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Effects of feeding different postbiotic metabolite
combinations produced by Lactobacillus
plantarum strains on egg quality and production
performance, faecal parameters and plasma
cholesterol in laying hens
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Abstract

Background: Probiotics are beneficial bacteria that are able to colonize the host digestive system, increasing the
natural flora and preventing colonization of pathogenic organisms and thus, securing optimal utility of the feed.
However, commercial probiotic often do not meet the expected standards and the viability of the efficacy of these
strains remains questionable. Another major issue has been highlighted in relation to the application of antibiotic
resistant probiotics, the antibiotic resistant gene can be transferred between organisms. Recently, postbiotic
metabolites produced from microbes have been extensively studied as feed additive in order to substitute in-feed
antibiotics.

Results: No significant difference (P > 0.05) was found among the treatment groups on overall feed intake, egg
weight, egg mass and feed conversion efficiency. COM456 had a significant reduction (P < 0.05) in faecal pH
compared to the other groups at 28 weeks of age onwards. COM456 had significant higher (P < 0.05) level of lactic
acid bacteria counts from 30 weeks of age onwards, followed by COM246 and COM345 at 32 and 34 weeks of age,
respectively. Significant reduction of faecal Enterobacteriaceae (P < 0.05) were observed in COM246 and COM456
from 30 weeks of age onwards. The lowest levels (P < 0.05) of plasma and egg yolk cholesterol were observed in
COM456, followed by COM345 and COM246. There was no significant difference in terms of yolk weight between
the treatment groups. Significant higher (P < 0.05) content of C18:3, C20:2 and C22:6 were found in treatments
supplemented with metabolite combinations as compared with the control group.

Conclusions: The present study demonstrated the positive effects of metabolite combinations supplementation in
laying hens. Increase in hen-day egg production was observed in all treatments supplemented with metabolite
combinations. In addition, the metabolite combinations, COM456 had reduced the faecal pH and faecal
Enterobacteriaceae population, improved the faecal lactic acid bacteria, reduced the plasma and yolk cholesterol
and improved the faecal volatile fatty acids content. Postbiotic metabolite combinations can be used as an
alternative feed additive to achieve high productivity and better animal health while reducing the use of
conventional chemotherapeutic agents such as in-feed antimicrobials.
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Background
Layer poultry farms are forced to keep up with the latest
trends in nutrition and management through modernization
and industrialization. Efforts are made to increase the
quantity and quality of egg yield through the manipulation
of feed compositions and utilization of feed additives. The
application of antibiotics as feed additives in poultry and
pig production became virtually widespread since the
discovery in the 1940’s [1]. However, the imprudent use
of antimicrobials in human and animal health has led to
an increase in the development of resistance of patho-
gens towards antimicrobial [2]. As the result, there has
been a global effort to limit the sub-therapeutic use of
feed antibiotics such as in the European Union and in
the United States [3]. More efforts were made to ex-
plore alternative method to achieve high productivity
and better animal health while reducing the use of con-
ventional chemotherapeutic agents such as antimicrobials
in the feed [4].
Probiotics are beneficial bacteria that are able to

