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El estudio tuvo como objetivo de evaluar el efecto de un ayuno prolongado (5 días) sobre algunos componentes 

bioquímicos sanguíneos involucrados en el metabolismo energético. Se utilizaron 20 alpacas macho de dos años 

de edad en dos tratamientos (experimental y control). Se tomaron muestras de sangre en horas de la mañana por 

cinco días para cuantificar los niveles séricos de glucosa, proteínas y urea por espectrofotometría y cuerpos 

cetónicos mediante tiras reactivas en forma semicuantitativa. Los resultados muestran que el promedio de gluco-

sa, proteínas y urea de las alpacas sometidas a ayuno son diferentes al grupo control (P≤0.05). Los niveles de 

glucosa disminuyen mientras que los niveles de proteínas y urea aumentan con el paso del tiempo. La presencia 

de acetoacetato no fue detectada durante los cinco días de ayuno. Se concluye que el ayuno prolongado en 

alpacas altera el proceso metabólico del animal, tanto cuantitativa como cualitativamente, modificándose los 

sustratos y productos implicados en la producción de energía. 
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In  

The study aimed to evaluate the effect of a prolonged fast (5 days) on some blood biochemical components 

involved in energy metabolism. Twenty male alpacas of two-year-old were used in two treatments (experimental 

and control). Blood samples were taken in the morning for five days to quantify serum glucose, protein, and urea 

levels by spectrophotometry and ketone bodies using semi quantitative test strips. The results show that the 

average glucose, protein, and urea of the alpacas subjected to fasting are different from the control group 

(P≤0.05). Glucose levels decrease while protein, and urea levels increase over time. The presence of acetoacetate 

was not detected during the five days of fasting. It is concluded that prolonged fasting in alpacas alters the ani-

mal's metabolic process, both quantitatively and qualitatively, modifying the substrates and products involved in 

energy production. 
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Introduction 

 

For years it has been recognized that South Ameri-

can Camelids (CSAs) tend to have higher blood 

glucose concentrations than domestic ruminants, 

which is puzzling because CSAs, like other rumi-

nants, are also fermenters; It is not possible to think 

that the carbohydrates in the diet escape from gas-

tric microbial fermentation, so these species depend 

on gluconeogenesis to supply the necessary sub-

strate to glucose-dependent tissues. Furthermore, in 

recent years, diseases have been identified in alpac-

as and llamas, which appear to be the result of ab-

normal carbohydrate metabolism. Some of these 

alterations resemble those of other animals, but 

others do not; these differences support the conclu-

sion that CSAs process carbohydrates differently 

from other animals1. 

Faced with a decrease in food consumption, the 

animal organism activates mechanisms that lead to 

the production of substrates that ensure the supply 

of energy to the vital organs, in order to ensure the 

survival of the animal, and, if the fast continues, the 

metabolism is changing both qualitatively and quan-

titatively2. During fasting, initially, the energy sub-

strates derive from protein and fat degradation, but 

in the following phases, protein degradation slows 

down, maximizing lipolysis3. Gluconeogenesis is a 

metabolic pathway that is permanently active in 

ruminants, with propionic acid being the main pre-

cursor of glucose synthesis4. Likewise, it seems that  

 

 

 

alpacas depend on their digestive and metabolic 

adaptations to obtain, efficiently conserve energy to  

survive in environments where the available food 

varies in nutritional quality5. 

Another important source of energy is amino acids, 

which are mobilized after blood hypoglycemia in 

order to support hepatic gluconeogenesis and, there-

fore, energy production, due to these conditions, 

glucose, amino acids are maintained, but fats, ke-

tone bodies, are mobilized for energy production6. 

On the other hand, urea is the degradation product 

of amino acids, in ruminants, this urea can be recy-

cled and return to the rumen through the saliva or 

the ruminal wall, once present in the rumen, it is 

reconverted into ammonia which can serve for the 

synthesis of amino acids by the ruminal microbiota, 

and these, in turn, as a source of energy after intes-

tinal absorption4. 

