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Nutritional value of some raw materials for guinea pigs (Cavia porcellus) feeding
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ABSTRACT: To formulate economically viable 
foods and achieve high performance in guinea 
pig production, it is important to know the nu-
tritional value of  the feeds, which requires deter-
mining their chemical composition, availability 
of  nutrients, and energy content. Chemical ana-
lysis, digestibility tests, and digestible energy 
(DE) and metabolizable energy (ME) content of 
63 feeds were determined using male guinea pigs 
of  4–5 mo of  age. The test feeds were fodder, 
agricultural residues, agro-industrial and kit-
chen waste, energy flours, and protein flours of 
animal and vegetable origin. The result showed 
wide variability in the chemical composition and 
energy density of  the feeds evaluated. In the case 
of  forages, the main feed source for the guinea 
pigs, the average contents ± SD of  crude protein 
(CP), crude fiber (CF), organic matter (OM), 

DE, and ME were 18.06 ± 6.50%, 23.08 ± 7.14%, 
89.95 ± 2.62%, 2963.71 ± 442.68, and 2430.24 ± 
363.00 kcal/kg; for the agro-industrial and kit-
chen waste, the values were 11.52  ± 4.72%, 
22.80 ± 14.61%, 91.37 ± 4.74%, 3006.31 ± 554.01, 
and 2465.18 ± 454.29 kcal/kg; for protein feeds, 
the values were 55.18 ± 22.87%, 5.11 ± 5.72%, 
91.18 ± 6.92%, 3681.94 ± 433. 24, and 3019.19 ± 
355.26 kcal/kg; for energy feeds, the values were 
12.73  ± 3.22%, 5.46  ± 1.96%, 95.33  ± 3.32%, 
3705.41  ± 171.78, and 3038.43  ± 140.86 kcal/
kg. The ME content is directly associated with 
CP content (R2  =  0.19) and OM digestibility 
(R2  =  0.56) and inversely with CF (R2  =  0.40) 
and ash (R2 = 0.13) content (P < 0.01). The re-
sults of  this study can be used to design feeding 
programs for family and commercial guinea pig 
production for meat.

Key words: digestible energy, digestible fiber, digestible protein, metabolizable energy, proximal 
chemical composition, total digestible nutrients
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INTRODUCTION

The domestic guinea pig (Cavia porcellus), na-
tive to Peru, Argentina, or Brazil (NRC, 1995), 
contributes to the food security of many popula-
tions in the Andean region and other developing 
countries (Lammers et al., 2009; Matthiesen et al., 
2011; Sánchez-Macías et al, 2015), because of its 

health properties and high content of protein, 
B-vitamins, linoleic and linolenic acid, and low 
content of saturated fat and cholesterol (Quevedo, 
2012; Avilés et al., 2014).

The market demands guinea pigs of a 
standard size and quality (Flores-Mancheno, 
2016), and to achieve this objective, diets that pre-
cisely cover their nutritional requirements should 
be used (NRC, 1995). However, it is surprising 
that very little is published about the nutritional 
needs and nutritional value of their feed (Guevara 
et al, 2008) and the existing information considers 
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the guinea pig as a laboratory animal or pet (NRC, 
1995; Bindelle et al., 2009) and not as a meat pro-
ducer; therefore, it is important to research the feed, 
health, and welfare of these animals (Witkowska 
et al., 2017).

Thanks to the fact that the guinea pig’s digestive 
tract has a large cecum that may ferment the fiber in 
the diet (Richarson, 2000), it can consume a variety 
of feeds, from kitchen waste, agricultural waste, 
fresh vegetables, to natural grasses, cultivated alone 
or combined with concentrated supplements (Niba 
et al, 2004; Kouakou et al., 2013; Witkowska et al., 
2017; Sánchez-Macías et al., 2018), and the rate of 
weight gain and feed utilization is influenced by the 
chemical composition and energy content of the 
diet and the animal’s ability to use it (Castro et al., 
2017, 2018); therefore, one of the greatest chal-
lenges for a nutritionist is to formulate economic-
ally viable diets that adequately satisfy the animal’s 
nutritional requirements, and it is important to 
know the nutritional and energy value of the feed 
and the factors that influence its use.

