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Abstract—The objective of this study was to determine if serum 

cholesterol and vitamin E concentrations change with production 

and physiologic state in alpacas.  Blood was collected from 3 

groups of alpacas.  An adult female group was sampled in the 

periparturient period and once monthly until their offspring 

were weaned.  Crias born to the females were sampled after 

birth, then once monthly until weaning.  A group consisting of 

males was sampled once monthly throughout the study period.  

Serum vitamin E and cholesterol concentrations were measured 

and vitamin E to cholesterol ratios was calculated.  Vitamin E 

concentrations were similar throughout the different physiologic 

states.  Cria vitamin E concentrations closely correlated to that of 

their dam.  Significant cholesterol concentration fluctuations in 

crias occurred after 4 weeks of life possibly due to milk fat 

content.  After weaning, the cholesterol concentrations became 

similar to the adult animals within study.  Vitamin E 

concentrations varied with age in crias as they transitioned from 

a milk to forage based diet.  Cholesterol fluctuated with altered 

physiologic and metabolic demands, most noticeable in the crias. 

Further studies are needed to determine if vitamin E to 

cholesterol ratios would be more appropriate to fully assess the 

vitamin E status in nursing crias.  
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I.  INTRODUCTION  

Vitamin E is a lipid soluble vitamin responsible for a 

variety of functions throughout the body.  Vitamin E 

deficiencies can manifest in different medical conditions such 

as nutritional myopathy and neuropathy [1,2].  Mammals do 

not synthesize vitamin E; therefore they must consume it in 

their diets.  The most abundant dietary sources for herbivores 

are fresh green forages [3,4].  

After absorption of vitamin E through the gut, it is 

transported via lipoproteins such as very low-density 

lipoproteins (VLDL), high-density lipoproteins (HDL), and 

cholesterol.  Due to this lipid soluble nature of vitamin E, 

some reference laboratories evaluate the ratio of vitamin E to 

cholesterol, for example in cattle [5,6,7].  The effect of 

cholesterol concentration on vitamin E is unknown in 

camelids and it is unknown if cholesterol concentration varies 

with alterations in metabolic demands during pregnancy and 

lactation.  Therefore comparison of animals under various 

metabolic demands is needed.  

Research indicates vitamin E does not readily cross 

the placenta in ruminants and swine thus neonates of these 

species are considered deficient at birth [8,9,10].  It is likely 

that camelid neonates are also deficient at birth but this has not 

been verified.  Vitamin E is found in high concentrations in 

colostrum and milk of ruminants and swine [11,12].  

However, some ruminant neonates require additional 

supplementation to prevent vitamin E related conditions such 

as myopathies due to insufficient concentrations in colostrum 

and milk [1,13,14].  It is unknown if low vitamin E 

concentrations in female camelids lead to a similar condition 

in crias, increasing their susceptibility to conditions such as 

nutritional myopathy or diaphragmatic paralysis [2].  

Monitoring vitamin E through gestation and lactation 

in females and their crias would assist in identifying potential 

risk periods for vitamin E deficiency in pregnant and juvenile 

camelids.  The objective of this study was to evaluate serum 

vitamin E and cholesterol concentrations under different 

metabolic conditions in adult and juvenile alpacas.  
 

II. MATERIALS AND METHODS 

An observational, cohort study was conducted using 

alpacas from a single ranch in north central Colorado.  Three 

groups of 6 alpacas each, representative of the entire herd, 

were randomly selected.  Group 1 consisted of 6 adult male 

alpacas housed in 2 adjacent dirt paddocks.  These animals 

were maintained on a grass hay diet with no additional 

supplementation.  The males were used as a comparison group 

due to expected stable metabolic demands.  Group 2 included 

6 pregnant females.  These animals were housed together in a 

single dirt paddock.  They were fed grass hay and a pelleted 

ration1 manufactured specifically for the herd.  Group 3 was 

comprised of the crias born to the females from group 2.   

Blood was collected from group 1 once monthly from 

May to November 2012.  Alpacas in group 2 were sampled at 

30 and 14 days prior to expected parturition date, within 12 

hours after parturition, monthly for 6 months, and 1 month 

after the cria was weaned (approximately 6 months after 

birth).  Blood was collected from group 3 within 12 hours of 

birth, at 2 weeks of age, then monthly until 1 month after 

weaning.  The jugular furrow in the right cranio-ventral neck 

was swabbed with alcohol, and 6 mL of blood was collected 

from the jugular vein and place in non-additive (red top) blood 

collection tubes2.  

