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Abstract 

The objective of this study was to determine the nutrient digestibility 
coefficients and estimate the digestible energy of ground paprika (Cap-
sicum annuum) through in vivo digestibility trials in guinea pigs. The 
experiment was conducted in the laboratories of the National Agrarian 
University of La Molina [UNALM], Lima, Peru. The adaptation period 
was 7 days. During these seven days, the percentage of wheat by-product 
was progressively reduced, and the inclusion of ground paprika in the 
experimental diet was increased, while the control group received a diet 
with 100% wheat by-product. Over the following 10 days, food con-
sumption was recorded, and feces were collected daily. The digestibility 
coefficients of ground paprika were 69.77% for dry matter, 86.76% for 
crude protein, 89.32% for ether extract, 40.85% for crude fiber, 69.56% 
for ash, and 80.70% for nitrogen-free extract. The digestible energy was 
3,448.6 kcal kg-1 of dry matter. In conclusion, ground paprika is a highly 
digestible and energy-dense local input, with potential for use as an al-
ternative ingredient in the formulation of balanced feeds for guinea pigs.

Keywords: digestibility coefficient, intake, paprika, wheat subproduct.

Resumen

El objetivo del estudio fue determinar los coeficientes de digestibilidad 
de los nutrientes y estimar la energía digestible de la páprika molida 
(Capsicum annuum) mediante ensayos de digestibilidad in vivo en cu-
yes. El experimento se llevó a cabo en los laboratorios de la Universi-
dad Nacional Agraria La Molina [UNALM], Lima, Perú. El periodo de 
adaptación tuvo una duración de 7 días; durante estos siete días se redujo 
progresivamente el porcentaje de subproducto de trigo y se incrementó 
la inclusión de páprika molida la dieta experimental, mientras que el gru-
po control recibió una dieta con 100% de subproducto de trigo. En los 
10 días siguientes se registró diariamente el consumo de alimento y se 
recolectaron las heces. Los coeficientes de digestibilidad de la páprika 
molida fueron 69,77% para materia seca, 86,76% para proteína cruda, 
89,32% para extracto etéreo, 40,85% para fibra cruda, 69,56% para ce-
niza y 80,70% para extracto libre de nitrógeno. La energía digestible fue 
de 3.448,6 kcal kg-1 de materia seca. En conclusión, la páprika molida 
es un insumo local altamente digestible y energéticamente denso, con 
potencial para su uso como ingrediente alternativo en la formulación de 
alimentos balanceados para cuyes.

Palabras clave: coeficiente de digestibilidad, consumo, páprika, subpro-
ducto de trigo.
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1. Introduction

Guinea pigs (Cavia porcellus) were domesticated in 
the Andean region of South America over 3.000 years 
ago from wild varieties of Cavia tschudii, and beca-
me the first rodent intentionally raised for human con-
sumption (Kimura et al., 2016; Pigière et al., 2012). 
Cavia porcellus is an important species in the Andean 
diet, especially in Peru (Chicaiza Sáchez et al., 2024), 
where it constitutes a source of high-quality animal 
protein (20.3%) and low-fat content (7.8%) in com-
parison to other meats (Rosenfeld, 2008). Besides its 
nutritional value, it represents an economic alternati-
ve due to short reproductive cycles, low costs of pro-
duction, fast growth and easy management (Miégoué 
et al., 2016). These characteristics have increased the 
demand for guinea pigs (Chávez-Tapia & Avilés-Es-
quivel, 2022; Torres Salazar & Bardales Escalante, 
2023). In Ecuador, guinea pig breeding is part of fa-
mily farming and contributes to food security and fa-
mily economic support (Chicaiza Sáchez et al., 2024). 
This productive system has adapted to the country’s 
agroecological conditions, integrating animal produc-
tion with crops and promoting a more efficient use of 
available resources (Reyes-Silva et al., 2021; Damián 
Quito et al., 2022).

