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ABSTRACT

The aim of this work was to study the short andgldaerm influences of ascorbic acid diydrochoerus
hydrochaerisif supplemented in their food. No differencesarding food intake were observed in the absence of
vitamin C. On a daily basis, animals accustomefbta containing ascorbic acid prefered to contiraaging the
same food. Food preference in capybaras did noistedepend on ascorbic acid availability; howewshen
accustomed to vitamin C, capybaras might recogaizé select ascorbic acid in subsequent food. Meshan
allowing capybaras to “evaluate” the nutritional glity of their food are discussed, as well as tdagtive value of
this behavior in free ranging populations.
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INTRODUCTION detect the particular components in the available
diet, and learn the effects of including or avoglin

Herbivore diets are extremely complex in the wildthese compounds. Dietary effects usually are not
because they often comprise high volumes of lowebserved immediately, and short and long term
quality and difficult to digest the foods. learning are required (Westorby 1974).

Herbivores also face the problem of selecting & mammals that cannot synthesize vitamin C
balanced diet, not simply maximizing the rate ofascorbic acid), its intake is of paramount
energy gain (Stephens and Krebs, 1986). Thesmportance for the physiological processes
factors are of relevance and may lead herbivores {@abrowski and Ciereszko, 1996; Odumosu and
play a major role in shaping the vegetationWilson,  1973; Sato and  Udenfriend,
community dynamics through selective1978).Vitamin C stimulates collagen synthesis,
consumption (Duncan and Gordon 1999; Rogudgcilitates cell regeneration, lowers cholesterol
et al, 1998). Variation in foraging behavior may levels, thus preventing ischaemic heart disease,
directly affect digestion (Duncan and Gordonenhances the absorption of iron and facilitates
1999; Shipley et al 1998). Westorby (1974) production of erythrocytes, prevents scurvy,
found that individuals maximized their diet effects reproductive parameters in the males and
according to species-specific requirements, but thHemales of several mammalian species, including
quality of this choice depended on their ability toman and absorbs free radicals as an antioxidant
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(Chaterjee et al 1975; Ficek, 1997; Hand et..al Comparison of voluntary consumption of a
2000). commercial food pellet with or without vitamin
Cueto et al (2000) reported that captive bredC supplementation
capybaras required an exogenous source dhe experiment was carried out during May and
vitamin C. Under the experimental diets lackinglune 1998. Animals (N=102) were fad libituma
ascorbic acid, capybaras exhibited symptoms dafiet of commercial food pellets, designed for the
scurvy: physical distress, gingivitis, loss ofrabbits. Nutritional composition was analyzed
incisors, gum and nasal hemorrhages, weaknessuding AOAC (1984) (Table 1). Water was offered
joints, fragile bones and, ultimately, death (Cuet@d libitum Daily voluntary consumption was
et al, 2000). Initial symptoms appeared 25 dayzalculated as the difference between the offered
after elimination of ascorbic acid in their diet.and remaining food over a 24-h period. Food
Ascorbic acid levels also affect strongly theintake without supplementation was measured for
growth and reproduction of captive capybarad8 days, after which a vitamin C supplement (L-
(Cueto et al 2000). ascorbic acid, ROVIMIX C, Roche) was added
Under natural conditions, capybaras ares the only vitamin C source, mixing 5 g with the
exclusively herbivorous (Gonzalez Jiménez andommercial food pellets offered daily to each
Escobar 1975; Ojasti, 1973; Quintana, 1996)individual. This amount was calculated according
hence, vitamin C requirements might not affect théo daily requirements reported for Guinea pigs
survival and reproduction because it is(Cheeke, 1987) and vitamin C consumption was
incorporated through the consumption of frestthecked. A 25-day adaptation period to the new
plant matter. However, certain environmentadiet was carried out before measuring the
conditions under which the availability of greenvoluntary food consumption of the enriched
forage is reduced, might affect their reproductivdormula for additional 18 days.
success (Cueto et a2000).
Because a thorough evaluation of vitamin QComparison of voluntary food intake of meal-
content in the natural diet of capybaras has nbt yenixture ~ with or without vitamin C
been made, captive conditions are the first stepupplementation
toward testing the relationship between foodrhe experiment was carried out offering ad
preferences and a specific nutritional quality ofibitum diet of a meal-mixture composed of corn
any given food. Thus, an evaluation was needegrain (40%), alfalfa hay (40%) and soybean meal
whether the absence of an essential nutrient, su¢p0%), roughly milled. Only 14 adult capybaras
as vitamin C, might lead to a modification ofborn in captivity were used for this experiment to
feeding habits of capybaras. Thus, the aim of thisnsure a strict individual control of food
work was to tested if vitamin C was a major factoconsumption and the welfare of each animal.
in the food selection of captive capybarasChemical composition of this mixture was
Accordingly, voluntary food consumption andanalyzed using AOAC (1984). Results are
preferences, with and without supplementation opresented in Table 1. Water was offerad
ascorbic acid, as well as the possible influence dibitum. Animals were housed in individual open
such choice on the symptoms of dietaryens of 3 x 3 m, without vegetation cover. They
deprivation of vitamin C was investigated. were divided randomly into two groups of seven
individuals each. Daily voluntary consumption
was calculated as previously described. The
MATERIALS AND METHODS experiment was divided into two stages:

Experiments were conducted  using theotage 1: Group 1 was fed the meal-mixture

management and installations descriptions ocruPPlemented with ascorbic acid as described
Alvarez and Kravetz (2006). previously. Group 2 was fed the meal-mixture

without supplemental vitamin C. Daily voluntary
food intake was measured during the following
week.
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Stage 2: Following Stage 1, diets were switcheddaptation to the new diet) the daily voluntary
between the groups, with Group 2 receiving thdood intake was measured during the seven
meal-mixture with vitamin C and Group 1 thesubsequent days.
meal-mixture only. After 14 days (time enough for

Table 1- Chemical composition of the foods used durirgggtudy.

Foods Used

Parameters Commercial food pellets Meal-mixture

(% of DM)! (% of DM)?
Moisture (%) 13.01 13.60
CP 18.36 18.00
TL 4.80 4.00
CF 12.19 18.00
TM. 7.56 6.92
Ca 0.94 0.56
P 0.57 0.40
AA Traces Traces

Key: 1- % of dry matter; CP = Crude Protein, 26.25); TL = Total Lipids; CF = Crude Fiber; TM =of&l minerals; Ca =
Calcium; P = Phosphorus; AA = ascorbic acid content.

Evaluation of food preferences with or without and equal variances (Sokal and Rohlf, 1981); thus,
vitamin C supplementation after non-successful transformations, comparisons
Fourteen adult capybaras born in captivity werevere made using non-parametric statistical tests
randomly selected and housed in individual opefSiegel and Castellan, 1998). The Mann-Whitney
pens of 3 x 3 m, without vegetation cover for dJ-Test for independent samples was used to
"two-pan preference test" (Hand et.,aP000). compare the voluntary food intake with or without
Animals were divided randomly in two groups ofvitamin C (Experiments 1 and 2). Experiments 2
seven individual each. Water was offered (voluntary consumption in each Group with and
libitum. The experiment also was divided into twowithout ascorbic acid supplementation) and 3
stages. During the first four days (pre-(food preferences with or without vitamin C
experimental stage), Group 1 was fed with mealaddition) were evaluated using the Wilcoxon
mixture without supplemented ascorbic acid and/atched Pairs Test for dependent samples,
Group 2 was fed with meal-mixture plus additionalconsidering each individual as a block.
vitamin C (as described above). During theComparisons of consumption between both groups
following four days (second stage), each Groupvith differences in their previous diets were
received two pans containing 2 Kg of meal<carried out using the Mann-Whitney-Test.
mixture with and without ascorbic acid Under the null hypothesis that consumption
supplementation, respectively. The position ofemains constant along the day, the prospective
each pan inside the enclosure was chosetaily consumption was calculated as food intake
randomly every day. Pans were weighed each dagfter 3-hours x 8, and compared it with the
at regular times, and consumption of each foodbserved daily consumption.

was calculated by the difference between the

initial and final weight of the pan every 24-h,

determining food preferences in daily voluntaryRESULTS

consumption.

With the goal of measuring short term preferences/oluntary food intake with and without vitamin

this test was repeated, with individuals reassigneg supplementation (Experiments 1 and 2)

to each group, weighing consumption during 3Significant differences were not observed in any of

hour periods. the variables (Mann-Whitney Test; U =50.5; Z = -
1.242;p = 0.215; and Mann-Whitney Test; U =10;
Statistical analysis = -1.853;p = 0.084, respectively) (Table 2).

