
HAL Id: hal-04044922
https://hal.science/hal-04044922

Submitted on 24 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Polymers of triglycerides generated during heating of fat
do not protect linoleic acid from ruminal

biohydrogenation
Muhammad Kaleem, Francis Enjalbert, Yves Farizon, Annabelle

Troegeler-Meynadier

To cite this version:
Muhammad Kaleem, Francis Enjalbert, Yves Farizon, Annabelle Troegeler-Meynadier. Polymers of
triglycerides generated during heating of fat do not protect linoleic acid from ruminal biohydrogena-
tion. 8th International Symposium on the Nutrition of Herbivores, Sep 2011, Aberystwyth, United
Kingdom. pp.0, 2011. �hal-04044922�

https://hal.science/hal-04044922
https://hal.archives-ouvertes.fr


Open Archive TOULOUSE Archive Ouverte (OATAO)
OATAO is an open access repository that collects the work of Toulouse researchers and 
makes it freely available over the web where possible.

This is an author-deposited version published in : http://oatao.univ-toulouse.fr/
Eprints ID : 5193

To cite this version : 
Kaleem , Muhammad and Enjalbert, Francis and Farizon , Yves 
and Troegeler-Meynadier, Annabelle Polymers of triglycerides 
generated during heating of fat do not protect linoleic acid from 
ruminal biohydrogenation. (2011) In: 8th International Symposium 
on the Nutrition of Herbivores, 6-9 Sept 2011, Aberystwyth, 
United Kingdom

Any correspondance concerning this service should be sent to the repository
administrator: staff-oatao@inp-toulouse.fr.

http://oatao.univ-toulouse.fr/


M. Kaleem1,2, F. Enjalbert1,2, Y. Farizon1,2, A. Troegeler-Meynadier1,2

1Université de Toulouse ; INPT, ENVT, ENSAT ; UMR 1289 Tandem, F-31076 Toulouse Cedex 3.
2INRA; UMR 1289 Tandem, F-31326 Castanet-Tolosan, France

m.kaleem@envt.fr

Polymers of triglycerides generated during heating of fat do not
protect linoleic acid from ruminal biohydrogenation

Objective: To compare in vitro the BH of linoleic acid as free fatty acid (FLA) or TG (TGLA), heated or not.

Introduction: Heating fats often induces a decrease of cis-9, cis-12 C18:2 and cis-9, cis-12, cis-15 C18:3 
biohydrogenation (BH) in vivo (Gonthier et al. 2005), in situ (Troegeler-Meynadier et al. 2006) and in vitro (Privé et al. 
2010). This is of interest because it could increase polyunsaturated fatty acids (PUFA) content of ruminant products. 
Temperature and duration of heating of sunflower oil affect ruminal BH of PUFA, in part due to peroxide value  (Privé et 
al., 2010). Our hypothesis was that polymers of triglycerides (TG), formed during heating of TG but not of free FA, could 
be responsible for partial protection of PUFA from BH.

Materials and Methods:

Pure FLA
Pure TGLA 

40 ml rumen fluid

Conclusion: Polymers of TG generated during heating of fat have no effect on ruminal BH, and in particular are 
not responsible of the protection of PUFA from BH, observed with heated oils and oilseeds. Among other 
oxidative products, hydroperoxides could be BH modulators. 

CO2

Heated at 150 °C for 6h

40 ml bicarbonate buffer
+ 1g hay

+ 0.2 g soybean meal
+ 0.2 g maize grains

+ 52 mg TGLA or heated TGLA or 
50 mg LA or heated LA

Temperature ---39 °C
Incubation time --- 6 or 24 h

Chemical analysis:
Fatty acids ----- Gas chromatography

(Park and Goins, 1994)
Polymers of TG ----- HPLC
Hydroperoxides ----- HPLC 

(Browne et al., 2000)
Aldehydes ---- Gas chromatography

Statistical analysis:
General Linear Model (Systat)
Pairwise comparison (Tukey’s test)

Results: 
TGLA Heated

TGLA
FLA Heated

FLA
Added LA (mg) 49 48 48 45
TG polymer (mg) - 13 - -
Hydroperoxide (µg) 41 739 ND 1310
Aldehydes (µg) 9 100 7 62

Table 1. Quantities of linoleic acid and oxidative compounds 
added to flasks

Incub.
time

TGLA Heated
TGLA

FLA Heated
FLA 

SEM P fat P
heat

P fat 
×heat

6h mg 41.7b 43.1b 48.8a 44.2b 0.7 <0.01 0.03 <0.01

6h % 75.1b 77.7b 88.7a 85.4a 1.2 <0.01 0.76 0.03
24 h mg 49.7ab 49.1b 51.4a 46.7c 0.4 0.48 <0.01 <0.01
24 h % 90.0b 88.8b 93.7a 89.8b 0.8 <0.01 <0.01 0.09

Table 2. Disappearance of linoleic acid after 6h and 24h incubations 
with heated or non heated trilinolein or free linoleic acid

Table 1 presents the oxidative status of the different 
fat sources. As expected, heated TGLA contained 
27% of TG polymers contrary to other fat sources. 
Both heated fats contained high amounts of 
hydroperoxides, particularly heated LA, and 
aldehydes. Heated LA contained less non oxidized 
LA.

Table 2 shows that after 6h, disappearance of 
LA was not different between TGLA and heated 
TGLA. The highest quantity disappeared was 
obtained with non heated FLA. Percentage of 
disappearance was not affected by heating, but 
after 6h, TG led to a lower disappearance than 
free FA. Percentage of disappearance was not 
different between LA and heated LA, because 
cultures with heated LA initially contained less 
LA (Table 1). 
After 24h, heating slightly but significantly 
decreased BH, but only with FLA.

Discussion: Heating TGLA did not significantly decrease BH, which was contrary to our hypothesis and so no effect of TG 
polymers was demonstrated. On the contrary, heating FLA, resulting in high hydroperoxide formation, slightly reduced BH. 
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