Feeding is the main component of production 
costs in guinea pig breeding, representing approxi-
mately 60% of the total (Aliaga et al., 2009). Their 
diet is mainly based on green forage, especially al-
falfa, due to its high protein content and digestibili-
ty (Reyes-Silva et al., 2021). A balanced diet ensu-
res good growth, feed conversion and animal health 
(Castro-García & Nava, 2021). However, the use of 
commercial balanced feed increases production costs, 
which has promoted the search for local, artisanal, 
and low-cost alternatives elaborated with available 
supplies in the area (Hermitaño-Osorio et al., 2024).

In this context, there is a rising global tendency 
towards the assessment and usage of non-conven-
tional ingredients in animal feed due to the need to 
reduce costs, the sustainable enhancement of produc-
tive systems, and the variability in traditional forage 
availability. These ingredients should be viable and 
nutritionally adequate to partially or totally substitu-
te conventional forage, especially during periods of 
scarcity or when quality is low (Apráez-Guerrero et 
al., 2013). Many studies have reported the potential of 
different alternative ingredients. Hidalgo and Valerio 
(2020) showed that corn germ presented higher diges-
tibility for dry matter (79%), while hominy feed regis-
tered the highest values of digestible and metaboliza-
ble energy (4,372 and 4,351 kcal kg-1 of dry matter, 
respectively). Likewise, Sotelo et al. (2020) reported 

digestibility coefficients superior to 60% in dry forage 
from Mucuna pruriens, while Castro Bedriñana et al. 
(2018) found high digestibility of soluble carbohydra-
tes in maca stubble (Lepidium peruvianum). Hurtado 
et al. (2012) highlighted Arboloco (Montanoa qua-
drangularis) with almost 90% of crude fiber and dry 
matter. 

Within the line of alternative ingredients search, 
paprika (Capsicum annuum) is presented as a promi-
sing option. This crop, used mainly in the food, me-
dical, and cosmetic industries (González-Pérez et al., 
2025), is produced in high volumes on the Peruvian 
coast. Globally, Capsicum annuum is one of the most 
economically important vegetables, with approximate 
1.7 million cultivated hectares (Food and Agricultu-
re Organization of the United Nations [FAO], 2023). 
Their fruits contain high levels of vitamins A and C, 
carotenoids, flavonoids, and antioxidant compounds 
(Choi et al., 2023), plus relevant pharmacological 
properties (Zhang et al., 2023). Chili genotypes have 
higher levels of protein, fiber, fats, carbohydrates and 
are rich sources of secondary metabolites (Mis-Val-
dez et al., 2022). At the Yucatan Peninsula, this crop 
stands out because of its genetic diversity and econo-
mic relevance (Castillo-Aguilar et al., 2021).

In Peru, the most widespread crops include sweet 
pepper, native pepper, Ancho San Luis (broad chili 
pepper), paprika, rocoto, and piquillo, with a natio-
nal production estimated at 27,749.69 t year-1 (FAO, 
2023). One of the main strategies to improve com-
mercial quality and productivity is the use of hybrids 
with strong yield performance, fruit uniformity and 
better adaptation to specific environmental conditions 
(Krishna et al., 2021; Naves et al., 2022). However, 
farmers face significant losses in commercial quality 
due to scald and sunscald, which cause excedents that 
most of the time cannot be inserted in formal markets. 
The discarded volumes represent an opportunity to be 
revalued for other uses, like animal feed, where their 
nutritional and energetic inputs could be utilized. 

However, their use in animal feed has been less ex-
plored. In rabbits, García et al. (1977) reported 63.1% 
of protein digestibility and crude fiber, and 1747.6 
kcal kg-1 MS of digestible energy. Given that informa-
tion about paprika’s nutritional value in guinea pigs is 
practically nonexistent, it becomes necessary to eva-
luate its potential as an alternative ingredient through 
digestibility studies. 

The present study aimed to determine the apparent 
digestibility coefficients and estimate the digestible 
energy of paprika (Capsicum annuum) through in vivo 
assays in male guinea pigs to evaluate its potential as 
an alternative ingredient in the formulation of balan-
ced diets. The results contribute relevant information 

http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1609-91172024000300004
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for the diversification of food sources in guinea pig 
breeding, promoting the exploitation of agricultural 
excedents and reducing production costs. Thus, stren-
gthening the sustainability of family productive and 
commercial systems in high-Andean zones. 

