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Summary

Background: fruit by-products represent a feed resource for ruminants. However, preservation is needed
to increase its life span. Objectives: to evaluate the fermentative characteristics, intake, digestibility and
aerobic stability of fruit by-products. Methods: pineapple and citrus residues were fermented for 0, 4, 7, 11,
29 and 65 days (d). Samples from each by-product and fermentation period were analyzed for pH, microbial
succession, chemical composition, and fermentation products. Crossbred rams were used to determine dry
matter (DM) and crude protein (CP) intake and digestibility. Dietary treatments consisted of 100% tropical
grass hay (TGH) and 20% substitution of TGH with pineapple (PS) or citrus silage (CS). Aerobic stability
of PS and CS after 29 or 65 d of fermentation was determined during 5 d. Results: final pH at 65 d was
3.21 and 3.32 for PS and CS, respectively. During the entire fermentation for both silages, population of
enterobacteriaceae was not detected, while lactic acid producing bacteria, yeast and molds showed typical
microbial growth. After 65 d fermentation, lactic acid was the main product associated with the fermentation
process (1.0 and 1.7 g/kg for PS and CS respectively). Concentrations of acetic acid were 0.38 in PS and
0.36 g/kg in CS. Rams consumed 98 and 85% of the DM offered as PS or CS, respectively. The DM and CP
intakes and digestibility were similar among treatments. Both fermented fruit by-products were unstable upon
aerobic exposure, PS after 1 d when fermented 29 d and CS after 3 d when fermented 65 d. Conclusions:
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results indicate that pineapple and citrus by-products could be preserved as silage and included in sheep diets
at 20% substitution of TGH without adverse results; however, they are susceptible to aerobic deterioration.

Key words: anaerobic fermentation, fruit by-products, organic residues, sheep.
Resumen

Antecedentes: los subproductos de fruta representan una fuente de alimento para los rumiantes, sin
embargo su preservacion es necesaria para aumentar su vida util. Objetivos: evaluar las caracteristicas
fermentativas, consumo, digestibilidad y estabilidad aerdbica de subproductos de frutas. Métodos: residuos
de pifia y citricos se fermentaron durante 0, 4, 7, 11, 29 y 65 dias (d). Muestras de cada subproducto y
periodo de fermentacion se analizaron para determinar pH, sucesion microbiana, composicion quimica, y
productos de fermentacion. Carneros mestizos se utilizaron para determinar el consumo y digestibilidad de
materia seca (MS) y proteina bruta (PB). Los tratamientos consistieron en: 100% heno de graminea tropical
(HGT); 20% sustitucion de HGT con ensilaje de pifia (EP) o ensilaje de citricos (EC). La estabilidad aerobica
del EP y EC después de 29 o 65 dias de fermentacion se determind durante 5 d. Resultados: el pH final
al dia 65 fue de 3,21 y 3,32 para EP y EC, respectivamente. Durante toda la fermentacion y para ambos
ensilajes, no se detectaron poblaciones de enterobacteriaceae, mientras que las bacterias productoras de acido
lactico, levaduras y hongos mostraron un crecimiento microbiano tipico. Después de 65 d de fermentacion,
el acido lactico era el producto principal asociado con el proceso de fermentacion (1,0 y 1,7 g/kg para EP
y EC, respectivamente). Las concentraciones de acido acético fueron 0,38 g/kg en EP y 0,36 g/kg en EC.
Los carneros consumieron 98 y 85% de la MS ofrecida como EP o EC, respectivamente. El consumo y la
digestibilidad de MS y PB fueron similares entre los tratamientos. Ambos subproductos de fruta fermentados
fueron inestables a la exposicion aerdbica, el EP después del primer dia cuando se fermenta 29 d y el EC
después de 3 d cuando se fermenta 65 d. Conclusiones: los resultados indican que los subproductos de pifia
y citricos podrian ser preservados como ensilaje y que podrian ser incluidos en las dietas de ovejas a 20% de
sustitucion de HGT sin resultados adversos, sin embargo, son susceptibles al deterioro aerobico.

