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Abstract There is limited methodology available to
quantitatively assess the activity of the A°-desaturase en-
zyme in vivo without chemically inhibiting the enzyme or
using radioactively labeled substrates. The objective of
these experiments was to develop methodology to deter-
mine the incorporation and desaturation of '*C-labeled
fatty acids into milk lipids. In a preliminary experiment,
3.7 g [1-"*Clmyristic acid ([1-'*C]14:0), 19.5 g [1-°C]
palmitic acid ([1-"*C]16:0), 20.0 g [1-"’Cl]stearic acid
([1—13C]18:O) were combined and infused into the duode-
num of a cow over 24 h. In a following experiment, 5.0 g
[1-13C]14:0, 40.0 g [1-'3C)16:0, and 50.0 g [1-'3C]18:0
were infused into the abomasums of separate cows as a
bolus over 20 min or continuously over 24 h. Milk fat was
extracted using chloroform:methanol. Fatty acids were
methylated, and fatty acid methyl esters (FAME) were
converted to dimethyl disulfide derivatives (DMDS). The
FAME and DMDS were analyzed by gas chromatography
mass spectrometry. In the preliminary experiment, '°C
enrichment in 14:0 but not 16:0 or 18:0 was observed.
When dosage amounts were increased in the following
experiment, peak enrichments from the bolus infusion were
observed at 8 h. Enrichments for continuous infusion
peaked at 16 h for 14:0 and 18:0, and at 24 h for 16:0. The
A°-desaturase products of these fatty acids were estimated
to be 90% of cis-9 14:1, 50% of cis-9 16:1, and 59% of
cis-9 18:1. This study demonstrates that '*C-labeled fatty

E. E. Mosley - M. A. McGuire ((X)
Department of Animal and Veterinary Science,
University of Idaho, PO Box 442330,
Moscow, ID 83844-2330, USA

e-mail: mmcguire @uidaho.edu

Srasas ———— - W T T T T

acids may be utilized in vivo to measure the activity of the
A’-desaturase enzyme.

Abbreviations

CE Cholesterol ester

CLA Conjugated linoleic acid
DM Dry matter

DMDS Dimethyl disulfide

E Enrichment

FAME Fatty acid methyl ester
MDG Mono and diacylglycerols
MUFA Monounsaturated fatty acids
[1-"°C]14:0  [1-"*C]myristic acid
NEFA Non-esterified fatty acids
[1-C]16:0 [1-"*C]palmitic acid

PL Phospholipid

PUFA Polyunsaturated fatty acids
SFA Saturated fatty acids
[1-13C]18:0 [1-13C] stearic acid

TTR Tracer to tracee ratio

TG Triacylglycerol

VA Vaccenic acid
Introduction

Impact of the ruminant diet on the fatty acid profile of milk
fat and total fat production is an active area of research.
Academic and industry recommendations for “ideal” milk
fatty acids [1] included changing the fatty acid profile from
the typical 5% polyunsaturated fatty acids (PUFA)
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including n-3 fatty acids, 70% saturated fatty acids (SFA),
and 25% monounsaturated fatty acids (MUFA) to 10%
PUFA, up to 8% SFA with the remainder (>80%) being
MUFA. Some reasons for altering the fatty acid profile are
to benefit consumer health by decreasing the content of
saturated and trans fatty acids, and increasing the content
of mono and polyunsaturated fatty acids, which are gen-
erally considered healthier for the consumer [2]. Included
in the mono and polyunsaturated groups of fatty acids are
the products of the A°-desaturase enzyme, cis-9 mono and
diunsaturated fatty acids, such as cis-9, trans-11 18:2
(conjugated linoleic acid; CLA).