The data did not conform to a normal distributionAlthough six of the seven individuals of each

Braz. Arch. Biol. Technol. v.52 n.3: pp. 593-600aywlune 2009



596 Alvarez, M. R. and Kravetz, F. O.

group consumed more of the vitamin Ca lack of vitamin C in their diet. In spite of uitén
supplemented meal-mixture, significantC being an essential nutrient for capybaras,
differences were not observed in daily food intak@nimals under the experimental conditions do not
with (1.71+ 0,47 Kg/day) or without (1.9% 0,56 alter their food consumption dependent upon its
Kg/day) vitamin C supplementation (Wilcoxon presence. However, this may be explained in part
Matched Pairs Test; T = 6; Z = 1.352= 0.176). by the captive feeding schedules, because an
individually based diet with basal supplementation
Ascorbic acid preferences (Experiment 3) of vitamin C, may allow each animal to forego
In the long term preferences test, the group thaventual deprivation without modifying its feeding
received ascorbic acid during the pre-experimentadattern.
stage consumed statistically significant more oVitamin C deprivation time during the pre-
the supplemented meal-mixture (Wilcoxonexperimental stages in Experiments 2 and 3 (4
Matched Pairs Test; T = 0; Z = 2.366= 0.018) days) was based on the estimates of its
(Table 3). Short term preferences (3-hphysiological elimination rate under sub-clinical o
consumption) with and without vitamin C moderate deprivation conditions. Assessing the
supplementation were not detected (Wilcoxorbehavior of captive capybaras under an extreme
Matched Pairs Test; T = 7; Z = 1.188= 0.237 and chronic absence of ascorbic acid would
and T = 3; Z = 1.860p = 0.076; respectively) require an extension of the pre-experimental stage
(Table 3). Nevertheless, total 3-h food intake wafor at least 25 days, to include any physiological
higher in capybaras with pre-experimental vitamirvariable that might influence on the normal
C supplementation (Mann-Whitney Test; U = 4; Zelimination of a daily supplementation of ascorbic
= 2.619;p = 0.008). This group also exhibited aacid. After the establishment of clinical symptoms
higher food consumption without vitamin C of scurvy, a decrease in voluntary consumption
(Mann-Whitney Test; U = 2; Z = -2.87% = and food preferences were expected, related to a
0.004). These differences were not significantphysiological hunger” (Westorby, 1974) for
when evaluating daily total food intake (Table 3).ascorbic acid.
Individuals deprived of supplement during the preFrom the results of food preference experiments
experimental stage showed a daily consumptio(Experiment 3), it could be concluded that, if pre-
similar to the previous stage (78.2%) comparedccommodated to vitamin C, capybaras might
with the other group which consumed less thamecognize and select the food containing ascorbic
half the ration (42.4%) (Table 4). acid. Previous experience seemed to influence the
acceptance of food, daily feeding patterns and
food preferences. On a daily basis, animals used to
DISCUSSION food containing ascorbic acid preferred to continue
eating the same food. This was reflected by the
Supplementation with vitamin C did not modify highest daily consumption of food with vitamin C
daily voluntary food consumption in capybarasobserved in animals that consumed the
breed in captivity (Tables 2 and 3). No reductiorsupplemented food during the pre-experimental
of voluntary consumption was detected, as hastage (Table 3).
been reported foCavia porcellus(Barnes et al  Perception of nutrients in a diet may be facilitate
1973; Kipp et al 1996; Odumosu and Wilson, via two mechanisms: (1) immediate sensory
1973).1t was reasonable to think that a prolongedflavor, color, scent, texture), and, (2) due tstpo
(greater than the present study) deprivation odfeeding effects of nutritional content (Hand et al
vitamin C might affect food intake, especially afte 2000). The first mechanism, relates to short term
the first clinical symptoms of scurvy were recognition, involving a pre-ingestion mechanism
manifested. For capybaras, this occurred after &Yillalba and Provenza, 1999); the second is
least 25 days (Cueto et,&000). considered long term recognition, because it
Odumosu and Wilson (1973) suggested that @volves the time required for digestion (Duncan
decrease in voluntary consumption of food could@nd Gordon, 1999).
contribute to clinical symptoms of scurvy. PresenResults showed that capybaras did not show short-
results showed that symptoms of scurvy irierm preferences (Table 3), indicating that
capybaras did not support Odumosu and Wilsongecognition of ascorbic acid might occur at some
(1973) theory forC. porcellus but rather denoted time after the 3-h intervals. A pre-ingestion
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mechanism or “specific appetite” towards vitaminit is traditionally understood that herbivores ntigh

C seemed unlikely, indicating a possible postnot detect specific components of their diets,
ingestion mechanism. Although a more specifibesides sodium and water (Stephens and Krebs,
design is needed to clarify short term preference4986).

Table 2 - Voluntary daily food intake (Kg/day) of commatipellet and meal-mixture with or without
supplemented vitamin C.

Daily Food Intake (Kg/day)!

