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In the present work, the quantification of the lipids and the carbon isotopic ratio (5'3C) of diet, rumen, liver and
meat lipids of cows fed on different diets (based on either C3 or C4 plants) are provided. The 8'3C of the four
compartments had different trends in the two diets, which could give information about the fractionation pro-
cesses and the factors influencing the lipids metabolic path in cows fed on different regimes. The 5'3C of liver and
meat lipids resulted to be statistically different for cows of groups C3 and C4, and can therefore be a suitable tool
to discriminate between the two groups.

1. Introduction

The lipid fraction of the meat is of fundamental importance, as it
contributes to its flavour, juiciness, tenderness and visual characteristics
[1]. The lipids ingested by cows through the diet are mostly in form of
esters of glycerol. After ingestion, dietary esterified lipids are hydrolysed
to free fatty acids (FAs) and glycerol [2]. Thus, FAs undergo bio-
hydrogenation in the rumen, consisting in the reduction of the number
of double bonds on their carbon chain [3]. Therefore, absorption takes
place into the digestive tract. The FAs are then carried by blood to reach
the liver. The haematic flow and the FAs concentration influence their
supply to this organ [4]. The deposition and the lipogenesis into the
tissues could be considered as the final step of the lipids metabolic path.
Considering the complexity of the processes in which lipids are involved,
a tool to investigate their fate in the bovine organism is required.

In most cases, marks certifying animal products quality, such as
Protected Geographical Indication (PGI) and Protected Designation of
Origin (PDO), correspond to a specific feeding regime, due to its effect
on animal tissue composition and thus on meat quality [5]. Therefore,
there is a growing interest in the discrimination between different
feeding systems.

In recent years, stable isotope ratio analysis (SIRA) has been used to
obtain information about the dietary regime of the animals. Several
works have been carried out with the aim to discriminate between bo-
vines [6-8], lambs [9] and sheep [10] fed on different feeding regimes
by using SIRA. Carbon isotopes (}3C and '2C) are the bioelement iso-
topes that were considered the most suitable to give information about
the dietary regime of animals. Indeed, the photosynthetic pathway of
the plants included in the animal diet is the main factor influencing the
carbon isotopic ratio [11]. Plants that undergo the Calvin-Benson cycle
for carbon dioxide fixation by the RuBisCo enzyme and obtain a
three-carbon compound are called C3 plants [12]. On the other hand, C4
plants follow an alternative pathway to fix the CO, separating the
photosynthetic functions between mesophyll and bundle sheath leaf
cells, in order to avoid photorespiration (that is, the conversion of sugar
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phosphates back to carbon dioxide) [13]. The different pathway C3 and
C4 plants follow in the fixation of CO5 results in different carbon isotopic
ratios of the plant itself. It is a well-known fact that C4 plants have 5!3C
values between —14 and —12%., while C3 plants values range between
—30 and —23%o [14] and that both may be included into forages and
concentrates of animal diets.

In this work, the carbon isotopic ratios of feed, rumen, liver and meat
lipid fractions of multiparous Simmental cows fed on a C3- (6 animals)
and C4- (6 animals) based diet were collected. The aim of the study was
to improve our understanding of the fractionation processes taking place
in the cow organism, by tracing them thanks to §!3C, and to check
whether the §'3C of four different animal matrices could become a tool
to discriminate between cows fed on C3 and C4 products.

2. Materials and methods
2.1. Description of the samples

The EU Directive 2010/63/EU on the protection of animals used for
scientific purposes was applied in carrying out this present study. The
procedure was routine and non-invasive. The ethical committee of the
University of Udine approved the trial (Prot. No.8/2018). Regular
clinical examinations by the veterinary assessed the good health of the
cows during the experimental period.

2.2. Diet

Twelve Italian Simmental multiparous cull cows were randomly
assigned to two dietary treatments differing in the metabolism of the
main component plant of the diet, C3 (C3 group) or C4 (C4 group). The
C3 group was fed on hay offered ad libitum and received 6.9 kg dry
matter (DM) of a concentrate mainly composed by wheat meal, barley
meal, and wheat bran. In this group, C3 products represented 100% of
the diet ingredients. The C4 group was fed on corn silage offered ad
libitum and received 3.3 kg DM of a concentrate composed by corn meal,
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and corn gluten meal for around the 96%, while C3 plants (soybean meal
and hempseed cake) represented the remaining part. The concentrates
were offered in twice-daily meals. The experimental period lasted 4
months, and the animals were loose-housed with sawdust bedding. The
individual DM intake of forages and concentrate were assessed as re-
ported in Pianezze et al. (2021) [15]. The intake of hay and corn silage
was 9.3 = 1.01 kg and 13.2 + 1.32 kg of DM, respectively. The day
before slaughter, the animals accessed only their morning meal. At
slaughter, individual samples of rumen, liver and meat (m. longissimus
thoracis at 6th -7th rib level) were collected and freeze-dried (Heto
freeze dryer, Analytical Control De Mori, Milan, Italy). After fine
grinding (with a windmill blade at 4000 rpm x 10 s), the samples were
stored until stable isotope and fatty acids analyses could be performed.
On the other hand, samples of forage and concentrate were collected
every two weeks for stable isotopes and lipids analysis. The samples
included into the diet were dried at 65 °C in a forced draft oven for 48h
in order to be analysed through SIRA.