One mechanism for specifically altering the cis-9
monounsaturated and cis-9, trans-11 CLA content of milk
fat is via the A°-desaturase enzyme. The A’-desaturase
enzyme is present in many tissues within the cow and is
very active in the mammary gland inserting a double bond
at carbon 9 into saturated fatty acids [3]. The A’-desaturase
enzyme is important in maintaining liquidity of the milk fat
globule [4]. This enzyme uses myristic (14:0), palmitic
(16:0) and stearic acid (18:0) as substrates for its actions
creating muyristoleic (14:1), palmitoleic (16:1) and oleic
(18:1) acid, respectively [5]. Additionally, cis-9, trans-11
CLA can be made from trans-vaccenic acid (trans-11 18:1;
VA) by the action of the A’-desaturase in the mammary
gland [6, 7]. The substrate product pairs of this enzyme
represent approximately 75% of the total fatty acids in milk
fat [8]. Thus, the A’-desaturase enzyme is a very important
determinant for the fatty acid content of milk fat.

One approach that has been explored in the research of
the A’-desaturase enzyme is to genetically modify rumi-
nant animals to increase the expression of the A’-desatur-
ase enzyme gene [9]. However, the use of genetically
modified dairy cattle for milk production may not be well
received by the consumer. Additionally, its implementation
into large commercial production settings may be
impractical. On the other hand, understanding the regula-
tion of the A°-desaturase enzyme may lead to new man-
agement strategies that would result in altered milk fatty
acid profile.

Understanding and controlling the activity of the A°-
desaturase enzyme could lead to increased MUFA content
resulting in an improved milk fatty acid profile. The use of
in vivo measurements of the enzyme’s activity in response
to various dietary manipulations would provide informa-
tion on the impact of diet and regulation of the enzyme. A
long term goal would be to alter the A®-desaturase enzyme
activity using nutrients provided in the diet. The first step
in this process is to develop an in vivo assay of A’-desat-
urase enzyme activity. The objective of these preliminary
studies was to determine the methodology necessary to use
13C-labeled fatty acid substrates to measure the activity of
the A°-desaturase enzyme in vivo in lactating dairy cattle.

&) Springer MNOCS &

While the experiments described only utilized one cow per
fatty acid per infusion treatment, the data yielded have
provided valuable information in the implementation of
this methodology. For example, these data provided the
methodology necessary to demonstrate the conversion of
[1-'3*C]vaccenic acid to cis-9, trans-11 CLA in vivo in
lactating dairy cattle and women by our lab [6, 10].
Without the data from each of these cows, we would be
limited in our attempts to develop new and innovative
techniques.

Materials and Methods

The University of Idaho Animal Care and Use Committee
preapproved all of the procedures involving cows. All cows
were housed in tie-stalls and had ad libitum access to feed
and water. Dietary dry matter (DM) was ~64% and the
ingredients were alfalfa silage, barley silage, whole cot-
tonseed, alfalfa hay, and a concentrate pellet. The diet
contained 18.1% crude protein, 26.8% neutral detergent
fiber, 20.4% acid detergent fiber, and 6.1% ether extract on
a DM basis.

In the preliminary experiment, one multiparous Holstein
cow received 3.7 g [1-"*Clmyristic acid ([1-'>C]14:0),
19.5 g [1-"*Clpalmitic acid ([1-'’C]16:0), and 20.0 g
[1-3Clstearic acid ([1—13C]18:0) delivered in a semi-con-
tinuous manner every 3 h over a 24 h period via a duodenal
cannula. The cow was milked every 6 h for 36 h prior to
the infusion, and every 6 h for 60 h after the initial infu-
sion. At 60 h post infusion, the cow was returned to the
milking herd, and milk samples were taken in the parlor
every 12 h for 24 h. Blood samples were taken via a jug-
ular catheter at each milking and infusion time. This fre-
quent collection of milk and blood served as the template
for determining adequate '*C labeled fatty acid dosage and
sample times in the subsequent experiment.

