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The increasing cost of fishmeal and soybean meal forces us to look for unconventional
sources of protein to feed guinea pigs, being able to use earthworm meal Eisenia foetida
(EF) with 60-80% high quality raw protein, for this, the contribution of digestible nutrients
and metabolizable energy must be known to formulate rations. The objective is to evaluate
the nutritional quality of EF used in 10 and 20% in guinea pig diets. The research procedure
considered the preparation of EF, proximal chemical analysis, digestibility tests "in vivo" by
the direct method for the reference diet of barley meal (BM) and indirect tests for EF, using
5-month-old male guinea pigs and homogeneous weights (700-750 g), placed in individual
metabolic cages and randomly distributed in 3 groups of 3 animals per group, (Gl):
Reference diet (BM), (G2): EF 10% + 90% BM and (G3): EF 20% + 80% BM. To determine
the mean difference of digestibility, total digestible nutrients (TDN), digestible energy (DE)
and metabolizable energy (ME) between G2 and G3. The average content of dry matter,
crude protein, fat, nitrogen-free extract and organic matter of the EF was 77.16, 66.90, 10.0,
21.1 and 91.0%, and the average digestibility coefficients of these components were 68.01,
92.96, 72.40, 41.34 and 71.68%, the ME content was 3125.31 Kcal / kg. As the EF level
increased from 10 to 20%, the digestibility coefficients of dry matter, protein, fat, nitrogen-
free extract and organic matter increased by 7.75; 2.18; 5.45; 16.20 and 4.83%, the ME
value increased by 7.25% (P < 0.05). Increasing the inclusion of EF from 10 to 20% in
guinea pig diets improves digestibility nutrients and ME content. Reduction in the cost of
animal protein production, added value for the cultivation of FEisenia foetida and
contribution to environmental health.

1. Introduction

According to estimates of the Camara Peruana del Cuy [5],
about 18 million guinea pigs are raised in Peru, 50% more

The guinea pig, originally from the Andes Mountains of Peru,
Colombia, Ecuador and Bolivia, due to its nutritional quality and
healthy properties, is important in the nutritional food security of
the Andean population [1,2].

The high protein content (21.4%), B vitamins (15 mg/ 100 g),
low cholesterol (65 mg / 100 g), low saturated fat (3%), low
sodium, linoleic and linolenic acid presence (absent or low
concentration in other meats) qualify guinea pig meat as a healthy
food for any population group [3,4].
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compared to the IV National Agricultural Census of 2012, and
national and international demand requires guinea pigs of a
standard size and quality. Exports went from two tons in 2002 to
twenty in 2015; United States is the main destination.

This productive level demands rapid growth, better rates of
food conversion and higher yield of guinea pig meat, using diets
of high nutritional value; but, if conventional protein foods (fish
meal or soybean meal) are included, production costs are raised,
and unconventional protein sources such as California redworm
meal Eisenia foetida should be evaluated [6].

The earthworm meal Eisenia foetida (EF) contains 18.6% dry
matter and depending on the processing, a dry basis it contains 60-
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80% low-cost crude protein [7]-[9], 1.3% crude fiber (CF); 7-10%
fat, 8-20% nitrogen free extract, 3-6% ash, and 4000 kcal / kg gross
energy [10]. Essential amino acids outperforms to the fishmeal and
soybean meal, and contains lysine (2.7-6.8%), methionine (0.76-
1.2%), phenylalanin (1.8-3.5%), leucine (3.1-5.0%), tryptophane
(0.12-1.73%), threonine (1.8-5.2%), histidine (1.4-2.6%), arginine
(2.8-4.4%), valine (1.3-4.7%), isoleucine (1.2-6.2%) among others
[11-15]. EF also contains niacin, riboflavin, thiamine, pantothenic
acid, pyridoxin, cyanocobalamin, folic acid, being considered as a
biotechnological resource of high nutritional and ecological
interest of some developing countries [9,15], and by its pleasant
smell and good palatability [16] can be included in animal and
human diets [8,9].

The EF can use manure of pigs, guinea pigs, rabbits, poultry,
sheep and cattle as substrates, combined with organic and
agricultural waste, which are commonly thrown away and are a
source of contamination [7,11,17,18]. The EF adapts to a wide
range of soil and climate conditions, and reproduces better when
the substrate temperature is between 14 and 27 °C, being the
optimum 21 °C, but can survive between 0-42 °C [9].

