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Summary

Objective: Determine how sample han-
dling affects nutrient analysis of fat-
soluble vitamins and minerals.

Materials and methods: In experiment
1, blood was collected in either plasma
or serum blood tubes and exposed to 4
hours of light or wrapped in aluminum
foil to protect from light. In experi-
ment 2, blood was collected at hours 0,
1,2, 3,4, 6, and 12 after the consump-
tion of feed. In experiment 3, vitamins
and minerals were assessed in varying
degrees of hemolyzed blood samples.
Experiment 4 evaluated liver samples
exposed to various temperatures for up

to 12 hours. In experiment 5, serum and
liver samples were processed the day of]
1 day after, or 2 days after collection and
subsequent placement into coolers with
icepacks.

Results: There was a significant differ-
ence (P < .05) for the interaction of tube
type and light exposure for vitamin D
(25-hydroxyvitamin D3) and a tendency
(P < .10) for a tube type and light expo-
sure interaction for vitamin A (retinol).
Experiment 2 found serum vitamin con-
centrations changed post feed consump-
tion both linearly and quadratically.
Alpha-tocopherol peaked at 4 hours post
meal consumption, whereas retinol

peaked at 6 hours. In experiment 3, the
degree of hemolysis affected (P < .05) nu-
trient concentration. Experiment 4 and 5
showed no differences (P >.05) in degra-
dation of retinol and alpha-tocopherol.

Implication: As many pre-analytical fac-
tors can affect laboratory results, care
must be taken when collecting, han-
dling, and storing samples for diagnostic
analysis of vitamins and minerals.

Keywords: swine, blood tube, pharma-
cokinetic, hemolysis, degradation

Received: December 9, 2022
Accepted: March 16, 2023

Resumen - Influencia de la manipu-
lacion preanalitica de muestras bi-
ologicas para el analisis de vitaminas
liposolubles

Objetivo: Determinar cémo el manejo
de la muestra afecta el andlisis de
nutrientes de vitaminas y minerales
liposolubles.

Materiales y métodos: En el experi-
mento 1, la sangre se colectd en tubos de
sangre de plasma o suero y se expuso a
4 horas de luz o se envolvi6 en papel de
aluminio para protegerla de la luz. En

el experimento 2, se recolectd sangre
enlashoras0,1, 2, 3,4, 6, y 12 después
del consumo de alimento. En el experi-
mento 3, se evaluaron las vitaminas y los
minerales muestras de sangre en diver-
sos grados de hemolisis. El experimento
4 evalué muestras de higado expues-

tas a varias temperaturas durante un
maximo de 12 horas. En el experimento
5, las muestras de suero e higado se pro-
cesaron el dia, 1 dia después, o 2 dias
después de la recoleccién y posterior co-
locacién en hieleras con congelantes.

Resultados: Hubo una diferencia sig-
nificativa (P < .05) para la interaccién del
tipo de tubo y la exposicidn a la luz para
la vitamina D (25-hidroxivitamina Ds),

y una tendencia (P < .10) para el tipo de
tubo y la interaccidén de la exposicién a
laluz parala vitamina A (retinol). El ex-
perimento 2 encontrd que las concentra-
ciones de vitaminas en suero cambiaron
después del consumo de alimento tanto
lineal como cuadraticamente. El alfa-
tocoferol alcanz6 su punto maximo 4
horas después del consumo de alimento,
mientras que el retinol alcanzé su punto
maximo 6 horas después. En el experi-
mento 3, el grado de hemdlisis afect6

(P < .05) la concentracién de nutrientes.
Los experimentos 4 y 5 no mostraron
diferencias (P > .05) en la degradacion de
retinol y alfa-tocoferol.

Implicacion: Dado que muchos factores
preanaliticos pueden afectar los resulta-
dos de laboratorio, se debe tener cuidado
al recolectar, manipular, y almacenar
muestras para el analisis de diagndstico
de vitaminas y minerales.

Résumé - Influence de la manipula-
tion pré-analytique d’échantillons bi-
ologiques pour 'analyse des vitamines
liposolubles

Objectif: Déterminer comment la ma-
nipulation des échantillons affecte
l'analyse nutritionnelle des vitamines et
minéraux liposolubles.