Experiment? Food tested With Vitamin C Without Vitamin C
1 Commercial pellet 92.60 + 3.44 (18) 87.86 + 113
2 Meal-mixture 2.300 + 0.559 (4) 1.968 + 0.461 (4)

Key: 1- Data expressed as Mean + 1 Standard Dewidti= days), no statistical differences were oletiaccording to Mann-
Whitney Test. 2- Experiment 1: 102 individuals (Whpopulation), Experiment 2 (second stage): Grdupsad 2 consisted of 7
individuals each.

Table 3 - Results of Experiment 3: short term (3 hourg) komg term (24 hours) food preferences with ohwiitt
(W/O) vitamin C, related to the pre-experimentatduith or without supplemented vitamin C.
Voluntary Food Intake (Kg)!

Treatment Treatment

WITH Vit. C WJO Vit. C TOTAL
Short term preferences
Group 1. Pre-experimental diet With 4 5444 579 0.631+0.243 1.171+0.347
Vitamin C
Group 2: Pre-experimental diet Without — 3,4, ¢ 597 0.267 +0.162 0.614 + 0.234
Vitamin C
Long term preferences
Group 1. Pre-experimental diet With 550, ( 555 1.890+0.304  4.163+0.876
Vitamin C
Group 2: Pre-experimental diet Without 4 g5, ¢ 367 1.493+0.660  3.450+0.705
Vitamin C

Key: 1- Values of consumption (Kg) are presentedh@&sMean + 1 standard deviation; n = 7 (individgued each group).
Different letters means significant differences (p85) =2°: between groups according to Mann-Whitney U-t&&tbetween
treatments according to Wilcoxon Matched Pairs . Test

Table 4 - Daily Food Intake (Kg/day) according to pre-esipental diet with or without supplemented vitan@n
Evaluation of the null hypothesis: consumption remm@onstant along the day.
Mean Daily Food Intake (Kg/day)

With Vitamin C Without Vitamin C
Expected Food Intake after 24 hs * 9.368 4.912
Observed Food Intake after 24 hours 4.163 3.450
%Variation = Observed x 100/ Expected 42.4 78.2

Key: 1- Expected daily food intake (Kg/day) = Fdothke observed after 3-hours x 8.
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Studies with cattle and sheep has shown that thebaving access to the best resources, and resulting
animals can choose among commercial foods that higher fithess expressed as a greater number of
allow them to maximize growth, with the selectionoffspring (Cueto, 1999; Herrera and MacDonald,
mechanism governed by “post-ingestion effect”1987, 1993; Nogueira et .al1999; Yaber and
(post-ingestion feedback), allowing the animal taHerrera, 1994). A better nurtured animal has an
select the optimal diet through evaluation ofadvantage when finding high quality food, and
nutritional quality of a particular food (Duncan will be better prepared to rapidly consume it, thus
and Gordon, 1999). Apparently sheep has thenproving the physical condition and social status.
capacity to discriminate through post-ingestiorSuch behavior would be under positive selection,
effects, both energy and protein obtained fronand may influence the population dynamics by
each food, and then associate that effect to $pecifconferring an edge to intra-population competitors.
flavors of that food (Villalba and Provenza, 1999)It could be concluded that capybaras did not
It has also been reported that sheep moveagenerally consume more food when it was
physically towards any given food for a distancesupplemented with ascorbic acid. However, when
directly proportional to the nutritional benefit pre-accommodated to vitamin C, they showed a
obtained from that particular item (Roguet et al significant preference towards the vitamin C
1998). supplemented food. Moreover, this preference
Under natural conditions, elements associated witteemed mediated through long-term recognition,
vitamin C content might allow capybaras tosuggesting that post feeding selection (explained
recognize its presence in their food. It may alsdy physiological variables related to ascorbic acid
allow capybaras to remember benefits andnetabolism) was fundamental to food preference
digestive problems, and to associate them witAnd consumption in capybaras.

intake of a particular food, and subsequently $elec

or reject it. In this work it was observed that
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group competitors? Because vitamin C might be

considered an indicator of environmental quality

(Cueto, 1999), rapid consumption of food rich InRESUMO

vitamin C (as was observed in this study) may be

highly adaptive for wild individuals. Such O 4cido ascérbico é um nutriente essencial para as
behavior would improve their physical conditioncapivaras (Hydrochoerus —hydrochaeris). No
and facilitate the avoidance of potentially agaoist presente trabalho foi avaliado o efeito do &cido
behaviors in defense of the resource. Markedscérbico sobre 0 consume e as preferéncias

stable social hierarchies exist among both wild and”mentares a curto e |0ng0 prazo, assim como a
captive bred capybaras, with a dominant individual
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