colonize the host digestive system, increasing the natural
flora and preventing colonization of pathogenic organ-
isms and thus, securing optimal utility of the feed [5].
However, commercial probiotic often do not meet the
expected standards and the viability of the efficacy of
these strains remains questionable [6,7]. Marteau and
Shahanan [8] highlighted another major issue in relation
to the application of probiotics where there is an occur-
rence of antibiotic resistance genes, especially those
encoded by plasmids which can be transferred between
organisms. Recently, metabolites produced from microbes
or also known as postbiotic metabolites [9] has been
extensively studied as feed additive in animal feedings
[10,11]. Tsilingiri et al. [9] have demonstrated metabo-
lites produced by probiotic bacterial have postbiotic
activity. The postbiotic metabolite combinations have
been demonstrated to be more effective than single
postbiotic metabolite in broiler [12] and pigs [13] feed-
ings. Postbioitc metabolites of L. plantarum strains
employed in current study are intermediate and final
products in metabolism of probiotic bacterial, which
contain mainly lactic acid, acetic acids and bacteriocin
inhibitory activity [14,15]. A novel combinations of 2
classes of bacteriocin genes: plantaricin EF and plantaricin
W was successfully amplified from the L. plantarum
strains by Moghadam et al. [16]. Furthermore, Thanh
et al. [17] reported that different combinations of post-
biotic metabolites of L. plantarum strains had different
inhibitory spectrum against Escherichia coli, Listeria
monocytogenes, Salmonella typhimurium and vancomycin
resistant enterococci. Similarly, Choe et al. [15] used six
different strains of L. plantarum to produce postibiotic
metabolites in order to study inhibitory property of
their combinations. Three combinations of postbiotic
metabolites from three L. plantarum strains contributed
higher inhibitory activity against Pediococcus acidilac-
tici as compared with single strain of postbiotic metab-
olite. Recently, these metabolites have been shown to
have many beneficial probiotic effects on animal growth
performances and particularly in the gut health when
use as additive in animal diet [12,13]. However, the
additive effects of different postbiotic metabolite combi-
nations on the egg production performance, Haugh
unit, faecal pH, volatile fatty acids and microflora (lactic
acid bacteria and Enterobacteriaceae) counts, blood
plasma cholesterol, yolk cholesterol and fatty acid compos-
ition of laying hens have not been reported elsewhere.
Therefore, this study was conducted to evaluate the additive
effects of different postbiotic metabolite combinations pro-
duced from L. plantarum strains in the diet of laying hens.

Methods
Bacteria source, experimental animals and diets
Five strains of L. plantarum (TL1, RS5, RG14, RG11 and
RI11) were used in this study. These strains were previ-
ously isolated from Malaysian fermented food by the
Laboratory of Industrial Biotechnology, Department of
Bioprocess Technology, Faculty of Biotechnology and
Biomolecular Sciences, Universiti Putra Malaysia.
A total of 200 Lohman Brown layers, aged 23 weeks,

were randomly assigned to four numerically equal
groups, with 25 replicates per treatment, two birds per
cage with the size of 55 × 50 × 45 cm3 (width × depth ×
height). The feeding period lasted 12 weeks, commen-
cing when the layers were 23 weeks of age and ending
when they were 35 weeks of age, with addition of 1 week
for feed adaptation. Water and basal diet were supplied
ad libitum. The dietary treatments (Table 1) consisted
of: (i) basal diet without supplementation of metabolites
(control); (ii) basal diet supplemented with 0.6% COM246
metabolites (TL1, RI11 and RG11); (iii) basal diet sup-
plemented with 0.6% COM345 metabolites (RS5, RI11
and RG14); and (iv) basal diet supplemented with 0.6%
COM456 metabolites (RI11, RG14 and RG11). All the
metabolite combinations were added into the feed in
liquid form (v/w). The metabolite combinations were
selected and prepared based on the results obtained by
Thu et al. [14] as different metabolite combinations
have different inhibitory activity and levels of organic
acids such as lactic and acetic acids. The metabolite
combinations used in this study were prepared and stored
separately and were mixed at equal ratios before being
added into the feed.

Egg production performance
Feed intake was measured by subtracting the balance of
feed from the quantity originally supplied to the laying
hens. Eggs from individual cages were collected daily