Matériels et méthodes: Dans
lexpérience 1, le sang a été prélevé dans
des tubes pour plasma ou sérum et ex-
posé a 4 heures de lumiére ou enveloppé
dans du papier d’aluminium pour le pro-
téger de la lumiére. Dans 'expérience

2, le sang a été prélevé aux heures 0, 1,

2, 3,4, 6, et 12 apres la consommation
d’aliments. Dans l'expérience 3, les vi-
tamines et les minéraux ont été évalués
dans des échantillons de sang a des de-
grés divers d’hémolyse. Lexpérience 4

a évalué des échantillons de foie expo-
sés a diverses températures pendant
jusqu’a 12 heures. Dans l'expérience 5,
des échantillons de sérum et de foie ont
été traités le jour méme, 1 jour apres,
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ou 2 jours apres la collecte et placés en-
suite dans des glaciéres avec des blocs
réfrigérants.

Résultats: [1 y avait une différence sig-
nificative (P < .05) pour l'interaction du
type de tube et de l'exposition a la lu-
mieére pour la vitamine D (25-hydroxy-
vitamine D3) et une tendance (P < .10)
pour une interaction du type de tube et
de l'exposition a la lumiere pour la vita-
mine A (rétinol). Lexpérience 2 a révélé
que les concentrations de vitamines séri-
ques changeaient apres la consomma-
tion d’aliments a la fois de maniere liné-
aire et quadratique. L'alpha-tocophérol
a culminé a 4 heures aprés la consom-
mation des repas, tandis que le rétinol

a culminé a 6 heures. Dans l'expérience
3, le degré d’hémolyse a affecté (P < .05)
la concentration en nutriments. Les ex-
périences 4 et 5 n'ont montré aucune dif-
férence (P >.05) dans la dégradation du
rétinol et de I'alpha-tocophérol.

Implication: Etant donné que de nom-
breux facteurs pré-analytiques peuvent
affecter les résultats de laboratoire, des
précautions doivent étre prises lors de la
collecte, de la manipulation, et du stock-
age des échantillons pour 'analyse diag-
nostique des vitamines et des minéraux.

bout 40% to 65% of errors in labo-
Aratory procedures occur in the

pre-analytical phase,! including
sample collection. Dependent upon the
nutrient in question, a blood sample
can sometimes determine nutrient de-
ficiency or toxicity without having to
euthanize animals for tissue sample col-
lection.? Across many published refer-
ences, serum or plasma samples have
been analyzed to determine the vita-
min A concentrations in pigs®-® without a
consistent sampling protocol. However,
serum and plasma are uniquely different
biologically. Serum results from fibrin
clots that form in the blood and has low-
er protein and fewer platelets, erythro-
cytes, and leukocytes than plasma.” Re-
search should be conducted before blood
sampling to ensure that the correct col-
lection tube type and handling methods
are being used to prevent a poor diag-
nostic sample. For example, vitamin A
is known to be a light-sensitive nutrient,
and the sample is typically kept from
light during lab analyses.® Plasma col-
lection tubes contain anticoagulants to
prevent blood from clotting. Anticoagu-
lants may affect some lab analyses.® For
example, a potassium-based anticoagu-
lant could increase the potassium levels
that are measured in the plasma.

The timing of blood collection may be
important when assessing serological
nutrient levels. While most pigs receive
an ad libitum diet, they are not continu-
ously eating all day. After the consump-
tion of a meal, digestion, absorption,
and redistribution of the consumed nu-
trients occur. When the nutrients enter
the bloodstream, there is potential for

a spike of that nutrient in circulation.
Therefore, the time between last feed
consumption and sample collection af-
fects nutrient levels in the blood. Hemo-
lysis is the destruction of red blood cells
and can occur when blood samples un-
dergo significant shear-force pressure,
which has been shown to cause hemoly-
sis.10 Often this is seen when blood tubes
are violently shaken or if blood is collect-
ed via a syringe and then forced through
aneedle into a vacutainer tube. When
blood undergoes hemolysis, zinc and iron
concentrations significantly increase in
the analyzed serum or plasma.l! Further-
more, high levels of hemolysis also result
in increased chloride, magnesium, potas-
sium, phosphorous, and total protein in
analyzed samples.!? Analyses for other
nutrients, such as bilirubin, uric acid,
cholesterol, and triglycerides, are also af-
fected by hemolysis,!? but fall outside the
scope of this paper.