In the vermicompost, different organic materials are
transformed into useful products for humans, such as organic
fertilizers (with multiple benefits for agriculture) [19], earthworm
meat, earthworm meal, earthworm tea, cookies, cakes, among
others [20], obtaining 100% natural and organic products. The EF
is a powerful natural anabolic and because of the rapid absorption
of amino acids, the immune system does not recognize them as
foreign elements, as with other proteins of animal origin that are
rejected by the immune system [14].

The research objective is to evaluate the nutritional quality of
Eisenia foetida worm meal (Figure 1) for guinea pigs, included in
10 and 20% to diets based on ground barley, through proximal
chemical analysis, digestibility tests and digestible and
metabolizable energy estimation.

Eisenia foetida Earthworm meal (Eisenia foetida)

Figure 1. Eisenia foetida and earthworm meal
2. Materials and methods
2.1. Site Study

The research was conducted in the Digestibility Room of the
“Yauris” Agricultural Farm of the Universidad Nacional del
Centro del Pert (UNCP), Huancayo-Junin, altitude 3253, at 12 °©
03 '14' 'SL and 75 © 12' 55 ' '"WL. The proximal analyzes were
carried out in the Animal Nutrition Laboratory, Faculty of
Zootechnics-UNCP.

The digestibility room was well ventilated and illuminated.
All procedures related to the handling and treatment of animals
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followed the ethical standards of animal welfare in research, and
the care and use of laboratory animals. After the study, the guinea
pigs returned to their breeding system.

2.2. Experimental samples

For digestibility tests, nine 5-month-old male guinea pigs of
the Wanka breed were used, of similar weights (700 g), in good
health and distributed in three groups of three guinea pigs each,
randomly arranged in individual metabolic cages.

The number of animals per group responds to international
recommendations for the care and use of research animals, which
suggest minimizing the number of animals used [21, 22].

The process followed in the investigation is summarized in
seven phases (Figure. 2).

Earthworm meal Eisenia
Joetida (EF) Processing
L Experimental Diets
Development
Digestibility
assays
Proximal analysis of
food and feces
Digestibility coefficients
determination (DC)
L TDN, DE and ME
determination

L EF level effect on DC, TND,
DE and ME

Figure 2. Sequence of the investigation procedure

2.3. Earthworm meal Eisenia foetida (EF) manufacturing
process

Eisenia foetida is a product of the vermicomposting; process
involving mutual action of earthworm and microorganisms to
transform biodegradable organic matter to humus-like vermicast and
vermiliquid [23]; thus, the symbiotic activity of the microorganisms
contributes to improving the quality of the products and increases their
nutritional value [24].

Earthworms were fed a diet of organic waste compost twice a
week specifically forage residues and guinea pig manure, that are high
in organic matter and readily available, as suggested by [11,17,18];
manure is the most preferred by earthworms, and providing organic
matter, it stimulates biodegradation and raises pH within the culture
substrate.

The feed was spread on top of compost and water was sprinkle on
it and then feed was thoroughly mixed with compost. In order to
guarantee optimum growth conditions, optimum temperature 12-
24 °C, moisture 80-90% and <5 pH <9 of the compost was kept under
control [25].
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20 kg of earthworms FEisenia foetida were used to make 2.6 kg of
meal (13% yield). The worms were placed in a bowl for 3 h to evacuate
the intestinal contents [26], washed with clean water and placed in a
hot 4% salt solution for 10 minutes [27], rinsed and dried in an oven at
90°C. ° C for 6 h [28]; then, they were cooled, ground and sieved on a
60 mesh, obtaining a light brown flour. The EF was packaged in clean,
dry plastic bags with an airtight seal to prevent excess moisture and
attack by fungi or other pathogens that rapidly contaminate and
degrade [9].

2.4. Study diets and pre-experimental stage of the digestibility
assays

At the beginning of the pre-experimental phase all animals
received 300g / day of Lolium multiflorum, gradually replaced by the
experimental diets and drinking water + vitamin C “ad libitum”, in
nipple drinking fountains (Figure 3), until the fifteenth day they
exclusively consumed the study diets.