Three primiparous ruminally cannulated Holstein cows
(~150 days in milk, consumed (mean * SE) 18.3 = 0.8 kg
DM, and produced 35.1 + 0.8 kg of milk per day with
3.5 +£ 0.1% fat) each received infusions of different 3c.
labeled fatty acids. Infusion lines were passed through the
rumen cannula and secured in the abomasum with a rubber
flange. The fatty acids were delivered as a bolus infusion
over 20 min or continuous infusion over 24 h. Infusion
periods were separated by a 7-day washout period. The free
fatty acids (5.0 g of [1-’C]myristic acid, 40.0 g of
[1-"3C]palmitic acid, or 50.0 g of [I-'*C]stearic acid
(Isotec, Miamisburg, OH, USA)) were converted to
potassium salts and combined with 5 or 15 L of water for
the bolus or continuous infusion, respectively. For the
bolus infusion period, the cows were milked every 6 h for
24 h prior to the infusion, and every 4 h for 48 h after the
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infusion began. At 48 h post infusion, the cows were
returned to the milking herd, and milk samples were taken in
the parlor every 12 h for 24 h. Prior to each machine
milking and every 2 h for 48 h after the infusion began,
additional milk samples were taken by hand. Blood samples
were taken via a jugular catheter at each hand milking and at
times 0.25, 0.5, 0.75, 1, 1.5, 2.5, 3, 3.5, 5, and 7 h after
initiation of infusion. Fecal samples were also taken at each
hand milking time. For the continuous infusion period, milk
and fecal samples were taken as in the bolus period. Blood
samples were taken at the hand milking times. Heparinized
blood samples (10,000 U/L) were centrifuged for 20 min at
1,000xg at 4 °C, and the plasma was collected. All plasma,
milk, and fecal samples were stored at —20 °C.

Milk and plasma lipids were processed as previously
described by Mosley et al. [10]. Freeze-dried ground fecal
samples were methylated in a two-step procedure using
methanolic-HCI and sodium methoxide [11]. The fatty acid
methyl esters (FAME) (<l mg) of milk, plasma lipid
fractions (triacylglycerols (TG), cholesterol esters (CE),
mono and diacylglycerols (MDG), phospholipids (PL), and
non-esterified fatty acids (NEFA)), and feces were con-
verted to dimethyl disulfide (DMDS) derivatives, and the
FAME and DMDS derivatives were analyzed by GC and
GC-MS as previously described [6].

Data Analysis

For saturated fatty acids, the tracer to tracee ratio (TTR)
was calculated from the mass abundance of the molecular
ion M) and M+ 1 fragments using the equation
TTR = (M + 1)/M. For monounsaturated fatty acids, the
TTR was calculated from analysis of the DMDS of
FAME. The DMDS derivatives produce distinctive spec-
tral fragments that are indicative of the double bond
position when analyzed by mass spectrometry. The TTR
was calculated from the mass abundance of the '>C and
13C fragments (mass fragments 217 and 218) using the
equation TTR = BC/?C. In order to account for the
natural levels of '>C, the mean TTR of samples taken
before the infusion was subtracted from the TTR of all
samples. Therefore, enrichment (E) of the fatty acid with
13C at each sample period was calculated as (TTR — mean
TTR prior to infusion) X 100. The calculated E was adjusted
for spectrum skew [12].

Data from the enrichment of milk fatty acids in the bolus
and continuous infusions were used to calculate an estimate
of the desaturation of the '*C-labeled saturated fatty acids.
Trend lines were fit to the observed data from each cow.
Area under each curve was calculated and used to deter-
mine the percent of the substrate fatty acid desaturated, as
previously described [6]. Statistical analyses were not
performed on data from either experiment because there

A - TP o = —

TS
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was only one observation per time per treatment per fatty
acid. Therefore, the data will only be described.