The liver is another tissue collected for
analytical evaluations, as the liver serves
as a main store of many vitamins and
minerals.!® The liver should be frozen

as soon as possible to avoid degradation
of any organic compounds, including
vitamins.!® While explored more in feed-
stuffs, vitamins tend to be sensitive to
high temperatures, light exposure, and
pH changes.!* Thus, freezing liver sam-
ples in a dark environment until the time
of analysis is the most ideal for nutrient
analysis. Keeping liver samples frozen
becomes problematic if they need to be
mailed for submission to a veterinary
diagnostic laboratory, as weather and hu-
man error can cause package delivery to
be postponed during overnight shipping.

These sampling and handling tech-
niques that can affect vitamin and min-
eral analysis in samples were addressed
in 5 experiments. The overall objective
of the experiments was to better under-
stand how sample collection, handling,
and storage affects nutrient analysis.
Experiment 1 evaluated whether vitamin
concentrations were different when ei-
ther serum or plasma were collected and
how vitamin concentrations may change
during light exposure. Experiment 2
assessed circulating blood nutrient

concentrations post meal consumption.
Experiment 3 compared vitamin concen-
trations in hemolyzed versus non hemo-
lyzed plasma. Experiment 4 evaluated
the vitamin and mineral degradation
rate in the pig liver over 12 hours when
held at various temperatures. Experi-
ment 5 evaluated the impact of delayed
sample processing on vitamin levels in
serum and the liver.

Animal care and use

All procedures in this study adhered to
guidelines for the ethical and humane
use of animals for research and were ap-
proved by the Institutional Animal Care
and Use Committee at Iowa State Univer-
sity (No. 20-087, 22-154, and 20-123).

Materials and methods

Metabolites chosen for analysis across
studies related back to previous work
conducted to address questions about
sample collection that specifically evalu-
ated a nutrient in question. Unless other-
wise stated, pigs were group housed with
ad libitum access to feed and water.

Experiment 1. Plasma vs serum
with and without light exposure

A total of 4 blood samples were taken
from 8 pigs (approximately 6 months old,
115-120 kg, n =4 barrows and 4 gilts; PIC
337 x 1050 genetics) via jugular venipunc-
ture. Two blood samples were collected
for serum using 10-mL, red-top tubes
without gel separator (BD Vacutainer;
Becton Dickinson) and 2 were collected
for plasma using 10-mL tubes with tripo-
tassium ethylenediaminetetraacetic acid
(K3-EDTA; BD Vacutainer; Becton Dick-
inson). One of each type of blood sample
was exposed to light prior to centrifu-
gation, while the other blood tube was
wrapped in aluminum foil immediately
after the blood sample was collected to
keep light from the sample. All samples
were chilled by laying the samples on ice
until the time of processing. Light-
exposed samples were exposed for

4 hours to light from 2 fluorescent

bulbs (SYLVANIA, Supersaver Deluxe
Cool White F34CWX/SS, 34w, 4100K,

1925 lumens, 1219.2 mm; and SYLVA-
NIA, Ecologic, Designer F34/D35/SS/
ECO, 34w, 3500K, 2800 lumens, 1219.2
mm). The samples were placed approxi-
mately 3 m from the light source and
rotated every hour to ensure complete
exposure of the sample to the light.

The general light intensity in the room
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was approximately 102.3 lux measured
by aluxmeter (AOPUTTRIVER; Model:
AP-881D) in the location of the sample.
Direct sunlight was avoided to better
replicate the farm’s light source. Blood
was centrifuged (Sorvall Legend XFR,
ThermoFisher Scientific) at 2000g for 10
minutes at 4°C. Samples were stored at
-80°C until further analysis.