The breeding of CSA constitutes the main means of 

productive use of large extensions of natural pas-

tures, in the high areas of the Andes where it is not 

possible to breed other domestic species or agricul-

ture, the alpaca, efficiently converts natural vegeta-

tion of these environments into fiber and meat for 

human consumption7. However, the rearing condi-

tions of the CSA, the seasonal variability of the 

nutritional resources determine that they have to go 

through nutritional limitations during the dry season 

and, in many cases, for prolonged periods of fast-

ing8. The alpaca, like the other CSAs, are species 
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that have evolved efficiently in environments with 

serious environmental limitations but are not yet 

well understood9. During fasting, these animals can 

use free fatty acids (FFA) and ketone bodies (KB) 

more effectively and do not need to depend entirely 

on the biochemical pathways of classical ruminants 

for their energy and glucose requirements10. 

In one study, plasma glucose, creatinine, and urea 

concentrations in flames were reported to be higher 

than sheep and goats, but very low in ketone bodies 

(β-hydroxybutyrate)11. The high level of glycemia 

can be explained in part by a poor response to insu-

lin or by reduced sensitivity of the tissue to insu-

lin12. Furthermore, CSAs cover their glucose re-

quirements through the gluconeogenesis process 

from the amino acids of the microbial protein and 

not from propionate, as occurs in ruminants9. 

These characteristics imply the need for a dietary 

scheme based on the protein-fat ratio and not on the 

protein-carbohydrate ratio as in ruminants9. For this 

reason, the study was proposed with the objective of 

determining some variations in energy metabolism 

due to the influence of prolonged fasting in alpacas 

through serum determinations of glucose, total pro-

teins, urea, and ketone bodies. 

 

Materials and methods 

 

The study was carried out at the “La Raya” Re-

search and Production Center of the National Uni-

versity of the Altiplano-Puno (UNAP), located in 

the district of Santa Rosa, Melgar province, Puno 

department, Peru, at an altitude of 4200 m and be-

tween the geographic coordinates of 10°13'33” S 

and 20°57'12” W. The center is located in the Puna 

region, with two well-marked seasons: “rainy sea-

son” (from December to March) and "dry season" 

(from April to March). The average rainfall is 932 

mm/year and the temperature varies between -7 ºC 

and 15 ºC. The pluvial precipitation and temperature 

determine that the climate is of the humid cold type. 

The soil in the area is dominated by the species 

Stipas, Festucas, Muhlenbergias, Calamagrostis, and 

Distichias, which serve as food for the extensive 

rearing of alpacas and llamas. 

 

Figure 1 Herd of two-year-old male alpacas (tuis) 

 

 

 

The study was carried out in May 2018. The analy-

sis of the samples was carried out in the Biochemis-

try Laboratory of the Faculty of Veterinary Medi-

cine and Zootechnics of the UNAP. 

 

Figure 2 Group of fasting animals 

 

 

 

Twenty-two-year-old male alpacas of the Huacaya 

breed were used in apparent good health, with an 

average live weight of 47.7 kg. The 20 animals were 
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randomly distributed in two treatments of 10 ani-

mals each (experimental and control), which were 

kept in pens built with mesh and wooden posts with 

an area of 25 m2. The experimental group remained 

confined during the five days that the experiment 

lasted, without access to any type of food except 

water and without prior accustoming period; mean-

while, the control group animals were grazed to-

gether with the other animals, consuming the natural 

pastures of the area. The animals were provided by 

the Institute for Research and Promotion of South 

American Camelids (IIPC) of the UNAP. 

 

Figure 3 Animals of the control group 

 

 

 

Blood samples were taken at 0, 24, 48, 72, and 96 h 

after the start of the experiment (hour 0 from 06:00 

h) from all the animals. The samples in the control 

group were obtained before their departure to the 

grazing fields. Blood (5 mL) was obtained from the 

jugular vein in tubes without anticoagulant, and it 

was transferred to the laboratory in a refrigerated 

box. The serum was obtained by centrifugation at 

1600 g for 10 min, and it was decanted into cryo-

genic vials for its conservation at -20 ºC until its 

processing. For the use of animals and obtaining 

blood samples, we had the authorization of the Eth-

ics Committee of the Faculty of Veterinary Medi-

cine and Zootechnics of the National University of 

the Altiplano. 

