ISSN 1682-8356
ansinet.org/ijps

INTERNATIONAL JOURNAL OF

POULTRY SCIENCE

ANSI|zez

308 Lasani Town, Sargodha Road, Faisalabad - Pakistan
Mob: +92 300 3008585, Fax: +92 41 8815544
E-mail: editorijps@gmail.com




@ OPEN ACCESS International Journal of Poultry Science

ISSN: 1682-8356
DOI: 10.3923/ijps.2017.98.104

N
@ CrossMark

Research Article

Effects of Organic Acids on Salmonella enteritidis Growth
Inhibition and Illeum Surface Area in Laying Ducks Fed
Anaerobically Fermented Feed

'A.T. Allaily Tarman, 'N.R. Nahrowi Ramli, 'M.R.M. Ridla, °M.A.Y.M. Aman Yaman and *A.S. Agus Setiyono

'Department of Nutrition and Feed Technology, Faculty of Animal Science, Bogor Agricultural Institute, Agatis Street IPB,

Darmaga Campus,16680 Bogor, Indonesia

2Animal Husbandry, Agricultural Faculty, Syiah Kuala University, Tgk. Hasan Krueng Kalee, Street No. 3, 23111 Banda Aceh-Darussalam,
Indonesia

3Veterinary Medicine Faculty, Bogor Agricultural Institute, Agatis Street, IPB Darmaga Campus, 16680 Bogor, Indonesia

Abstract

Objective: This study aimed to determine the organic acid content of anaerobically fermented feed, its capacity to inhibit Sa/monella
enteritidis and its effects on the ileum surface area of laying ducks. Materials and methods: To determine the organic acid content and
inhibitory effects of fermented feed, four fermentation times were used as treatments (7, 14, 21 and 28 days) and each treatment was
replicated three times. The feed ingredients included yellow corn, soybean meal, coconut meal, fish meal, CaCO;, dicalcium phosphate
(DCP), premix and lactic acid bacteria at 5X 108 CFU mL™". The feed was anaerobically fermented with a moisture content of up to 45%
and local 5 month old laying ducks were used. The surface area of the ileum was measured in 6.5 and 8 month old ducks assigned to the
3treatments (R1=Dryfeed, R2 = Wet feed without fermentation, R3 = Wet anaerobically fermented feed). lleum surface area was initially
10 cm. After treatment, the tissue was prepared with hematoxylin and eosin staining and the area was measured using ImageJ software.
The measured parameters were: (1) Organic acids, (2) The inhibitory zone and (3) lleum surface area. Results: Fermented feed contained
organicacids, such as lactic acid, propionicacid and butyric acid, thatinhibited pathogenic bacteria, such as S. enteritidis. Fermented feed
resulted in an increase in ileum surface area. Conclusion: Anaerobically fermented feed maintained conditions that caused the ileum
surface area become larger, increasing nutrient absorption.
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INTRODUCTION

Duck feed technology still relies on moistening dry feed
but wet feed can be produced directly after harvest using the
existing water content in the ingredients and anaerobic
fermentation’. In addition, anaerobic fermentation increases
the storability of post-harvest ingredients and has multiple
benefits foranimal health?. Fermented feed given to ruminant
livestock had been reported to function as an antimicrobial
agent®against Micrococcus luteus, Pseudomonas aeruginosa'
and Escherichia colf and the use of anaerobically fermented
feed in broiler chickens has been reported to maintain the
condition of the small intestine® and improve performance
without affecting the morphology of intestinal villi”. Male
Mojosari Alabio broiler ducks fed anaerobically fermented wet
feed with a water content of 50% were of the best quality
based on feed conversion ratios® and local ducks in Vietnam
showed improved feed intake, growth rates and feed
conversion®.

The multiple benefits of anaerobically fermented feed are
derived from the organic acids produced by Lactic Acid
Bacteria (LAB) during the fermentation process; the dominant
species of lactic acid bacteria is Lactobacillus plantarum'.
Directly providing organic acids as a feed additive to broiler
chickens has been reported to have antimicrobial effects on
pathogens that limit their growth! but the effects of the
organicacid content of fermented feed on laying ducks and its
influence on the surface area of the ileum have yet to be
reported. Therefore, this study is very important because it
provides information about the organic acid content of
anaerobically fermented feed, its inhibitory effects on
pathogenic bacteria such as Sa/monella enteritidis and its
effect on the ileum surface area of laying ducks.