2. Materials and Methods

2.1. Study area

The experiment was carried out in the Laboratory of 
Biological Evaluation of Food at the Faculty of Ani-
mal Science of the National Agrarian University of La 
Molina [UNALM], Lima, Peru. Proximal chemical 
analyses were done in the Laboratory of Nutritional 
Evaluation of Food [LNEF] at the Faculty of Animal 
Science of the UNALM. 

2.2. Set and equipments

Guinea pigs were placed individually in 10 metabolic 
cages with an area of 0.11 m². The cages had metallic 
mesh floors, metal dining rooms, and glass drinkers 
with a pacifier type and a capacity of 250 mL. The 
cages also had a funnel-shaped tray to collect feces 
and urine separately. 

2.3. Animals and experimental diets

Ten three-month-old male guinea pigs from an enhan-
ced lineage type I, with an average weight of 825.5 
g, were used. They were obtained from the Research 
and Social Projection Program [RSPP] of Meat from 
UNALM. 

The animals were divided into two groups of five 
and fed the experimental diets exclusively, with no 
additional forage, to strictly control the composition 
of ingested nutrients: 
•	 Basal diet: 100% wheat by-product. 
•	 Experimental diet: 40% grounded paprika (Cap-

sicum annuum L. var. longum) and 60% wheat 
by-product.

The ground paprika was initially dried in the shade, 
then further dried in a stove before being ground at 
the Laboratory of Drying and Grinding of the Faculty 
of Animal Science.

2.4. Experimental period

The experiment consisted of two periods. The first 
was a seven-day adaptation period, during which the 
level of wheat by-product was gradually reduced, and 

the inclusion of ground paprika in the experimental 
diet was increased. Five animals of the control group 
were fed exclusively on wheat by-product during this 
period. The second was a five-day period and corres-
ponded to feces collection. During this time, daily diet 
consumption was recorded, and feces were collected. 

2.5. Consumption record and sample collec-
tion

Feeding was calculated every 24 hours through the 
difference between fresh food and the residual. Co-
llected feces were stored in polyethylene bags, wei-
ghed daily, and kept refrigerated until processing. An 
aliquot of 5 g was dried on a stove at 105 °C for 5 
hours to determine the initial humidity. The rest was 
homogenized, dried, and ground to a particle size of 2 
mm for proximate analyses. 

2.6. Chemical analyses and digestibility

Chemical analyses of diets and feces were carried out 
according to the official methods from the Associa-
tion of Official Agricultural Chemists (AOAC, 2016). 
The apparent digestibility coefficients of diets were 
calculated through the direct method. In the case of 
paprika, the apparent digestibility of diets was deter-
mined by the indirect method described by Crampton 
and Harris (1974). This procedure compared the di-
gestibility of the basal diet with that of the experimen-
tal diet that has the ingredient of evaluation, allowing 
the estimation of the ingredient digestibility. 

2.7. Digestible energy estimation

Diets, feces and paprika gross energies were estima-
ted using the formula proposed by the Alimentation 
Équilibrée de Commentry [A.E.C.] (1978), using ca-
loric factors of 5.70 for raw protein, 9.30 for ether ex-
tract and 4.10 for raw fiber plus nitrogen-free extract. 
From these values, the digestible energy of ground 
paprika was calculated following the recommenda-
tions of Crampton and Harris (1974). 

3. Results and Discussion

3.1. Proximal chemical composition of ground 
paprika and feces

The ground paprika used in this article showed a high 
nitrogen-free extract (36.91%) and raw fiber (25.91%) 
contents in its proximate chemical composition, whi-
le ether extract was the least abundant component 
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(6.98%) (Table 2). These values correspond solely to 
the paprika batch used in this experiment and reflect 
its specific chemical composition, which could vary 
in function of the origin, maturity stage, dry condi-
tions and storage. 