Table 1 Ingredients and composition of experimental
basal diet

Ingredients (%) Control 0.6% 0.6% 0.6%

COM2463 COM3454 COM4565

Yellow corn 58.20 58.20 58.20 58.20

Soybean meal 24.10 24.100 24.10 24.10

Wheat 3.80 3.20 3.20 3.20

Crude palm oil 1.55 1.55 1.55 1.55

L-lysine 0.06 0.06 0.06 0.06

DL-methionine 0.16 0.16 0.16 0.16

MDCP 2.50 2.50 2.50 2.50

Limestone 8.00 8.00 8.00 8.00

Common salt 0.50 0.50 0.50 0.50

Vitamin premix1 0.07 0.07 0.07 0.07

Mineral premix2 0.06 0.06 0.06 0.06

Choline chloride 1.00 1.00 1.00 1.00

COM metabolite - 0.60 0.60 0.60

Total 100 100 100 100

Calculated values

ME(Cal/kg) 2805.32 2804.48 2806.17 2805.73

Crude protein, % 16.83 16.86 16.81 16.85

Calcium, % 3.70 3.70 3.70 3.71

Avai. Phophorus, % 0.45 0.45 0.45 0.45
1Vitamin premix provided per kilogram of diet: retinol 3.00 mg; cholecalciferol
0.06 mg; α-tocopherol 15.00 mg; thiamine 1.20 mg; riboflavin 4.00 mg;
pantothenic acid 8.00 mg; pyridoxine 2.00 mg; niacin 30.00 mg; cobalamin
0.02 mg; folic acid 0.50 mg; biotin 0.03 mg; menadione 3.00 mg.
2Mineral premix provided per kilogram of diet: manganese 100.0 mg; copper
8.0 mg; iodine 0.8 mg; cobalt 0.25 mg; selenium 0.3 mg; zinc 80.0 mg;
iron 40.0 mg.
3Com246 is a combination of 3 strains TL1, RI11 and RG11.
4Com345 is a combination of 3 strains RS5, RI11and RG14.
5Com456 is a combination of 3 strains RI11, RG14 and RG11.
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and weighed. The hen-day egg production and feed effi-
ciency were calculated as the rate of production per hen
per day and feed intake/egg mass.
Determination of the Haugh unit was conducted using

Egg Analyzer™ (SANOVO, Denmark). After weighing,
the egg was broken and placed on the measuring plate.
The yolk colour, height, thickness of egg white and the
Haugh unit were automatically measured, calculated and
recorded. The formula for calculating the Haugh unit:

Haugh Unit ¼ 100 � Log10 h− 1:7w0:37 þ 7:6
� �

h = height of the albumen (mm); w = weight of egg in
grams (g)

Faecal pH, faecal lactic acid bacteria and
Enterobacteriaceae
Twenty five fresh faecal samples per treatment were col-
lected fortnightly in the morning, using a sterile plastic
bag from every cage, and stored in the chiller prior to la-
boratory analysis. One gram of fresh faecal sample was
mixed homogeneously with 9 ml of deionised distilled
water in a sterile tube. The pH was measured using a
pH meter (Mettler-Toledo, England) calibrated using a
buffer solution (Merck, KGaA, Darmstadt, Germany) at
pH 4 and 7. The faecal microflora (lactic acid bacteria
and Enterobacteriaceae) counts were conducted according
to the method as described by Foo et al. [18] and Loh et
al. [12]. Enumerations of lactic acid bacteria were carried
out on Lactobacillus agar DE Man, ROGOSA and
SHARPE (MRS-agar, Merck, KgaA, Darmstadt, Germany).
The plates were incubated anaerobically at 30°C for 48 h.
ENT were spread and enumerated on Eosin-methylene-
blue lactose sucrose agar plates (EMB-agar, Merck, KgaA,
Darmstadt, Germany) and incubated aerobically for 24 h
at 37°C. The number of colony forming units (CFU) was
expressed as the base 10 logarithm of CFU (log10 CFU)
per gram. All analyses were conducted in triplicate.

Determination of cholesterol and fatty acids in plasma
and egg yolk
At the end of the study, twelve birds from each treatment
were randomly selected for blood samples. The blood was
collected via jugular vein puncture into tubes containing
EDTA (vacutainer, USA) for plasma cholesterol analysis.
Plasma was prepared by centrifuging the blood at 1000 g
for 10 min. The plasma was then transferred into a
microcentrifuge tube using a Pasteur pipette and stored
at −20°C until further analyses. The plasma was allo-
cated for total cholesterol analyses as described by Choe
et al. [19].
Twelve eggs per treatment were randomly selected for

