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ABSTRACT. The productive performance of pigs fed with solid-state fermented apple pomace (FAP) and an enzy-

matic complex (ENZ) was evaluated. Twenty-four Landrace x York (38.9 ± 3.6 kg) pigs were fed ad libitum with

di�erent diet treatments including FAP and ENZ: T0-0 (0 g kg−1 FAP - 0 g kg−1 ENZ), T0-1 (0 g kg−1 FAP + 1 g

kg−1 ENZ), T50-0 (50 g kg−1 FAP + 0 g kg−1 ENZ), T50-1 (50 g kg−1 FAP + 1 g kg−1 ENZ), T100-0 (100 g kg−1

FAP + 0 g kg−1 ENZ) and T100-1 (100 g kg−1 FAP + 1 g kg−1 ENZ). Productivity; Feed intake, F:G ratio, Weight

gain, return on investment by monetary unit (pro�tability index, PI) and carcass traits; Carcass dressing percent and

primary cuts, were evaluated. Data were analyzed according to the randomized complete block design. Productivity

and feeding characteristics were not a�ected by FAP or ENZ (p > 0.05). Hot dressing percent was a�ected by ENZ

(p = 0.0497). T100-0 and T100-0 showed similar (p > 0.05) value to T0-0. Primary cut yield was not negatively

a�ected (p > 0.05). The best PI was obtained with T50-0 in growing phase. FAP improved PI only in growing phase

and ENZ combined with FAP showed variant PI. Results showed that FAP may be considered as a suitable option for

feeding pigs because it maintains animal productivity.
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RESUMEN. El comportamiento productivo de cerdos alimentados con bagazo de manzana fermentado en estado

sólido (FAP) y un complejo enzimático (ENZ) fue evaluado. En el experimento se utilizaron 24 cerdos Landrace x

York (38.9 ± 3.6 kg), se alimentaron ad libitum con diferentes dietas de tratamiento incluyendo FAP y ENZ; T0-0 (0

g kg−1 FAP - 0 g kg−1 ENZ), T0-1 (0 g kg−1 FAP + 1 g kg−1 ENZ), T50-0 (50 g kg−1 FAP + 0 g kg−1 ENZ),

T50-1 (50 g kg−1 FAP + 1 g kg−1 ENZ), T100-0 (100 g kg−1 FAP + 0 g kg−1 ENZ) and T100-1 (100 g kg−1 FAP

+ 1 g kg−1ENZ). Se evaluó la productividad; consumo de alimento, conversión alimenticia, ganancia de peso, índice

de rentabilidad (PI) y características de la canal; rendimiento en canal y rendimiento en cortes primarios. Los datos

fueron analizados considerando un diseño en bloques completamente al azar. La productividad y las características de

alimentación no fueron afectadas por FAP o ENZ (p > 0.05). El rendimiento en canal caliente se afectó por ENZ (p

= 0.0497). Los tratamientos T100-0, T50-0 y T0-0 fueron similares (p > 0.05). El rendimiento en cortes primarios

no fue afectado negativamente (p > 0.05). El mejor PI fue obtenido para T50-0 en la fase de crecimiento. FAP

mejoró el PI únicamente en la fase de crecimiento y la combinación con ENZ mostró un PI variante. Los resultados

obtenidos mostraron que FAP puede ser considerado como una opción adecuada para alimentar cerdos y mantener su

productividad.

Palabras clave: Canal de cerdo, bagazo de manzana, comportamiento del cerdo, cortes primarios
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INTRODUCTION

To improve pig production e�ciency, it is
necessary to decrease feeding expenses because
they account for nearly 70 % of production costs
(González-Razo et al. 2010). This requires �nding
a low-cost feeding alternative. Therefore, fruit by-
products and exogenous enzymes may be an e�ec-
tive means to meet this challenge.

It has been reported that exogenous en-
zymes (amilases, proteases, xylanases, phytases) im-
prove digestibility of proteins, polysaccharides and
oligosaccharides from soy and other grains, promote
better digestibility of agro-industrial by-products,
and may optimize productive e�ciency, thereby im-
proving pig growth (Oliveira-Teixeira 2005, Ris-
tanovi¢ et al. 2009).

Agro-industrial by-products from vegetables,
fruit pomace, plant extracts, and distillery and ex-
traction have been proposed as an e�ective low-cost
alternative, as a source of nutrients, in order to meet
the nutritional needs of animals (Kim et al. 2006,
Xandé et al. 2007, Taasoli and Ka�lzadeh 2008,
Lee et al. 2009, Newman et al. 2011, Fang et al.
2016). Jeong et al. (2014) have proposed the use
of a fermented carrot by-product to feed pigs in the
�nishing phase, and a bamboo by-product was pro-
posed to feed pigs by Chu et al. (2013) in order to
improve pig productivity.