The determinations of glucose, total proteins, and 

urea in the blood serum were carried out by color-

imetry-spectrophotometry using reagents from Wie-

ner Lab®. The determination of ketone bodies was 

made semi-quantitatively using Siemens ® Mul-

tistix 10 SG (Bayer) test strips that detect the pres-

ence of acetoacetate with a sensitivity of 5 to 10 

mg/dL and reproducibility of 95% depending on the 

insert for use on the package. 

The experiment was conducted in a randomized 

complete block design with sub-sampling (nested), 

considering as treatment the groups (experimental 

and control) and blocks at the sampling hours (0, 

24, 48, 72, and 96 h). Duncan's test of significance13 

was used for the comparison of means of the main 

effects (groups and sampling times) and for simple 

effects the LS Means of the SAS v. 9,114. 

 

Results 

 

The concentrations of glucose, protein, urea, and 

acetoacetate per group according to the time of 

sampling (fasting) are shown in Table 1. Glucose 

levels were lower in fasting animals compared to 

non-fasting animals (p≤0.05); and there are differ-

ences between the sampling hours (p≤0.01) for the 

case of fasting animals, but not for the control 

group animals. In contrast, protein and urea levels 

are higher in fasting animals than in the control 

group (p≤0.01), as well as between sampling days 

for fasting animals, but not for their controls 

(p≤0.01). Ketone concentration readings were nega-

tive for both treatments (not detected). 
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Table 1 Biochemical profile in blood serum of alpacas with and without fasting 

 
Sampling time 

(h) 
Control (in grasslands) Experimental (fasting) 

 Glucose 

(mg/dL) 

Protein 

(g/dL) 

Urea 

(mg/dL) 

Acetoacetate  

(mg/dL9 

Glucose 

(mg/dL) 

Protein 

(g/dL) 

Urea 

(mg/dL) 

Acetoacetate 

(mg/dL) 

0 145.7ª 7.05ª 40.5ª n.d. 145.5b 6.97b 40.0c n.d. 

24 145.5ª 7.05ª 39.8ª n.d. 169.1ª 8.45ª 51.2b n.d. 

48 144.9ª 7.01ª 41.0ª n.d. 139.6b 9.25ª 59.6ª n.d. 

72 145.5ª 7.00a 40.8ª n.d. 126.2c 9.12ª 61.7ª n.d. 

96 145.7ª 7.04ª 38.9ª n.d. 116.4d 9.09ª 63.5ª n.d. 

Mean 145.5a 7.03b 40.2b  139.3b 8.58a 55.2a  

n.d.: No detected 

 

 

 

Discussion 

 

The increase in glucose 24 h after fasting coincides 

with that reported by Wensvoort et al.10 who indi-

cate that under fasting conditions the concentration 

of blood glucose increases in llamas, camels, and 

sheep. For their part, Tadich et al.15 confirmed that 

the increase in blood glucose in the first moment is 

mainly due to stress and not to the effect of fasting, 

since the initial hypoglycemia acts as a catechola-

mine-releasing factor, promoting glycolysis and 

gluconeogenesis, during stress, there is an increase 

in cortisol, which in turn is hyperglycemic. Similar-

ly, Crossley et al.16, when evaluating the adaptive 

physiological response of the alpaca to the change 

of environment, found that the blood glucose con-

centration increases, a fact that is attributed to the 

stress caused by fasting, confinement, and taking 

samples. 

The average glucose at the beginning of the experi-

ment is within the range established as normal of 

112-260 mg/dL by Siguas et al.17, and slightly lower 

than those reported by Kiani et al.11 and Al-Rehaimi 

et al. 18 who found glucose averages of 127.8 and 

138.0 mg/dL in llamas and camels, respectively, 

differences that are attributed to the species. How-

ever, it is necessary to indicate that glycemia in 

alpacas, as in other camelids, is higher than other 

ruminants (cow, sheep, and goats) as reported by 

Kiani et al.11 This physiological hyperglycemia in 

alpacas is also due to the poor response of insulin 

and the low concentration of insulin in the serum, 

proposed by Cebra et al.1. 