the analysis of yolk cholesterol and fatty acid contents.
Egg yolk was obtained by discarded albumen. The egg
yolk was homogenized gently without foaming for 30 s
by hand to minimize possible fatty acid oxidation. About
0.3-0.5 g of liquid egg yolk was used for fatty acid ana-
lyses. The yolk sample was homogenized in 40 mL of
chloroform-methanol (2:1, v/v) in a 50 mL stoppered
ground-glass extraction tube. The tube was flushed with
purified nitrogen gas, stoppered and then shaken vigor-
ously before being allowed to stand for 12 h. The total
fatty acid extractions hereafter were performed as de-
scribed by Loh et al. [20]. The remaining liquid yolk
was subjected to total cholesterol extraction immedi-
ately following the procedure for cholesterol determin-
ation as described by Choe et al. [19].

Faecal volatile fatty acid determination
At the end of the study, twenty five fresh faecal samples
per treatment were collected for the volatile fatty acid
determination. The determination was done using GLC
method as described by Thanh et al. [21]. One gram of
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faeces was added into a rest tube containing one mL of
24% (v/v) metaphosphoric acid which was diluted in sul-
furic acid 3 N. The acidic mixture was left at room
temperature for overnight and centrifuged at 10 000 G for
20 min at four °C. Finally, the supernatant was collected
into a 2 mL screw-capped vial (Kimble Glass Co., USA).
The internal standard (20 mM 4-methyl-butyric acid,
Sigma Aldrich Chemical GmbH, Germany) was added
and the samples were kept at −20°C until analysis using
GC. The volatile fatty acid separation was based on a
Quadrex 007 series capillary column (15 m, 0.32 mm ID,
0.25 μm film thickness) in a 6890 N Hewlett-Packard GC.
The injector and detector temperature were programmed
at 230°C and the column temperature was set at the
200°C.

Statistical analysis
The data were analyzed by one-way analysis of variance
(ANOVA) using the GLM procedure by Statistical Ana-
lysis System [22]. Duncan’s Multiple Range Test System
was used to compare the significant difference between
the treatments at P < 0.05. The results of statistical ana-
lysis were presented as mean ± standard error of the
mean (SEM).

Results
Egg production performance
There was no significant difference (P > 0.05) among the
treatment groups on overall feed intake, egg weight, egg
mass and feed conversion efficiency (Table 2). However,
a significantly higher (P < 0.05) overall hen-day egg pro-
duction was observed in all treatment groups supple-
mented with metabolite combination as compared with
the control. The highest egg production was seen in
COM456. The Haugh unit of eggs are shown in Table 3.
There was no significant difference (P > 0.05) in Haugh
unit along the experimental period. The highest Haugh
unit was observed in 30 and 32 weeks of age. In general,
all of the eggs sampled from 24 to 32 weeks of age were
categorized as Grade A based on USDA egg-grading
standard.
Table 2 Feed intake, hen-day egg production, egg weight, eg
ments supplemented with different postbiotic metabolite com

Control

Hen-day egg production (%) 83.07 ± 1.02b

Feed intake (g/hen/day) 98.88 ± 2.24

Egg weight (g/egg) 58.72 ± 1.71

Egg mass (g/hen/day) 48.78 ± 0.46

Feed conversion efficiency 2.02 ± 0.13
1 a-bMeans in the same row not sharing a common superscript are significantly P <
2SEM: Data are means of 25 cages of 2 hens per cage per treatmen.t.
Faecal pH, faecal lactic acid bacteria and
Enterobacteriaceae
The faecal pH for various treatment groups is shown in
Table 3. There was no significant difference (P > 0.05) in
faecal pH among the treatment groups at the first 4 weeks
of sampling. However, COM456 started to show signifi-
cant reduction (P < 0.05) in faecal pH compared to the
other groups at 28 weeks of age onwards. COM345 and
COM246 started to exhibit significant (P < 0.05) effect in
reducing faecal pH compared to the control group from
30 weeks of age onwards.
Faecal lactic acid bacteria and Enterobacteriaceae counts

