
ABSTRACT 

NUTRIENT COMPOSITION OF ALPACA (VICUGNA PACOS) 
MILK 

Alpacas continue to grow in popularity within the United States, 

yet to date little research has been done in the U.S. on their nutritional 

physiology as pseudoruminants.  For instance there are a number of 

commercial alpaca milk replacers that claim to suit the needs of growing 

alpaca crias yet only one study in North America has examined South 

American Camelid milk.  This study is aimed at determining the nutrient 

composition of alpaca milk by sampling the milk of fourteen alpaca 

hucaya dams weekly for the first 12 wk of lactation.  The relationship 

between the constituents as well as what trends they follow over time will 

be examined.  With this data available it will be possible to create a new 

or improved replacer for orphaned or poor-doing crias. 
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INTRODUCTION 

Interest in raising alpacas continues to grow in popularity in the 

United States.  Long prized for their soft, fine fleece, these South 

American Camelids now number around 150,000 in the United States.  

Their numerical growth has been exponential since importation started 

in 1984.  Commercial breeders continue to select for fleece quality, the 

industry’s main product.  As the number of alpacas increase, so do the 

chances of agalactic dams or dams that die soon after giving birth, 

leaving an orphaned cria.  The need for milk supplementation is 

therefore likely to grow and yet there has been little research conducted 

in the United States on the nutrient composition of alpaca milk.   

While there have been a few studies on the composition of alpaca 

milk in South America, the management of the animals and the breeding 

programs differ so greatly it is possible they are not applicable to North 

American animals.  Studies on llama milk have been more intense, but 

while they are closely related and can even breed with alpacas, they are 

not the same species of animal.   

While there are several commercial alpaca and multi-species milk 

replacers which claim to be suitable for feeding alpaca crias, it is 

unknown how closely they match the nutrient composition of the milk 

from alpacas.  The objective of this study was to follow 14 lactating 

alpaca dams through the first 12 wk of lactation to determine the 

nutrient composition of alpaca milk and changes in nutrient composition 

over time.  With this information it is likely we can improve upon existing 
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replacer or create a new replacer that more closely resembles alpaca milk 

and meets the demands of a growing cria. 

 

 

 

 

 

 

 

 

 

 

 
 

 



   

REVIEW OF LITERATURE 

Alpacas Outside of South America 

Outside of South America the largest population of alpacas is 

found in Australia and the United States.  Both started importation of 

alpacas in the mid 1980s and now boast numbers over 100,000 

registered animals in Australia (Australian Alpaca Association) and 

150,000 in the United States (Alpaca Registry Inc.).  Producers in both 

countries raise the animals for their fleece, and alpacas are primarily 

considered livestock.  Australians eat the meat of alpacas while 

Americans have yet to do so in significant amounts.  Producers are 

actively breeding alpacas and the number of animals is increasing, yet 

there continues to be a dearth of scientific research on the nutritional 

physiology of alpacas specifically and South American Camelids in 

general. 

Taxonomy and Natural History 

Alpacas were first recognized as a species by Linneaus in 1758 as 

Lama pacos.  The classification of alpacas was for the most part set 

within the Order Aritodactyla, Suborder Tylopoda and the Family 

Camelidae.  Camelidae is composed of both Bactrian and Dromedary 

camels as well as the group informally known as South American 

Camelids: the domesticated alpaca and llama as well as the wild vicugna 

and guanaco.  All South American Camelids have a karyotype of 2n=74 

and can therefore interbreed to produce fertile offspring.  Alpacas are 

further separated into two separate breeds based on fleece 
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characteristics: the Huacaya and the Suri.  The Huacaya fleece is crimpy 

while Suri fleece is twisted upon itself in dense dreadlocks.   

There has been a long running scientific dispute over the lineage of 

alpacas.  Darwin believed alpacas were the descendents of vicugnas 

while many others argued for guanaco ancestry.  The debate appears to 

be settled with the help of DNA technology analyzing not only 

mitochondrial DNA (mtDNA) but also specific loci at microsatellites.  In 

the analysis of 211 South American Camelids 80% were found to have 

guanaco mtDNA; however, microsatellites indicated alpacas possessed 

more vicugna alleles.  Based on this evidence, Kadwell et al. (2001) 

declared that the scientific name of alpacas be changed to Vicugna pacos.  

The relation implies that alpacas have the genetic potential to produce 

very fine fleece as the vicugna is known for having the finest fleece of any 

of the South American Camelids. 

Further evidence of their potential for fine fleece comes from the 

historical records for alpacas.  Domestication of the llama and alpaca 

occurred between 6,000-7,000 years ago in the Andes.  This is evidenced 

by the large number of neonatal bones associated with domestication 

rather than hunting (Wheeler, 1995).  Alpacas and even llamas were 

raised for their fine fleece.  When 26 domestic alpaca and llama 

mummies were found in El Yaral (from 950-1350 AD) their fleece was 

found to have not only a finer fiber diameter (17.9 µm for one group) but 

also a more uniform quality and coloration than present day alpacas.  

Moreover, the fiber was longer than what would be expected for animals 

in those age categories (Wheeler et al., 1995).  The conquest of Cuzco, 

Peru in 1532 led to the decimation of both the people and their animals.  
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The animals that survived did so by escaping to the mountains.  The 

slaughter created an undesirable genetic bottleneck while the feral 

animals likely cross-bred with llamas lacking quality fleece.    

Modern day alpacas in South America number around 3 million in 

Peru and a half a million in the rest of South America and their fiber is 

far inferior to their ancestors with up to 40% hair found in their coat.  A 

co-operative program run by the Peruvian government in the 1980s 

concentrated herds in the tens of thousands, but by the early 1990s 75% 

of the South American alpacas were owned by traditional herders 

(Wheeler, 1995). 

Digestive Anatomy and Physiology 

South American Camelids are known as pseudoruminants because 

they evolved to have a rumen-like organ known as Compartment-1 (C-1).  

In a gross anatomy study of llama and guanaco gastrointestinal tracts it 

was found that the C-1 comprised approximately 83% of the total 

stomach volume (Vallenas et al., 1971).  This compartment could be 

differentiated into caudal and cranial sections whose ventral sides have 

recessed saccules with a mucosal lining.  These saccules increase the 

surface area of the C-1 in a fashion similar to the papillae in ruminants’ 

rumen.  The South American Camelid C-1 undergoes contractions 

similar to that of a true ruminant however there are some distinct 

differences.  The contractions are labeled A and B rather than α and β 

because of these distinctive differences.  They are more frequent which 

produces a more uniform mixture and may be responsible for more 
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efficient digestion and less bloat compared with ruminants (Van Saun in 

Hoffman, 2006).   

The microbes responsible for the production of volatile fatty acids 

(VFAs) in the C-1 are similar to those found in ruminants (Navarre et al., 

1999) and the VFAs produced are in similar proportions as well (Vallenas 

and Stevens, 1971).  VFAs are produced by microbes through metabolic 

processes including glycolysis and fermentation.  Microbes utilize both 

carbohydrate and amino acid components of feeds to extract energy for 

themselves and in the process produce VFAs which alpacas can utilize 

for energy and the synthesis of glucose and lipids.  While fibrous 

components of feed cannot be digested directly by the alpaca because it 

does not have the proper enzymes to degrade the 1-4 β-bonds between 

glucose molecules, the animal can utilize the VFAs microbes ferment 

from the fibrous feed.   

Microbial fermentative end-products include methane (CH4), lactic 

acid, minor VFAs, and the major VFAs: acetate, propionate, and 

butyrate.  Lactic acid does not accumulate under normal situations and 

is rapidly converted to propionate.  Once a VFA has diffused through the 

microbe cell membrane it is in the C-1 compartment where it can be 

absorbed through the wall of the C-1 into the bloodstream and 

transported to the liver of the alpaca where it can be metabolized. 