Previous studies, such as that of Bravo-Delgado et 
al. (2024), have shown that the composition of dried 
huacle chili varies according to fruit color, highligh-
ting the yellow type due to its high humidity levels 
(15.15 ± 1.49%) and ether extract (14.67 ± 1.16%) as-
sociated with the presence of carotenoids and pheno-
lic compounds. The black type, however, showed the 
lowest ash content (6.51 ± 0.13%) and protein (10.21 
± 0.67%). These results are consistent with other ve-
getable by-product s used in monogastric feeding, 
which are characterized by an important fraction of 
nitrogen-free extract (Castro Bedriñana et al., 2018; 
Sotelo et al., 2020).

According to the chemical composition of feces, 
differences were observed between animals fed the 
basal diet and those fed the experimental diet supple-
mented with ground paprika (Table 3). The feces of 
the experimental group showed a marked increase in 
raw fiber content (31.30% from 15.39%) with a re-
duction in raw protein levels (16.32% from 19.38%) 
and nitrogen-free extract (36.25% from 51.06%). 

These changes are attributed to the lower digestibility 
of the experimental diet, which is consistent with its 
higher crude fiber content from paprika. Likewise, a 
decrease in nitrogen-free extract in the feces suggests 
higher excretion of structural non-digestible carbohy-
drates, possibly associated with the presence of ligni-
fied cellular walls and phenolic compounds. 

3.2. Apparent digestibility of paprika

Apparent digestibility coefficients are presented in 
Table 4. The ether extract showed the highest value, 
reaching a digestibility of 89.32%, which demonstra-
tes efficient utilization of the lipid fraction. This result 
was higher than the one observed in forages, such as 
Mucuna pruriens, whose digestibility was 60.18%, 
or maca stubble with 75.27% (Castro Bedriñana et 
al., 2018; Sotelo et al., 2020). In contrast, raw fiber 
showed the lowest digestibility (40.85%), a value 
considerably lower than those reported for tree spe-
cies such as mulberry, which reached approximately 
80%, and arboloco with nearly 89%. (Hurtado et al., 
2012). This low fiber availability can be influenced 
by the presence of lignin and tannins in paprika, com-
pounds that limit the degradation of structural poly-
saccharides (Rubio y Molina, 2016).

Table 1. Official methods used for proximate chemical analysis of diets and feces in the study.

Components Method AOAC (2005)

Humidity AOAC (2005), 950.46

Dry matter By difference

Organic matter By difference

Raw protein AOAC (2005), 984.13

Raw fiber AOAC (2005), 962.09

Ether extract AOAC (2005), 2003.05

Ashes AOAC (2005), 942.05

Nitrogen-free extract By difference: 100 minus the determined analytes

Table 2. Proximate chemical analysis of ground paprika (% dry basis).

Components Partially dry Dry base

Humidity, % 6.45 0.00

Dry matter, % 93.55 100.00

Organic matter, % 83.92 89.71

Raw protein, % 18.62 19.90

Raw fiber, % 24.24 25.91

Ether extract, % 6.53 6.98

Ashes, % 9.63 10.29

Nitrogen-free extract, % 34.53 36.91
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Apparent digestibility of dry matter obtained during 
this study was 69.77%, which is higher than the va-
lues reported for wheat by-product (65.3%) (Hidal-
go & Valerio, 2020), matarraton (49.9%), and India 
grass (45.5%) (Hurtado et al., 2012). However, it was 
smaller than the value for corn gluten, which reached 
around 79%, and arboloco, with around 86.8%. The 
observed differences among ingredients could be at-
tributed to the variation in fiber and lignin content, 
factors that limit the nutrient accessibility and degra-
dation (Figueiredo et al., 2019).