Apple pomace is a by-product of apple juice
processing and is produced in high amounts in Chi-
huahua State, Mexico, which produces 573.5 tons
yearly (SIAP, 2016). Due to this, pomace is not used
after processing, and it is disposed of in the environ-
ment, which makes it a potential source of pollution
(Rodríguez-Muela et al. 2010). Apple pomace has
good nutritional characteristics, palatability, and di-
gestibility; moreover, it contains dietetic �ber and
polyphenols which may improve intestinal function
(Rodríguez-Muela et al. 2010). It has only been
used as an ingredient in silage mixtures to feed pigs,
with positive results in food intake, but with variant
e�ects on carcass traits (Fang et al. 2016, Lee et

al. 2009, Bowden and Berry, 1959).
Apple pomace has been processed using the

solid-state fermentation process, as a way to shift
carbohydrates contained in it to a single cell protein,
improving its crude protein contribution from 6 to 21
% and its true protein (TP) one to 15.5 % (Nikoli¢
and Jovanovi¢ 1986, Bhalla and Joshi 1994, Joshi
and Shandu 1996, Rodríguez-Muela et al. 2010),
transforming apple pomace into a highly nutritious
ingredient for animal diets (Villas-Bôas et al. 2003,
Teixeira-Macagnan et al. 2015), which makes it
feasible to be considered as an important ingredient
in ruminant diet formulation (Pérez-Guerra et al.
2003, Rachana and Gupta 2010).

However, it is important to determine if the
nutritional improvement obtained from this agro-
industrial by-product is suitable to feed pigs as
an alternative way to increase their productivity
(Joshi and Attri 2006, Descalzo and Sancho 2008).
However, although information about its use as feed
for ruminants and other species is currently known
(Gasa et al. 1992, Anrique and Dossow 2003),
there is a lack of information about its use in non-
ruminants, especially pigs.

In this sense Kim et al. (2006) stated that
diets with fermented by-products did not a�ect the
productive performance of pigs when added at a
level of 3 %. Nevertheless, other studies have men-
tioned that the addition of by-products in diets does
a�ect the growth and development of pigs (Bow-
den and Berry 1959), but, in the case of solid-state
fermented apple pomace (FAP), there is very little
information available about its e�ect on productive
performance of pigs. In fact, there is no research
focused speci�cally on feeding FAP and its e�ect on
carcass traits and primary cut yield. Consequently,
the aim of this work was to evaluate the productive
performance and carcass traits of pigs fed with FAP
and ENZ in a productive period.

MATERIALS AND METHODS

For this experiment, twenty-four, 105-day-old
(Landrace x York) pigs (12 males, 12 females) with
38.9 ± 3.6 kg live weight were placed in individual
pens (0.9 X 1.5 m), and received an adaptation
diet (Table 1) for two weeks prior to the start of
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Table 1. Growth and �nishing diet compositions for pigs fed with solid-state
fermented apple pomace and an enzymatic complex (g kg−1 as fed basis).

Ingredient
Treatments

(FAP - ENZ) g kg−1

0-0 0-1 50-0 50-1 100-0 100-1
Growth

Corn 666.0 676.0 617.0 614.0 547.0 546.0
Soybean meal 283.0 281.0 275.0 275.0 270.0 270.0
Vegetal plant oil 17.0 8.0 19.0 20.0 36.0 36.0
Premix V and M 7.0 6.0 8.0 8.0 9.0 9.0
Calcium carbonate 12.0 12.0 14.0 14.0 16.0 16.0
Dicalcic phosphate 6.0 6.0 7.0 7.0 9.0 9.0
Salt 7.0 6.0 8.0 8.0 9.0 9.0
Synthetic methionine 2.67 2.59 3.07 3.09 3.62 3.64
FAP 0.0 0.0 50.0 50.0 100.0 100.0
ENZ 0.0 1.0 0.0 1.0 0.0 1.0
Finishing

Corn 756.0 763.0 707.0 708.0 643.0 642.0
Soybean meal 209.0 208.0 201.0 200.0 195.0 195.0
Vegetal plant oil 10.0 2.0 12.0 10.0 25.0 25.0
Premix V 5.0 5.0 6.0 6.0 7.0 7.0
Calcium carbonate 9.0 9.0 11.0 11.0 13.0 13.0
Dicalcic phosphate 5.0 4.0 6.0 6.0 7.0 7.0
Salt 5.0 5.0 6.0 6.0 7.0 7.0
Synthetic methionine 1.96 1.89 2.34 2.33 2.85 2.87
FAP 0.0 0.0 50.0 50.0 100.0 100.0
ENZ 0.0 1.0 0.0 1.0 0.0 1.0

FAP= Solid-state fermented apple pomace; ENZ = Allzyme Vegpro R© enzy-
matic complex; Alltech.

the experiment. Four pigs per treatment were ran-
domly assigned with the same number of males
and females to each treatment. After the adapta-
tion period, experimental feeding was applied using
diets with di�erent levels of FAP and ENZ (Allzyme
Vegpro R©; Alltech, IL. USA) inclusion as treat-
ments, where: T0-0 (0 g kg−1 FAP - 0 g kg−1

ENZ), T0-1 (0 g kg−1 FAP + 1 g kg−1 ENZ),
T50-0 (50 g kg−1 FAP + 0 g kg−1 ENZ), T50-