Cria Growth and Development 

Alpaca crias (young) are born after a gestation of approximately 

345 d; however, the parturition date is generally earlier in fall and later 

in spring.  The birth weight of the cria was correlated with the age of the 
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dam in a South American study that followed 424 births (Bravo et al., 

2009).  There was an increase in birth weight with the age of the dam 

until the dam was over 9 years old.  After 9 years of age there was a 

decline in birth weight of the cria (Bravo et al., 2009).  Guanaco dams 

were not found to invest more in a cria of a particular sex over the first 

year of life.  Chulengos (guanaco young between birth and one year of 

age) showed the same rate of growth whether they were male or female in 

a study that followed hundreds of guanacos over several years (Sarno 

and Franklin, 1999).   

In a study following 38 Chilean alpaca crias the average rate of 

gain for crias in the first 3 mo of life was 195 g per day +/- 5.0 SEM (.429 

lbs).  The average birth weight of these crias was 8.3 kg +/- 0.36 SEM 

(18.3 lbs) (Burton et al., 2003).  This is higher than the expected average 

daily gain as estimated by Van Saun (2006) which is 30-180 g/day.  

Raggi (1997) tracked growth from birth to 6 mo for 101 alpaca crias in 

four different regions of Chile and reported a doubling of body weight in 

the first month in three of the four regions:  the Andean high plateau, 

coastal dryland, and semiarid interior valley.  Moreover, the fastest rate 

of gain in all animals was observed in the first month of life.  Therefore 

the first month of life is one where proper nutrition is critical for proper 

growth and development. 

The nutrient requirements for alpaca young were determined 

exclusively through extrapolation from work with other species.  Water 

requirements are higher in cria since they are composed of a greater 

percentage of water than adults.  A general rule of thumb for water 

intake was given by Van Saun (2006) is 8% of the body weight per day.  
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Energy requirements have been extrapolated from work on beef cattle, 

goats, and sheep (Van Saun, 2006, 2009).  Required energy is related to 

the rate of gain, with an animal requiring 7.25 kcal/g of body weight 

gain.  Van Saun (2006, 2009) utilized the same body weight chart for 

growing young and for adults therefore maintenance ME (kcal/day) was 

calculated as 72.85 kcal/kg BW.75.   

Riek (2008) compiled data for multiple species and found that 

during peak lactation the metabolic growth weight for the young was 

actually higher than first calculated at BW.82.  Finally, protein 

requirements are calculated for both growth and maintenance.  Growth 

requires 0.284 g CP/g of gain and maintenance 3.5 g CP/kg of BW.75. 

Evolution of Milk 

All mammalian young are dependent upon their mother’s milk at 

the beginning of life.  It is hypothesized that the evolution of milk came 

about when the ancestors of today’s mammals (synapsids) kept thin-

shelled eggs close to their body in a pouch and moist through the bodily 

secretions of the dam (Oftedal, 2002).  Of course with any moisture and 

warmth combination there is the threat of bacteria.  Those synapsids 

that secreted lysozymes, to attack bacteria, had an evolutionary 

advantage (Blackburn et al., 1989).   

Strikingly similar to lysozymes in structure are α-lactalbumins 

which are necessary to produce lactose.  Once there was a shift to 

providing nutrients through secretion; milk in its true form developed 

(Oftedal, 2002).  The evolutionary advantage to the mother was 

tremendous as she now had control over her reproductive investment.  
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She could take advantage of environments that her young could not and 

utilize body stores from good times to feed her young in poor times.  

Moreover, this nutrient dense resource allowed for more rapid growth 

and thus early reproductive maturity of the young (Blackburn et al., 

1989). 

Milk Composition and Synthesis 

The nutrient composition of milk across species is variable and 

likely reflects the varying needs of young from different species (Akers, 

2002).  Lipids are the most energy dense and the most diet dependent 

nutrient of the lipids, protein, and carbohydrates.  Milk fat concentration 

across species ranged, from approximately 2-50% (Fox and McSweeney, 

1998).  Proteins can be subdivided into two main categories: casein and 

whey proteins.  They are found in concentrations anywhere from 1-20% 

(Fox and McSweeney, 1998).  Lactose is known as the primary 

carbohydrate in milk of most mammals and can been found in 

concentrations anywhere from 0 to approximately 10% across species 

(Fox and McSweeney, 1998).  This variability is evident in Table 1, where 

milk components from different species were reported. 

Milk urea nitrogen (MUN) is a measure of the non-protein nitrogen 

urea used in commercial dairies to determine protein efficiency; however, 

no data on alpaca MUN is currently available.   

Milk Fat 

Lipids are often the primary energy source for neonatal mammals.  

Fatty acids in milk are either from the diet, from body stores or are 
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Table 1.  

Milk constituents from different species. Adapted from (Oftedal, 1984; 
Riek, 2006) 

 

Species N % Fat % Protein % Lactose % DM   
Human  
(Homo sapien) 1160+ 4.1 0.8 6.8 12.4 

(Jenness 
1979) 

Cow  
(Bos taurus) 2000 + 3.7 3.2 4.6 12.4 

(Macy et al. 
1953) 

Goat  
(Capra hircus) 120? 3.8 2.9 4.7 12 

(Rønningen 
1965) 

Sheep  
(Ovis aries) 20 7.3 4.1 5 18.2 

(Oftedal 
1981)  

Horse  
(Equus 
caballus) 25 1.3 1.9 6.9 10.5 

(Oftedal et 
al.1983) 

Bactrian camel  
(Camelus 
bactrianus) 30 4.3 4.3   15.2 

(Oftedal 
unpublished) 

              
Llama  
(Llama glama)  
Germany 260 4.7 4.23 5.93 15.61 

(Riek and 
Gerken 
2006) 

Llama  
(Llama glama)  
US 83 2.7 3.4 6.5 13.1 

(Morin et al. 
1995) 

Vicugna  
(Vicugna 
vicugna) 15 4.58 3.7 7.43   

(Fernandez 
et al. 1997) 

Alpaca  
(Vicugna pacos)  
SA ? 4.4 5.67     

(Jimenez et 
al. 1987) 

Alpaca  
(Vicugna pacos)  
Chile AHP 24 3.8 6.9 4.4 16.8 

(Parraguez et 
al. 2003) 

Alpaca  
(Vicugna pacos)  
Chile Patagonia 18 2.6 6.5 5.2 18.8 

(Parraguez et 
al. 2003) 
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synthesized de novo in the mammary tissue.  Dietary fatty acids have a 

tendency to be long chain fatty acids and short chain fatty acids are 

synthesized in ruminants from acetic and butyric acid.   

The initiation of fatty acid synthesis starts with the activation of an 

Acetyl-CoA to a Malonyl-CoA utilizing an adenosine triphosphate (ATP) 

and the addition of an Acyl Carrier Proteion (ACP).  Once this step has 

been completed the fatty acid chain is lengthened two carbons at a time 

by the Fatty Acid Synthetase through condensation, reduction, 

dehydration and a final reduction.  The Nicotinamide Adenine 

Dinucleotide Phosphate (NADPH) needed for reduction is provided via the 

pentose phosphate pathway.  This is an effective method to build fatty 

acids up to a chain length of 14 carbons while a fatty acid started with 

butyric acid can make a fatty acid up to palmitate (C16).   

Anything beyond a 16 carbon chain length must be elongated by 

enzymes associated with the Endoplasmic Reticulum (ER) and is similar 

to the process to produce fatty acids with shorter chain lengths, however, 

it takes multiple enzymes to complete each step. 