Palabras clave: fermentacion anaerdbica, ovejas, residuos organicos, subproductos de frutas.
Resumo

Antecedentes: os subprodutos da agroindustria de frutas sdo uma fonte de alimento para os ruminantes,
mas sua preservacao ¢ necessaria para aumentar a vida ttil. Objetivos: avaliar as caracteristicas fermentativas,
consumo, digestibilidade e estabilidade aerdbia dos subprodutos de frutas. Métodos: residuos de abacaxi e
frutas citricas foram fermentados durante 0, 4, 7, 11, 29 e 65 dias (d). Amostras de cada subproduto e os
periodos de fermentacdo foram analisadas para: pH, sucessdo microbiana, composi¢do quimica, e produtos
de fermentagdo. Um quadrado latino 3 x 3, com nove carneiros mesticos foi usado para determinagdo de
consumo ¢ digestibilidade da matéria seca (MS) e proteina bruta (PB). Os tratamentos dietéticos utilizados
foram: 100% feno de capim tropical (FCT) e 20% de substituicdo do FCT com silagem de abacaxi (SA)
ou silagem de citricos (SC). A estabilidade aerdbia de SA e SC depois de 29 ou 65 d de fermentacdo foi
determinada durante 5 d. Resultados: o pH final (65 d) foi de 3,21 e 3,32 para o SA e SC, respectivamente.
Durante a fermentacdo para as duas silagens, a populacdo de enterobactérias ndo foi detectada. Enquanto a
bactérias produtoras de acido lactico, leveduras e fungos as silagens mostraram um crescimento microbiano
tipico. Depois de 65 d de fermentacdo, o acido lactico era o produto principal associado com o processo
de fermentagao (1,0 e 1,7 g / kg para SA e SC, respectivamente). As concentragdes de acido acético foram
0,38 g/kgem SA e 0,36 g/ kg em SC. Os carneiros consumiram 98 e 85% da MS oferecida como SA ou SC,
respectivamente. O consumo e a digestibilidade da MS e PB foram semelhantes entre os tratamentos. Os dois
subprodutos de frutas fermentados foram instaveis apds a exposi¢ao aerobia, a SA depois de 1 d, quando foi
fermentada 29 d e a SC depois de 3 d, quando foi fermentada 65 d. Conclusées: os resultados indicam que
os subprodutos de abacaxi e citricos poderiam ser preservados como silagem e serem incluidos em dietas de
ovinos em 20% de substitui¢do do FCT sem resultados adversos, ainda que, tem que ter cuidado porque as
silagens sao susceptiveis a deterioragdo aerdbia.

Palavras chave: fermentagdo anaerobica, ovelhas, residuos orgdnicos, subprodutos de frutas.
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Introduction

Tons of by-products are generated as a result
of processing fresh fruits, such as pineapple
(Ananas comosus) and orange (Citrus sinensis)
for juice and canned fruit. These by-products, rich
in fermentable sugars, organic acids, and fiber,
have high digestibility potential (Jetana et al,
2009; Migwi et al, 2001). These characteristics
make fruit by-products a potential feed resource
for small ruminants. Due to the high water content
of these by-products, preservation is necessary to
increase their life span and reduce their potential for
environmental contamination.

Preservation of various types of organic by-
products by anaerobic fermentation represents a
simple, low cost alternative that can be conducted
by the farmer (Scerra et al, 2001). However,
there is scarce information available on anaerobic
fermentation as a method to preserve fruit residues
for potential use in diets for small ruminants.
Feedstuffs preserved by anaerobic fermentation
deteriorate once exposed to aerobic conditions
(Danner et al., 2003). Thus, evaluation of a new
fermented by-product should include not only its
ability to ferment but also its aerobic stability,
which is indicative of its preservation during the
feeding phase.

Small ruminant production in the tropics often
depends on low-quality grasses (low crude protein
and high neutral detergent fiber), which is usually
aggravated by their scarce availability during the
dry season (Pitman, 2001). This situation demands
the search for alternative resources (Rodriguez,
1996) to supply nutrient requirements without
affecting animal performance.

The objective of the present study was to
evaluate fermentation characteristics and aerobic
stability of pineapple and citrus by-products
preserved as silage. Effects of replacing tropical
grass hay (TGH) with 20% pineapple or citrus
by-product silages on dry matter (DM) and crude
protein (CP) intake and digestibility in rams were
also evaluated.
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Materials and Methods

By-product silage preparation

Preparation and characterization of the
fermentation processes were conducted in the
Animal Nutrition Laboratory at the University of
Puerto Rico, Mayagiiez Campus. Pineapple and
citrus by-products were collected from processing
plants the same day they were generated. Residues
consisted of fruit parts remaining after processing
pineapples and oranges for juice or canned fruit
(pineapples). The pineapple by-product consisted
of skin and crown pieces, while the citrus by-
product was composed of skin, remnants of pulp,
and seeds. By-products were fermented in 15
polyvinyl chloride (PVC) laboratory micro-silos
(3 kg capacity). The micro-silos (equipped with gas-
releasing valves) were manually packed and kept
at room temperature (28 °C to 30 °C) until further
chemical and biological analysis. In addition,
by-products were fermented in 19 L containers
(equipped with gas-releasing valves) for at least
30 d before the feeding trial. Fresh samples (n = 3)
from each by-product were collected and analyzed
for initial chemical and biological characteristics
before ensiling.