Raw protein digestibility (86.76%) was high in 
comparison to that from Mucuna pruriens forage 
(74.02%) (Sotelo et al., 2020), maca stubble (68%) 
(Castro et al., 2018) and mulberry (74.9%) (Hurtado 
et al., 2012). However, it was slightly smaller than the 
values for matarraton (91.6%) and arboloco (87.7%). 
These results confirm that paprika offers protein with 
high digestibility. However, the presence of anti-nu-

tritious compounds, such as tannins, could limit its 
full utilization (Rubio y Molina, 2016). Regarding ni-
trogen-free extract, the digestibility (80.70%) was hi-
gher than that reported for maca stubble (77.8%) and 
for legumes such as Pueraria phaseoloides (48.21%) 
and Stylosanthes guianensis (55.15%) (Castro et al., 
2018; Sotelo et al., 2016). These values confirm the 
potential of paprika as a source of soluble carbohy-
drates and rapidly available energy.

Digestibility of raw fiber (40.85%) was higher 
than the value found in legumes, such as Pueraria 
phaseoloides (17.84%) and Stylosanthes guianensis 
(18.5%) (Sotelo et al., 2016). However, the 40.85% 
value was smaller than that of mulberry (80%) and 
arboloco (89%) (Hurtado et al., 2012). The dry and 
ground processes could have influenced the enhance-
ment of fiber accessibility, though its lignin and pectin 
insoluble content limit their exploitation (Benítez & 
Poveda, 2011).

Table 3. Chemical composition of guinea pig feces from animals fed the basal and experimental diets.

Components (%) Feces – Basal diet Feces – Experimental diet 

Dry matter 100.00 100.00

Organic matter 91.55 89.71

Raw protein 19.38 16.32

Raw fiber 15.39 31.30

Ether extract 5.71 5.84

Ashes 8.45 10.29

Nitrogen-free extract 51.06 36.25

Table 4. Apparent digestibility coefficients of ground paprika (% dry basis).

Components Digestibility coefficient Variability coefficient

Dry matter 69.77 4.88

Organic matter 70.36 4.91

Raw protein 86.76 7.02

Ether extract 89.32 11.89

Raw fiber 40.85 12.53

Ashes 69.56 8.44

Nitrogen-free extract 80.70 3.48

Table 5. Estimated digestible energy of ground paprika (kcal kg-1 DM). 
Animal N° Basal diet (kcal kg-1) Experimental diet (kcal kg-1) Ground paprika (kcal kg-1)

1 3,336.3 3,406.0 3,290.6
2 3,590.5 3,422.0 3,469.3
3 3,425.2 3,387.8 3,381.7
4 3,395.4 3,463.0 3,564.3
5 3,412.5 3,462.4 3,537.2

Average 3,431.9 3,428.2 3,448.6
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Nitrogen-free extract showed a digestibility of 
80.70%, which is a higher value to that observed on 
maca stubble (77.8%) (Castro Bedriñana et al., 2018) 
and other tropical legumes (Sotelo et al., 2016). This 
result shows that paprika contributes with an impor-
tant fraction of nutrients potentially used by animals, 
which contributes to its energetic value in the diet. 

3.3. Digestible Energy 

In terms of digestible energy, ground paprika reached 
a value of 3,448.6 kcal kg-1 MS (Table 5), which far 
surpasses that of wheat by-product (2,801 kcal kg-1 
MS) (Hidalgo y Valerio, 2020) and dry forage of 
Mucuna pruriens (2,610 kcal kg-1 MS) (Sotelo et al., 
2020). This high energetic value is related to its eleva-
ted digestibility capacity in protein and ether extract, 
as well as with the effect of processing on nutrient 
availability (García et al., 1997).

4. Conclusions

Estimated digestibility coefficients for ground pa-
prika, obtained by the indirect method applied in the 
experimental diet, showed a high availability of raw 
protein (86.76%) and ether extract (89.32%), as well 
as an energetic value of 3,448.6 kcal kg-1 MS. These 
results showed that paprika has a potentially signifi-
cant contribution of energy and protein when used as 
an ingredient in guinea pig diets. However, low di-
gestibility of raw fiber (40.85%) and the possible pre-
sence of non-nutritious compounds showed the need 
to evaluate optimal inclusion levels in balanced diets 
and their impact on productive performance under 
practical feeding conditions.
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