While thioesterase II is associated with the creation of medium 

chain fatty acids in nonruminants this is not the case in ruminant 

animals.  Rather it is the Fatty Acid Synthetase itself which has an 

enzyme that can determine if it will be a medium chain fatty acid 

(Grunnet and Knudsen, 1979).  Because alpacas are not true ruminants 

it is not known if they would have thioesterase II or Fatty Acid 

Synthetase. 

Short chain fatty acids (<6 carbons) are more easily absorbed into 

the bloodstream while some medium and all long chain fatty acids go 
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through the lymph system before entering the blood stream (Blackburn 

et al., 1989).   

Ruminants in particular are known for quantities of butyric acid 

(C4), hexanoic (C6), ocatonic (C8) and decanoic (C10) (Table 2).  In 

regards to long chain fatty acids hexadecadonic is intriguing because in 

ruminants half of it comes from the diet and the other half from Acetyl-

CoA (Thompson et al., 2008). 

The fatty acid profile of one alpaca milk sample was studied and it 

was found to lack any short and most medium chain fatty acids (Glass 

and Jenness, 1971).  As alpacas are pseudoruminants that uptake VFAs 

from their C-1, it is rather surprising that they do not have short and 

medium chain fatty acids.  The alpaca milk fatty acid profile is compared 

with that of other species in Table 2.  There is definite variability in the 

profile of fatty acids from species to species. 

Milk Proteins 

Proteins provide amino acids which are essential building blocks 

for an animal to synthesize biological protein for physiological functions 

and for potential use as an energy source.  Protein synthesis in the 

mammary tissue is similar to that in other tissues.  Deoxyribonucleic 

acid (DNA) in the nucleus provides the template for the messenger 

ribonucleic acid (mRNA) through a process known as transcription.   

Once mRNA is transcribed the non-coding regions of the mRNA 

must be cleaved and removed to produce the mature mRNA. Messenger 

ribonucleic acid then migrates to the cytoplasm.  The codons on the 

mRNA are matched with anti-codons on transfer RNA (tRNA) which have 
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Table 2.  Fatty acid profile of various species.  Adapted from (Dils, 1986; Glass and Jenness, 1971)

Species  
C4 
(%) 

C6 
(%) 

C8 
(%) 

C10 
(%) 

C12 
(%) 

C14 
(%) 

C16 
(%) 

C16:1 
(%) 

C18 
(%) 

C18:1 
(%) 

C18:2 
(%) 

C18:3 
(%) 

C>18:3 
(%) 

Other 
(%) 

Seal - - - - - 5 23 21 2 35 1 1 13  - 

Guinea 
pig - - - - - 2 36 2 4 30 22 3 - - 

Man - - - 2 4 6 21 6 5 42 12 1 - - 

Mouse - - - 6 9 13 33 5 2 29 9 - - - 

Monkey - 7 9 8 2 2 20 1 5 27 18 - - - 

Rat - 4 4 14 12 15 30 2 2 13 18 - - - 

Elephant - 13 67 15 1 2 - - 2 - - - - 

Rabbit - 1 45 23 1 1 9 1 3 8 9 1 - - 

Goat 9 6 5 11 4 10 21 2 12 21 2 - - - 

Cow 12 4 2 4 4 10 24 2 12 24 2 1 - - 

Sheep 13 6 4 12 6 11 21 3 9 15 2 1 - - 

Alpaca  -  - 0.2 0.3 0.3 5.8 24 15.6 7.7 35.8 6.2  - -  4 
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specific amino acids attached to each particular tRNA.  Peptide bonds are 

formed between amino acids forming a growing peptide chain.  Peptides 

must be properly cleaved and folded before they are transformed into 

mature proteins.  Proteins that will be transported out of the cell (such 

as milk proteins) are synthesized in the rough endoplasmic reticulum 

and packaged in the Golgi apparatus. 

The primary protein in milk is casein, which is a group of proteins.  

Caseins in particular are rich in proline and glutamic acid.  Caseins are 

fairly hydrophobic and thus form micelles.  Micelles of casein can be 

large and some of the largest were found in alpaca milk (300-500nm) 

(Thompson et al., 2008).  Kappa-casein is the protein in the casein 

micelles that is degraded by chymosin in true ruminants leading to milk 

coagulation and decreased rate of passage (Akers, 2002).   

Whey proteins consist of α-lactalbumin, β-lactoglobulins, 

lactoferrin and other serum proteins.  While α-lactalbumin is important 

in lactose synthesis, the role of β-lactoglobulins is not known.  

Lactoferrin has a high affinity for the ferric ion and both the degraded 

lactoferrin and the ferric ion help to destroy bacteria in the intestinal 

tract. 

Lactose 

Lactose is a disaccharide composed of a galactose and glucose 

polymer.  Glucose enters the mammary cell with a glucose transporter-1 

(GLUT-1) transporter.  There it must be tagged with a phosphate (forming 

glucose-6-phosphate), a reaction that retains the molecule inside the cell.  

For anabolism to occur, glucose must then be converted to glucose-1-
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phosphate.  The biosynthesis of lactose starts with a glucose precursor 

combining with uridine triphosphate (UTP) to form uridine diphosphate 

(UDP)-glucose.  This is then transformed into UDP-galactose which can 

combine with a free glucose, releasing the UDP and leaving a lactose 

molecule.  Lactose synthase, necessary to bring the UDP-galactose and 

glucose together, is composed of α-lactalbumin and galactosyl 

transferase. 

The synthesis of lactose is dependent upon the presence of 

glucose.  Ruminants do not have high circulating levels of glucose in 

their blood as they are largely dependent upon volatile fatty acids to 

provide an energy source.  When duodenal infusions of glucose were 

introduced in the dairy cow, milk yield correspondingly increased as 

lactose synthesis increased and an osmotic gradient to pull in more 

water.  However, too much glucose decreased milk yield potentially due 

to a lack of glucose 1-phosphate synthesis caused by a depression of 

phosphoglucomutase (Rigout et al., 2002).   

Intriguingly alpacas and llamas have blood glucose levels higher 

than even non-ruminant animals (Van Saun, 2009).  The impact on the 

lactose composition of the milk is not known.   

There is an inverse relationship between the quantity of salts and 

the quantity of lactose found in milk as they both help maintain osmotic 

balance between milk and blood.  Over the course of a lactation cycle the 

cell membranes in the mammary tissue start to degrade and as osmotic 

pressure increases the lactose concentration decreases (Thompson et al., 

2008).  It has also been reported that milk with more lactose tends to 

have less lipids (Jenness and Sloan, 1970). 
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Milk Urea Nitrogen 

Urea is a molecule which is used by mammals to concentrate and 

excrete excess nitrogen.  Urea can also be used to recycle nitrogen to the 

rumen in ruminants and the C-1 in pseudoruminants.  Recycled 

nitrogen provides microbes with a nitrogen source they can use to create 

new amino acids.  Thus while strictly a waste product in most mammals, 

in ruminants and pseudoruminants the role of urea is more complicated. 

The chemical formula of urea is (NH2)2CO.  Blood Urea Nitrogen 

(BUN) with Creatinine is used as a measure of kidney function in 

mammals.  Dairy producers utilize the measurement of milk urea 

nitrogen (MUN) as an indicator of the efficiency of dietary protein 

utilization.  Excess nitrogen (from protein) may negatively affect 

reproduction, increase energy requirements, negatively affect the 

environment, and dietary proteins are the most costly feed ingredient 

(Broderick and Clayton, 1997).   

The animal does not store excess protein.  To dispose of excess 

amino acids the animal must first remove the amine group from each 

amino acid to leave a carbon skeleton that may be used for energy.  It 

takes energy to remove the amine and the free nitrogen is potentially 

toxic to the animal unless excreted.  The carbon skeleton may enter the 

gluconeogenic pathway and eventually be stored as glycogen.  The amine 

group is combined with other amine groups to create a molecule of urea.  