Experiment 2. Pharmacokinetics
of vitamins A and E in serum
after a meal

Eight gilts (mean [SD] weight: 98 [5] kg;
PIC 337 x 1050 genetics) were individ-
ually housed in pens and fasted for

12 hours. Prior to a meal, a blood sample
was taken via jugular venipuncture us-
ing a 10-mL, red-top serum tube without
a gel separator. Water was provided ad
libitum throughout the study. A diet was
provided at a level of 4% of the pig’s body
weight and consisted of a standard corn
and soybean meal-based diet that met
or exceeded NRC requirements.!® Pigs
were allowed access to feed for 1 hour,
and then the feed was removed from the
pen. Blood samples were taken at hours
1,2, 3, 4, 6, and 12 after collecting the
initial blood sample. After the last blood

sample, feed was returned to the animal.

All blood was allowed to clot at room
temperature (approximately 20°C) for
less than 4 hours before being moved to
4°C. All samples were centrifuged (2000g
for 10 minutes at 4°C ) within 6 hours of
collection and stored at -80°C until fur-
ther analysis.

Experiment 3. Hemolysis

Six gilts (approximately 90 kg; PIC 337

% 1050 genetics) on a common corn and
soybean meal diet that met or exceeded
NRC requirements!® were sampled via
jugular venipuncture using two, 10-mL
plasma tubes (K3-EDTA blood tubes).
The 2 blood tubes were re-aliquoted into
3 test tubes, making sure to mix blood
from each collection blood tube using a
transfer pipette (CAT: 13-711-7M; Fisher
Scientific). One aliquot was centrifuged
without any manipulation, represent-
ing a low level of hemolysis. The second
aliquot was drawn into a sterile 10-mL
syringe with a 26-gauge, 0.5-inch needle
and expelled 5 times, which was defined
as a medium level of hemolysis. Finally,
the last aliquot was subjected to soni-
cation for 5 seconds (Model: GE 130PB;
outage = 02; Cole Parmer), which was
defined as a high level of hemolysis. All
blood was centrifuged at 2000g for 10
minutes at 4°C. The plasma was isolated
from the sample and stored at -80°C until
further analysis.

Experiment 4. Liver degradation

Liver samples were collected from 6 gilts
(approximately 90 kg; PIC 337 x 1050 ge-
netics) fed a common corn and soybean
meal diet with vitamin inclusion that
met or exceeded NRC recommenda-
tions.! Gilts were euthanized via captive
bolt followed by exsanguination. The en-
tire left lobe of the liver was divided into
10 equal sections, placed in Whirl-Pak
bags (15.24 cm x 22.86 cm) that were then
subjected to different temperatures for
different lengths of time. One liver sec-
tion was immediately snap frozen and
stored at -80°C until further analysis.
Other sections of the liver were stored

in the freezer (-20°C), the refrigerator
(4°C), or at room temperature (20°C) for
either 3, 6, or 12 hours. At the designated
time, the section of the liver was moved
to -80°C for further analysis of vitamin
concentrations.

Experiment 5. Long-term
degradation

Blood was collected into 3 solid red-top
blood tubes (10 mL) from 6 barrows (ap-
proximately 10 kg; PIC 337 x 1050 genet-
ics) during exsanguination. The right
medial lobe of the liver was collected
and divided into 3 equal sections and
stored in Whirl-Pak bags (15.24 cm X
22.86 cm). Blood and liver samples were
placed into a Styrofoam cooler with 4
ice packs (ThermoSafe PolarPack; 13.97
cm X 15.24 cm; Sonoco) and stored until
time of processing. On the designated
day (day of collection [D0], 1 day after
collection [D1], and 2 days after collec-
tion [D2]), 1 blood tube and 1 liver sample
were removed from the cooler. The
blood sample was centrifuged at 2000g
for 10 minutes at 4°C. The serum was
separated from the red blood cells and
stored in 1.5-mL tubes (CAT: 05-408-129;
Fisher Scientific). The serum and liver
sections were stored at -80°C until fur-
ther analysis.

Sample analysis

All samples were analyzed for concen-
trations of vitamins A, E, D, or a com-
bination of the 3, and trace minerals
where appropriate, at Iowa State Univer-
sity’s Veterinary Diagnostic Laboratory
as described by Greiner et al.2 Vitamin A
was analyzed for the metabolite retinol,
vitamin E was analyzed for the metabo-
lite alpha-tocopherol, and vitamin D
was analyzed for the metabolite
25-hydroxyvitamin Dj.