Results

Milk production parameters were not affected by the
duodenal or abomasal infusion of '*C-labeled fatty acids.
For the preliminary experiment (Fig. 1), average enrich-
ment pre-infusion was 0% for 14:0, 16:0, 18:0, and the A-
desaturase products of these fatty acids (data not shown) in
milk fat. Enrichment was only detected in 14:0 and 16:0 in
milk fat. Enrichment values did not increase for 18:0 or any
of the A°-desaturase products of these fatty acids in milk fat
due to inadequate dosage of the '*C-labeled fatty acids.
Similar results were observed when plasma lipid was
analyzed (Fig. 1).
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Fig. 1 Enrichment of 13C in a myristic, b palmitic, and ¢ stearic acid
of milk and plasma from one lactating cow receiving a semi-
continuous duodenal dose of 3.7 g [1-'*Clmyristic acid, 19.5 g
[1-'*C]palmitic acid, and 20.0 g [1-'*C]stearic acid. Infusions started
at hour zero
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In the subsequent experiment, in milk fat the '*C
enrichments from the bolus infusion peaked at 8 h and then
declined until not detected after 24 h (Fig. 2). Enrichments
for the 24 h continuous infusion reached a plateau from
about 12-30 h after initiation of the infusion and then de-
clined. Enrichment was detected in A°-desaturase products
for both bolus and continuous infusions, with enrichment
patterns similar to the saturated substrate. Milk samples
taken by hand prior to machine milking for both bolus and
continuous abomasal infusions of fatty acids yielded data
similar to that from milk fat obtained during machine
milking (data not shown). Using area under the curve
analysis and FAME data (Table 1), the percent of the
product originating from the substrate for the bolus and
continuous infusions, respectively, was calculated as 90
and 92% for myristoleic, 51 and 56% for palmitoleic, and
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Fig. 2 Enrichment of *Cin myristic acid (14:0; A), myristoleic acid
(14:1; A), palmitic acid (16:0; B), palmitoleic acid (16:1; B), stearic
acid (18:0; C) and oleic acid (18:1; C) of milk during either a bolus
(b) or continuous (c) abomasal infuston of (a) S g [1-'3C]myristic
acid, (b) 40 g [1-'*C]palmitic acid, or (¢) 50 g [1-'*C]stearic acid.
Bolus infusions were delivered within 20 min while continuous
infusions were delivered over 24 h. Infusions started at hour zero.
Each panel represents data from a single cow
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Table 1 Fatty acid composition of milk fat

Fatty acid Infusion

Preliminary  Bolus Continuous

g/100 g fatty acids
4:0 33+0.12 2.8 £0.2 2.6 +£02
6:0 23 +0.11 1.5+02 1.6 0.2
8:0 1.1 +£0.06 08 +0.2 09 + 0.2
10:0 23 +£0.16 1.6 £0.5 1.9 £ 05
12:0 24 +0.16 1.7+ 0.5 22 +0.6
13:0 0.1 £0.01 0.1 £0.01 0.1 £0.02
14:0 9.2 + 0.42 74 +12 8.6+ 1.2
cis-9 14:1 0.7 + 0.06 0.5+ 0.1 0.6 0.1
15:0 0.7 £ 0.02 0.7+0.1 0.8 £0.1
16:0 295+068 26412 269=x16
17:0 1.0 £ 0.07 12 +0.2 1.2 £ 0.1
cis-9 16:1

0.5 +0.02 0.7 +0.1 0.6 = 0.1
18:0 162 +069 14919 133+1.02
trans-18:1* 42 + 021 3003 28 +£0.2
cis-9 18:1 184 +£0.85 278 +22 26833
cis-18:1° 24019 1.6+01 15£0.1
cis-9, cis-12 18:2 2.6 £ 045 29 +03 2.7+03
cis-9, trans-11 18:2 0.3 +0.02 04004 04=x0.1
cis-9, cis-12, cis-15 18:3 0.3 £ 0.03 0.4+£004 04=x=0.1
20:0 0.1 £0.01 0.1 £0.03 0.1 £001
Others 2.3 +0.09 37x0.2 38x+02