Urea is soluble in the blood, and urea equilibrates with the water in milk 

quickly. 

Blood urea levels in South American Camelids in the United States 

are notoriously high and hypotheses as to why this is include lower rates 
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of urea turnover, greater urease activity, inherently high protein 

turnover, and/or they are being overfed protein (Van Saun, 2006).  

Crias and Milk 

Young crias are born without a mature functioning C-1 and must 

rely upon their mother’s milk for nutrients until the C-1 matures.  In a 

fashion similar to true ruminants, when the young suckle, the milk by-

passes the first compartment and passes to the gastric compartment.  In 

pseudoruminants the milk is delivered to the junction between the 

second and third compartment.  This is achieved through a single lip 

esophageal groove (Vallenas et al., 1971).   

The role of casein in improved digestion in ruminants was 

determined when dairy calves fed replacers without this protein were fed 

and animals had limited growth (Otterby and Linn, 1981).  The clotting 

by kappa-casein is critical in the ruminant for efficient digestion and 

absorption of the available nutrients in milk.  While it is not known 

whether or not alpaca milk also clots it would not take a stretch of the 

imagination to believe this. 

Milk Replacer 

Milk is the saleable product for dairies so milk replacer is often 

used as an economical way to feed dairy calves.  Commercial dairy calf 

operations have been utilizing milk replacer since the 1950s and 

therefore a lot of what is known about milk replacer in animals comes 

from research in this area.   

Today, the traditional milk replacer regimen for dairy calves is 10% 

of BW in milk replacer until they are eating up to 0.7 kg of grain a day 
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(Eastridge, 2006).  Fifteen years ago it was shown that almost half of all 

dairies fed milk replacer (Heinrichs et al., 1995). 

Milk replacer is used in a wide variety of species; however, it has 

not always met the needs of animals.  In a study of goat kids raised on 

either cow milk replacer, goat milk replacer, or goat’s milk, kids on either 

replacer took longer to reach slaughter weight in comparison to those on 

whole goats milk (Perez et al., 2001).  In another study (Jacobsen et al., 

2004) it was found two commercial kitten replacers were low in protein 

and specifically fat.  This is critical because there are likely lower rates of 

growth associated with lower fat and protein content.  Additionally, the 

formulas were found to be deficient in the essential arachidonic fatty acid 

which could also affect growth rates (Jacobsen et al., 2004).   

South American Camelid Milk 

Studies of South American Camelid milk are sparse.  The sole 

study in North America was a survey of the milk from 83 lactating llama 

dams in four different states.  Calcium (1701 ppm mean) and 

phosphorous (1215 ppm mean) were high while milk fat was low (2.7 %) 

enough for the author to suggest that llama milk may make a desirable 

alternative to cow’s milk if milking llamas was feasible (Morin et al., 

1995).  This study sampled dams only once and they were all in different 

stages of lactation.  Moreover, the states were limited to Kentucky, 

Illinois, Minnesota and Colorado and nothing about the diets from 

different farms were recorded.   

A more thorough study of the lactation curve and nutrient 

composition of llama milk was completed in Germany in 2006.  Ten 
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llama dams were followed for 6 mo on a weekly basis (see Table 1).  All 

the dams were on the same known diet (Riek and Gerken, 2006).   

A more recent study followed, comparing the composition of alpaca 

milk from two different regions in Chile.  In all 42 alpaca dams were 

included over 5 mo of lactation, however there were some serious 

problems with the study.  One problem was when Parraguez et al. (2003) 

composited samples from three dams at a time which were at similar 

stages of lactation and only sampled once a month.  This means there 

was an n= 8 at one location and an n= 6 at the other.  The protein values 

for both regions were much higher (AHP: 6.9%, Patagonia: 6.5%) than 

any seen in other studies on South American Camelids.   

Alpaca Milk Replacer 

Current recommendations for alpaca orphans found in a popular 

reference text (The Complete Alpaca Book) are to use lamb and kid milk 

replacer (Fowler, 1998) although in speaking to owners whole cows’ milk 

with yogurt is a fairly common recommendation as well.  There are 

currently several multi-species milk replacers that claim they are 

appropriate for alpaca crias, including MannaPro Nurse-All and GradeA 

Ultra 24.  In addition there are milk replacers labeled specifically for 

alpaca and/or llama crias including the Australian product Wombaroo 

Alpaca Milk Replacer.  Surprisingly, only one of the three products has 

casein or any whole milk product that would allow for clotting (Table 3). 

The dry matter percentages for the milk replacers Ultra 24 and 

NurseAll are deceiving as they list relatively high percentages of fat and 

protein but when converted to as-fed percentages based on feeding 
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instructions they are not as nutritionally valuable (Table 4).  Compared 

to previously published studies on South American Camelid milk (Table 

1, p. 10), Wombaroo is the only product that closely approximates alpaca 

milk.  As previous studies have also demonstrated high lactose content, 

it is unfortunate that nutrient is not listed (Table 4). 

Table 3.  

First five ingredients in three milk replacers    
Produc
t NurseAll Ultra 24 Wombaroo 

First  

 
Dried Whey Protein 

Concentrate 
Dried Whey Protein 

Concentrate Casein 

Second  Dried Whey Animal Fat Whey Proteins 

Third  Animal Fat Dried Whey Whole Milk Solids 

Fourth Dried Whey Product Dried Whey Product Lactose 

Fifth Coconut Oil Dried Skimmed Milk Vegetable Oils 

Table 4.  

Fat and protein percentages in three milk replacers 

  Wombaroo    Ultra 24    NurseAll  

Variable DM As-Fed DM As-Fed DM As-Fed 

Fat (%) 16.00 2.32 24.00 2.67 24.00 2.67 

Protein (%) 35.00 5.08 24.00 2.67 24.00 2.67 

 

 

 

 

 



   

OBJECTIVES 

The objectives of this study were to determine baseline nutrient 

composition of alpaca milk from alpacas raised in North America and 

changes in milk component concentration over the first 12 wk of 

lactation and to compare the findings to current alpaca milk replacers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

MATERIALS AND METHODS 

In this study a total of 14 huacaya alpaca dams (Table 5) were 

milked weekly through the first 12 wk of lactation from early October 

2009 through mid-May 2010 to determine the nutrient composition of 

the milk and changes over time.   

Table 5 

Characteristics of dams and crias in study 

Location Animal 
Age 
(yrs) 

Birth 
month 

Sex 
of 

Cria 
Gestatio
n (days) 

Cria Wt 
(lbs) at 
Birth 

Lactation 
no 

KayJay 9 Sept M 336  13.10  >3 

Diamond 2 Sept M 355  18.12  1 

Gale 3 Oct F 341  11  1 

Pandora 5 Oct F 359  21.4  >2 

Pohono 2 Oct M 327  15.8  1 

Kt-Lee 
Ranch 

Keepsak
e 15 Nov M 348  14.1 >6 

Desiree 7 Nov M 330  17.6  5 

Bebinn 6 Dec M 335  17.2  2 

Nissa 10 Jan M 336  18.4  >3 

Harmony 6 Jan M 350  16.4  2 

Malibu 4 Feb F 349  14.10  3 

Nikki 2 Feb M 342  17.4  1 

Quidish 
Fields Libre 7 Feb M 323  19.3  3 

Oona 4 Feb F 340  18.4  2 

Kt-Lee Ranch 

Twelve of the dams were from the location Kt-Lee Ranch in North 

Fork, California at an elevation of approximately 3,500 ft above sea level.  
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The number of animals on the ranch throughout the study ranged from 

105 to 140.  The site is primarily a dry lot with one pasture location, but 

the dams were never on pasture.  All of the dams gave birth between late 

September 2009 through mid-February 2010.  Three dams were followed 

for over 20 wk with the longest for 25 wk. 