Food under
study

Conveyar
Sphere

Urine
collector
cylinder

Stool
Collection
Tray

Figure 3. Metabolic cage for guinea pigs (Granja Agropecuaria de Yauris -
UNCP). Fuente: [29]

Digestibility tests were performed for three diets:

(D1): Reference diet (100% barley meal)
(D2): 10% FE + 90% reference diet
(D3): 20% EF + 80% reference diet

For D1, digestibility was determined by the direct "in vivo"
method, assuming that the indigestibility of barley flour (BM) is the
same when combined with EF. And from their indigestion
coefficients, subsequent calculations are performed to determine the
digestibility of EF by the indirect method [29,30].

2.5. Experimental stage and chemical analysis

The experimental phase considered the exact measurement of
consumption and individual production of guinea pig feces,
assuming that feces collected on a given day correspond to the
indigestible food consumed the previous day. This stage had a
period of seven days.
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The study diets and their corresponding feces were taken to
the stove to determine the dry matter content, then were ground,
homogenized and taken to the laboratory.

To determine the chemical composition of BM, EF, and
Guinea pig feces, the proximal analysis was used, following the
AOAC protocols [31]. The proximal analysis considered crude
protein (N x 6.25), ether extract, crude fiber, ash and nitrogen free
extract.

The TDN content, which describes the energy available in
food [32] was calculated from the digestibility tests [33,34].

The values of DE and ME were estimated with validated
equations. DE content was estimated from the TDN concentration,
it was considered that one kg of TDN is equivalent to 4,400 Kcal
of DE [35-37]. The ME content was corresponded to the average
of two estimates, the first where, ME = DE * 0.82 [36-40], and
the second, where, 1 kg TDN = 3,560 kcal / kg ME [41].

2.6. Statistical analysis

The level of statistical significance was set at P < 0.05, and all
analyses were two-sided. The digestibility coefficients, TDN, DE,
and ME of EF used in 10 and 20%, were compared by means of a
“t” test for the difference of independent means, using SPSS 23.
Intake data were expressed as quantity of diet consumed (in grams)
per day per animal, and as percentage of live weight [42].

3. Results

3.1. Chemical composition of barley meal (BM) and earthworm
meal (EF)

The proximal chemical composition of BM and EF used in the
digestibility tests (Table 1) is within the range found in other
studies [43]. The analyzes of each food sample were in triplicate.

Table 1. Proximal chemical composition of barley meal and earthworm meal

Food M DM CP EE CF NFE A OM
Barley meal
11.38 88.63 11.81 3.50 6.10 76.6 2.0 98.0
(BM)
Earthworm meal
22.84 77.16  66.90 10.00  0.00 141 9.0 91.0

(EF)

Averages of all the components of the BM and EF were highly significant
(P<0.01).

M: Moisture, DM: Dry matter, CP: Crude protein, EE: Ether extract, CF: Crude
fiber, NFE: Nitrogen free extract, A: Ash, OM: Organic matter.

Unit: Percentage

BM has been used as a reference diet in digestibility tests by
the indirect method, and generally constitutes 90% of the diet
with 10% of the ingredient under study [29].

The crude protein and fat content of the EF found in this
study is similar to that reported by [43] 66.2%.

The crude protein and fat content of EF was similar to the
reports by [44]. Other studies reported lipid contents on dry
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matter of EF were 7.34% [12], 11.3% [27], 6.6% [45] and 18%
[46].
3.2. Digestibility of barley meal (BM)

The digestibility coefficients of the BM components (Table
2), were used to determine the digestibility of EF by the indirect
method [29].

Table 2. Digestibility coefficients and total digestible nutrients of barley meal

Digestibili(gn )coefﬁcient N Min Max Mean SD Va:‘i'::;ce
Dry matter 3 81.9 85.53 83.75 1.82 330
Crude protein 3 58.56 67.28 62.56 4.40 19.40
Ether extract 3 63.8 79.33 71.81 7.78 60.47
Crude fiber 3 75.37 78.65 77.26 1.70 2.87
Nitrogen free extract 3 86.15 89.17 87.69 1.51 2.28
Organic matter 3 83.2 86.41 84.92 1.62 2.62
Total Digestible Nutrients 3 83.06 87.29 84.92 2.16 4.66

The digestibility of crude protein from BM determined in this
study is similar to that reported in other studies in which barley
flour was used as a reference diet in digestibility trials in guinea
pigs [29]; also, was similar to that observed in growing pigs [47].