1 (50 g kg−1 FAP + 1 g kg−1 ENZ), T100-0 (100
g kg−1 FAP + 0 g kg−1 ENZ) and T100-1 (100
g kg−1 FAP + 1 g kg−1 ENZ). Iso-energetic and
iso-proteinic diets were formulated according to Na-
tional Research Council (NRC) requirements for pigs
(NRC 2012), at growing and �nishing periods (Ta-
ble 2). For FAP elaboration, a solid-state fermenta-
tion process using apple pomace as a basic substrate
was carried out. Apple pomace was placed on a �at
surface to create a bed 1.2 x 10 m and 30 cm in
height, and 15 g kg−1 of urea [CO (NH2)2; Uni-
vex, Gto. Méx], 4 g kg−1 of ammonia sulphate
Std. [(NH4) 2SO4; Univex, Gto., Mex] and 5 g

kg−1 of mineral mix (BASE ELITE LE, Lechero 12
%, MNA, NL. Méx), on a wet basis, were added
and mixed every four hours during a 72-hour pe-
riod to keep pH between 5.8 - 6.2 and temperature
in the range of 28 - 32 ◦C, to allow fermentation
and to achieve the appropriate conditions for yeast
growth. All processes were developed according to
Rodríguez-Ramírez et al. (2007). After fermenta-
tion, FAP was dried, ground, and stored until use.
To incorporate FAP and ENZ into rations, they were
premixed with minerals and synthetic methionine
(MetAMINO R©; Evonik, USA), then added to corn
and soy. Prepared meal was stored until the start of
the experiment.

This experiment lasted nine weeks: growth
phase (week one to week four) and the �nishing
phase (week �ve to week nine). For the evaluation
of productivity growing characteristics, initial weight
(IW), weight-gain (WG), average daily gain (ADG)
and �nal weight (FW) were measured in both
phases. In the same way, feeding characteristics,
namely feed intake (FI), average feed intake (AFI)
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Table 2. Nutrient content (percentage on dry basis) of growing and �nishing diets, and from solid-state
fermented apple pomace.

Nutrient
Treatments

FAP(FAP - ENZ) g kg−1

0-0 0-1 50-0 50-1 100-0 100-1
Growth period
Moisture 5.8 6.3 6.0 6.0 5.8 4.5 30.2
Dry matter 94.2 93.7 94.0 94.0 94.2 95.5 69.8
Organic matter 88.5 88.9 88.9 88.8 89.7 82.5 96.8
Crude ashes 11.5 11.1 11.1 11.2 10.3 17.5 32.3
Fat 3.1 2.9 3.7 3.9 4.2 3.2 3.2
Crude �ber 2.9 3.4 4.1 4.4 6.7 4.0 35.1
Crude protein 18.2 20.5 20.1 20.7 20.6 19.9 19.0
Digestible Energy** (kcal kg−1) 3098.8 3160.9 3137.3 3127.3 3123.9 2313.7
Finishing
Moisture 5.9 6.4 5.6 5.8 5.3 5.1
Dry matter 94.1 93.6 94.4 94.2 94.7 94.9
Organic matter 88.9 89.3 90.9 90.7 91.7 91.7
Crude ashes 11.1 10.7 9.1 9.3 8.3 8.3
Fat 3.2 2.5 4.0 5.2 6.5 3.7
Crude �ber 2.8 2.5 3.0 3.7 5.2 4.1
Crude protein 15.4 18.0 17.7 18.6 17.3 18.2
Digestible Energy** (kcal kg−1) 3093.4 3194.6 3407.9 3405.0 3450.5 3435.2

FAP = Solid-state fermented apple pomace, ENZ = Allzyme Vegpro R© enzymatic complex; Alltech.
∗∗ Estimated according to NRC (1998).

and feed/gain ratio (F:G), were measured. Di-
gestible energy intake (kcal/day) was estimated
according to NRC (2012) models. An economic
analysis through pro�tability index estimation (PI)
was used to obtain the return on investment by
monetary unit (Oliveira-Teixeira et al. 2005) spent
on feed cost, which was calculated using the for-
mula:

PI = (
∑

Yi x P -
∑

Cri x PRi) / (
∑

Cri x PRi)

Where Yi = animal weight in each treatment, P
= Price per kg live weight, Cri = Diet intake in
each treatment, PRi = Diet price for each treat-
ment. It is important to consider that in PI cal-
culation only the costs for meal formulation were
considered, and the price per live-weight-kilogram
came from the Mexican Pig Producers Confedera-
tion reports (CPM, 2016).

At the end of the feeding period the pigs
were slaughtered, following Mexican harvesting
regulations (SAGARPA 1995). Carcass traits:
slaughter weight (SW), hot dressing percent (HDP),
commercial dressing percent (CDP), and back fat
(BF) were measured and recorded. Primary cuts:

Ham, Loin, Brisket, Ribs, Filet and Lard were cut,
and their yield was calculated, according to García-
Macías et al. (1996).

The results from productive performance, car-
cass traits, and cut yields were analyzed according
to the randomized complete block design in a 3 x
2 factorial arrangement, with gender (male, fe-
male) as the block, and FAP and ENZ as the
�xed e�ects. The data were processed using the
GLM procedure in SAS R© (1990) software; means
were expressed as mean and variability data were
expressed with standard error of the mean. To
identify di�erences among treatment means, a
principal mean-di�erences analysis was made with
PDIFF statement from SAS R© (1990). Means were
considered di�erent when p < 0.05.

RESULTS

Results showed that during the growth and
�nishing phases, productivity was not a�ected by
FAP and ENZ addition (Table 3), at any level of
inclusion. Constant feed intake was observed while
the F:G ratio showed better values in growth than
during the �nishing phase; in addition, weight in-
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Table 3. Growing and feed-intake characteristics of pigs fed with solid-state fermented apple pomace and an enzymatic complex
during growth and �nishing periods.