2.3. Lipid extraction

Bulk fat samples were extracted using petroleum ether at 40-60° in a
SER 148 extraction apparatus (Model Velp, Italy; Soxhlet Extraction,
AOAC 2014). After removal of the solvent, the fat residue was suspended
in 4 ml of hexane and transferred into vials with screw cap (bulk fat
fraction). The amount of the fat fraction is mentioned as Fat (ee), % DM
in Table 1.

2.4. Stable isotope ratio analysis

The 13C/'2C was measured using an isotope ratio mass spectrometer
(IsoPrime, Isoprime Limited, Germany) after total combustion in an
elemental analyser (VARIO CUBE, Isoprime Limited, Germany). Ac-
cording to the IUPAC protocol, the isotopic values are expressed as delta
in relation to the international standard V-PDB (Vienna-Pee Dee
Belemnite) for 613C, as defined in (1).

§iE = (i Rsa — i Rrpp) / i Rrer (€Y

where i is the mass number of the heavier isotope of element E, Rga is the
respective isotope ratio of the sample and Rggp is the relevant interna-
tionally recognised reference material [11]. The delta values are
multiplied by 1000 and expressed in units “per mil” (%o0). Two in-house
working standards were used. They were calibrated against interna-
tional reference materials: fuel oil NBS-22 (613C = —30.03%0), sucrose
IAEA-CH-6 (5'3C = —10.45%0) (IAEA-International Atomic Energy
Agency, Vienna, Austria) and L-glutamic acid USGS 40 (5'3C =
—26.39%o) (U.S. Geological Survey, Reston, VA, USA). The uncertainty
of the measurements (calculated as two standard deviations) was
<0.3%o for 5'3C values.

2.5. Statistical analysis

Statistical analysis was performed using R software, vers. 4.0.4

Table 1
Statistical calculations carried out on isotopic values and relative amount of
lipids.

Diet. plants (P) Compartment (C) P -value

C3 C4 DIET RUMEN LIVER MEAT SEM| P C PxC

Fat (ee), % DM| 5.36 7.30 | 235A 1.09B 7.63C 15.51D 0.353(<0.01 <0.01 <0.01

Fat (8°C), %o | -30.10 -21.57 |-25.64A -29.92B -24.98C-22.80D 0.183 |<0.01 <0.01 <0.01

4B C-Dyithin the same row and factor with unlike letters differ significantly at P<0.01
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(2021). The normality of the data distribution was tested using the
Shapiro-Wilk test and skewness and kurtosis were estimated using
model residuals. When appropriate, data were transformed for para-
metric testing. The effect of compartment (diet, rumen, liver and meat)
and plant metabolism type (C3, C4) on the variables was assessed with a
mixed model for repeated measures, as suggested by Wang and Goo-
newardene (2004) [16], considering compartment and plant meta-
bolism type as within- and between-subject factor, respectively. The
interaction of compartment x plant metabolism type was also consid-
ered. For multiple comparisons, the Bonferroni adjustments were
considered.

3. Results and discussion

The results of the statistical calculations carried out on the isotopic
values and the relative amount of lipids are displayed in Table 1. The
columns named as C3 and C4 represent the diet effect and show there-
fore the mean values for all the data of groups C3 and C4 (including diet,
rumen, liver and meat), respectively.

The main effects of plant type in the diet of the animals and in the
compartment were significant (P < 0.01), as the interaction compart-
ment x plant type was significant (P < 0.01) for both the considered
variables. It means that the effects of the main factors cannot be inter-
preted separately.