Dams were fed twice daily in group feeders.  The primary feed was 

orchard grass hay fed at approximately 1.38 lbs of orchard grass hay per 

animal per day.  They were also fed approximately 8 oz of a pelleted 

vitamin and mineral concentrate on a daily basis.  The hay changed 

twice throughout the trial and samples from each batch were analyzed 

for nutrient content.  Occasionally, animals early in lactation would be 

supplemented with alfalfa hay.  Animals had constant access to clean 

water from a well.   

Quidish Fields Alpacas 

The remaining two animals in the study were from Quidish Fields 

Alpacas in Clovis, California at approximately 355 feet above sea level.  

Both births took place in mid-February 2010.  The number of alpacas on 

the ranch ranged from 16-19.  Animals did have access to limited 

pasture and were supplemented with orchard grass hay as well as 

multiple supplements.  The supplement, Dr. Pollard’s Lactation 

Stimulator, was used on all dams right before and during lactation.  

Fresh water was available through automatic waterers.   

Milking Procedure 

Animals were caught by two to three persons in catch pens smaller 

than the group pens they live in.  The animals needed for the study 
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(dams and crias) were then separated from the herd.  Dams were caught 

one at a time.  As one person stood at the head, another placed 4” pieces 

of duct tape across the teats of the dam, two in one direction and two at 

a 90-degree angle to the first two.  This was to prevent any nursing by 

the cria for 2 h without having to separate the animals and cause 

unnecessary stress to either cria or dam.   

Once all the animals were satisfactorily taped they were kept in the 

catch pen with access to food and water while milk accumulation 

occurred.  After two hours had passed the animals would be caught 

individually, the tape would be removed and the area on and around the 

teats would be cleaned, if necessary, with a moist cotton ball and a paper 

towel.  With one person at the head of the animal another wearing a 

nitrile glove on their milking hand would strip each of the four teats once 

before collecting into a cylindrical tube with a snap-on cap that could 

hold up to 50 mls of milk.  A milk sample of 15 mls was collected the cria 

was then allowed to nurse.    

It was occasionally necessary to either collect small amounts 

several times in 1 h or allow the cria to nurse for 1 min to further induce 

milk let-down, re-clean the teats and finish collecting the sample.   

The milk tubes were then placed in an ice chest and kept in a 

cooler with ice packs until they reached the Central Counties Dairy Herd 

Improvement Association (CCDHIA) in Atwater, California.  All milk 

samples were analyzed within 32 h of collection.  At CCDHIA the samples 

were placed in a warm water bath until they reached 41º C.  Analysis for 

fat, protein, lactose, solids non-fat, milk urea nitrogen was accomplished 

by using an infrared spectrometer either the Fossomatic 4000 and 
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Fossomatic 5000 or the FPTIR & Somatoscope.  The remainder of the 

sample was then frozen at 20º C. 

All collections at Kt-Lee Ranch took place between 0900 hr and 

1200 hr.  Sample collection at Quidish Fields took place between 1100 hr 

and 1500 hr.   

Gross energy was calculated with the formula GE (kJ/g) = 39.8 (fat 

%) + 23.9 (protein %) + 16.7 (lactose %) from Perrin (1958).  Water was 

calculated with the formula Water (%) = 100 % – (solids non-fat %) – (fat 

%). 

Fatty Acid Profile Collection and Analysis 

Samples were collected for fatty acid profile analysis in mid-March.  

Samples were collected on Monday and Tuesday of that week with the 

first set on Monday was pipetted (10 mls each) into conical tubes which 

hold approximately 13 mls and frozen.  In the second set on Tuesday 

approximately 20 mls were collected from eleven of the fourteen dams in 

order to correlate percentage of fat at DHIA with the fatty acid profile. 

The fatty acid profile of all eleven dams’ milk was obtained with gas 

chromatography at Dr. Ed DePeters’s laboratory at UC Davis.  In addition 

to the alpaca milk, three milk replacers were tested for their fatty acid 

profile as well. 

Before the fat in the milk could be analyzed it had to be extracted 

and methylated.  The milk fat extraction followed that of Erickson and 

Dunkley (1964) without the hot weighing of pans.  The samples were 

analyzed on the 100 meter Supelco 2560 capillary gas chromatographer 

using a split vent flow of 100 mls/minute, C4NEW ChromPerfect method 
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with the FBFSTD calibration file and the MILK.MXT 5890 gas 

chromatography method. 

Feed and Water Analysis 

Feed and water samples from both locations were analyzed at Rock 

River West Laboratory in Visalia, California utilizing wet chemistry 

methods.  Feed was analyzed for crude protein, available crude protein, 

acid detergent insoluble crude protein, acid detergent fiber, aNDF- 

neutral detergent fiber, minerals (calcium, phosphorous, magnesium, 

potassium, sulfur), fat (ether extract), and ash.  From these chemical 

data, total digestible nutrients, net energy lactation, net energy 

maintenance, net energy of gain, and relative feed value were calculated.   

Water was analyzed for electrical conductivity, total dissolved 

solids, and minerals (sulfate, total hardness: CaCO3, calcium, 

magnesium, copper, iron, zinc, aluminum, and manganese).  

Statistical Analysis 

Milk data from CCDHIA were analyzed utilizing SAS for descriptive 

statistics, Pearson correlations, and least means squares.



   

RESULTS 

Composition of Milk 

Milk from individual alpacas was analyzed for individual 

components over 12 wk and the results were compiled.  The descriptive 

statistics organized in Table 6 reports the mean, standard deviation, 

minimum, and maximum value for each individual constituent (n = 147).  

One week of one alpaca’s data was removed as most of the values were 

outliers.   

Table 6.  

Descriptive statistics of milk constituents from 14  
alpaca dams in the first 12 wk postpartum 

  Milk (n = 147)  
Item Mean SD (±) Min Max 
Fat (%) 3.41 1.15 1.35 7.03 
Protein (%) 4.46 0.60 3.3 6.58 
Lactose (%) 6.05 0.46 4.21 6.86 
SNF (%) 11.36 0.80 9.02 13.65 
MUN (mg/dl) 32.30 9.80 8.8 59.5 
GE (kJ/g) 3.43 0.51 2.2 4.91 
Fat:Protein 
Ratio 0.77 0.26 0.32 1.96 
Water (%) 85.23 1.46 81.54 89.39 

Least square means were graphed with individual error bars for 

each item measured to show changes over time.  Fat was highly variable 

with the lowest value in week 5 (2.91 ± 0.30 %) and the highest in week 

11 (4.09 ± 0.33 %).  Following an initial decline in fat there was a trend 

for increased fat percent as lactation advanced (Figure 1).   
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Figure 1. Fat (%) in alpaca milk (n = 147), least square means with 
standard error bars. 

Protein decreased the first 3 wk of lactation, from a high of 5.67 ± 

0.17 % following parturition to 4.26 ± 0.14 % followed by a slight decline 

for the remainder of the lactation (Figure 2).  Milk protein was lowest at 

wk 12 of lactation at 4.15 ± 0.15 %.   

Lactose had a fairly tight range with a general trend down from the 

high in the 1st wk of 6.19 ± 0.15 % to a low in the 11th wk of 5.78 ± 0.13 

% (Figure 3). 

Solids non-fat had a trend very similar to protein.  The highest 

value was in the 1st wk with 12.82 ± 0.23 % all the way down to 10.88 ± 

0.21 % in wk 12 (Figure 4). 

Milk Urea Nitrogen had a wide variation between and within dams.  

The general trend was up from the 1st wk value of 27.27 ± 3.38 mg/dl to 

the 10th wk value of 34.66 ± 1.72 mg/dl (Figure 5). 
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Figure 2. Protein (%) in alpaca milk (n = 147), least square means with 
standard error bars. 
 