Microbiological and chemical evaluation of
silages

Triplicate silos of each by-product were opened
after 0, 4, 7, 11, 29, and 65 d of fermentation.
Samples were analyzed for pH and microbial
succession, as described by Gonzalez and Rodriguez
(2003). Prepared extracts were analyzed for organic
acids (lactic, acetic, propionic, and butyric) produced
during the by-product fermentation periods by a
commercial laboratory (Dairy One Forage Lab,
Ithaca, NY, USA). Ammoniacal nitrogen (NH,-N)
content was determined by an oxidation method
(Strickland and Parson, 1972) to calculate NH,-N/
total nitrogen (TN).

Samples were oven dried (55 °C), ground to
pass through a 1-mm screen, and analyzed for DM
(AOAC, 1990) to determine the nutrient content
of fresh and fermented by-products. Nitrogen
concentration was determined by the Kjeldhal
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method (AOAC, 1990) and CP was calculated as N
multiplied by 6.25. Cell wall components (neutral
detergent fiber, NDF; and acid detergent fiber,
ADF) were determined sequentially via the crucible
method (Van Soest et al., 1991). Content of water-
soluble carbohydrates (WSC) was determined by
the colorimetric method, as described by Dubois et
al. (1956).

Voluntary intake and nutrient digestibility

Nine crossbreed rams (BW = 22.7 £ 3.3 kg)
were randomly assigned to treatments and confined
to individual metabolism crates. Fermented by-
products substituted 20% of the estimated DM
intake of TGH, which was presumed to be 3% of
animal body weight (BW) on a DM basis.

The TGH was mechanically shredded to a
particle size of approximately 5 cm before being
fed to animals. Dietary treatments consisted of TGH
(T1), TGH+PS (T2), and TGH+CS (T3). Soybean
meal was also provided, increasing dietary CP
contents to 8%. Hay and soybean meal were offered
mixed while fermented by-products were separately
but simultaneously offered. The diets were offered
during three periods, including 8 d devoted to adapt
animals to the feed and management routine and 5 d
for total collection of feces.

During collection, offered feed and orts were
sampled and total production of feces was collected
and weighted. Samples (10% aliquot) of feed, orts,
and feces were collected daily from each ram and
assayed for DM and CP as previously described.

Aerobic stability of fermented by-products

The aerobic stability of PS and CS was evaluated
after 29 and 65 d of fermentation. Samples of each
fermented by-product (1 kg) were placed in plastic
bags into styrofoam containers and exposed to
room temperature air (27 ‘C to 30 °C) for 5 d. A
thermometer was placed at the center of each silage
mass to monitor temperature every 6 h during the
first 48 h and every 8 h thereafter. Fermented by-
products were considered spoiled when the air-
exposed silage temperature reached two degrees
above room temperature. Samples of fermented
by-products were collected after 0, 1, 3, and 5 d of

aerobic exposure to determine pH, total bacteria
(TB), yeast, and mold (YM) populations, as
described by Gonzalez and Rodriguez (2003).

Experimental design and statistical analysis

Microbiological and chemical data of each by-
product were analyzed separately in a completely
randomized design (Lyman and Longnecker, 2001).
Dry matter and CP intake and digestibility were
analyzed as a 3 x 3 Latin Square with three animals
per treatment in each of the three periods. A general
linear model was used (SAS, 1990) and treatment
means were compared with the Bonferroni t-test
(significant differences at p<0.05). Aerobic stability
data of fermented by-products were analyzed as a
completely randomized design in a 2 x 4 factorial
arrangement of treatments (29 or 65 d fermentation
periods; 0, 1, 3, and 5 d of aerobic exposure) for pH
and microbial succession, while temperature data
involved 2 fermentation periods x 15 temperature
readings. Data were statistically analyzed using the
PROC MIXED procedure of SAS (SAS, 1990).
When significant differences were detected, the
LSMEANS statement was used to separate multiple
means with the PDIFF option (SAS, 1990).

Results

Microbiological and chemical characterization
of fresh by-products

Both fresh by-products (pineapple and citrus)
showed acidic or slightly acidic pH (Table 1).
Despite the high acidity in fresh pineapple by-
products, moderate populations of enterobacteria
(ENT) and yeasts and molds (YM) with increased
lactic acid-producing bacteria (LAPB) were
observed. There were moderate populations of
LAPB and YM, while ENT colonies were not
detected in the fresh citrus by-products.