Item
Treatments

Signi�cance level (P-value)
(FAP-ENZ) g kg−1

0-0 0-1 50-0 50-1 100-0 100-1 SEM FAP ENZ FAP x ENZ GEN
Growth period

Initial body weight 46.6 45.9 47.6 44.7 44.2 46.6 2.8 0.9480 0.8730 0.6397 0.0309
Weight gain 23.4 26.9 25.3 21.8 22.7 23.2 2.0 0.5536 0.9331 0.2569 0.4075
Average daily gain 0.8 1.0 0.9 0.8 0.8 0.8 0.1 0.5536 0.9331 0.2569 0.4075
Final weight 66.6 72.8 72.9 66.5 66.9 69.8 3.1 0.6627 0.9523 0.2548 0.1433
Feed intake 72.7 76.7 76.5 70.0 71.5 71.4 3.2 0.6341 0.7507 0.3177 0.2695
Average feed intake 2.6 2.7 2.7 2.5 2.6 2.5 0.1 0.6341 0.7507 0.3177 0.2695
Feed:Gain 3.1 2.9 3.1 3.4 3.3 3.1 0.3 0.6660 0.8477 0.5284 0.9006
DEI (kcal d−1) 612.9 670.2 671.0 611.9 616.1 644.5 28.1 0.7342 0.0732 0.0615 0.3745
Finishing period

Initial weight 66.6 72.8 73.8 66.5 66.9 69.8 3.3 0.8924 0.7368 0.1648 0.0751
Weight gain 33.9 30.1 26.7 30.3 30.3 30.2 2.4 0.4189 0.9615 0.3706 0.1249
Average daily gain 1.0 0.9 0.8 0.9 0.9 0.9 0.1 0.4189 0.9615 0.3706 0.1249
Final weight 100.4 102.9 100.5 96.8 97.2 100.0 3.6 0.6361 0.8713 0.6396 0.0164
Feed intake 103.5 101.4 103.3 99.2 106.2 99.6 4.9 0.9446 0.3104 0.8977 0.9024
Average feed intake 3.0 2.9 3.0 2.8 3.0 2.8 0.1 0.9446 0.3104 0.8977 0.9024
Feed:Gain 3.1 3.4 3.9 3.3 3.5 3.4 0.2 0.2387 0.4799 0.1476 0.0416
DEI (kcal d−1) 697.6 679.8 697.0 717.1 715.3 700.2 13.7 0.0541 0.5627 0.4615 0.6372
Data displayed as Mean ± SEM, Signi�cance level = signi�cant e�ect is showed when p < 0.05.
SEM = Standard Error of the mean, FAP = Solid-State Fermented Apple Pomace, ENZ = Allzyme Vegpro R©, DEI = digestible
energy intake.GEN = Gender (male, female) considered as block. FAP and ENZ = Individual e�ect of FAP or ENZ. FAP x
ENZ = Interaction between FAP and ENZ.

crease was constant and similar during the growth
phase since all pigs were above 60 kg at the end of
the phase. As noted in the growth phase all pigs
showed similar weight at the end of the �nishing
phase (p > 0.05).

Carcass characteristics shown in Table 4 in-
dicate that T0-0 showed the highest (p < 0.05)
HDP, while ENZ addition decreased (p = 0.0497)
it. Treatments with ENZ addition (T0-1, T50-1,
and T100-1) diminished HDP in a 2.8 to 3.1 per-
centage point range, while treatments T50-0 and
T100-0 showed similar performance to the control
(p > 0.05). With respect to CDP, T0-0 showed
the best (p < 0.05) level, while an e�ect of the
interaction of FAP and ENZ (p < 0.05) was ob-
served, decreasing the dressing in treatments T50-1
and T100-1 in a range from 2.6 to 3.2 percentage
points. However, treatment T0-1 showed a lower
(p < 0.05) dressing in a greater level (3.1), with
respect to treatment T0-0. Treatments T50-0 and
T100-0 showed similar results (p > 0.05) to the con-
trol. The obtained results indicated that the e�ect
of ENZ and its interaction with FAP decreased car-
cass yield. Back fat thickness and primal cut yields

were not a�ected (p > 0.05) by FAP and ENZ in-
clusion and were similar (p > 0.05) to the values of
conventionally-fed pigs.

Results from PI (Table 5) showed that the re-
turn on investment by monetary unit in the growth
phase was better for T50-0, while T0-0 showed the
lowest pro�tability. However, in the �nishing phase
it was observed that T0-1 had the best pro�tability
and T100-0 the lowest.