Statistical analysis

All data were analyzed using the
GLIMMIX procedure in SAS 9.4 (SAS
Institute) except where otherwise indi-
cated. For all statistical analyses, the an-
imal was the experimental unit and used
for repeated measures. Least squares
means were reported with a Tukey ad-
justment, and P < .05 were considered
significant, while .05 < P< .10 were con-
sidered a tendency. Data analysis for
each experiment varied and therefore
additional statistical analysis conducted
is further described here.

Experiment 1. Fixed effects include
blood tube and light exposure interac-
tion and sex.

Experiment 2. The IML procedure was
used to obtain contrast coefficients to ac-
count for the unequal spacing in sample
collection. Time was a fixed effect within
the model.

Experiment 3. The degree of hemolysis
was a fixed effect. Observations for iron
and manganese were log-transformed
for normality and converted back for
reporting. Additionally, there was an
outlier in the iron analysis in which one
sample in the medium hemolysis group
was more than 3 standard deviations
from the mean of the other samples
within the treatment. The observation
was removed to obtain normal data for
analysis using the Shapiro Wilks test.

Experiment 4. Fixed effects include tem-
perature and time interaction.

Experiment 5. Time was the fixed effect
within the model. One pig was removed
from the analysis as alpha-tocopherol

in the serum was more than 3 standard
deviations below the mean of other sam-
ples from the same treatment and the
analyzed level was 0.2 ppm when other
measurements for the same pig were ap-
proximately 2.0 ppm.

Results

Plasma vs serum with and
without light exposure

The concentration of vitamin A (reti-
nol) in either plasma or serum tubes
was not significantly different (P > .05,
Table 1) in relation to light exposure.
However, there was a tendency (P =.07)
for retinol to be lower in serum tubes
with no light exposure compared to
other collection methods (0.20 ppm vs
0.21 ppm, respectively). Retinol tended
(P=.09) to be higher for barrows than
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Table 1: Vitamin A (retinol), D (25-hydroxyvitamin D3), and E (alpha-tocopherol) analysis in grow-finish swine serum and plasma with or without light exposure*

x X
]
Yo
Sx|lo ~
ol N ™
a9
X =
w =
x
o
=gl\mm
QEO.O.“Q
Q
>
[~
Xl & w10
e = o
i
v
<+ 9 v
Sl= 2«
L v
)
1
S
|l o 1p
Sl 2B
3
[¥T}
o —
58 2 3
AL e
il o =]
)
252 8 &
g =.= o i
5
S
I~
o ™
| I B
=S| o i
.,._;'; —
(]
)
os|Y » R
20 - ~
E| T=| L
=
D e
o ™
“ ElQ o @
=loc N 4
—
E
™ ©
2la ¢ @
(1 o| © —
g =2
a
S
T =
~ ™
2 Wy 2 ™
5| o —
o
I
[ ] -
IS 1 S
EQO —
s =2
S
s
Ela 4+ ©
] B e S
5| o i
)
£
~
on
S BB
I3
o
OD.
£ -
E ©
g 2
LE;Q.
ol 2 9
| O o
17} © o
Els - ¢
gl > =
=5 T §
S|l o wn &
Alx o <

Blood tubes were either wrapped in aluminum foil (no light) or exposed for 4 hours to light from a fluorescent bulb immediately after sample collection and prior to centrifugation.

*

for gilts (0.22 ppm vs 0.19 ppm, respec-
tively). There was no difference (P > .05,
Table 1) in blood tube type, light expo-
sure, the interaction between the two,
or sex for vitamin E (alpha-tocopherol).
There was an interaction for Vitamin D
(25-hydroxyvitamin D3) between blood
tube type and light exposure (P =.03) in
which serum blood tubes that were both
exposed to light and not (34 ng/mL of
25-hydroxyvitamin D3 for both serum
samples) were higher than both plasma
samples, but plasma not exposed to light
was higher than plasma exposed to light
(32 ng/mL and 30 ng/mL, respectively).
Vitamin D (25-hydroxyvitamin D3) had
atendency (P=.08, Table 1) to be higher
in tubes that were not exposed to light
compared to tubes that were exposed

to light (33 ng/mL vs 32 ng/mL, respec-
tively). Additionally, 25-hydroxyvitamin D3
was (P < .001) higher in serum tubes versus
plasma tubes (34 ng/mL vs 31 ng/mL, res-
pectively). Furthermore, 25-hydroxy-
vitamin D3 was higher (P =.04) in bar-
rows than in gilts (43 ng/mL vs 22 ng/mL,
respectively).