The blood tubes were placed in the upright position, 

allowed to clot, and stored at 4°C.  Serum was collected from 

the tubes following centrifugation at 1,000 X g for 10 minutes 
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and then transferred to 2 mL freezer vials and stored at -20°C 

until vitamin E and cholesterol analyses were performed.  

Vitamin E concentrations were measured using high-

pressure liquid chromatography3 at the Colorado State 

University (CSU) Veterinary Diagnostic Laboratory.  Due to a 

large variation in vitamin E concentrations using this method 

in a previous study, measurements were performed in 

triplicate and the mean concentration used in the statistical 

analyses [15].  The analyzer was calibrated according to the 

manufacturer’s recommendations before each batch of 

samples.  Cholesterol concentrations were measured at the 

CSU Clinical Pathology Laboratory using a Hitachi 917 

chemistry analyzer4 according to the manufacturer’s 

guidelines.  Representative feed samples including hay, 

pelleted feed, trace mineral supplements were collected and 

analyzed for vitamin E concentration at a commercial 

laboratory5. 

Descriptive statistical analysis was performed using 

Microsoft Excel6.  Repeated measure ANOVA was performed 

using the PROC MIXED procedure in SAS7 to evaluate 

cholesterol and vitamin E concentrations for the different 

groups and time periods.  Animal was used as the repeated 

measures subject over time.  A P-value ≤ 0.05 was used to 

determine statistical differences. 

 
1. Ranch-way Feeds, Fort Collins, CO 
2. Becton Dickinson and Company, Inc. Sandy, UT 

3. Waters 474 Scanning Fluorescence Detector, Waters Corporation, Milford, 

MA  

4. Hitachi High Technologies America, Corporation. Wallingford, CT  

5. Weld Laboratories, Inc., Greeley, CO 

6. Microsoft, Redmond, WA 
7. SAS Inst. Inc., Cary, NC 

 

III. RESULTS 

A total of 6 samples per adult male and 12 samples 

per female and cria were obtained over a period of 10 months 

due to the variation in parturition dates for the females. 

Throughout the 10-month sample period, no morbidity or 

mortality was observed in the animals included in the study. 

All crias were born without assistance and were observed to 

nurse within 2 hours of life.  A mild amount of gross 

hemolysis of samples occurred at blood collection, which was 

not expected to affected outcome determination. 

 Mean vitamin E concentrations varied between the 3 

groups of alpacas and over time (Figure 1).  No differences 

were observed for the vitamin E concentrations amid the 

female group (P = 0.27), however differences were observed 

within cria (P = 0.03) and male (P < 0.001) groups over time. 

Vitamin E concentrations of crias were found to be similar to 

the dams throughout the study.  The majority of vitamin E 

concentrations were less than the CSU Veterinary Diagnostic 

Laboratory’s lower reference interval of 150 µg/dL for 

camelids. 

 

 

FIGURE I.  MEAN VITAMIN E CONCENTRATIONS (µG/DL) OVER TIME IN WEEKS 

FOR MALES (N = 6), FEMALES (N = 6), AND CRIAS (N= 6). TIME 0 AND 24 

WEEKS DENOTES PARTURITION AND WEANING, RESPECTIVELY.  THE 95% 

CONFIDENCE INTERVAL BARS ARE DISPLAYED FOR MEAN VITAMIN E 

CONCENTRATION. THE SOLID LINE AT 150 µG/DL IS THE LOW-END REFERENCE 

INTERVAL FOR SERUM VITAMIN E CONCENTRATIONS REPORTED BY THE CSU 

DIAGNOSTIC LABORATORY 

 

FIGURE 2.  MEAN SERUM CHOLESTEROL CONCENTRATIONS (µG/DL) OVER 

TIME IN WEEKS FOR ADULT MALES (N= 6), FEMALES (N= 6), AND CRIAS (N= 6).  
TIME 0 AND 24 WEEKS DENOTES PARTURITION AND WEANING, RESPECTIVELY.  
THE 95% CONFIDENCE INTERVAL BARS ARE DISPLAYED FOR EACH MEAN 

CHOLESTEROL CONCENTRATION MEASUREMENT. 