DISCUSSION

Results showed stability in the average feed
intake and F:G ratio, allowing a constant weight
gain, which is positive to maintain pig productivity.
The reason why the use of FAP showed this stability
is probably because it is an appropriate feed for the
pig diet since this product was able to maintain the
pig intestinal function, because when it is fermented
the proportion of crude �ber decreases from 19.6 -
3.5 % (Joshi and Sandhu 1996) or from 2.8 to 6.7
%, as mentioned by Noblet and Le Go� (2001) and
Heimendahl et al. (2010). Furthermore, fermented
feeds improve digestive functions by controlling pa-
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thogenic bacteria (Jeong et al. 2014).
Fang et al. (2016) reported that pigs fed

with 50 g kg−1 of apple pomace-mixed silage de-
creased average feed intake and feed e�ciency, but
maintained average daily gain and the �nished body
weight was not a�ected. On the other hand, Lee
et al. (2009) reported that using fermented apple
pomace (40 g kg−1 and 60 g kg−1) in Berkshire
pigs increased food intake, while feed conversion
decreased when the by-product was added at 20
g kg−1. Bowden and Berry (1959) reported that
pigs fed with dried apple pomace (inclusion ranged
from 100 to 400 g kg−1) did not show negative
e�ects on feed intake, recording an average feed in-
take of 2.7 kg, similar to the results obtained in
this experiment. However, they mentioned that the
F:G ratio and average feed intake were negatively
a�ected when apple pomace levels increased to 400
g kg−1. In this study, when 50 and 100 g kg−1

were used, average feed intake and F:G ratio did not
decrease during the growth period, which indicates
that pigs were able to intake FAP at this level, since
the start of the experimental period. On the other
hand, using other by-products in pig feed, Jeong
et al. (2014) reported that the addition of 671 g
kg−1 of carrot by-product on the �nishing pig diet
improved average daily gain and �nal weight. Kim
et al. (2006) reported that feeding �nishing pigs
with persimmon by-product (30, 50, and 70 g kg−1

addition levels) improved feed e�ciency when 50 g
kg−1 were added, but when the addition level was
increased to 70 g kg−1 the evaluated characteristics
did not improve. Thus, the importance of this ex-
periment can be found in the fact that when FAP
addition was 100 g kg−1, productive characteristics
were similar to control feeding conditions, probably
because FAP contains good quality protein (Cuoto
and Sanromán 2006, Nasseri et al. 2011). In this
regard, it has been demonstrated that the crude pro-
tein provided by FAP maintains its biological value
similar to soy, wich is used as a main protein source
in the feeding of pigs (Ahmadi et al. 2010). In
addition, Slagle and Zimmerman (1979) mention
that the protein obtained from a solid-state fer-
mentation process combined with soy maintains its
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Table 5. Pro�tability index for diet cost for pigs fed with a solid-state
fermented apple pomace and an enzymatic complex.

Treatments Diet cost (USD$K−1) Pro�tability index
FAP - ENZ (g kg−1) Growing Finishing Growing Finishing

0-0 0.37 0.33 0.18 0.29
0-1 0.38 0.33 0.22 0.31
50-0 0.36 0.32 0.25 0.29
50-1 0.4 0.34 0.22 0.28
100-0 0.38 0.33 0.22 0.26
100-1 0.42 0.35 0.21 0.29

FAP= Solid-state fermented apple pomace ENZ= Allzyme Vegpro R©.

biological value and does not a�ect the productive
characteristics of the pig.

ENZ addition did not show improvement for
average feed intake, F:G ratio, and average daily
gain. However, results obtained in this experi-
ment using ENZ are contrary to those of Oliveira-
Texeira (2005) and Soria-Flores (2009), who re-
ported that the addition of this enzymatic com-
plex improved average feed intake and weight gain.
However, our results agree with those of Ruiz et

al. (2008), Ristanovi¢ et al. (2009), and Zamora
et al. (2011), who did not assure productivity im-
provement with ENZ addition; this means that its
usage is controversial because it only increased the
production costs, when added or combined with
FAP. Additionally, results obtained in this experi-
ment agree with those of experiments made using
other agricultural by-products to feed pigs (Xandé
et al. 2007, Oddoye et al. 2009, Newman et al.
2011, Chu et al. 2013, Jeong et al. 2014), where
growth and �nishing characteristics were not nega-
tively a�ected.

Regarding carcass traits, the addition of ENZ,
alone and with 50 g kg−1 and 100 g kg−1 of FAP,
negatively a�ected HDP, while CDP was a�ected by
the addition of 50 g kg−1 and 100 g kg−1 of FAP in
combination with ENZ, although an e�ect of ENZ
(treatment T0-1) was observed. There are currently
no reports on the e�ect of ENZ on the dressing per-
cent or pig carcass, so the results of this experiment
are considered relevant. However, for the use of
apple pomace, Fang et al. (2016) reported that
feeding 50 g kg−1 of apple pomace-mixed silage did
not a�ect the dressing ratio. Lee et al. (2009) re-
ported an increase in dressing percentage with 20 g

kg−1 of apple pomace mix addition, but when the
level increased to 40 and 60 g kg−1 it resulted in
a dressing percentage that was similar to the con-
trol group. Bowden and Berry (1959) reported that
100 to 300 g kg−1 of dried apple pomace addition
did not a�ect HDP, but when 400 g kg−1 were in-
cluded, HDP decreased signi�cantly. Jeong et al.
(2014) reported that the use of a fermented carrot
by-product did not a�ect HDP or CDP and that the
carcass traits were positively related to the addition
of the by-product. Finally, the same performance in
carcass was reported by Xandé et al. (2007) and
Newman et al. (2011), who used agricultural by-
products. Results of this experiment may indicate
that 50 g kg−1 and 100 g kg−1 of FAP without ENZ
were suitable to feed pigs because productivity and
dressing percentages were not negatively a�ected,
and a bene�cial e�ect on commercialization may be
shown.