Values represent a mean of all samples taken in each experimental
infusion period. Data for preliminary infusion are mean + SD from 20
measurements taken from one cow. Data for bolus and continuous
infusions are mean + SD from 33 measurements taken from each of

three cows during each infusion

? trans-18:1 sum of all trans-18:1 isomers

" ¢is-18:1 sum of all cis-18:1 isomers excluding cis-9

74 and 43% for oleic acid, resulting in 5.2 and 7.0% of
myristic acid, 2.6 and 2.5% of palmitic acid, and 60.3 and
48.7% of stearic acid being desaturated by the A°-desat-
urase enzyme.

Furthermore, '*C enrichment was observed in 14:0,
16:0, and 18:0 in the TG, CE, NEFA, and PL of plasma in
the bolus infusion. Between 1.5 and 3 h post-infusion,
maximal enrichments for TG, CE, NEFA, PL, and total
plasma 14:0 were 81.1, 2.6, 3.8, 15.4, and 33.5%, respec-
tively. Between 2 and 3 h post-infusion, maximal enrich-
ments for TG, CE, NEFA, PL, and total plasma 16:0 were
92.6, 5.2, 52, 1.4, and 9.0%, respectively. Maximal
enrichments for TG, CE, NEFA, PL, and total plasma 18:0
were also detected between 2 and 3 h post-infusion (26.5,
9.1, 7.5, 0.4, and 3.3%, respectively). Maximal enrich-
ments detected in the continuous infusions occurred at later
times than was observed in the bolus period. For example,
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maximal enrichment of TG, CE, NEFA, PL, and total
plasma 14:0 occurred between 8 and 24 h post-infusion
(134, 2.2, 1.2, 3.0, and 5.1%, respectively), between 20
and 24 h post-infusion for 16:0 (6.2, 0.3, 0.5, 1.8, and
1.8%, respectively), and again between 8 and 24 h post-
infusion for 18:0 (2.4, 2.0, 0.2, 0.6, and 0.9%, respec-
tively). However, enrichment was not observed in the
MDG fractions for either the bolus or continuous infusions.
Unlike the enrichment of the infused saturated fatty acids
in plasma lipid fractions, the A’-desaturase products of
these fatty acids were not enriched at any time with '*C in
any plasma lipid fraction (data not shown).

In fecal samples (Fig. 3), 'C enrichments from the
bolus infusion were maximal from 8 to 10 h and then de-
clined until not detected after about 20 h. The '°C
enrichments from the continuous infusion reached a pla-
teau from about 16 to 30 h and then began to decline. No
enrichment was detected for any of the A°’-desaturase
products of these fatty acids in fecal lipid during either the
bolus or continuous infusions (data not shown). The ratio
of the area under the bolus and continuous enrichment
curves was 0.43, 0.56, and 0.57 for myristic, palmitic, and
stearic acids, respectively.
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Fig. 3 Enrichment of >C in myristic acid (14:0; A), palmitic acid
(16:0; B), and stearic acid (18:0; C) of feces during either a bolus (b)
or continuous (c) abomasal infusion of (a) 5 g [1-'3C]myristic acid,
(b) 40 g [1-"*Cpalmitic acid, or (¢) 50 g [1-'*C]stearic acid. Bolus
infusions were delivered within 20 min while continuous infusions
were delivered over 24 h. Infusions started at hour zero. Each panel
represents data from a single cow

Discussion

Industry and academic recommendations for aitering the
profile of milk fatty acids included decreasing SFA and
increasing unsaturated fatty acids, MUFA and PUFA [1].
While the recommendations may be dated, there is still
strong desire to enrich milk with MUFA while reducing
SFA [13]. For example, conversion of SFA to MUFA in
milk fat would be beneficial to the human consumer by
reducing their risk of coronary heart disease [14]. Under-
standing and controlling the activity of the A’-desaturase
enzyme would lead to increased MUFA, thereby improving
the milk fatty acid profile.