MATERIALS AND METHODS

Dietary composition and experimental animals: This
research used the following feed ingredients: Yellow corn,
soybean meal, rice bran, fish meal, coconut meal, Crude Palm
Qil (CPO), CaCo,, dicalcium phosphate (DCP), premix and a
liguid inoculum containing a total of 5X 108 CFU mL™" of
Lactic Acid Bacteria (LAB) for the fermentation process. Feed
treatments included dry commercial feed (R1), wet feed
without fermentation (R2) and wet feed with anaerobic
fermentation (R3) and were based on the nutritional needs of
laying ducks. The fermentation time was 7 days. The ducks
used in the experiment were 5 months of age and came from
Indramayu, West Java.
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Anaerobic feed fermentation process: All feed ingredients
were mixed according to the formulas in Table 1, with a water
content of 45%, based on previous studies'?. Water was added
to mixed feed containing 5X 108 CFU mL~! of LAB and
approximately 1 kg of mixed ration was then compacted in a
plastic bag. The plastic container was sealed and stored in a
drum silo and then fermented under anaerobic conditions for
7,14,21 and 28 days (treatments).

Organic acid analysis: The contents of organic acids, such as
lactic acid, propionic acid and butyric acid, were measured via
High Performance Liquid Chromatography (HPLC). Every 2 g
sample was placed ina 125 mL Erlenmeyer flask and 25 mL of
water was added and stirred until the samples dissolved. The
pH was maintained at 1-2 with 3 N HCl and extraction was
performed twice with 25 mL of diethyl ether for 2 min. The
resulting extract was basified to pH 8 with 2 N NaOH and then
evaporated to the water phase. The remaining layer of water
was diluted to 2 mL to a mobile phase and filtered through a
0.45 uM Millex filter and 20 mL was injected into the HPLC
system.

A stock standard of 10,000 ppm of lactic acid was used
and the standard series were as follows: Lactic acid: 312.5,
625, 1250 and 2500 ppm; propionic acid: 62.5, 125, 250 and
500 ppm and butyric acid: 62.5, 125, 250 and 500 ppm. Then,
10 mL of each were injected into 300X 7.8 mm Meta Carb H

Table 1: Nutrient and feed ingredient composition

Ingredients Composition (%)
Yellow corn 50.00
Soybean meal 20.00
Rice bran 10.00
Fish meal 8.00
Coconut meal 7.50
CPO 3.00
CaCo, 0.50
DCP 0.50
Feedmix B 0.50
Total 100.00
Nutrient composition

Crude protein (%)* 21.01
Metabolic energy (kcal kg=")** 2743.25
DM (%)* 88.50
Ash (%)* 10.75
Ca (%)* 3.03
P (%)* 0.56

Feedmix B: Vit A:2000.000 IU, Vit D: 400.000 IU, Vit E: 600 mg, Vit B1: 200 mg,
Vit B2: 1000 mg, Vit B12: 1000 mg, Vit K: 200 mg, Niacinamide: 1500 mg,
Ca-d-pantothenate: 500 mg, Folic acid: 100 mg, Choline chloride: 20.000 mg,
L-lysine: 15.000 mg, DL-methionine: 20.000 mg, Magnesium sulfate: 6.800 mg,
Ferrous sulfate: 5000 mg, Manganese sulfate: 10.000 mg, Cupric sulfate: 100 mg,
Zinc sulfate: 2.000 mg, Potassium iodine: 20 mg, Antioxidant and carrier at 1 mg,
*Nutrition and Feed Technology Laboratory Faculty of Animal Science IPB (2015)
**Nutrient value based on Leeson and Summers?
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Table 2: Organic acid contents of anaerobic fermented feed
Time fermented (Days)

Parameters (ppm) 7 14 21 28

Lactic acid 305.64£5.442 876.52+19.95P 1666.791+20.87¢ 4038.71+86.48¢
Propionic acid 164.05+2.92¢ 158.881+2.60° 244.16+3.65° 325.92+44.96¢
Butyric acid <0.62 <0.62 52.94+0.78 48.48+0.67

Different superscripts indicate a significant difference (p<0.05), The Integrated Research and Testing Laboratory (LPPT) UGM (2015)

Plus HPLC columns. Phase motion was measured in 125 mL of differences between treatments, a Duncan's Multiple Range
H,SO, in 500 mL of water at a flow rate of 0.6 mL min~', a Test (DMRT) was performed.
wavelength of 215 nm and a temperature of 80°C.