 
Figure 3. Lactose (%) in alpaca milk (n = 147), least square means with 
standard error bars. 
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Figure 4. Solids non-fat (%) in alpaca milk (n = 147), least square means 
with standard error bars. 
 
 

 

 
Figure 5. Milk urea nitrogen (mg/dl) in alpaca milk (n = 147), least 
square means with standard error bars. 
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Gross energy was fairly consistent throughout as protein and 

lactose decreased in concentration while fat increased.  The lowest value 

was 3.18 ± 0.13 kJ/g in wk 5 and the highest was 3.82 ± 0.17 kJ/g in 

wk 1 (Figure 6).   

The fat : protein ratio steadily increased throughout the 12th wk 

from a low of 0.60 ± 0.07 in wk 2 to a high of 0.96 ± 0.07 in wk 11 

(Figure 7). 

Water peaked at wk 5 86.03 ± 0.39 after starting at a low of 83.63 

± 0.47 in the 1st wk (Figure 8).  After the 5th wk the values trended down 

similar to lactose. 

The three components which make up the gross energy are all 

graphed together in Figure 9 in order to visualize the relationship 

between fat, lactose, and protein. 

There is a positive and significant (p = 0.0002) relationship 

between fat and protein depicted in Table 7.  Protein and fat both have a 

negative and significant (p < 0.0001) relationship with water.  Water and 

lactose do not have a significant (NS) relationship. 

Fatty Acid Profile Analysis 

Eleven of the 14 alpaca dams were sampled for milk fatty acid 

profile and results are reported in Table 8.  Short and medium chain 

fatty acids under a carbon length of 14 all combined were found to 

average less than 2.5% of the total fatty acid profile.  The most prevalent 

fatty acids was C16:0 with a low of 25.06%, a high of 44.69% and an 

average of 35.04 ± 5.81%.  There appeared to be a correlation between 

stage of lactation and the percentage of fatty acids.  The high value for  
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Figure 6. Gross energy (kJ/g) in alpaca milk (n = 147), least square 
means with standard error bars. 

 

 
Figure 7. Fat : protein ratio in alpaca milk (n = 147), least square means 
with standard error bars. 
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Figure 8. Water (%) in alpaca milk (n = 147), least square means with 
standard error bars. 

 

 
Figure 9. Fat, lactose, and protein in alpaca milk (n = 147), least square 
means. 
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Table 7.  

Pearson correlation of protein, fat, lactose, and water in  
alpaca milk 

Nutrient Protein Fat 
Lactos

e Water 

Protein 1.00 0.31 0.04 -0.67 

NS p = 0.0002 NS p < 0.0001 

Fat 0.31 1.00 -0.27 -0.84 

p = 0.0002 NS NS p < 0.0001 

Lactose 0.04 -0.27 1.00 0.07 

NS NS NS NS 

Water -0.67 -0.84 0.07 1.00 

p < 0.0001 p < 0.0001 NS NS 

C16:0 was from the dam nearly 6 months into lactation while the low 

value was from the dam only 1 ½ months into lactation.  There was 

almost an 8% average of unknown fatty acids found in the milk. 

Three milk replacers were analyzed for fatty acid profile and the 

results are reported in Table 8.  Wombaroo milk replacer had even, short 

and medium chain fatty acids (C4: 1.68%, C6: 1.50%, C8: 0.96%, C10: 

2.16%, C12: 2.83%).  The average for the long chain fatty acid C16, 

prevalent in alpaca milk was also the most prevalent in the milk 

replacers Wombaroo (26.38%), NurseAll (23.10%) and Ultra 24 (23.41%) 

on average across the milk replacers.  

The milk replacers also had a larger amount of C18:1 cis 9 & 10 

with 21.64% (Wombaroo), 30.95% (NurseAll), and 31.04% (Ultra 24) 

compared to the 15.47 ± 4.29 % mean found in alpaca milk.  While two 

of the three milk replacers had large quantities of C18:2 (12.06%, 
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NurseAll; 12.79%, Ultra 24) while alpaca milk had larger quantities of 

C18 (mean 12.41 ± 2.00 %).   
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Table 8. Fatty acid profile of 11 alpaca dams (n = 11) all at various stages of lactation

Sample C14 (%) C16 (%) 
C16:1 
cis (%) C18 (%) 

C18:1 
trans 11 

(%) 

C18:1 
cis9&10 

(%) 
 C18:2 

(%) 
C18:3 

(%) 
unknown 

(%) 
FA <2% 
(%) 

Oona 6.68 28.58 6.18 16.71 3.78 18.13 2.06 2.02 6.82 9.03 

Libre 5.55 25.06 9.42 12.61 2.83 22.71 2.24 1.78 8.23 9.56 

Desiree 6.44 36.63 8.40 12.27 1.89 14.74 1.19 1.38 8.38 8.67 

Nikki 8.24 34.27 12.17 8.40 1.37 15.02 1.37 1.56 6.96 10.64 

Bebinn 6.42 28.66 6.13 12.22 2.64 22.07 1.85 1.64 8.86 9.51 

Nissa 7.29 40.82 5.90 13.49 1.41 12.38 1.27 1.44 7.28 8.73 

Harmony 7.95 38.41 8.61 11.45 1.89 11.53 1.55 1.62 7.87 9.12 

Gale 5.54 33.56 8.24 12.49 2.33 15.90 1.35 1.92 9.13 9.54 

Malibu 6.91 36.55 7.76 10.84 2.26 16.21 1.40 1.61 7.51 8.94 

Pandora 7.04 38.21 7.43 13.01 2.17 12.91 1.13 1.62 8.14 8.34 

Diamond 7.05 44.69 5.56 13.05 1.85 8.54 1.03 1.59 8.53 8.10 

Mean 6.83 35.04 7.80 12.41 2.22 15.47 1.50 1.65 7.98 

Standard Deviation 0.85 5.81 1.93 2.00 0.69 4.29 0.39 0.19 0.76 
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Table 9.  

Fatty acid profile of 3 (n =3) alpaca milk replacers 

Sample C10 (%)  C12 (%) C14 (%) C16 (%) C18 (%) 

C18:1 
trans 11 

(%) 

C18:1 
cis9&10 

(%) 
 C18:2 

(%) 
unknown 

(%) FA <2%  

Wombaroo  2.16 2.83 9.35 26.38 9.05 2.29 21.64 3.66 8.43 14.20 

NurseAll  0.88 5.26 3.99 23.10 9.99 0.16 30.95 12.06 5.74 7.87 

Ultra 24 0.73 4.14 3.59 23.41 12.32 0.14 31.04 12.79 4.23 7.62 

 

 

Table 10.  

Summary of fatty acid profile of 11 (n=11) alpaca dams 

Sample 
C14 
(%) 

C16  
(%) 

C16:1 
cis (%) 

C18  
(%) 

C18:1 
trans 11 

(%) 

C18:1 
cis9&10 

(%) 
C18:2 

(%) 
C18:3 

(%) 
unknown 

(%) FA <2%  

Mean 6.83 35.04 7.80 12.41 2.22 15.47 1.50 1.65 7.98 

Standard  
Deviation 0.85 5.81 1.93 2.00 0.69 4.29 0.39 0.19 0.76 

 



   

DISCUSSION 

Alpaca Milk vs. Other Species’ Milk 

Alpaca milk is distinctive in its nutrient composition relative to 

other species with similarities and differences with both ruminant and 

non-ruminant mammalian milk.  As a pseudoruminant, alpacas do share 

some qualities with ruminant animals. However, the extent to which this 

relates to milk production is not yet known.   

This study found alpaca milk to have a lower average of fat content 

compared with that of reported values for cow’s milk (Tables 1 & 5).  If 

fed cow’s milk, an alpaca cria would receive more fat.  However, it is 

unknown if the animal would be capable of digesting and utilizing that 

fat for its growth and development.  Part of this depends on the fatty acid 

profile of alpaca milk vs. cow’s milk which will be discussed later.   