are presented in Tables 3. There was no significant differ-
ence (P > 0.05) in lactic acid bacteria count among the
dietary treatments at 24 to 28 weeks of sampling. How-
ever, COM456 started to show significant (P < 0.05) higher
level of lactic acid bacteria counts from 30 weeks of age
onwards. COM246 showed significant (P < 0.05) increase
in faecal lactic acid bacteria counts on 32 weeks of age on-
wards and followed by COM345 at 34 weeks of age. In
contrast, significant reduction of faecal Enterobacteriaceae
(P < 0.05) were observed in all groups supplemented with
metabolite combinations from 30 weeks of age onwards.
COM246 and COM456 have the lowest (P < 0.05) Entero-
bacteriaceae count among the treatments.

Cholesterol and fatty acid profiles in plasma and yolk
The plasma and yolk cholesterol compositions are pre-
sented in Table 4. At the end of the experiment, all treat-
ment groups supplemented with metabolite combination
had significant reductions (P < 0.05) in plasma choles-
terol. The lowest levels (P < 0.05) of plasma cholesterol
were observed in COM456, followed by COM345 and
COM246. As for the yolk cholesterol analysis, there was
no significant difference in terms of yolk weight between
the treatment groups. However, COM456 produced
lowest level of yolk cholesterol (197.22 mg/yolk). This
was followed by COM246 and COM345. The control
group has the highest level of yolk cholesterol. The yolk
fatty acid compositions are as presented in Table 4. A
total of 12 fatty acids were quantified including: C14:0
g mass and feed conversion efficiency following treat-
binations

Treatments

COM246 COM345 COM456

85.21 ± 0.76a 85.10 ± 0.61a 86.43 ± 1.08a

99.24 ± 2.81 98.97 ± 3.21 99.13 ± 2.67

57.63 ± 1.77 57.42 ± 1.64 56.81 ± 1.87

49.00 ± 0.52 48.86 ± 0.55 49.08 ± 0.65

2.03 ± 0.16 2.02 ± 0.11 2.02 ± 0.12

0.05).



Table 3 Haugh unit of eggs, faecal pH, lactic acid bacteria
and Enterobacteriaceae counts following treatments
supplemented with different postbiotic metabolite
combinations

Treatments

Weeks Control COM246 COM345 COM456

Haugh unit

24 68.89 ± 0.81 69.24 ± 0.72 68.26 ± 0.85 68.62 ± 0.78

26 67.13 ± 0.93 67.42 ± 0.94 67.34 ± 0.86 66.94 ± 0.79

28 67.77 ± 0.93 67.80 ± 0.95 67.32 ± 0.86 66.75 ± 0.75

30 73.32 ± 0.87 72.97 ± 0.66 73.36 ± 0.74 72.82 ± 0.60

32 73.50 ± 0.82 73.29 ± 0.63 73.17 ± 0.87 72.92 ± 0.71

pH

24 7.04 ± 0.03 7.05 ± 0.04 7.01 ± 0.05 7.03 ± 0.03

26 6.98 ± 0.04 7.02 ± 0.03 6.99 ± 0.03 7.01 ± 0.04

28 7.02 ± 0.04a 6.98 ± 0.04a 7.00 ± 0.02a 6.82 ± 0.05b

30 6.98 ± 0.05a 6.86 ± 0.04b 6.87 ± 0.05b 6.78 ± 0.03c

32 6.94 ± 0.06a 6.65 ± 0.05b 6.54 ± 0.04c 6.52 ± 0.05c

Lactic acid bacteria counts (log CFU/g)

24 6.45 ± 0.03 6.48 ± 0.06 6.42 ± 0.06 6.41 ± 0.07

26 6.39 ± 0.11 6.32 ± 0.07 6.31 ± 0.12 6.34 ± 0.08

28 6.48 ± 0.12 6.57 ± 0.10 6.53 ± 0.11 6.60 ± 0.19

30 6.56 ± 0.18b 6.61 ± 0.16b 6.68 ± 0.14b 6.92 ± 0.11a

32 6.62 ± 0.16c 6.91 ± 0.18b 6.68 ± 0.13c 7.28 ± 0.10a

34 6.45 ± 0.21c 6.88 ± 0.18b 6.90 ± 0.10b 7.32 ± 0.12a

Enterobacteriaceae counts (log CFU/g)