The proximal chemical composition of feeds is 
derived from laboratory analyses (Ki et al., 2017), 
and nutritional information based on in vivo ex-
periments and mathematical estimates (Safwat 
et al., 2015; INRA, 2017; FEDNA, 2019; National 
Academy of Sciences, 2019) is available for pigs, 
birds, and other animal species (Kyntäjä et  al., 
2014; INRA, 2017; FEDNA, 2019) but not for 
guinea pigs for meat production.

Therefore, work was conducted to determine 
the proximal composition, digestibility of nutri-
ents, and contribution of DE and ME of different 
feeds used in the diets of meat guinea pigs and to 
evaluate the association between the content of 
crude protein (CP), crude fiber (CF), ash, and the 
digestibility of organic material with ME content.

MATERIALS AND METHODS

Animal Handling

All digestibility tests met ethical standards for 
animal research. The biological evaluation room 
was well ventilated and illuminated; the handling 
and treatment of experimental animals followed 
ethical standards of animal welfare and care in re-
search. After the study, all of the guinea pigs re-
turned to the farm.

The research was approved by the Specialized 
Research Institute of the Faculty of Animal Science 
of the Universidad Nacional del Centro del Perú. 
It is part of the project “Bioenergetic Valuation of 

Inputs for the Feeding of Guinea pigs”, Research 
Line in Sustainable Animal Production. Project 
Code N° 1111.

Place and period of the study. A total of 63 di-
gestibility experiments and their corresponding 
chemical analyses were carried out in the guinea 
pig program of the Yauris Agricultural Farm and 
animal nutrition laboratory of the Faculty of 
Zootechnics of the National University of Central 
Peru. The university is located in the district and 
province of Huancayo, at 3240 m of altitude, lati-
tude South 11°51’00’’, longitude West 77°22’24’’, 
with an average temperature of 11.9 °C, 625 mm/
year of rainfall, and 88.2% of relative humidity.

Feed inputs.  Sixty-three guinea pig feeds 
were evaluated, including dry and fresh forages, 
agro-industrial and kitchen waste, and energetic 
cereal grain flours and animal and vegetable pro-
tein flours.

Digestibility tests and calculation of total digest-
ible nutrients.   Experiments were conducted with 
guinea pigs housed individually in metabolic crates 
equipped with an individual feeder and a nipple 
drinker (Castro et al., 2017, 2018). The ingredients 
that were used as unique dietary components, in “in 
vivo” direct digestibility tests (Safwat et al., 2015; 
Fan et al., 2017), were fodder and agricultural and 
kitchen waste. Protein and energy meals were in-
cluded in 10% of a reference ration based on barley 
flour and their digestibility coefficients were deter-
mined by the difference method, considering that 
the indigestibility of barley flour is the same when 
combined with the experimental feed (Fan et  al., 
2017).

The digestibility coefficients were determined 
using the method of total excrement collection 
(Stein et al., 2007; Castro et al., 2017, 2018), which 
considers a pre-experimental phase of 7 d, grad-
ually substituting the Lolium multiflorum that the 
guinea pigs had been consuming with the feed 
in the study plus drinking water with vitamin C 
(Richardson, 2000; Bindele et  al., 2009; Balsiger 
et al., 2016; Frikke-Schmidth et al., 2016). During 
the experimental phase, accurate measurement of 
feed intake and collection of fecal material was per-
formed daily for 7 d and feces were weighed and 
stored at −18 °C for subsequent chemical analysis 
(Bindele et al., 2009).

Total digestible nutrients (TDN) are calculated as 
the sum of the products of the organic components of 
the proximal analysis [CP, ether extract (EE), CF, and 
the nitrogen-free extract (NFE)] multiplied by their 
digestibility coefficients. The product of the multipli-
cation of EE by its digestibility is multiplied by the 
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factor 2.25, which is the times of energy released by 
fats compared to proteins and carbohydrates. The 
partial results are divided by 100 to express the TDN 
as a percentage (Castro et al., 2017, 2018).