3.3. Digestibility, TDN, DE and ME of earthworm meal with 10

and 20% inclusion

The digestibility coefficients of the EF were higher when
entering the diet in 20% than with 10% (Tables 3 and 4).

Table 3. Digestibility coefficients and total digestible nutrient of the earthworm
meal included in 10%

Digestibilzz) )coefﬁcient N Min Max Mean SD Va(l'oi/:;ce
Dry matter 3 59.78 70.45 64.14 5.60 31.33
Crude protein 3 89.90 93.57 91.87 1.85 3.42
Ether extract 3 63.72 71.07 69.67 6.79 46.13
Nitrogen free extract 3 23.51 45.14 33.24 10.98 120.51
Organic matter 3 61.97 74.69 69.26 6.56 43.04
Total digestible nutrients 3 82.91 85.50 84.15 1.30 1.69

Table 4. Digestibility coefficients and total digestible nutrients of earthworm meal

In the practical feeding of guinea pigs, depending of EF
percentage in the diets, the digestibility coefficients determined in
this study could be used (Figure 4).

4.05
91.87 92.96 90.25

%0 87.20
8415
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71.88 — 72.40 o 71.68
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7 Gaas
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3324
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0

Dry Mater, % Crude Protein, % Ethereal Extract, %  Nitrogen Free Extract; %  Organic Mater, %  Total Digestible Nutrients, %

EF 10% EF 20% ® Mean

Figure 4. Digestibility coefficients and total digestible nutrient content of
earthworm meal included in two levels

The results of the "t" tests for the difference of means of
samples independent of the digestibility coefficients, TDN, DE
and ME of EF included in 10 and 20%, show that the inclusion of
20% of EF significantly improves the availability of EF energy
(Tables 5 and 6).

Table 5. “T” tests for the digestibility coefficients and TDN content of the
earthworm meal included in 10 and 20%

Components T test p-value Sig
Dry mater -2.397 0.075 ns
Crude protein -1.015 0.367 ns
Ether extract -0.929 0.405 ns
Nitrogen free extract -2.036 0.111 ns
Organic material -1.247 0.281 ns
Total digestible nutrients -4.961 0.008 *

included in 20%

Digestibility coefficient . Variance

(%) N Min Max Mean SD (%)
Dry matter 3 71.23 72.29 71.88 0.57 0.33
Crude protein 3 91.87 97.77 94.05 3.24 10.48
Ether extract 3 68.43 83.27 75.12 7.53 56.64
Nitrogen free extract 3 39.92 54.80 49.43 8.26 68.25
Organic matter 3 72.32 75.46 74.09 1.61 2.59
Total digestible nutrients 3 88.59 91.76 90.25 1.59 2.53

* Statistical difference (P < 0.05).
ns: No statistical difference (P > 0.05)

When EF inclusion increased from 10% to 20%, EF's DE and
ME contribution increased by 7.25% (Figure 5).

Table 6. “T” test for the digestible and metabolizable energy of earthworm meal
included in 10% and 20%

Energy value N Mean SD

Digestible energy, HL 10% 3 3702.60b 57.13
Digestible energy, HL 20% 3 3971.15a 69.99
Metabolizable energy, 10% HL 3 3015.93b 46.54
Metabolizable energy, HL 20% 3 3234.68a 57.01

WWww.astesj.com

a,b, Average values of digestible and metabolizable energy with different letters
vary statistically (P < 0.05)

3.4. Earthworm meal Eisenia foetida consumption by guinea
pigs
When EF 10% was used, the daily fresh consumption per
animal per day was 1.78 g, equivalent to 1.37 g of dry matter and
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0.21% of live weight; while when using 20%, fresh consumption
per animal per day was 4.36 g, equivalent to 3.37 g of dry matter
and 0.47% of live weight (Table 7).