Dry matter content of pineapple by-product was
129.6 g/kg, while citrus by-products had 242.8 g/
kg DM. Both by-products had an optimal content of
water-soluble carbohydrates (WSC; > 40 g/kg DM),
which facilitates fermentation, and low CP content
(< 60 g/kg DM). In addition, fresh pineapple and
citrus by-products had 433.7 and 162.8 g NDF/kg
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DM, respectively and 218.9 and 137.2 g ADF/kg
DM, respectively.

Microbiological and chemical characterization
of pineapple silage

Acidity of the pineapple  by-product
varied throughout the fermentation process.
Enterobacteriaceae colonies were not detected
(p<0.05) at any time during fermentation, which
was not the case for the fresh residue. The LAPB
and YM populations did not change statistically
throughout the fermentation. In addition, by-product

chemical composition did not show defined change
patterns during fermentation.

Lactic acid content of fermented pineapple by-
product was higher (p<0.05) than that of fresh
residue after the fourth day of fermentation and
remained relatively stable thereafter. Acetic acid
concentration followed a similar pattern, being the
highest at the fourth day of fermentation and then
remaining relatively constant. Propionic and butyric
acids were not detected throughout the fermentation
process. The NH,-N/TN ratio remained nearly
constant until day 7 and decreased slowly thereafter.

Table 1. Fermentation-period effects on pH, microbial population, chemical composition, and fermentation end-products from pineapple and citrus by-

products.
Item’ PINEAPPLE CITRUS
Fermentation period?®(days) SEM* P-value Fermentation period’(days) SEM* vaPI;Je
0 4 7 11 29 65 0 4 7 11 29 65
pH 372 32 3% 34 33 32 002 001 54 3% 3™ 35¢ 35 33 009 001
Microbial populations (cfu/g)
Enterobacteriaceae 6.2 ® (o [0 (04 (0 009 001 ND ND ND ND ND ND ND ND
Lactic acid 72 63 53 84 59 25 205 023 58 7Tm 75 72 46 44 08 003

producing bacteria

Yeast and molds 53 46 34 36 29 15 085

Chemical composition (g/kg)?

Dry matter 1206* 1078 1091° 1052 1039  1021° 21

Crude protein 386> 42 3980 437 4.7 50.12

Neutral detergent R
fiber 4337 5122 5151

4807 4575 81

0.15 53 41 26 27 40 32 129 068

001 2428 1963 1976° 1873b 190.1° 187.3 62 001
0.02 578 619 596 639 646 651 35 068

001 1628 2284° 2343 2466° 2429 23722 49 001

Acid detergent fiber 2189 2924* 3154 3027¢0 2760° 2721® 107 001 1372 2073 2157 2134 269 2325 44 001
Water soluble

carbohydrates 61.1 391 530 347 36.3 731 97 008 568 209 188 31 420 HUHF 46 001
Fermentation end-products (g/kg)?

Lactic acid oorr 1000 105 08> 103 1012 04 001 00> 113 1472 10T 12 17 04 001
Acetic acid 012 044° 040 032 0.33» 039 02 001 (0 018 020 0240 027 036 0.1 001
Propionic acid 0 0 0 0 0 001 024 [0 (0 o 0006 001@ 001 0 001
Butyric acid 0 0 0 0 0 0001 027 ND ND ND ND ND ND ND ND
NH, -N/total N 21 20 21 19 18 16 034 14 13 13 13 13 12 01 039

N=3; ?Expressed on a dry matter basis; *Significant differences (P<0.05) within the same row are indicated by different letters (2 ¢); “Standard error of the

mean; ND= not detected.

Microbiological and chemical characterization
of citrus silage

The citrus by-product pH decreased significantly
(p<0.05) during the initial 7 d of fermentation
and changed little from there until 29 or 65 d.
No ENT colonies were detected either in the
fresh or fermented by-product. The LAPB were
dominant during the first 10 d, but decreased
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by day 29. Yeasts and mold populations did not
change significantly during the fermentation
process. Initial DM in citrus residue was higher
than that of fermented residue, however it did not
change significantly during fermentation. Similar
to pineapple by-product, there were no evident
patterns in chemical composition changes with
time for citrus by-product during fermentation. The
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CP and WSC contents varied somewhat during the
fermentation process.

Lactic acid content was higher after 4 d of
fermentation compared to that of fresh residue.
Contrary to what was observed during pineapple
fermentation, fermentation of citrus by-product
produced more lactic acid during d 65 than at a
shorter period (29 d). A low but gradually increasing
content of acetic acid was detected. Propionic acid
was very low, and no production of butyric acid was
detected during fermentation. As with pineapple
by-product, the NH,- N/TN ratio of citrus by-
product remained nearly constant during 65 d of
fermentation.