Proximal chemical analysis and estimation of 
digestible and metabolizable energy.  Dry matter 
(DM), CP, EE, CF, NFE, and ash contents in feed 
and feces samples were determined in accordance 
with the standard methods of the Association of 
Official Analytical Chemists procedures (AOAC, 
2005). Moisture content was determined gravimet-
rically by drying the samples in an oven at 100 °C 
to a constant weight. The dried samples were sub-
jected to other chemical analyses. CP content (N ×  
6.25) was determined in accordance with the 
Kjeldahl method (method no. 978.04), EE was de-
termined in accordance with the Soxhlet extract 
method using petroleum ether as the extract agent 
(60–80  °C; method no.  930.09), CF was deter-
mined using H2SO4 and NaOH digestion (method 
no. 978.10), and ash content was assayed by incin-
erating the samples in a muffle furnace at 550  °C 
(method no.  930.05). Organic matter (OM) was 
computed as 100 minus the content of ash and 
water (Fan et al., 2017). Digestible energy (DE) was 
estimated by multiplying the percentage of TDN 
by 44.09 (Weiss and Tebbe, 2019) and metaboliz-
able energy (ME) by multiplying the DE content by 
0.82 (Hales, 2019), both values were expressed in 
kcal/kg.

Statistical Analysis

The calculations of digestible nutrients and 
energy assessment of feed were made in Excel for 
Windows. Trend lines and determination coeffi-
cients (R2) between ME content and CF, CP, ash, 
and OM digestibility contents were determined. 
One-way ANOVA was used for analysis between 
the digestibility coefficients of DM, CP, EE, NFE, 
and OM, and Tukey significance tests with a 5% 
probability level in SPSS 23.

RESULTS

Proximal Composition and Digestibility Coefficients 
of Guinea Pig Feed

The contents of DM, CP, EE, NFE, CF, and 
ash vary according to the type of feed evaluated 
(dry fodder, green fodder, protein feed, and energy 
feed or kitchen and agro-industrial waste). The 
OM content of the 63 feeds evaluated ranged from 
72.90% to 98.00% (Tables 1 and 2).

The digestibility coefficients determined in this 
study show that the guinea pigs have a wide cap-
acity to use diverse types of feed, from high fiber 
feeds, such as moron bran (CF 47.36%) and dry 
pea shells (CF 42.03%), to high protein feeds, such 
as cattle blood meal (CP 95.16%) or donkey meal 
(CP 85.23%), that can be used as the main protein 
sources in guinea pig diets. Our results indicate that 
NFE is composed of noncomplex carbohydrates 
and is more digestible than raw fiber (P > 0.05); the 
average digestibility of NFE was 72.15%, while that 
of CF was 58.82%.

Figure 1 shows that the average digestibility co-
efficients ± SD of the DM, CP, EE, CF, NFE, and 
OM of study feeds registered highly significant dif-
ferences (P  <  0.05), with the digestibilities of the 
CP, DM, and OM being similar and greater than 
the digestibility registered for the fibrous fraction 
of the feeds.

Proximal digestible components and energy 
content of guinea pig feed.  The guinea pigs make 
good use of all types of feed, with high digestibility 
of DM, CP, and OM (Tables 3 and 4). The ME 
contents of the 63 feeds evaluated were between 
1572.54 and 3561.95 kcal/kg, with an average ± 
SD = 2628.01 ± 453.62 kcal/kg. Figures 2–5 show 
the inverse relationship between ME intake and CF 
and A contents (P < 0.05) and a direct association 
with CP contents and OM digestibility (P < 0.05).

DISCUSSION

The food intake and productive yield of the 
guinea pigs depend on the nutritional value and en-
ergy density of the diet. The feed represents about 
70% of the cost of guinea pig fattening, and it is im-
portant to know the chemical composition and en-
ergy contribution of the feed in correspondence to 
the requirements of the guinea pigs (NRC, 1995).

In the current study, the nutritional value of the 
feed, determined through proximal analysis and di-
gestibility tests, has allowed results to be obtained 
for use in guinea pig diet formulation (Castro et al., 
2017, 2018; Witkowska et al, 2017; Sánchez-Macías 
et  al., 2018), as reported in other animal species 
(Fortes et al., 2010; Safwat et al., 2015; Stergiadis 
et al., 2015; Fan et al., 2017). The DM content of 
feeds, their proximal composition, and digestibility 
varies according to different factors, such as the 
species of grass, plant parts, cutting age, type, and 
origin of the feed, whether it is of animal or plant 
origin (Gadberry, 2015).