The much higher protein values seen in alpaca milk are reflective 

of values seen in other studies in South America on alpaca milk (Table 

1).  The fact that alpaca grow rapidly in the first month of life means that 

they will have a high demand for protein.  If fed cow’s milk the need for 

quantity of protein is not met and it is not known if the quality of protein 

would be sufficient for adequate growth.  However, based on protein 

concentration alone, it is evident that cow’s milk is deficient in protein 

for an alpaca and goat’s milk (2.9% protein) is even more so. 

High lactose values are typically found in the non-ruminant horse 

and human. The presence of high lactose in alpaca milk indicates at 

least one strong similarity to non-ruminant mammalian milk.  Owners 
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recount that newborn crias immediately respond to small quantities of 

colostrum, likely due to the presence of lactose.  While this study did not 

examine colostrum, a study by Riek and Gerken (2006) did find 4.12% 

lactose present in llama colostrum.  Horses and alpacas are animals that 

depend on their speed to escape predators and their young are known for 

standing soon after birth.  It is likely that lactose could provide the 

energy needed for these tasks.  In practical terms, crias may be more 

dependent on lactose as an energy source because it is easier for them to 

metabolize compared to fats. 

There is likely a correlation between the relatively high blood 

glucose levels observed in alpacas and the high lactose content of their 

milk since glucose the precursor.  Alternately, cow’s milk has relatively 

low lactose and cows have a correspondingly low blood glucose level 

compared with alpacas. 

Milk urea nitrogen is used as an indicator for protein efficiency in 

dairy cattle.  If dairy cow standards are applied to the alpaca milk 

analyzed in this study, it would indicate that these animals are being 

overfed protein.  Due to the fact that alpacas evolved in relatively harsh 

conditions, their nutritional needs are likely lower than what current 

North American feeding practices provide them.    

Total solids are higher in alpaca milk compared with cow’s milk 

which indicates alpaca milk is a more nutrient dense.  Evolution in the 

high Andes gave animals sufficient time to become efficient with their 

water excretion.  Higher solids milk also allows crias to obtain their 

needed nutrients in a shorter suckling period.  In this study crias were 

observed suckling for short periods of time during frequent intervals.  
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This is ideal for animals which must outrun predators and always be on 

the alert. 

There could be a problem logistically with feeding cow’s milk to an 

alpaca cria.  The less nutrient dense cow’s milk will require a greater 

amount of fluid to achieve the same quantity of nutrients.  However, due 

to the fact that crias are smaller than calves, they can intake less.  This 

creates the conundrum of the full, yet nutrient deprived cria. 

Changes in Nutrient Composition over Time 

All milk constituents changed in concentration over the lactation 

period.     

As lactation progressed the concentration of milk fat increased in 

milk.  This is likely more due to the fact that the water concentration 

decreased over time than an increase in the amount of fat being 

produced.  This corresponds nicely with the fact that the cria starts to 

take in nutrients from other sources, such as hay and pellets, and they 

may suckle less.  By providing a more nutrient dense milk with more fat, 

the alpaca dam may be able to maintain the relatively steady level of 

gross energy output seen in this study.   

The variation observed in milk fat concentration across the study 

is not surprising since it is the nutrient most easily affected by diet.  

Therefore, because we occasionally had to allow crias’ to nurse to 

stimulate accumulation, this likely affected our results.  Further studies 

may utilize a different technique to induce milk accumulation before 

sampling. 
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Protein was highest in the first at the time of sampling days 1-7, 

likely due to the transition from colostrum to milk.  Colostrum has a 

high concentration of proteins specifically immunoglobulins and 

lactoferrin.  It is intriguing that a higher level of protein was measured 

even through the 2nd wk postpartum.  This might indicate protein 

secretions to meet high demands of the rapidly growing cria.  Proteins 

such as lactoferrin can help control bacterial concentrations in the lower 

intestinal tract.  In addition to this, when digested and absorbed 

colostral proteins can provide important amino acids for the development 

of the cria. 

Similar to other species there appeared to be an inverse 

relationship between fat and lactose in the milk (Figure 9).  The decline 

in lactose is likely due to the phenomenon of cell membrane degradation 

in the mammary tissue.  As the membrane becomes more porous, lactose 

is likely to leak out and create an osmotic imbalance, therefore there is a 

decline in the production of lactose.   

Solids non-fat was very reflective of the lactose and protein which 

make up a significant portion of the value.   

The fat : protein ratio increased throughout lactation.  With 

growth, total protein and energy requirements increase.  What must be 

taken into account is the amount of nutrients recovered from other 

sources, such as grains and hay as the animal grows and the C-1 starts 

to mature.  These animals evolved in the high Andes with little access to 

high quality protein.  It has been documented that they have higher 

urease activity than expected.  This could indicate that they are more 

efficient with their nitrogen to provide microbes in the C-1 with a 
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nitrogen source because it will allow microbes to produce desirable 

amino acids.  If this is true, the dam does not need to continue to provide 

as high a protein source as soon as the cria has a functional C-1.   

The question of when an alpaca cria has a mature, functional C-1 

has not been studied.  However, anecdotally the rule of thumb is 3 mo.  

Observations in this study would beg to differ.  Crias were observed 

mouthing food as early as a few days.  Rumination was observed as early 

as 2 wk of age.  This would indicate that the C-1 may be functional by 2 

wk of age.  While milk is still a critical nutrient source to the cria, it is 

not the only one dietary source of nutrients.  Dairy calves can be weaned 

as early as 21 days if they are consuming enough calories via grain.  This 

would not be possible if the calf’s rumen was not fully functional.  

Moreover, early weaning is possible only if the calves are introduced to a 

grain diet early on to stimulate growth of rumen papillae.  Whether or not 

something similar could be achieved in alpacas is unknown and would 

depend upon the developmental physiology of the C-1.   

Water decreased over time as the milk solids increased.  This 

would indicate a decrease in total milk produced given water’s 

relationship with lactose.  The relationship between water and lactose is 

a fairly straightforward one.  It is difficult to increase the concentration of 

lactose due to the physiological biochemistry which occurs in the 

mammary tissue when lactose is produced.  Therefore, more lactose 

means more water.  As lactose decreases in concentration over time, 

there is a corresponding decrease in the amount of water in the milk.  

Therefore, milk output declines but components stay relatively high 

creating a higher solids milk. 
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Fatty Acid Profile 

The fatty acid profile in milk can be affected by the diet of the 

animal.  It is intriguing to postulate about the fatty acid physiological 

mechanisms in the mammary tissue of alpacas because of their status as 

pseudoruminants.  This is an area where they likely differ from their 

ruminant counterparts which produce a lot of short and medium chain 

fatty acids.  Indeed the evidence that is presented here supports the idea 

that alpacas have thioesterase II rather than Fatty Acid Synthetase, with 

a dearth of short and medium chain fatty acids.   

Weaknesses of Current Milk Replacers 

Data from this study would suggest that currently alpaca milk 

replacers are not nutrient sufficient to meet the requirements of a young, 

growing cria.  The need for casein or a suitable replacement is not clear.  

However, total protein content of current alpaca milk replacers is 

definitely lacking when measured against alpaca milk.  Without casein 

the milk cannot clot and the nutrients move too quickly through the 

digestive system for proper digestion and absorption by the developing 

intestinal tract.  This could lead to malnutrition expressed as reduced 

growth and reduced resistance to disease.  Only Wombaroo had casein 

listed as an ingredient.  In addition, it also listed whole milk solids, 

which theoretically should also contain casein.   