Intake and nutrient digestibility of fermented by-
products

Table 2 presents the chemical composition of
ingredients used in the experiment. As expected,
both fermented fruits had lower DM (99.6 and
187.1 g DM/kg for PS and CS, respectively) than
TGH (887.3 g DM/kg). Inclusion of 20% PS or CS
did not affect (p>0.05) total DM intake of TGH plus
supplemental silage (Table 3). In this experiment,

Table 2. Chemical composition of ingredients.

PS and CS intake represented 22.9% and 19.6% of
the total DM consumption, respectively. Dry matter
and CP digestibility coefficients ranged from 0.52 to
0.56 and 0.43 to 0.51, respectively. No significant
differences among treatments for DM and CP
digestibility were observed.

Aerobic stability of fermented by-products

Pineapple by-product fermented for 65 d
showed a slow acidity decrease during exposure to
air compared to 29 d (Table 4). These pH changes
were evident after aerobic exposure for 3 d.
Proliferation of YM during the first day of aerobic
exposure was greater (p<0.05) in PS exposed after
29 d than after fermentation for 65 d (Table 4). This
3.80 cfu/g increase in the residue fermented for
29 d could be the main cause for its faster aerobic
deterioration. Total bacteria population was also
greater (p<0.05) after d 3 of aerobic exposure for
pineapple by-product fermented 29 d compared to
65 d. Temperature increase with duration of aerobic
exposure was also observed for PS, regardless of
fermentation length. However, fermenting PS for
65 d delayed the increase of reaching two degrees
above room temperature from 1.25 d to 2.0 d.

. i ; Ingredients? SEM?
Chemical composition (g/kg) TGH PS cs Soybean meal

Dry matter 887.32 99.6° 187.1° 884.0° 4.7
Organic matter 896.2¢ 942.82 950.22 928.4° 1.4
Inorganic matter 103.82 57.2¢ 49.8° 71.6° 1.4
Crude protein 40.0° 53.5° 75.6° 463.7¢ 24.6
Neutral detergent fiber 745.52 613.02 247 .10 188.9° 28.3
Acid detergent fiber 467.82 347.9° 241.3° 49.9¢ 21.0
Hemicelullose? 277.8° 265.12 13.9¢ 139.0° 13.5

Dry matter basis. 2Means with different letters within a row indicates significant differences (p<0.05). *Standard error of the mean. “Calculated by difference

(NDF- ADF).

Table 3. Diet intake and digestibility of DM and CP.

It T T2 T3 SEM?
em TGH' Total PS? TGH' Total CS? TGH'

Dry matter

Intake (g/d) 501.4 471.2 108.0 363.2 507.9 99.5 4084 44.0
Digestibility 0.52 0.56 0.547 0.17
Crude protein

Intake (g/d) 29.0 27.7 54 22.3 324 76 24.8 3.3
Digestibility 0.43 0.44 0.51 0.12

"TGH intake includes soybean meal (DM = 884.0 g/kg; CP= 463.7 g/kg DM). There was no soybean meal refusal. 2Represents 20% of TGH substitution.

3Standard error of the mean.
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Table 4. Aerobic exposure effects on pH, microbial population, and temperature for fermented pineapple and citrus by-products.
PINEAPPLE CITRUS
Item Days of Fermer_ltatlon SED’® P-value Fermer_ltatlon SED? P-value
exposure period period
29 65 F4 AE° F x AE® 29 65 F* AE®° F x AE®
pH 0 3.3¢ 3.2¢ 0.05 0.01 0.01 0.01 3.481 3.3 0.04 0.01 0.01 0.01
1 3.4¢ 3.2¢ 3.58a2 3.3°
3 3.8822 3.580 3.582 3.3°
5 4.27 3.7~ 3.87e 3.3°
Microbial population (cfu/g)
Total bacteria 0 0P 0° 0.19 0.01 0.01 0.01 0° 0 0.27 043 0.01 0.03
1 3.9¢ 3.98 3.878 2.6
3 5.582 4.08° 2.98 2.9
5 6.1~ 5.7~ 4.07 2.6
Yeasts and molds 0 2.98 1.78 0.82 0.16 0.01 0.02 4.0 3.2 0.70 099 046 0.56
1 6.7%a 2.78° 2.9 3.3
3 7.2~ 7.3* 1.9 4.0
5 6.47 8.0~ 4.5 3.9
Temperature (°C) 0 21.7%  26.7%2  0.92 0.47 0.01 0.01 25.0' 26.55F 0.67 <0.01 <0.01 <0.01
0.25 23.36H 27 0Fa 26.31 25.9F
0.5 25.0¢ 27.0F 26.5 26.3F
0.75 25.9F¢  27.2F 26.9¢H 26.1F
1 27.85F  26.7F 27.06H 25657
1.25 30.20Ea 25 7FP 28.7F¢a  26.3F
1.5 31.1¢ba 26,380 31.7PFa  26.3FF
1.75 33.148Ca 26 QFb 35.2/Ba 28 280
2 34.4%82  30.2P° 35.9%82 32200
2.5 35.77  36.7%¢ 36.7%8  33.748CP
2.75 34.6"® 35.9* 36.7% 30.2%
3.5 31.5/8C  34.6"8 33.2PF  33.0¢P
4 31.1600 31,7482 3410 34.68¢
4.5 32.0°P  31.3°P 34.48¢ 35.0%8
5.0 32.18¢0 30.9° 30.55F>  35.0%