Pharmacokinetics of vitamins A
and E in serum after a meal

Over time, the vitamin serum concentra-
tions had linear and quadratic effects

(P < .05, Table 2). Alpha-tocopherol
peaked at hour 4, whereas retinol peaked
at hour 6.

Hemolysis

Differences found across all parameters
analyzed were dependent upon the level
of sample hemolysis and the analyzed
nutrient. The visual difference of the
level of hemolysis is shown in Figure 1.
There was no difference (P > .05, Table 3)
between the low and medium levels of
sample hemolysis for alpha-tocopherol,
calcium, copper, magnesium, manga-
nese, phosphorous, potassium, seleni-
um, and zinc. However, there was a dif-
ference (P < .05) between the previously
listed parameters and the high level of
sample hemolysis. For iron and molyb-
denum, there was a difference (P < .01)
between all degrees of sample hemoly-
sis. At a low level of sample hemolysis,
retinol was different (P < .05) from the
medium and high levels of sample he-
molysis. However, the medium and high
level of sample hemolysis was not differ-
ent from each other (P> .05).

Liver degradation

There were no differences (P > .05,
Table 4) in the liver retinol and alpha-
tocopherol levels over 12 hours at vary-
ing temperatures.

Long-term degradation

There were no differences (P > .05,
Table 5) in retinol and alpha-tocopherol
concentrations in serum and liver sam-
ples when processed either the day of,

1 day after, or 2 days after collection.

Discussion

From the differences detected among
the blood tubes and light exposure for
vitamin analysis, results received from
a diagnostic laboratory may be influ-
enced by the blood tube type, light ex-
posure, or both. Vitamins A, D, and E in
feedstuffs have been reported to have
light sensitivity,'¢ but there has been
little documentation if this phenom-
enon occurs in biological samples. It has
been recommended that collected blood
should not be stored in areas of direct
sunlight.l” The differences observed with
vitamin D metabolites across different
blood tubes and light exposure could be
due to the metabolites in the blood react-
ing with the anticoagulant, as plasma
samples had lower 25-hydroxyvitamin D3
than serum. However, vitamin D me-
tabolite levels in blood collected with
different types of blood tubes measured
by liquid chromatography-tandem-mass
spectrometry have been inconsistent
across studies. Zelzer et al'® summarized
studies that reported conflicting find-
ings concerning the impact of plasma or
serum blood tube use to analyze vitamin
D metabolites. While some studies re-
ported no differences between serum or
plasma, others found that either serum
or plasma had higher levels of vitamin D
metabolites. Studies have also reported
that blood tube types can impact vita-
min and mineral analysis. Blood tubes
with royal blue caps are recommended
for mineral analysis. These tubes do not
contain trace minerals in the materials
used to make them, while other blood
tubes may contain minerals that will
interfere with the mineral analysis.!”
Thus, it is vital to communicate with the
diagnostic laboratory how the sample
was collected on the farm or consult
with the diagnostic laboratory prior to
sample collection to ensure the sample
is taken correctly. Vitamin D metabo-
lites were significantly lower in females
than males; however, the analyzed levels
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Table 2: Pharmacokinetics of vitamin A (retinol) and E (alpha-tocopherol) in circulation after grow-finish gilts consumed a

common corn and soybean-based diet

Hour post consumption P
Parameter 0 1 2 3 4 6 12 SEM Hour Linear Quadratic Cubic
Retinol, ppm 0.24 0.24 0.24 0.24 0.24 0.25 0.22 | 0.009 .02 .02 .02 21
Alpha-tocopherol, ppm 2.2 23 22 22 25 20 18 | 0.191 <.001 <.001 .03 .10

Figure 1: From left to right, blood
samples with low, medium,

and high levels of hemolysis.
Low hemolysis: sample was not
manipulated after collection;
medium hemolysis: sample was
subjected to aspiration by drawing
whole blood into a sterile 10-ml
syringe with a 26-gauge, 0.5-inch
needle and expelled 5 times;
high hemolysis: whole blood was
subjected to sonication for 5
seconds.

were similar to previously reported vita-
min D levels (approximately 26 ng/mL).20
Additionally, it has been reported that
sows have lower serum vitamin D levels
than boars,?% so vitamin D metabolite
differences seen in the current study
could be due to sexual maturation.