 

 

Mean cholesterol concentrations varied over time for 

the 3 alpaca groups (Figure 2).  Mean cholesterol 

concentrations were different within the male and cria groups 

over time (P < 0.001) but not the female group.  Cholesterol 

concentrations were found to be different in the female group 

only between the first (2 weeks prepartum) and fifth 

(approximately 4 months in lactation) samples (P = 0.05). 

Calculated vitamin E to cholesterol ratios did not vary in the 

males and female groups.  Vitamin E to cholesterol ratios were 

found to be different amongst the cria group (P < 0.001). 

Table 1 displays the mean vitamin E concentrations of the 

feedstuffs fed to the entire alpaca herd used for this study. 
 

 



TABLE I.  VITAMIN E CONCENTRATIONS (MG/KG) ON A DRY WEIGHT 

BASIS OF FEEDSTUFFS FED TO THE ANIMALS IN THE STUDY.   

Representative Hay Sample Vitamin E (mg/kg) 

Grass hay 1 135.33 

Grass hay 2 175.33 

Pellets 735.29 

 

IV. DISCUSSION 

The objective of this study was to evaluate serum vitamin E 

and cholesterol concentrations under different metabolic 

conditions in adult and juvenile alpacas.  The serum vitamin E 

concentrations in the females did not vary throughout late 

gestation and lactation although there was a great deal of 

variation between individuals in the group.  There were 

differences observed in the vitamin E concentrations for the 

males but not as much variation between animals.  The 

physiological significance of the variations in the individual 

vitamin E concentrations within these two groups of adult 

animals is unknown at this time.  The variation in vitamin E 

concentrations of the males from 5-10 weeks may be related to 

a new hay source for the animals.  As observed in Table 1, the 

new hay samples (Hay-2) sample had a higher vitamin E 

concentration compared to Hay-1, which was fed at the time 

of initial sampling.  This occurred at approximately 10 weeks 

into the sample period.  Another source of variation in vitamin 

E concentrations due to feed may have occurred when the herd 

was evacuated for approximately 2 weeks due to a wildfire.  

This happened at week 2-4 for males and from 2 weeks 

prepartum to 2 weeks postpartum for females due to variation 

in parturition date.  At that time an alternate feed source was 

being used, yet a representative sample was not collected and 

assayed.  This time-feed source relationship cannot be 

evaluated in the females since their blood collection times 

were variable and were based on parturition time rather than a 

set schedule through the research project.  

Crias were found to have large vitamin E 

concentration fluctuations over time. This fluctuation may be 

due to the expected low serum vitamin E concentrations at 

birth, which then rapidly increase with milk consumption 

[10,11].  A decrease near weaning was likely due to 

transitioning to a hay-based diet.  This change in neonatal 

vitamin E status has been observed in calves and lambs [1,16]. 

The variation in vitamin E concentrations in the samples 

collected within 12 hours of life is expected to be due to 

partial absorption of vitamin E from the colostrum consumed 

before initial blood sample collection. 

The consistently low serum vitamin E concentrations 

for all groups were surprising.  As the hay vitamin E 

concentrations were low, it was not unexpected to see low 

serum concentrations in the males as they were fed a grass hay 

diet with no other form of supplementation.  However, the 

female alpacas and crias were fed primarily a grass hay diet ad 

libitum with pellet supplementation daily that was formulated 

with additional vitamin E.  Approximately 2 months prior to 

the start of this research, the adult animals received a 

subcutaneous injection (5 mL/animal) of a commercially 

available vitamin A, D, and E supplement (containing 50 mg 

of vitamin E per mL) at shearing.  No animals included in this 

study received additional supplementation of vitamin E during 

the sample period.  

Vitamin E concentrations were measured in triplicate 

using high-pressure liquid chromatography due to the wide 

variability previously seen when evaluating serum vitamin E 

concentrations [15].  High-pressure liquid chromatography 

detects vitamin E in the DL-alpha tocopherol form, which can 

be easily denatured during preparation and analysis leading to 

inconsistency between concentrations of the same serum 

sample [15].  In addition, a small volume of serum was 

submitted for each sample in order to perform this test in 

triplicate, resulting in possible unevenness within the sample 

vitamin E concentrations.  Other possible means of variability 

include the multistep process of preparing the sample for 

analysis as well as individual laboratory technician difference 

in sample preparation.   