In this work, only when ENZ was added
(alone or in combination with FAP) was dressing
percentage a�ected. Furthermore, an improve-
ment in productive characteristics was not observed;
therefore, it is possible that for farmers the use of
ENZ is not economically feasible, when the pigs are
sold and when the carcasses are retailed.

Back fat thickness (BFT) was similar for
all treatments, although a gender e�ect was ob-
served. Back fat for males was higher (p = 0.0291)
than females (2.5 cm versus 2.02 cm; respectively);
nevertheless, these e�ects were considered as a
block in the statistical model, due to the di�erences
that exist between genders for pig carcass traits,
due to the e�ects of castration (Bérard et al. 2010
and Monziols et al. 2005). Fang et al. (2016) re-
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ported that a diet with 50 g kg−1 of apple pomace
did not a�ect BFT. Conversely, Lee et al. (2009)
using an apple pomace mix including reported an
increase in BFT and they mentioned that their re-
sults were related to the high fat content in the diet.
For this experiment FAP provided only 32 g kg−1 of
fat, which could explain the non-di�erence in BFT.
The fact that the carcass characteristics were not
a�ected is an advantage for the use of FAP.

Primal cut yields were similar in all treat-
ments. Reports on the e�ect of FAP on primal cuts
have been poorly reported and only Bowden and
Berry (1959) mentioned that feeding pigs with 100
to 300 g kg−1 of dried apple pomace did not a�ect
ham shoulder, loin and bacon yield. But when they
included 400 g kg−1 of by-product, loin and ham
yield increased.

In general, pigs fed with 50 and 100 g kg−1

of FAP grew consistently and after nine weeks of
feeding the FW was similar. Thus, if a producer
decides to use FAP, adding 100 g kg−1 will main-
tain adequate growth and result in similar charac-
teristics when compared with animals fed in a stan-
dard way. Also, carcass dressing percentage will
not show a signi�cant decrease that would result
in �nancial losses. Furthermore, at retail sale, the
fact that similar yields for ham, loin, shoulder, and
bacon, which are considered to be the most im-
portant pig cuts (Correa et al. 2008, Kouba and
Bonneau, 2009), were not a�ected implies that eco-
nomic pro�tability will be maintained, making FAP
addition a good option in pig diet formulation.

Oliveira-Teixeira (2005), who used ENZ,
mentioned that PI has increased when 1 g kg−1 of
ENZ was added but when ENZ addition was 4 g
kg−1 only a tendency to increase was shown. This
agrees with the PI increase in this work, although a

positive ENZ e�ect was observed when it was added
alone in the �nishing phase; when ENZ was com-
bined with FAP, PI showed a tendency to decrease.
Finally, the FAP and ENZ addition did not a�ect pig
productivity, but a�ected HDP, while 100 g kg−1 of
FAP addition resulted in an HDP similar to that for
pigs fed with a standard diet (corn and soy), and 50
g kg−1 of FAP kept a good PI, which means that
50 g kg−1 of FAP with or without ENZ could be
added to obtain a similar �nal weight and good PI.

In reference to the above information, if pro-
ducers want to sell pigs at farm point they may use
ENZ in combination with 50 g kg−1 or 50 g kg−1 of
FAP as there are no negative e�ects on growth. If
producers want to sell pork carcasses, they may use
50 g kg−1 or 100 g kg−1 of FAP addition without
ENZ, since the HDP will be similar to pigs conven-
tionally fed and the economic income will not be
drastically a�ected. Moreover, if producers want
to sell primary cuts, an addition of 50 g kg−1 or
100 g kg−1 of FAP with ENZ will produce a similar
cut yield, improving PI and stabilizing the price and
value of the meat.

CONCLUSION

Pigs fed with FAP and ENZ displayed similar
growth as conventionally-fed pigs. Addition of 1 g
kg−1 of ENZ with or without FAP decreased HDP
by 4.6 % and CDP by 5.4 %. Inclusion of 100 g
kg−1 of FAP produced similar HDP, CDP, and pri-
mal cuts. Pigs fed with 100 g kg−1 of FAP and 1 g
kg−1 of ENZ obtained a similar PI to conventionally-
fed pigs. Under these experimental conditions, the
use of FAP may be considered as a suitable option
to feed pigs.

LITERATURA CITADA

Ahmadi AR, Goorchian H, Ahijosaini R, Khanifar J (2010) Determination of the amount of protein and
amino acids extracted from the microbial protein (SCP) of lignocellulosic wastes. Pakistan Journal of
Biological Sciences13: 355 - 361.

Anrique GR, Dossow CC (2003) Efectos de la pulpa de manzana ensilada en la ración de vacas lecheras
sobre el consumo, la tasa de sustitución y la producción de leche. Archivos de Medicina Veterinaria 35:

www.ujat.mx/era

460

DOI: 10.19136/era.a4n12.1081



Chamorro-Ramírez et al.
Carcass traits with apple pomace feeding

Ecosist. Recur. Agropec.
4(12):453-463,2017

13-22.

Bérard J, Kreuzer M, Bee G (2010) In large litters birth weight and gender is decisive for growth performance
but less for carcass and pork quality traits. Meat Science 86: 845 - 851.

Bhalla TC, Joshi M (1994) Protein enrichment of apple pomace by co-culture of cellulolytic moulds and
yeasts. World Journal of Microbiology & Biotechnology 10: 116 - 117.