From the perspective of the plant type, i.e. by considering the sig-
nificant differences between group C3 and C4 in the same compartment,
statistical differences have been found. Indeed the 5'3C values of groups
C3 and C4 were found to be statistically different in the diet (—32.55%o
vS. —18.74%o; P < 0.01), rumen (—32.10%o vs. —27.73%o; P < 0.01), liver
(—29.50%o0 vs. —20.47%o; P < 0.01) and meat (—26.25%o vs. —19.35%o; P
< 0.01). In particular, C3 values turned out to be lower than C4 ones for
all the compartments. The relative amounts of lipids in groups C3 and
C4, were found to be statistically different in the diet (1.81% vs. 2.90%
DM; P < 0.01), liver (6.50% vs. 8.77% DM) and meat (11.95% vs
19.07%; P < 0.01). On the other hand, the relative amount of lipids in
the rumen of group C3 and C4 did not statistically differ (1.20% vs.
0.98%; P > 0.05).

The consistent Adpgr between the values of groups C3 and C4
(513Cc4-DIET - 613CC3»DIET = 13.81%o) results in differences in the other
compartments (ASgumen = 4.37, Adpver = 9.03 and Adypar = 6.90).
The compartment characterized by the lower A§ is the rumen. Due to the
significant 5!3C between groups C3 and C4 in the liver and in the meat,
the two compartments turned out to be a reliable tool to discriminate
animals fed on different feeding regimes.

From the perspective of the compartment, the fat content for both
groups decreased from diet to rumen, and increased from rumen to liver,
showing the highest value in meat (P < 0.05). This result is in agreement
with the fact that fatty acids are mainly stored in the liver and the
muscles, where they also undergo de novo synthesis [17].

On the other hand, the variation of the 8'C among the different
compartments was not the same for group C3 and group C4. Indeed, 5'3C
of group C3 showed the trend 613CDIET < 613CRUMEN < 613CLIVER <
613CMEAT, that agrees with the results reported by Pianezze et al. [15],
while group C4 showed the trend SBCRUMEN < 613CLIVER < 8"3Cypar <
613CDIET, being the meat not statistically different from the diet and the
liver (Fig. 1).

One possible explanation for this unexpectedly low value of the
rumen in the C4 group may lie in the reactions occurring during rumi-
nation. The anaerobic degradation of carbohydrates in the rumen pro-
duces volatile fatty acids, COy and reducing equivalents. Some of the
CO4 is used as a hydrogen acceptor in the production of methane as
defined in (2).

CO, + 4H, — CH, + 2H,0 (2

This process entails a consistent isotopic discrimination, as



S. Pianezze et al.

-18
DIET
A B % MEAT
LIVER AB
22
)
[=]
B
> d
;i -26 C MEAT
=3
&5 RUMEN
&) [
® 30 . LIVER
a
I DIET % RUMEN —+—GROUP C3
—e—GROUP C4
-34

Fig. 1. Variation and uncertainty of the measurement of the carbon isotopic
ratio in the different compartments of groups C3 and C4. #2C. P < 0.01; #bo4;
P < 0.05 within C3 and C4 groups.

hydrogenation to CHy involves preferentially light 12CO,. The methane
will be consequently depleted in 3C with respect to the CO; it derives
from (resulting in more negative §'3C of CHy). On the contrary, the
remaining CO, will be enriched in 13C, resulting in less negative values
with respect to the feeding it derives from [18]. Klevenhusen et al. re-
ported values of CH4 and CO32 of —65.5%0 and —10.9%o, respectively, for
a C4 diet (—15.2%o) in an in vitro experiment using rumen simulation
technique. Starting from these assumptions, CH4 and CO» (both deriving
from ruminal activity and from the atmosphere) may somehow influ-
ence the 8!3C of the lipids they are in close contact with during the
rumen digestion. In the same study, the authors found short chain fatty
acids (as n- and iso-butyrate and n- and iso-valerate) of rumen to be
enriched in 13C, resulting in more negative values with respect to the
diet, in agreement with the results reported in the present work [19]. An
experimental project focusing on these hypotheses should be carried out
to clarify the possible influence of SISCCOZ and 613CCH4 on 613CFAT.

4. Conclusions

In the present work, the quantification of the lipids in the diet,
rumen, liver and meat of 12 multiparous cows fed on different feeding
regimes was carried out. The animals were divided into two groups and
fed on a C3- and C4-based diet, respectively. The carbon isotopic ratio of
lipids in the four compartments was also calculated. The variation of the
513C from one compartment to the other was different in C3 and C4
groups, which provides information on the fractionation processes tak-
ing place into the cow organism. Moreover, the 5'3C of liver and meat
lipids were statistically different between groups C3 and C4, having a
significant carbon isotopic ratio shift (Adyygr = 9.03, AdygaT = 6.90).
This leads to the possibility to use these parameters to discriminate
efficiently between cows fed on different feeding regimes based on C3
and C4 products.
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