Kcal / kg

4000 3971.15

3702.60 3836.87

3500

3234.68 3125.31

3000

2500

2000

1500

1000

500

0

Earthworm meal (10%) Earthworm meal (20%)

H DE u ME

Average

Figure 5. Digestible and metabolizable energy content of worm meal, included in
10 and 20%

Table 7. Average consumption of earthworm meal per animal per day

Evaluated diets Mean SD

Average consumption / animal / EF (10%) 1,78b 0,020
day, fresh base, g EF (20%) 4362 0313
Average consumption / animal / EF (10%) 1,37b 0,015
day, dry basis, g EF (20%) 337a 0241
Average consumption / animal / EF (10%) 0,21b 0,021
day, live weight % EF (20%) 047a 0,015

Average consumption in fresh, dry basis and as live weight percentage by
inclusion levels, with different letters vary statistically (P < 0.05).
EF: Earthworm meal (Eisenia foetida)

Average consumption in fresh, dry basis and as live weight
percentage by inclusion levels, with different letters vary
statistically (P < 0.05).

4. Discussion

Although the statistical analysis does not show significant
differences (P > 0.05) between the digestibility coefficients of
dry matter, crude protein, ether extract, nitrogen free extract, and
organic matter, when 10 and 20% of EF was used; with 20% of
EF the digestibility coefficients were 7.75, 2.18, 5.45, 16.20 and
4.83% higher than with 10%.

Inclusion 20% of EF allowed a higher content of TDN than
when included in 10% (P < 0.05). The TDN content was
improved by 5.6% (82.91 to 88.59); Similarly, digestible and
metabolizable energy were higher when 20% of EF was used (P
<0.05).

The improvement in digestibility and energy content of EF is
due to the greater contribution of proteins and essential amino
acids [11,18] by using 20% EF, which increases the consumption,
digestion and absorption of nutrients; similar result was observed
when using 15% EF [44], which reports digestibility coefficients
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of dry matter, protein, fat, nitrogen free extract and organic matter
of 65.23, 89.97, 68.36, 37.45 and 70.08%.

Digestibility coefficients are not constant for a given food and
are influenced by many factors, including chemical composition,
protein and amino acids levels. When dietary protein increases,
the digestibility of the whole diet increases [29].

Digestibility of a food mixture is not necessarily the average
of the values of its components determined separately; each
food can influence the digestibility of others [29, 30].

When the inclusion of EF raised from 10% to 20%, the DE
and ME contribution of EF increased by 7.25% (3702.60 to
3971.15 and 3015.94 to 3234 kcal/kg); In this regard [9] reports
more than 95% digestibility of Californian red worm flour,
which allows high nutrient absorption and high energy
contribution.

When the inclusion of EF raised from 10% to 20%, the
consumption of EF increased by 2.45 times, which could have
been due to the greater contribution of proteins and other
nutrients; when the chemical composition of the diet is
improved, it also improves digestibility and consumption [29,
39].

Another study on the digestibility of EF-71.2% CP, in
weaned guinea pigs, included in 15%, reports digestibility
coefficients for MS, PT, EE, ELN, MO of 65.23, 89.97, 68.36,
37.45 and 70.08%, and when was included in 20%, the
coefficients were 69.87, 92.09, 72.55, 43.89 and 73.01%, the
higher level of inclusion improves the absorption of nutrients
[44].

A recent study indicates that the inclusion of the EF in the
proportions (85:15) in animal diets increased (P < 0.05) the CP,
EE, and A, mainly when mixed with rice powder, corn meal and
soy cake meal [48].

Our results indicate the EF is among the non-conventional
protein sources, with promising results, thanks to its high protein
levels, proper amino acid profile, high reproduction rate, low
mortalities, fast growth and ease of production [6].

Studies have shown that EF has recommendable levels of
protein, essential amino acids and lipids, which are similar to
those found in fishmeal and, are in line with the nutritional
requirements of many species [11,18], and for its high biological
value, is a possible solution to nutritional problems that humanity
has. The richness and quality of amino acids and vitamin
contribution of EF, not only satisfies the requirements of
monogastric animals, but also of children between 2-5 years
recommended by FAO / WHO; being a biotechnological resource
of high nutritional and ecological interest [9].

5. Conclusion

Earthworm meal (Eisenia foetida) has a high nutritional
quality for guinea pigs, significantly increasing its digestibility,
energy value and consumption when included in the reference
diet by 20% compared to 10%.

The digestible and metabolizable energy content of
earthworm meal included by 20% increased by 6.76% compared
to 10%.
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Due to the high content of digestible nutrients and

metabolizable energy, earthworm flour could be included in 20%
of guinea pig diets.
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