'Significant differences (p<0.05) within the same column are indicated by different upper case letters (* B €); 2Significant differences (p<0.05) within the same
row are indicated by different lowercase letters (= ¢); 3Standard error of the difference; “Effect of fermentation period; *Effect of aerobic exposure; éInteraction

between fermentation period and aerobic exposure.

Independent of fermentation length, the CS pH
remained constant during the first 3 d of aerobic
exposure (Table 4). However, a greater decrease
(p<0.05) in acidity was observed at the fifth day
of aerobic exposure when citrus residues were
fermented for 29 d compared to 65 d. No significant
changes in YM and TB populations were observed
for CS at either fermentation length. It took 1.5 and
2.0 d to CS exposed to the air to reach two degrees
above the room temperature when fermented for
29 d (31.7 °C) or 65 d (32.2 °C), respectively. In
addition, it was observed that fermentation during
d 65 delayed the rise in CS temperature exposed to
the air for half a day.

Rev Colomb Cienc Pecu 2014; 27:37-46

Discussion

The low DM content of both pineapple and
citrus by-products presupposed difficulties in their
preservation by anaerobic fermentation. However,
results from this experiment demonstrated that
129.6 and 242.8 g/kg DM for pineapple or citrus
by-products, respectively, did not preclude a
favorable fermentation process. A pH below 4.2
is considered to represent acidity sufficient to
avoid proliferation of undesirable microorganisms
(Ting and Attaway, 1971). The acidity found in the
pineapple and citrus by-products is typical of ripen
fruits and results from the presence of organic acids,
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mainly citric, malic, ascorbic and tartaric (Falade
et al., 2003; Bartolomk et al., 1995). Perhaps, the
initial acidity of pineapple and citrus by-products
and the epiphytic population of LAPB overcame
the negative effects of high-water content in the
residues by initiating the fermentation process.

Microbial population changes were observed
in both by-products throughout the fermentation
process. Enterobacteriaceac were only detected
in the fresh pineapple by-product. Reduction of
ENT population was previously observed when
wheat straw, poultry litter, and different levels of
citrus pulp were ensiled (Migwi et al., 2001). This
indicates that anaerobic condition, total acidity, and
the presence of certain organic acids contributed to
halt proliferation of these microorganisms. For the
citrus by-product, absence of ENT is associated
with handling at the processing plant, since the
fruit is washed and disinfected prior to processing.
Natural occurrence of these facultative anaerobes
(McDonald et al., 1991) in fruits contributes to a
rapid colonization and initiation of the fermentation
process, resulting in good preservation of the
by-products. The YM population did not vary
throughout the fermentation period of both by-
products. This is partially contradictory because
Okine et al. (2007) found that anaerobic conditions
and lactic acid accumulation decreased yeasts
population.

Some previous research evaluating fruit by-
products present similar results, but more often a
different chemical composition was found (Tripodo
et al., 2004; Gutiérrez et al., 2003). In the present
case, CP, NDF and ADF contents varied during the
fermentation process with no defined pattern, which
could indicate an active and variable microbial
ecology. It is also necessary to consider that fruit
by-products are not uniform residues; they are
characterized by different proportions of skin,
remnants of pulp and, in some cases, pieces of
crowns or seeds. This can make it difficult to define
a pattern of change for chemical composition during
the fermentation period. For pineapple by-products,
no significant changes throughout the fermentation
process were observed in WSC concentration, while
a significant reduction was observed during citrus
by-product fermentation. These results indicate that

pineapple and citrus by-products (even with the
reduction observed for CS) contain enough WSC
to promote acceptable fermentation that allows
preservation of the residues.