The results of this study suggest active
absorption and recirculation of vita-
mins A and E in the pig after a meal. If
a pig is limit fed, sampling for retinol
and alpha-tocopherol should be done be-
fore the pig consumes feed to avoid any
nutritional spikes. This study showed a
spike in retinol and alpha-tocopherol at
6 and 4 hours, respectively, after a meal.
However, diet composition can alter the
time it takes for lipophilic food compo-
nents to be absorbed.?! It is generally
accepted that fat-soluble vitamins are

incorporated into micelles?? and ab-
sorbed with fat in the upper half of the
small intestine.?® Factors such as the
bioavailability of lipids to be emulsified
into micelles can impact the time it takes
for the fat to be absorbed?! and, subse-
quently, the time to absorb fat-soluble vi-
tamins. Sampling before the animal eats
helps ensure that there is no spike of nu-
trients traveling through the blood at the
time the sample is taken, although this
may result in reporting of lower levels of
nutrients. If sampling a limit-fed pig, it is
best to note the time the animal last ate
and when the sample is taken to account
for any potential highs and lows that
might appear in a diagnostic report.

There is a wide range of hemolysis that
can exist during sample collection,?* and
exploring all degrees of hemolysis falls
outside the scope of the study reported
here. Three levels of hemolysis were se-
lected for discussion within this study.
Sonicating the sample allowed for ex-
treme hemolysis, ensuring any potential
differences in the analyses would be de-
tected. Spectrophotometric interferenc-
es with other laboratory methods can
be produced from hemolyzed samples,?®
and thus it is best to avoid hemolysis to
ensure laboratory methods are executed
properly. Hemolysis results from this
study were similar to previous studies
where an increase in iron,!! zinc,!! potas-
sium,! and phosphorous! and a decrease
in vitamin E were observed.?® To ensure
blood sample results are accurate, it is
recommended to avoid any hemolysis

of the blood sample. Reports of altered
nutrient analysis have been made with
even mild hemolysis,! which was also
observed with the results of this study.
A syringe has the potential to create
enough pressure to cause hemolysis
when used with a large bore needle.?’
Thus, care should be taken if blood sam-
ples are collected using a needle and sy-
ringe to avoid hemolysis.

Organic compounds, such as vitamins,
will degrade over time.!® However, low
temperatures minimize the occurrence

of the degradation process.?® It is a com-
mon practice to keep samples on ice
and freeze them as soon as possible as
there is much still unknown about vita-
min degradation in collected biological
samples. In this study, storing samples
at room temperature (approximately
20°C) for 12 hours did not appear to im-
pact degradation of the tested vitamins.
The lack of difference in detectable reti-
nol and alpha-tocopherol concentrations
within the liver would suggest that the
vitamins are stable for a period after tis-
sue degradation has started.

Retinol and alpha-tocopherol concentra-
tions of tissues left in a Styrofoam cooler
for up to 2 days were not different from
measurements made on the same day

of collection. The authors hypothesize
that the ice packs created a cold enough
environment in the cooler to delay any
significant degradation of retinol and
alpha-tocopherol in the biological sam-
ples. Whole blood has been reported to
be held at room temperature (approxi-
mately 22°C) for platelet analysis. Leav-
ing whole blood at room temperature

is recommended for facilities that are
designed to process bulk blood, such

as from blood donors, where the room
temperature is kept at 22°C (+ 2°C).!7 Sty-
rofoam coolers are made from a polysty-
rene foam, which is listed as a compo-
nent used in most insulated containers
used to transport blood."” A well-insulat-
ed container can help prevent excessive
environmental heat from warming the
samples within the container.l” Once
more, it is recommended that samples
be kept on ice and frozen as soon as pos-
sible. Organic compounds will degrade
over time,'3 but keeping the tissue in a
cold environment creates unfavorable
conditions for degradation.?® The coolers
and ice packs in this study were stored at
ambient temperatures over 2 days. Cool-
ers transported in non-temperature-
controlled environments may experi-
ence a higher degree of degradation of
organic compounds, especially dur-

ing summer when temperatures are
warmer.
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Table 3: Analysis of vitamin A (retinol), E (alpha-tocopherol), and trace minerals in hemolyzed blood of grow-finish swine