The A°-desaturase enzyme is present in many tissues
within the cow and inserts a double bond at carbon 9 into
saturated fatty acids [3]. The enzyme in bovine tissues
occurs primarily in mammary [15] and adipose tissue [16,
17] while rates of desaturation in liver are quite low [18].
Variability in desaturase activity between tissues may be
explained somewhat by dietary [19] and breed differences
[20]. Our data agree that the majority of cis-9 desaturation
of fatty acids occurs primarily in the mammary gland
within 24 h of absorption. However, the lack of detection
of '3C in the plasma of A°-desaturase products indicates
that tissues other than the mammary gland do not con-
tribute to their synthesis. However, the lower activity of the
A®-desaturase enzyme in tissues other than mammary and
the rate of turnover of individual fatty acids between lipid
pools may simply be beyond the detection limits of the
assay. It may be possible to detect these changes using
continuous infusions longer than 24 h with higher doses of
the '*C tracer.

It is also interesting to note the differences in maximal
enrichment detected in the various plasma lipid fractions.
In our initial experiment, we only measured total plasma
enrichment (Fig. 1). It was evident that the enrichments
achieved in milk fatty acids were not possible unless lipid
classes within the total plasma had enrichment that ex-
ceeded that which was measured in milk. For example, we
labeled only a small lipid pool in the plasma and larger
unlabeled lipid pools essentially diluted the total enrich-
ment values. This is supported by our second experiment
where the TG pool contained the greatest maximal
enrichment regardless of infusion type. As we would not be
able to attain enrichments in the final pool (milk fatty
acids) that was greater than our starting material (the
plasma lipid pool utilized by the mammary gland to extract
fatty acids), our data indicate that the TG pool is the pri-
mary pool utilized for delivering preformed fatty acids to
the mammary gland. More research is needed for further
analysis of fatty acid transfer between the various plasma
lipid classes and the mammary gland. This type of data
could be used to determine the actual contribution of each
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plasma lipid class to the fatty acids extracted for milk fat
synthesis by the mammary gland.

This study utilized '*C-labeled fatty acids to develop an
in vivo assay of A’-desaturase enzyme activity in lactating
dairy cattle. Typically, enzyme assays utilize a radiolabeled
substrate and microsomal preparations from collected tis-
sue in an in vitro system [16, 21]. The conditions used to
isolate microsomal protein for in vitro assays and the
detection limits associated with these methods may inhibit
one’s ability to quantitatively determine the conversion of
substrate to product as it relates to in vivo metabolism. For
example, in vitro estimates of mammary desaturation of
18:0 are only ~31% [21] while in vivo calculations provide
an estimate of ~52% [22]. The development of an in vivo
assay (i.e., utilizing metabolic tracer methodology coupled
with measurements of gene expression changes) may prove
useful when quantitatively determining treatment effects
on the A’-desaturase enzyme while examining all of the
fatty acid substrates simultaneously. Similar concepts for
the in vitro assay are used for the in vivo assay, without
using a radioactive fatty acid and with minimal disruption
of the physiological state of the animal. The stably labeled
fatty acid is used as a metabolic tracer, preferably with a
dose that does not alter the fatty acid pools within the
animal. Additionally, the stable tracer may be detected in
the blood and milk. This labeling of two pools allows for
identification of desaturation occurring in the mammary
gland versus the rest of the body tissues. A drawback of
this method is that liver, adipose, and other tissues cannot
be distinguished from each other.

Reports of alterations in the synthesis of A’-desaturase
enzyme products generally focus on relative changes in
some ratio of the milk fat concentrations of the product to
substrate, also referred to as the desaturase index. The
desaturase index does not provide a quantitative measure-
ment of A’-desaturase enzyme activity, it only serves as a
proxy measurement. In order to estimate the actual enzyme
activity, one approach is to assume that 100% of myris-
toleic acid is derived from the A°-desaturase enzyme and
then chemically inhibit the enzyme, again assuming 100%
efficiency [7]. Alternatively, estimates of A°-desaturase
enzyme activity may be based on the duodenal flow of the
A’-desaturase substrates and milk fat composition of the
products and substrates [23] or arterio-venous differences
in the A’-desaturase enzyme products and substrates [22].