Despite the greater LAPB numbers observed in
fruit by-products compared with tropical grasses
(Gonzalez and Rodriguez, 2003), the lactic acid
concentration of the resulting silage was lower.
Lower concentrations of lactic acid could result
from the presence of lactate utilizing yeast.
However, lactic acid was the main acid present
throughout the fermentation period of the by-
products, suggesting that the LAPB present were
mainly homofermentative (McDonald ef al., 1991).
The absence of propionate and butyrate in addition
to the constant NH,- N/TN ratio indicate a stable
fermentation process in both by-products, free
from secondary degradation of proteins. Moreover,
these results suggest that undesired secondary
fermentations, typical of tropical forages (Gonzalez
and Rodriguez, 2003), are less likely to occur during
fermentation of these fruit by-products.

During the trials animals consumed 98.8%
(109.3 g/d offered) and 85.8% (115.9 g/d offered)
of DM from the fermented pineapple and citrus by-
products, respectively, indicating good organoleptic
characteristics and acceptability of both silages.

Related studies elsewhere have reported
benefits of including dried citrus by-products in
the digestibility of straw (Barrios- Urdaneta et al.,
2003). However, in the present study substitution
of TGH with 20% fermented citrus or pineapple
by-product did not increase DM or CP digestibility.
A possible explanation for the lack of effect
on digestibility of the diets is that the level of
fermented by-product substitution used (20%) was
not enough to improve digestibility of the nutrients
considered. Experiments that evaluate intake and
digestibility resulting from higher PS and CS
inclusion levels in TGH-based diets would clarify
this point.

Increase in pH is an indicator of microbial
activity responsible for the deterioration of the
fermented feedstuff, and thus of aerobic stability
(Woolford, 1984). In the present study, both
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fermented residues were more stable to aerobic
conditions, as evidenced by pH changes after
the longer fermentation period (65 d vs. 29 d).
The type, proliferation, dynamics, and metabolic
activity of microorganisms associated with aerobic
deterioration (i.e., YM and bacteria) have been
considered as determining factors with regard to the
instability of fermented feedstuffs once exposed to
air. Chemical composition and fermentation end-
products (residual WSC, lactic and acetic acids)
have also been linked to the proliferation and
activity of these microorganisms. Likewise, yeasts
that degrade lactic acid have been associated with
the initiation of aerobic instability of fermented
forages (Filya et al., 2000). Yeast species from the
genera Candida, Haensenula, and Issatchenkia
degrade lactic acid causing pH and temperature
increases and consequent deterioration of the
product (Woolford, 1984). The YM population
did not change during the entire aerobic exposure
period for both fermentation lengths of CS.
However, lactic acid content was greater (1.7 g/kg
DM vs. 1.2 g/lkg DM) for CS fermented 65 d vs. 29
d. The CS was stable to aerobic conditions during
d 3, regardless of fermentation length according
to the pH, TB and YM populations. The YM
populations reached 7.2 and 4.2 cfu/g for PS and
CS, respectively, which indicates that YM were
the main microorganisms associated with aerobic
deterioration.

Differences in TB population coincided
with changes in pH and YM population of PS
exposed to air. The rapid pH increase of fermented
pineapple by-products over a short period of time
was associated with proliferation of opportunistic
bacteria, which are favored when acidity of the
substrate decreases. However, no significant
changes in TB population were observed between
the two fermentation lengths for CS. Overall,
fermented by-products deteriorate after aerobic
exposure for 1 d -based on TB, YM (for PS), and
temperature. However, the extended fermentation
period (65 d) somewhat delayed the deterioration
process, especially in pineapple residues.

In addition, further research is needed to

evaluate whether adjusting the DM content of
fruit by-products or using additives can improve
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fermentation and aerobic stability of the resulting
silage. The effect of feeding PS and CS on
productive performance of ruminants also awaits
research attention.

Finally, despite the high moisture content of
pineapple and citrus by-products, silage production
is a viable and potentially beneficial alternative for
their preservation, as indicated by the fermentation
products and the chemical and microbiological
composition of fresh and ensiled materials. The
present results indicate that 20% substitution of
TGH with PS or CS did not affect DM and CP
intake or digestibility. It was also demonstrated
that fermented pineapple and citrus residues were
susceptible to aerobic deterioration, especially
resulting from the short fermentation period (29 d).

References

Association of Official Analytical Chemist. Official Methods of
Analysis. 15th ed. Arlington (VA): AOAC Inc; 1990.

Barrios Urdaneta A, Fondevila M, Castrillo C. Effect of
supplementation with different proportions of barley grain or
citrus pulp on the digestive utilization of ammonia-treated straw
by sheep. Anim Sci 2003; 76:309-317.