Throughout this study the majority of the animals 

were found to be vitamin E deficient in accordance with the 

CSU Diagnostic Laboratory reference interval (150-600 

µg/dL).  No clinical signs associated with low serum vitamin 

E, or morbidity or mortality was observed in the alpacas 

during the study period.  As mentioned above, the low vitamin 

E concentrations were suspected to be due to the hay diet that 

was fed with no access to fresh forage.   Once forage is cut, 

dried, and packaged as hay, the vitamin E concentration 

rapidly decreases within days below nutritional requirements, 

and animals fed a hay diet therefore require additional 

supplementation [3,4,17].  It is unclear if subclinical diseases 

due to the low serum vitamin E concentrations in this herd are 

occurring but not being detected.  Alternatively, the normal 

reference intervals for vitamin E concentrations may need to 

be reevaluated in this species.   

 Serum cholesterol results were surprising when 

comparing the cria and the adult alpaca groups.  It is not 

unexpected that cholesterol concentrations were clinically 

stable over time for the adult male alpacas.  We expected to 

see a larger variation in serum cholesterol in the adult females 

as they transitioned into lactation.  Based on lactating dairy 

cows, we expected to see an increase in metabolic demand 

leading to fat mobilization.  A mild change in cholesterol 

occurred but due to the small sample size we are unable to 

determine if this is physiologically significant.  This change in 

cholesterol concentration is observed in cattle and other 

camelid species [5,18].  Values then return to normal as 

lactation begins to decrease near weaning.  

After week 4 of age, crias were observed to have an 

increase in mean serum cholesterol concentration that 

remained significantly elevated compared to the female and 

male serum cholesterol concentrations.  Previous studies in 

llamas and alpacas have revealed an increase in milk fat 

composition occurring at 4 weeks of lactation and continuing 

through week 27 [18,19].  This was found to vary from that 

observed in lactating old-world camelids and ruminants where 



milk fat composition did not vary with stage of lactation [20]. 

A recent study found that alpacas are most similar to llamas in 

their milk composition through lactation; this variability in the 

crias may be explained by milk fat composition [21].  The 

milk composition would then also explain the subsequent 

decline of the crias serum cholesterol concentration as 

weaning occurred.     

In dairy cattle fluctuations in vitamin E 

concentrations are measured with cholesterol concentrations, 

since cholesterol fluctuates during the periparturient period 

[5,22].  The findings in this study conclude that vitamin E to 

cholesterol ratios are not needed to further evaluate vitamin E 

status in adult alpacas, as cholesterol was relatively consistent 

over time and through lactation.  Due to the large increase in 

serum cholesterol concentrations observed in the crias the 

resulting serum vitamin E to cholesterol ratio is quite small, 

however the clinical significance of this is unknown.  Due to 

the sample size of this study, we are unable to determine if a 

vitamin E to cholesterol ratio is more appropriate for use when 

evaluating vitamin E concentrations in nursing crias. 

Additionally there are no guidelines or reference intervals for 

this ratio in camelids to aid in further analyses.  Follow up 

research should include a larger sample size and animals that 

are kept on fresh forage in addition to those on only a hay-

based diet.   

In conclusion, cholesterol was found to fluctuate 

considerably in crias over time.  However, the physiologic 

significance of this finding is unknown.  Additional studies are 

needed to determine if vitamin E to cholesterol ratio is more 

adequate to fully evaluate vitamin E status of nursing crias 

under 6 months of age.  In addition, the majority of the 

animals enrolled in the study appeared to have vitamin E 

concentrations considered deficient based on our diagnostic 

laboratory reference intervals.  We did not see clinical 

manifestations of the deficiency in this herd, yet there may be 

subclinical conditions that are not being recognized or the time 

period and sample size did not permit us to identify clinical 

conditions associated with vitamin E deficiency.  Additional 

studies are needed to further identify if the reference intervals 

are correct or if alpacas fed a strictly hay-based diet need 

additional supplementation.    
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