Glucose levels decrease after 24 h, which agrees 

with Albero et al.2, who indicates a rapid decrease 

in glycemia, but that after 48-72 h of fasting there is 

a slow decline until stabilizing. It is pointed out that, 

in essence, all the glucose available to ruminants, 

regardless of the diet, comes from gluconeogenesis, 

the most important precursor of glucose being pro-

pionic acid, and added to the constant gluconeogen-

esis, ruminants also cover their needs for glucose 

through effective conservation3. 

The serum protein level at 0 hours (6.96 g/dL) coin-

cides with the reports of Oblitas et al.19 who report 

an average concentration of 6.6 g/dL. In animals 

deprived of food, total protein levels rise after 24 h. 

However, this increase is not due to a real increase 

in proteins in the blood plasma, but rather to dehy-

dration of the individual20. Other authors point out 
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that in fasting, the kidney becomes the main source 

of water elimination, observing that in the first 5 to 

10 days a strongly negative water balance is ob-

served, even decreasing the density of urine21. 

The serum urea concentration at the beginning of 

the experiment (40.25 mg/dL), is within the range 

reported by Siguas et al.17 (32.2 and 89.8 mg/dL). 

Likewise, it is similar to the value reported by Kiani 

et al.11 who determines uremia of 40.2 mg/dL for 

llamas. 

Urea levels increase as the days of fasting pass. 

According to Bustamante22, when stressors are per-

ceived, a cascade of events begins, most of them 

related to the hypothalamic-pituitary-adrenal cortex 

axis, which finally leads to the release of cortico-

steroids with certain physiological effects, including 

hepatic gluconeogenesis catalyzing amino acids and 

proteins and, therefore, a rise in urea concentration 

values. For their part, Chowdhury & Ørskov23 indi-

cate that when fasting worsens in ruminants, gluco-

receptors in the hypothalamus are stimulated, which 

stimulates the adrenal medulla to increase adrena-

line secretion, which, in turn, activates glycogenoly-

sis, lipolysis, gluconeogenesis Therefore, there will 

be greater use of intermediaries to produce energy, 

resulting in increased urinary nitrogen excretion 

during fasting. Likewise, Wensvoort et al.10 indicate 

that the increase in urea levels during fasting is a 

sign of an increase in amino acid oxidation to sup-

ply glucose precursors through gluconeogenesis. 

Ketogenesis is likely to occur in longer periods of 

fasting, which is why its presence was not detected 

in the present study. The result agrees with Tadich 

et al.15, who also found no variations in ketone bod-

ies (β-hydroxybutyrate) in the fasting of steers dur-

ing transport to the slaughterhouse, possibly due to 

the use of the circulating pool of β-hydroxybutyrate 

provided by the rumen. For their part, Wensvoort et 

al.10 indicate that camelids could have the capacity 

to supply enough metabolites for the maintenance of 

the citric acid cycle and that they could use less or 

other metabolites in relation to other ruminant spe-

cies. In this regard, it is pointed out that during the 

first days of fasting, the animal's energy reserves 

and gluconeogenesis serve to provide energy to the 

animal, and ketogenesis is activated when these 

reserves are depleted.24 

Chandrasena et al.25 found plasma concentrations of 

0.089 and 0.148 mg/dL of β-hydroxybutyrate and 

acetoacetate in camels, which are approximately 33 

and 4 times lower than for the respective values in 

sheep, maintained under the same conditions, sug-

gesting that the ketogenesis in camels is very low, a 

fact that would also be occurring in alpacas since at 

96 h of fasting ketone bodies remain undetectable. 

Similarly, Kiani et al.11 concluded that levels of β-

hydroxybutyrate in llama blood were extremely low 

for a ruminant animal, such as that found in alpacas 

in the present study. Thus, it is likely that the me-

tabolism of ketone bodies in the alpaca shows varia-

tions with respect to that of other ruminants. 
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