Bowden DM, Berry C (1959) E�ects on levels of dried apple pomace in swine rations on growth rate, feed
e�ciency, carcass quality and size of certain organs. Canadian Journal of Animal Science 39: 26 - 32.

Chu GM, Kim JH, Kim HY, Ha JH, Jung MS, Song Y, et al. (2013) E�ects of bamboo charcoal on the
growth performance, blood characteristics and noxious gas emission in fattening pigs. Journal Applied
Animal Research 41(1): 48 - 55.

Correa JA, Gariépy C, Marcoux M, Faucitano L (2008) E�ects of growth rate, sex, and slaughter weight on
fat characteristics of pork bellies. Meat Science 88: 550- 554.

CPM (2016) Precios de cerdo supremo en pie, nacional. Confederación de Porcicultores Mexicanos. México
D. F. http://porcimex.org/supremo.htm. Fecha de consulta 20 de octubre de 2016.

Cuoto SR, Sanromán MaA (2006) Application of solid state fermentation to food industry - A review. Journal
of Food Engineering 76: 291 - 302.

Descalzo AM, Sancho AM (2008) A review of natural antioxidants and their e�ects on oxidative status, odor
and quality of fresh beef produced in Argentina. Meat Science 79, 423 - 436.

Fang J, Cao Y, Matzuzaki M, Suzuki H, Kimura H (2016) E�ects of apple pomace-mixed silage on growth
performance and meat quality in �nishing pigs. Animal Science Journal 87: 1516-1521.

García-Macías JA, Gispert M, Oliver MA, Diestre A, Alonso P, Muñoz-Luna P, Siggens K (1996) The e�ects
of cross, slaughter weight and halothane Genotype on leanness and meat and fat quality in pig carcasses.
Animal Science 63: 487 - 496.

Gasa J, Castrillo C, Guada JA, Balcells J (1992) Rumen digestion of ensiled apple pomace in sheep: e�ect
of proportion in diet and source of nitrogen supplementation. Animal Feed Science Technology 39: 193
- 207.

González-Razo FJ, Hernández-Martínez J, Rebollar-Rebollar S, Rojo-Rubio R (2010) Production and mar-
keting characteristics of pig production in the south of the state of Mexico. Tropical and Subtropical
Agroecosystems 12: 167 - 174.

Heimendahl E, Breves, Abel HJ (2010). Fiber-related digestive processes in three di�erent breeds of pigs.
Journal of Animal Science 88: 972 - 981.

Jeong JY, Kwon SG, Hwang JH, Park DH, Bang WY, Kim TW, et al. (2014) Di�erential expressions of
HSP27 and HSP70 is induced in the Longissimus dorsi muscle of fattening pigs fed a fermented carrot
by-product. Journal Applied Animal Research 42: 321 - 326.

Joshi VK, Attri D (2006) Solid state fermentation of apple pomace for the production of value added products.
Natural Product Radiance 5: 289 - 296.

Joshi VK, Gupta K, Devarajan A, Lal BB, Arya SP (2000) Productions and evaluation of fermented apple
pomace in the feed of broilers. Journal of Food Science Technology 37: 609 - 612.

Joshi VK, Sandhu DK (1996) Preparation and evaluation of an animal feed byproduct produced by solid-state
fermentation of apple pomace. Bio resource Technology 56: 251 - 255.

DOI: 10.19136/era.a4n12.1081 www.ujat.mx/era

461



Chamorro-Ramírez et al.
Carcass traits with apple pomace feeding

Ecosist. Recur. Agropec.
4(12):453-463,2017

Kim HY, Song YM, Kang YS, Kim CH, Lee SD, Chowdappa R, et al. (2006) The e�ect of fermented
persimmon shell diet supplementation on the growth performance and blood parameters in �nishing
pigs. Animal Science Journal 77: 314 - 319.

Kouba M and Bonneau M (2009) Compared development of the inter-muscular and subcutaneous fat in
carcass and primal cuts of growing pigs from 30 to 140 kg body weight. Meat Science 81; 270 - 274.

Lee SD, Kim HY, Jung HJ, Ji SJ, Chowdappa Ha JH, Song YM, et al. (2009) The e�ect of fermented apple
diet supplementation on the growth performance and meat quality in �nishing pigs. Animal Science
Journal 80: 79 - 84.

Monziols M, Bonneau M, Davenel A, Kouba M (2005) Tissue distribution in pig carcasses exhibiting large
di�erences in their degree of leanness with special emphasis on intermuscular fat. Livestock Production
Science 97: 267 - 274.

Nasseri AT, Rasoul-Amini S, Morowvat MH, Ghasemi Y (2011) Single cell protein: production and process.
American Journal of Food Technology 6: 103 - 116.

Newman DJ, Harris EK, Berg EP, Stein HH (2011) E�ects of pea chips on pig performance, carcass quality
and composition, and palatability of pork. Journal Animal Science 89: 3132-3139.

Nikoli¢ JA, Jovanovi¢ M (1986) Some properties of Apple pomace ensiled with and without additives. Animal
Feed Science Technology 15: 57 - 67.

Noblet J, Le Go� G (2001) E�ect of dietary �bre on the energy value of feeds for pigs. Animal Feed Science
Technology 90: 35 - 52.