RESULTS AND DISCUSSION
Salmonella enteritidis inhibition zone: The inhibition zone
was measured /n vitrovia the well-diffusion method in Muller  organic acid content of anaerobically fermented feed: The
Hinton Agar (MHA) using 106 CFU mL™" of a standard Max
Farlan fluid. After dripping S. enteritidis at 106 CFU mL~,
100% fermented feed liquid was dripped into the well, which
was incubated for 24 h until a clear zone formed that could be
observed and measured. The formation of a clear zone
indicated the capacity of the fermented feed liquid to inhibit
the growth of S. enteritidis.

organic acid contents of the anaerobically fermented feed are
shown in Table 2. Fermentation time significantly (p<0.05)
increased lactic acid contents due to the growth of LAB. In
anaerobic conditions, pathogenic aerobic bacteria would be
depressed by the acidic conditions produced by LAB. Glucose
and fructose were fermented by LAB into a mixture of acids,
the most dominant of which was lactic acid and the high
concentration of hydrogen ions inhibited the growth of
undesirable microbes'. The impact of lactic acid-fermented
feed resembles the effects of probiotics, suggesting that using
lactic acid as a supplement could improve performance and
increase small intestine weight in broilers™.

Improved acidic conditions, with decreased pH values,
would inhibit the growth of pathogenic bacteria that produce
ammonia®. The increased lactic acid content of fermented
feed improves feed quality and storability'® because itinhibits
the growth of fungus, molds and aerobic microbes'. In this

Research design and analysis: Measurements of the organic ~ Study, the content of propionic acid significantly (p<0.05)

acid contents and S, enteritidis inhibition were performed increased, although not as much as the lactic acid content.
using a completely randomized design with 4 treatments,ie,  The fermentation period is an important parameter because

fermentation times: of 7, 14, 21 and 28 days. Each treatment it determines the time needed and cost to produce the feed

was repeated 3 times and each replicate consisted of 1 kg of ~ and to optimize the nutrient content™ (Fig. 1).

feed. The content of butyric acid was not significantly (p> 0.05)
Theileum surface areas of laying ducks were descriptively affected by fermentation because butyric acid-producing

analyzed in ducks given feed anaerobically fermented for ~ bacteria, such as Clostridia, present at the beginning of rapid

7 days. There were 3 diet treatments: dry feed (R1), wet fermentation are inhibited under anaerobic conditions and

unfermented feed (R2) and wet anaerobically fermented feed ~ amino acid levels are influenced by bacterial fermentation.

Surface area measurement: lleum surface area was
calculated when the laying ducks were 6.5 and 8 months old,
at which time the ducks had been receiving feed treatments
(R1,R2and R3) for 1.5 and 3 months, respectively. lleum tissue
was collected, cleaned and fixed in formalin for subsequent
hematoxylin and eosin staining. The dyed tissue was
photographed under a microscope at4 X magnification along
with a micrometer scale bar and ileum surface area was
measured using ImageJ software.

(R3). Although butyric acid shows antimicrobial activity against
All procedures were approved by the IPB ethics  pathogens,thesuccessoftheanaerobicfermentation process
committee, letter number 09-2015 IPB. does not depend on the pH and the presence of organic acids

alone as shown by studies on dairy products such as yogurt,
Statistical analysis: Data were analyzed via an analysis of ~ which have a fermented lactic acid content of 0.78-0.94% but
variance (ANOVA) using the Statistical Package for Social ~ propionic acid only reached 0.002% effectiveness in
Sciences (IBM® SPSS® version 21.0). To determine the  preventing the growth of microbial pathogens'.
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Fig. 1(a-c): Organic acid contents of an aerobically fermented feed
Table 3: Sa/monella enteritidis inhibition zone
Time fermented (Days)
Parameter (mm) 7 14 21 28
Inhibition zone 2.22+0.67 3.56£0.81 3.5610.81 2.28%1.20

Microbiology Laboratory at Faculty of Veterinary Medicine IPB (2016)

Salmonella enteritidis inhibition zone: A clear zone was
formed by the liquid from feed anaerobically fermented for
7-28 days as shown by the data from the 3 replicates in
Table 3. The results of this study show that fermented feed
liquid is capable of forming a clear zone, although
fermentation time did not significantly affect (p>0.05) this
process. Fluid from anaerobically fermented feed provided at
aconcentration of 100% inhibited S. enteritidis growth due to
the presence of organic acids produced by LAB fermentation.