Bartolomk AP, Rupbrez P, Fhster C. Pineapple fruit:
morphological characteristics, chemical composition and
sensory analysis of Red Spanish and Smooth Cayenne cultivars.
Food Chem 1995; 53:75-79.

Danner H, Holzer M, Mayrhuber E, Braun R. Acetic acid
increases stability of silage under aerobic conditions. Appl
Environ Microbiol 2003; 69:562-567.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F.
Colorimetric method for determination of sugars and related
substances. Anal Chem 1956; 28:350-356.

Falade OS, Sowunmi OR, Oladipo A, Tubosun A, Adewusi
SR. The level of organic acids in some Nigerian fruits and their
effect on mineral availability in composite diets. Pakistan J Nut
2003; 2:82-88.

Filya I, Ashbell G, Hen Y, Weinberg ZG. The effect of bacterial
inoculants on the fermentation and aerobic stability of whole
crop wheat silage. Anim Feed Sci Technol 2000; 88:39-46.

Gonzalez G, Rodriguez AA. Effect of storage method on
fermentation characteristics, aerobic stability and forage intake
of tropical grasses ensiled in round bales. J Dairy Sci 2003;
86:926-933.

Gutiérrez F, Rojas-Bourillon A, Dormond H, Poore M, Wing
Ching-Jones R. Caracteristicas nutricionales y fermentativas



46 Pagan S et al. Pineapple and citrus silage in ruminant diets

de mezclas ensiladas de desechos de pifia y avicolas. Agron
Costarric 2003; 27:78-89.

Jetana T, Suthikrai W, Usawang S, Vongpipatana C, Sophon
S, Liang JB. The effects of concentrate added to pineapple
(Ananas comosus Linn. Mer.) waste silage in differing ratios to
form complete diets on digestion, excretion of urinary purine
derivatives and blood metabolites in growing male Thai swamp
buffaloes. Trop Anim Health Prod 2009; 41:449-459.

Lyman Ott R, Longnecker M. An introduction to statistical
methods and data analysis. 5th ed. Pacific Grove (CA):
Duxbury; 2001.

Migwi PK, Gallagher JR, Van Barneveld RJ. The nutritive value
of citrus pulp ensiled with wheat straw and poultry litter for
sheep. Aust J of Exp Agric 2001; 41:1143-1148.

McDonald P, Henderson AR, Heron SJE. The Biochemistry of
Silage. New York: John Wiley and Sons; 1991.

Okine A, Yimamu A, Hanada M, Izumita M, Zunong M,
Okamoto M. Ensiling characteristics of daikon (Raphanus
sativus) by-product and its potential as an animal feed resource.
Anim Feed Sci Technol 2007; 136:248-264.

Pitman WD. Environmental constrains to tropical forage plant
adaptation and productivity. In: Sotomayor Rios A, Pitman WD,
editors. Tropical forage plants: development and use. Florida:
CRC Press; 2001. p. 17-26

Rodriguez AA. Studies on the efficacy of a homofermentative
lactic acid-producing bacterial inoculant and commercial

plant cell wall-degrading enzyme mixtures to enhance the
fermentation characteristics and aerobic stability of forages
ensiled in temperate and tropical environments. Doctoral
Research Dissertation. Michigan State University; 1996.

Statistical Analysis Systems. SAS®, version 6.12 para
Windows. User’s Guide. Statistics. Statistical Analysis Systems
Institute. Inc., Cary, NC. 1990.

Scerra V, Caparra P, Foti F, Lanza M, Priolo A. Citrus pulp
and wheat straw silage as ingredients in lamb diets: effects on
growth and carcass and meat quality. Small Rumin Res 2001;
40:51-56.

Strickland JDH, Parson TR. A practical handbook of sea-water
analysis. 2nd ed. J Fish Res Bd 1972; 167:311.

Ting SV, Attaway JA. Citrus fruits. In: Hulme AC, editor.
The biochemistry of fruits and their products. Vol 2. London:
Academic Press; 1971. p.107-69.

Tripodo MM, Lanuza F, Micali G, Coppolino R, Nucita
F. Citrus waste recovery: a new environmentally friendly
procedure to obtain animal feed. Bioresour Technol 2004;
91:111-115.

Van Soest PJ, Robertson JB, Lewis BA. Methods for dietary
fiber, neutral detergent fiber and non-starch polysaccarides in
relation to animal nutrition. J Dairy Sci 1991; 74:3583-3597.

Woolford MK. The Silage Fermentation. New York: Marcel
Dekker; 1984.

Rev Colomb Cienc Pecu 2014; 27:37-46