NRC (2012) Nutrient Requirements of Swine. National Research Council. Eleventh Revised Edition. Com-
mittee on Animal Nutrition, National Research Council. Washington, USA. 420p.

Oddoye EOK, Takrama JF, Anchirina V, Agyente-Badu (2009) E�ects on performance of growing pigs fed
diets containing di�erent levels of dried cashew pulp. Tropical Animal Health Production 41: 1577 -
1581.

Oliveira-Teixeira A, Lopes DC, Ferreira VPA, Miranda-Pena E, Terra-Nogueira E, Aparecido-Moreira J, et
al. (2005) Exogenus enzymes in diets with di�erent protein levels and sources for pigs in the nursery
period. Revista Brasileira de Zootecnia 34: 900 - 906.

Pérez-Guerra N, Torrado-Agrasar A, López-Macías C, Pastrana L (2003) Main characteristics and applications
of solid substrate fermentation. Electronic Journal Environmental Agriculture Food Chemistry 2: 343 -
350.

Rachana Shalini, Gupta DK (2010) Utilization of pomace from apple processing industries: a review. Journal
of Food Science Technology 47: 365 - 371.

Ristanovi¢ B, Dirini¢ M, Milenkovi¢ M, Rodovanovi¢ T, Kalpa�cina V, Cilev G (2009) The e�ects of the use of
the Allzyme Vegpro R© enzyme cocktail on the daily weight gain and feed conversion in weaned piglets.
Macedonian Journal of Animal Science 1: 117 - 122.

Rodríguez-Muela C, Becerra BA, Rodríguez RHE, Díaz PD, Hernández GC, Gutiérrez PF, et al. (2010)
Valor nutricional de la manzarina, obtenida de subproductos de manzana para la alimentación animal.
Tecnociencia Chihuahua 4: 164 - 169.

Rodríguez-Ramírez HE, Hernández-Gómez C, Rodríguez-Muela C, Ruis-Barrera O, Salvador-Torres F (2007)
Protein production by solid state fermentation of Apple waste and pomace. Journal Animal Science 85:
Suppl. 1. 285.

www.ujat.mx/era

462

DOI: 10.19136/era.a4n12.1081



Chamorro-Ramírez et al.
Carcass traits with apple pomace feeding

Ecosist. Recur. Agropec.
4(12):453-463,2017

Ruiz US, Thomz MC, Hannas MI, Fraga AL, Watanabe PH, Silva SZ (2008) Enzyme complex for swine:
nutrient digestion, metabolism, performance and environmental impact. Revista Brasileira de Zootecnia
37: 458 - 468.

SAGARPA (1995) Norma O�cial Mexicana NOM-033-ZOO-1995, Sacri�cio humanitario de los animales
domésticos y silvestres. Diario O�cial de la Federación. DOF: 18/12/2014.

SAS (1990) Statistical Analysis System. SAS User's Guide: Statistics, Version 6, 4th edn. SAS Institute,
Cary, NC, USA.

SIAP (2016) Atlas Agroalimentario 2016. Primera Edición 2016. Servicio de Información Agroalimentaria y
Pesquera. Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación. México D. F.
pp. 231. http://nube.siap.gob.mx/gobmx_publicaciones_siap/pag/2016/Atlas-Agroalimentario-2016.
Fecha de consulta 20 de octubre de 2016.

Slagle SP, Zimmerman DR (1979) Evaluation of a yeast single cell protein with young pigs. Journal of Animal
Science 49: 1252 - 1260.

Soria-Flores AI, Mariscal-Landin G, Gómez-Rosales S, Cuarón-Ibargüengoytia JA (2009) Efecto de la adición
de enzimas �brolíticas y una �tasa para cerdos en crecimiento sobre la digestibilidad de nutrientes.
Tecnica Pecuaria México 47: 1 - 14.

Taasoli G, Ka�lzadeh F (2008) E�ects of dried and ensiled apple pomace from puree making on performance
of �nishing lambs. Pakistan Journal of Biological Science 11: 294 - 297.

Teixeira-Macagnan F, Rodrigues dos Santos L, Sampaio-Roberto B, De Moura FA, Bizzani M, Picolli da Silva
L (2015) Biological properties of apple pomace, orange bagasse and passion fruit peel as alternative
sources of dietary �bre Original. Bioactive Carbohydrates and Dietary Fibre 6: 1 - 6.

Villas-Bôas SG, Esposito E, Matos de Mendonça M (2003) Bioconversion of apple pomace into a nutritionally
enriched substrate by Candida utilis and Pleurotus ostreatus. World Journal of Microbiology & Biotech-
nology 19: 461 - 467.

Xandé X, Despois E, Renaudeau D, Gourdine J-L, Archimède (2007) Evaluation des e�ets d'une alimentation
à base de canne à sucre sur les performances et la qualité de la carcasse des porcs Créoles. Journées de
la Recherche Porcine 39: 231 - 238.

Zamora V, Figueroa JL, Reyna L, Cordero JL, Sánchez-Torres MT, Martínez M (2011) Growth performance,
carcass characteristics and plasma urea nitrogen concentration of nursery pigs fed low - protein diets
supplemented with glucomannans or protease, Journal Applied Animal Research 39: 53 - 56.

DOI: 10.19136/era.a4n12.1081 www.ujat.mx/era

463