Even when the forages are characterized by 
their high fiber content, generally greater than that 
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of CP, the guinea pig, because it is a postgastric 
fermenter, has a functional cecum that contains be-
tween 40% and 65% of the intake and, thanks to 
the fermentative activity of a wide variety of bac-
teria, fungi, and protozoa, the guinea pig can partly 
hydrolyze and ferment cellulose and other fiber 
components (Snipes, 1982; Richardson 2000; Vella, 
2012; Witkowska et al, 2017). If  there is not enough 
fiber in the diet, the teeth do not wear out properly 
and can cause malocclusions that make it impos-
sible to eat; therefore, forages should constitute the 
majority of the diet and be provided on an ad lib-
itum basis (Meredith and Johnson-Delaney, 2010).

The values of CP do not provide information 
about the real content of protein and nonprotein in 
the feed, so the digestible protein can be used in the 
formulation of rations for the guinea pigs. In this 
study, the average CP digestibility was 73.53, which 
was also greater than the CF digestibility of 58.82% 
(P > 0.05).

TDN were determined based on the results of 
digestibility tests, which are still used as a standard 
system to express the energy value of feeds for 
many species (NRC, 1995, 2012); however, DE and 
ME values are the most recommended for guinea 
pig feeding (NRC, 1995).

This study shows that guinea pigs use pas-
ture and forage, agro-industrial waste, and kitchen 
waste well, improving their nutritional contribution 
when concentrates with protein sources of animal 
origin are included (Fortes et  al., 2010) or when 
vegetable supplements are complemented with 

essential amino acids, as is the case with lupine 
flour, or when fibrous feeds are treated with NaOH 
(Tables 3 and 4).

In this study, it was observed that feeds rich in 
fiber decrease the digestibility of the other compo-
nents and the content of ME, results observed in 
several reports (Fortes et  al., 2010). The progress 
of the phenological state of the plant increases the 
content of the cell walls to the detriment of the 
nitrogen cell content (Pérez, 2013; Beltrán et  al., 
2018). It has also been observed that the propor-
tion of protein, EE, fiber, and ash was higher in the 
leaves than in the stems, as in the case of Phalaris 
tuberoarundinacea and flat corn (Zea mays).

Results also demonstrated that the higher the 
CF and cellulose concentration in the ingredient, 
the lower was the ME, and when feeds had greater 
CP concentration and OM digestibility, the ME 
contribution increases significantly (P  <  0.05). 
Similar results have been observed in other mono-
gastric animals (Castrillo et  al., 2001; Agyekum 
and Nyachoti, 2017; Ginindza et al., 2017).

CONCLUSIONS

The feed of the guinea pigs contains very vari-
able amounts of protein, fiber, fat, and ME, and 
the majority is of a fibrous nature. In general, feeds 
high in fiber have a lower nutritional value and af-
fect the utilization of ME. However, the guinea 
pigs ferment the fiber better than other monogas-
tric animals because they have a functional cecum. 
Feeds rich in fiber and ash are associated with less 
utilization of nutrients and ME, and feeds rich in 
raw protein are associated with greater utilization 
of energy.

LIMITATIONS OF THE STUDY

Feeds present variations in their compos-
ition due to the effects of climate, geochemistry, 
tillage system, fertilization, cutting season, variety, 
handling, and preparation, among others; con-
sequently, an estimate of the nutritional value of 
feeds is approximate but reliable and can be used 
to formulate rations. In any case, feeding tests can 
be done periodically to measure the ED and ME of 
the feed and guarantee the accuracy in the formu-
lation of rations.

ANIMAL WELFARE STATEMENT

The authors confirm that the journal’s ethical 
policies have been followed as indicated on the 
journal’s author guidelines page.

Figure 1. Diagram of boxes and whiskers for the distribution of di-
gestibility coefficients of DM, OM, and proximal organic components 
of guinea pig food. Averages and SD are shown. a, b, c, Average values 
with different letters vary statistically (P < 0.05).
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