Level of hemolysis*
Parameter Low Medium High SEM P
Vitamins
Retinol, ppm 0.262 0.24b 0.23b 0.014 <.001
Alpha-tocopherol, ppm 1.782 1.552 1.00° 0.101 <.001
Minerals
Calcium, ppm 115.12 111.92 95.8b 2.38 <.001
Copper, ppm 1.82 1.7@ 1.6° 0.13 .005
Iron, ppm 1.8¢ 2.9b 159.22 1.04 <.001
Magnesium, ppm 18.8° 18.9P 38.22 3.04 <.001
Manganese, ppb 5b 5b 8a 1.1 .02
Molybdenum, ppb 132 12b 11¢ 0.4 <.001
Phosphorus, ppm 59.2b 58.2b 125.92 3.48 <.001
Potassium, ppm 1107.1° 1070.3° 1725.52 30.35 <.001
Selenium, ppb 280P 268P 3592 11.7 <.001
Zinc, ppm 4.2b 41b 4,82 0.22 <.001

*

Low hemolysis: sample was not manipulated after collection; medium hemolysis: sample was subjected to aspiration by drawing

whole blood into a sterile 10-mL syringe with a 26-gauge, 0.5-inch needle and expelled 5 times; high hemolysis: whole blood was

subjected to sonication for 5 seconds.

ab.c For each parameter measured, differing superscripts indicate a statistical difference between hemolysis levels, P < .05.

Table 4: Grow-finish swine liver vitamin A (retinol) and E (alpha-tocopherol) concentrations after exposure to different

temperatures for different periods of time

Temperature*
Liquid N, -20°C 4°C 20°C
Parameter Oh 3h 6h | 12h | 3h | 6h | 12h | 3h | 6h | 12h | SEM P
Retinol, ppm 44 46 42 45 44 45 46 47 45 47 4.7 .80
Alpha-tocopherol, ppm 9.8 10.2 | 100 | 9.7 | 9.8 | 9.8 | 10.1 | 9.7 | 10.0 | 9.7 0.93 .93

*

room temperature (20°C) for the respective amount of time.

Liver samples were either snap frozen in liquid nitrogen, stored in the freezer(-20°C), stored in the refrigerator (4°C), or stored at

Table 5: Long term degradation of nursery pig liver and serum levels of vitamin A (retinol) and E (alpha-tocopherol) left in

Styrofoam coolers* for either 0, 1, or 2 days after collection

Days post collection

Parameter 0 1 2 SEM P
Serum, ppm
Retinol 0.26 0.26 0.27 0.018 .28
Alpha-tocopherol 2.20 2.36 2.28 0.190 .16
Liver, ppm
Retinol 12 11 12 0.6 77
Alpha-tocopherol 1.74 2.32 2.08 0.295 .20

* Styrofoam coolers contained 4 ice packs (ThermoSafe PolarPack; 13.97 cm x 15.24 ¢cm; Sonoco).
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It is best to ensure that the correct tube
is used to collect blood for the analysis
in question. The time in which blood
samples are taken should be considered
when collecting from limit-fed animals
to potentially explain any high or low
values that could appear in a diagnos-
tic report, and all blood samples should
be collected directly into a blood tube
to avoid the potential of hemolysis.
While both liver and blood samples do
not show significant retinol and alpha-
tocopherol degradation after 2 daysina
cooler with ice packs, storing and pro-
cessing samples as quickly as possible is
still recommended.

Implications
Under the conditions of this study:

* Blood tube and timing of collection
can affect blood vitamin analysis.

* Samples can sit for up to 2 days
with no difference in vitamin
concentrations.

* Hemolysis will affect vitamin and
mineral analyses in blood.
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