Our data show that ~90% of myristoleic and ~50% of
palmitoleic acids are synthesized by the A°-desaturase en-
zyme. We are unaware of any in vivo estimates for the
synthesis of myristoleic or palmitoleic acids in the lactating
bovine. Previously, the desaturation of stearic to oleic acid
was calculated to be 52% based on arterio—venous differ-
ences [22]. Our data show that during a continuous infu-
sion, ~49% of the stearic acid pool is desaturated, yielding
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~43% of the oleic acid in the milk fat. However, during the
bolus infusion, the conversion was increased to ~60%,
yielding ~74% of the oleic acid. It is likely that the 50 g
bolus dose of [1-'*C]18:0 increased the typical quantity of
stearic acid available to be absorbed from the intestine.
This is supported by differences in the label recovered in
the feces. In all instances, approximately two times more
label was recovered in the feces during the continuous
infusions. The '>C enrichment of stearic acid in milk was
most affected. One possible explanation is the preferential
use of specific fatty acids for various metabolic functions.
Another consideration would be differences in the digest-
ibilities of the various fatty acids, as shorter chain fatty
acids are considered more digestible [24]. We did not
evaluate these types of factors, however, it is an area for
future investigations utilizing '*C-labeled fatty acid meth-
odology. Despite these effects due to type of infusion, the
methodology does yield similar results when compared to
other data, as demonstrated in our infusion of [1-'3C]vac-
cenic acid in lactating dairy cows [6].

The 'C enrichment detected is dependent on the dose of
13C-labeled fatty acid. In the preliminary experiment, the
dose of '*C-labeled fatty acids delivered was underesti-
mated because the dose was initially calculated based on
the daily output of each fatty acid in milk. The '*C
enrichment was only detected in 16:0 and 18:0 when the
dose was about 12% of the milk output of both substrate
and product (Table 2). The 14:0 dose was acceptable
in both experiments. However, the higher dose used in
experiment 2 was needed to detect the '>C enrichment in
desaturase products. The comparison of bolus versus con-
tinuous administration of the '*C-labeled fatty acids also
showed a relationship between dose, maximum enrichment
detected, and route of administration. While both types of
infusion provide information about the utilization of the
13C-labeled fatty acids in vivo, the bolus infusion resulted
in greater '>C enrichment values for the same mass of fatty
acids delivered continuously over 24 h. Because of the
expense of '*C-labeled fatty acids and the analytical

Table 2 Dose of '*C-labeled fatty acids based on milk fatty acid
output

Fatty acid Preliminary experiment Bolus versus continuous
experiment
Dose Output % Dose  Output %
@) (®) (€] (0:9)
14:0 + cis-9 14:1 3.7 120 3.1 50 98 5.1
16:0 + ¢is-9 16:1 195 370 54 400 321 12.5

18:0 + cis-9 18:1 20.0 420 48 500 476 10.5

%, dose as a percent of output
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techniques utilized, the ability to maximize *C enrichment
with minimal input is desirable.

This study demonstrates that '*C-labeled fatty acids may
be utilized in vivo to measure the activity of the A’-
desaturase enzyme. Doses of the '*C-labeled fatty acids are
dependent on the production level of the animal and pre-
liminary measurements of milk fat would be warranted for
determination of an appropriate dosage level. This meth-
odology will provide a powerful tool in assessing dietary
impacts on A°-desaturase enzyme activity. In the future,
this in vivo assay of enzyme activity may be coupled with
other techniques such as gene expression analyses in order
to provide more insight on the impact of treatments on the
A°-desaturase enzyme.
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