Moreover, for the common lay person raising alpacas, it could be 

misleading to see dry matter values for fat and protein on the labels of 

these milk replacers without indicating source of each.  The 24 % fat and 

24 % protein listed for Ultra 24 and NurseAll are not representative of 

what the cria is actually getting when the formula is mixed to the 
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manufactures specifications.  Strikingly the values for fat and protein are 

both lower than what this study found for alpaca milk.  Only Wombaroo 

had a comparable percentage of protein (5.08% as-fed). 

The issues discussed above are likely more pressing than the fatty 

acid profile but the fatty acid profile may help provide some insight into 

why owners’ that use cow and goats’ milk have more success than those 

that use replacer.  There are few short or medium chain fatty acids in 

alpaca milk.  This only indicates that the dam does not produce them in 

the mammary tissue, it does not address the ability of the cria to utilize 

short and medium chain fatty acids.  Indeed, while vegetable oils found 

in milk replacers have plentiful amounts of long chain fatty acids, it is 

goat and cows’ milk which has an abundance of short and medium chain 

fatty acids.   

These fatty acids are easier for an animal to metabolize than a long 

chain fatty acid.  For instance a four chain fatty acid only has to go 

through β-oxidation once to yield two acetyl Co-A’s which can be further 

processed in Kreb’s cycle to yield an abundance of ATP’s.  Alternately, 

while a C18 may have more energy, it also takes longer to release that 

energy.  

With no previous studies on alpaca milk in the United States it is 

not surprising that formulas developed for alpaca crias are not adequate.  

With this study and more like it, there is the possibility for improved 

alpaca milk replacers that will not only allow young alpacas to survive, 

but to thrive.  



   

CONCLUSIONS 

Alpaca milk was higher in lactose and protein content than that 

reported for cow’s milk.  Certain milk replacers may not be meeting the 

needs of crias because of their low percentage of protein and unknown 

amount of lactose.  The fatty acid profile of all researched milk replacers 

did not match with the alpaca milk fatty acid profile which could also 

lead to poor growth and development.  The nutritional physiology of 

alpaca crias needs to be explored further to determine what the exact 

nutritive needs of crias are.
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Table A1.  

Water analyses for Kt-Lee Ranch (K1 10/15/09 in barn, K2 12/10/2009 
outside trough) and Quidish Fields (Q 5/10/10 automatic waterer). 

Component 
Water 

K1 
Water 

K2 
Water 

Q 

Sulfate (ppm) 2 1 11 

Total Hardness CaCO3 

(ppm) 81.51 53.04 234.95 

Calcium (ppm) 26.5 16.75 44.19 

Magnesium (ppm) 3.72 2.72 30.36 

Copper (ppm) 0.01 0.01 0.01 

Iron (ppm) 0.02 0.01 0.07 

Zinc (ppm) 0.04 0.02 1.02 

Aluminum (ppm) 0 0 0.02 

Manganese (ppm) 0.02 0.01 <0.01 

Electroconductivity 
(uS/cm) 218 155 469 

Total Dissolved Solids 
(ppm) 116 76 - 

Total Chlorine (ppm) - - 0.08 

pH - - 7.4 

Nitrate (ppm) - - 4.56 

Sodium (ppm) - - 20.94 
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Table A2.  

Orchard Grass Hay Analyses for Kt-Lee Ranch (OG K1 10/15/09, OG K2 
12/10/09, OG K3 2/10/10) and Quidish Fields (OG Q 2/10/10). 
Component OG K1 OG K2 OG K3 OG Q 

Dry Matter (%) 95.62 94.77 94.29 88.69 

Crude Protein 
(%DM) 14.72 14.49 12.72 13.62 

Avail. CP (%DM) 14.02 13.77 11.75 11.07 

ADFICP (%DM) 4.78 4.96 7.63 18.75 

ADF (%DM) 37.3 36.43 42.2 42.37 

aNDF (%DM) 55.9 62.05 70.35 31.13 

Calcium (%DM) 0.86 0.31 0.29 0.43 

Phophorus (%DM) 0.58 0.33 0.35 0.22 

Magnesium 
(%DM) 0.32 0.2 0.2 0.26 

Potassium (%DM) 2.96 2.85 3.28 2.11 

Sodium (%DM) 0.06 0.11 - - 

Sulfur (%DM) 0.24 0.22 0.22 0.19 

Chloride (%DM) 1.35 0.28 - - 

Fat (EE) (%DM) 2.5 2 1.9 3.61 

Ash (%DM) 15.79 9.82 11.66 8.39 

TDN (ADF Calc) 62.8 63.5 57.68 57.56 

NE-Lactation 
(Mcal/lb) 0.53 0.54 0.525 0.523 

NE –Gain 
(Mcal/lb) 0.4 0.41 0.32 0.31 

NE-Maint. 
(Mcal/lb) 0.67 0.68 0.57 0.57 

Relative feed 
value 100 91 74 85 
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Table A3.  

Alfalfa hay feed analyses for Kt-Lee Ranch (Alf K1 10/15/09, Alf K2 
12/17/09) and Quidish Fields (Alf Q 2/10/10). 
Component Alf K1 Alf K2 Alf Q 
Dry Matter (%) 93.59 96.99 95.13 

Crude Protein 
(%DM) 19.25 16.58 18.41 

Avail. CP (%DM) 18.49 15.9 16.82 

ADFICP (%DM) 3.96 4.08 8.64 

ADF (%DM) 31.23 37.83 32.66 

aNDF (%DM) 36.72 46.09 41.53 

Calcium (%DM) 1.41 2.12 1.37 

Phophorus 
(%DM) 0.23 0.33 0.24 

Magnesium 
(%DM) 0.23 0.23 0.18 

Potassium 
(%DM) 2.61 2.1 1.72 

Sodium (%DM) 0.26 0.43 - 

Sulfur (%DM) 0.29 0.35 0.22 

Chloride (%DM) 1.27 0.85 - 

Fat (EE) (%DM) 1.25 1.7 0.95 

Ash (%DM) 10.71 7.97 7.72 

TDN (ADF Calc) 64.84 60.53 63.91 

NE-Lactation 
(Mcal/lb) 0.66 0.58 0.642 

NE -Gain 
(Mcal/lb) 0.43 0.36 0.442 

NE-Maint. 
(Mcal/lb) 0.71 0.63 0.69 

Relative feed 
value 164 120 142 
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Table A4.  

Alpaca supplements feed analysis for Kt-lee Ranch (AP K 10/15/09 
Alpaca Pellet) and Quidish Fields (AP Q 2/10/10 Alpaca Pellet, LS Q 
2/10/10 Lactation Supplement) 
Component AP K AP Q LS Q 
Dry Matter (%) 93.29 93.17 94.74 

Crude Protein 
(%DM) 18.49 18.4 21.73 

Avail. CP (%DM) 17.95 17.19 19.79 

ADFICP (%DM) 2.93 6.58 8.93 

ADF (%DM) 18.15 15.88 18.67 

aNDF (%DM) 30.53 34.25 36.29 

Calcium (%DM) 2.29 3.82 0.97 

Phophorus 
(%DM) 2.32 2.1 0.41 

Magnesium 
(%DM) 0.48 0.77 0.33 

Potassium 
(%DM) 1.84 1.6 1.59 

Sodium (%DM) 1.83 

Sulfur (%DM) 0.36 0.44 0.21 

Chloride (%DM) 1.24 

Fat (EE) (%DM) 2.3 5.65 9.42 

Ash (%DM) 13.01 14.14 6.59 

TDN (ADF Calc) 72.7 73.79 72.45 

NE-Lactation 
(Mcal/lb) 0.75 0.766 0.751 

NE -Gain 
(Mcal/lb) 0.55 0.57 0.55 

NE-Maint. 
(Mcal/lb) 0.84 0.86 0.84 
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