The use of organic acids not derived from fermentation
as a feed supplement has been shown to lower the
concentration of the coliforms £ coli and Clostridium
perfringens in the small intestine of Khaki Campbell ducks®.
Industrially produced organic acid supplements have been
shown to be an alternative to antibiotics as growth promoters
for turkeys?'. Finally, Lactobacillus sp., from the cloaca of a

101

hen inhibited 5. enteritidlis in vitro, resulting in a clear zone
measuring 0.7 to 1.2 cm2,

The ability of anaerobically fermented feed and the liquid
derived from it to prevent the growth of S. enteritidis shows
that fermented feed has antimicrobial properties that could
replace the benefits of antibiotics and produce healthy meat
products and duck eggs that are safe forhuman consumption.
Organic acids from fermented feed actively inhibited the
growth of S. enteritidis. Using organic acids produced by
fermented feed would also reduce feed costs because the
organic acids used as feed additives are added separately.
Fermented feed could produce multiple benefits, including
increasing the feed storage time'® and the use of the post-
harvest moisture content of fresh ingredients® was able to
improve the performance of broiler ducks?.
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Table 4: lleum surface areas of laying ducks

Treatments
Parameters (mm) R1 R2 R3
lleum surface area at 6.5 months old 5.180.617 4.869.889 6.233.012
lleum surface area at 8 months old 3.030.605 2.280.864 3.598.160

Pathology Laboratory at Faculty of Veterinary Medicine IPB (2016), R1: Dry feed, R2: Wet feed without fermentation and R3: Wet feed with anaerobic fermentation

Fig.2(a-c): lleum surface area condition of ducks at 6.5 months of age, (a) R1: Dry feed, (b) R2: Wet feed without fermentation and
(c) R3: Wet feed with anaerobic fermentation

Fig. 3(a-c): lleum surface area condition of ducks at 8 months of age, (a) R1: Dry feed, (b) R2: Wet feed without fermentation and
(c) R3: Wet feed with anaerobic fermentation

lleum surface area: The ileum surface areas of laying ducks Preparing wet feed without fermentation might result in feed
fed feed fermented for 7 days are shown in Table 4. Thelaying ~ becoming contaminated with pathogenic bacteria and this
ducks given wet fermented feed (R3) had the largest ileum  treatmentdid not maintain the condition of the surface of the
surface areas when compared with the areas of those given  ileum of laying ducks.
dry feed (R1) and wet unfermented feed (R2). The greater the
ileum surface area, the greater the absorption of nutrients,
which would help maximize production. Fermented feed
contains organic acids that could increase the surface area of
the ileum. Studies using organic acids as direct feed additives
in broiler chickens have shown increase in the height and
width of the villi in the ileum?,

The surface areas of duck ileum are shown in Fig.2

CONCLUSION

Anaerobically fermented feed contains organic acids,
such as lactic acid, propionic acid and butyric acid, which
could inhibit pathogenic bacteria such as S. enteritidis. The
organicacid content of anaerobically fermented feed was able
to maintain conditions that caused the surface area of the

and 3. The ileum surface areas of laying ducks fed the R3 feed ileum to becomelarger, increasing the absorption of nutrients.
showed higher intestinal villi than were observed in the ileum

of ducks given dry feed (R1), which had villi that appeared SIGNIFICANCE STATEMENT

smaller and were less abundant. The ileum of ducks that

received wet feed without fermentation (R2) had irregularand This study discovered information about the ability of

broken villi and had a smaller surface area than did theileum  local laying ducks to accept fermented feed and the positive
of ducks that received treatments R1 and R3. The ileum is the impact this had onincreasing the surface area of the villiin the
point of greatest absorption in the gastrointestinal tract. ileum, which can help maximize nutrient absorption. This
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research is important because the fermented feed
composition in other studies was not 100%. The results of this
study prove thatanaerobically fermented feed can be given to
poultry as the primary feed. Thus, diets consisting only of
anaerobically fermented feed can be given to local laying
ducks from the age of 5 months on. However, the results of
this study are limited because there are no data on using

fermented feed in younger ducks.
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