sites of 
the gastrointestinal tract is shown both in Table 2 and Fig-
ure 1. As it was shown there were differences among fat 
sources in the rumen. The calcium salt of flax seed (CFL) 
had the highest extent of oil release compared with other 
treatments whereas the lowest extent was for calcium salt of 
herbal oil (CHO) (P<0.01). In the abomasum there were no 
differences among treatments (P=0.1). The greatest ORE 
was observed for the CHO and the lowest was for the CFO. 
In comparison with another site in gastrointestinal tract, the 
greatest extent of oil was released in the abomasum. Differ-
ences among treatments in the small intestine were signifi-
cant; the greatest ORE was for the CFL and the lowest was 
for the CHO (P<0.01). 

The nature of the FAs, the amount ingested, the rumen-
protection method, and the rumen environment can all alter 
rumen biohydrogenation. Two types of n-3 included herbal 
sources (rich in α-linolenic acid) and marine sources [rich 
both in α-linolenic acid and long-chain FAs (i.e., eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA))  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Fatty acid profile of different calcium slats (g/kg DM)a

Treatments 

FA, g/kg DM 
CFO CFL CHO CFH 

C12:0 40.0 10.0 40.0 25.0 

C14:0 10.0 10.0 10.0 10.0 

C16:0 200.0 100.0 280.0 150.0 

C16:1 50.0 0.0 30.0 25.0 

C18:0 150.0 70.0 50.0 110.0 

C18:1 250.0 210.0 260.0 230.0 

C18:2 110.0 180.0 300.0 145.0 

C18:3 50.0 420.0 30.0 235.0 

C20:5 70.0 0.0 0.0 35.0 

C22:6 70.0 0.0 0.0 35.0 
a Profile of fatty acid in supplements measured by gas chromatography method. 
CFO: calcium salt of fish oil; CFL: calcium salt of flaxseed oil; CHO: calcium salt of herbal n-6 (corn and canola oil) and herbal n-3 (flaxseed oil) and CFH: c alcium salt 
of fish and herbal n-3 (flaxseed oil). 

 
probably influence the rates of rumen biohydrogenation. 

Fish oil sharply decreased the rate of biohydrogenation 
through inhibition of the last step of biohydrogenation, 
which results in the high production of t11 C18:1 (Givens 
and Shingfield, 2006). In a study by Khalilvandi et al. 
(2013), rates of biohydrogenation and ORE were compared 
in FAs with different protection methods. The authors re-
ported that n-3 of fish oil had the lowest rate of biohydro-
genation and ORE in the rumen with all protection meth-
ods. In a recent study, among three sources of FAs (oleic 
acid (OA), linoleic acid (LA), α-linolenic acid (ALA)), 
ALA of linseed had the greatest biohydrogenation (947 
g/kg) in comparison to OA (856 g/kg) and LA (898 g/kg) 
(Baldin et al. 2018). As observed in our study (Table 2 and 
Figure 1), the calcium salt of flaxseed had the highest re-
lease in the rumen compared with that of other treatments. 
Therefore, it could be speculated that CS of flaxseed seems 
to be more sensitive to biohydrogenation than the other 
sources tested. In another study, crude linseed oil (18:3 n-3) 
was compared with whole seed, and different protection 
methods including formaldehyde, formaldehyde + sodium 
hydroxide, formic acid, or ammonium tetra format + xylose 
regarded as fiber sources (Sinclair et al. 2005). In addition, 
crude fish oil was compared with fish oil encapsulated with 
saturated fat. The authors concluded that biohydrogenation 
of n-3 in linseed oil and whole linseed was rapid and exten-
sive, while xylose or formaldehyde offered little protection. 
Sodium hydroxide, formic acid, or ammonium tetraformate 
reduced the rate and extent of biohydrogenation (Sinclair et 
al. 2005).  

In our study, ORE in the rumen was affected by the na-
ture of FAs. Probably in treatments 1 and 4 calcium salt 
was a suitable protection method in comparison with that 
flaxseed (CFL). Calcium salt of flaxseed did not seem to 
restrain ORE, so perhaps another protection method should 
be considered for this type of n-3 FAs. 
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Figure 1 Oil releasing extent in different site of simulation gastrointestinal 
tract (GIT; in mg/g) 

 
 
As was expected, low pH in the abomasum led to disso-

ciation of the linkage between carboxyl group of FAs and 
calcium, resulting in the highest ORE being in the aboma-
sum compared with the other sites of the gastrointestinal 
tract (Table 2 and Figure 1). In the small intestine, it is as-
sumed that high pH and pancreatic enzyme activity reduce 
the rate of dissociation of the carboxyl group of FAs and 
calcium (Kosaraju et al. 2009), which could explain the 
lower rate of ORE at this site in our experiment. 

 
 
 
 
 
 
 
 

 

  CONCLUSION 

Generally, protection of fatty acids with calcium could be 
an alternative and safe method against biohydrogenation in 
rumen so it may diminish the detrimental effect of fatty 
acids on microorganisms. Based on our results, the nature 
of the FAs in calcium salt besides the site of gastrointestinal 
tract could alter the extent of an oil release. Probably re-
garding form of protection (calcium salt), herbal n-3 fatty 
acid seems more sensitive to oil releasing extent in rumen 
than marine n-3. Due to the low pH in abomasums in com-
parison to other site of gastrointestinal tract, the greatest 
rate of oil is released in this site. 
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