24 7.43 ± 0.08 7.47 ± 0.06 7.51 ± 0.05 7.56 ± 0.09

26 7.50 ± 0.05 7.52 ± 0.06 7.51 ± 0.06 7.46 ± 0.07

28 7.38 ± 0.10 7.41 ± 0.18 7.32 ± 0.14 7.25 ± 0.12

30 7.16 ± 0.08a 6.89 ± 0.09b 6.78 ± 0.10b 6.83 ± 0.07b

32 6.92 ± 0.16a 6.33 ± 0.11c 6.55 ± 0.08b 6.31 ± 0.12c

1Means in the same row not sharing a common superscript are significantly
different (P < 0.05).
2SEM: Data are means of 25 cages of 2 hens per cage per treatment.
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(Mystiric acid), C16:0 (Palmitic acid), C16:1 (Palmitoleic
acid, C18:0 (Stearic acid), C18:1 (Oleic acid), C18:2
(Linoleic acid), C18:3 (Linolenic acid), C20:1 (Eicosenoic
acid), C20:2 (Eicosadienoic acid), C20:4 (Arachidonic
acid), C22:5 (Docosapentaenoic acid) and C22:6 (Doco-
sahexaenoic acid). There was no significant difference
(P > 0.05) in total fatty acids among the dietary treat-
ments. However, higher (P < 0.05) content of C18:3,
C20:2 and C22:6 were found in treatments supple-
mented with metabolite combinations as compared with
the control group. The significantly higher (P < 0.05)
level of linolenic acid and docosahexaenoic acid and
lower level of eicosadienoic acid had contributed to the
reduction of n-6: n-3 ratio.
Faecal volatile fatty acid concentrations
The effects of different dietary treatments on faecal
volatile fatty acid are as presented in Table 5. The con-
centration of total volatile fatty acid increased significantly
(P < 0.05) in the faeces of layers fed with metabolite com-
binations. Acetic acid, iso-butyric acid and iso-valeric acid
were not significantly affected (P > 0.05). However, higher
composition (P < 0.05) of propionic and butyric acid were
observed in treatments supplemented with metabolite
combinations. Acetic acid was the major volatile fatty acid
found in faecal samples. However, valeric acid was not
detected in the present study.
Discussion
Egg production performance
The feed intake, egg weight, egg mass and feed conver-
sion efficiency were not significantly different (P > 0.05)
among the treatment groups. However, higher overall
hen-day egg production was observed in the treatment
group supplemented with 0.6% of COM456, compared
with other groups. These results were coincided with
Panda et al. [23] which indicated similar attributes,
when volatile fatty acid cultures were added to the diets
of laying hens. Another study by Xu et al. [24] showed
improvement not only in egg production but in egg
mass as well. In contrast, Mahdavi et al. [25] reported
that the inclusion of lactic acid bacteria cultures did not
affect any egg production parameters. The variations in
the results were most probably due to the difference in
bacteria strains, concentration and form which was used
[25]. The supplementation of metabolite in the diets of
laying hens may exert different effects compared to live
probiotic cultures.
Haugh unit is a measurement of the internal quality of

an egg, which is correlated to its weight and albumin
height. In this study, the Haugh unit was not affected by
the supplementation of metabolite combinations. This is
in agreement with studies conducted by Mahdavi et al.
[25] and Aghaii et al. [26] where supplementation of pro-
biotic in the diet of laying hens did not affect the albumin
quality of the egg. Various studies have shown that the al-
bumin quality will only be affected by factors such as bird
strains, storage time [27], nutrition and diseases [1].
Faecal pH, faecal lactic acid bacteria and
Enterobacteriaceae
Significant reduction of faecal pH was observed in all
treatments supplemented with metabolite combinations.
The finding could be due to the presence of organic
acids such as lactate and acetate in the metabolite which
act as an acidifying agent [14]. Previous research had
reported similar finding when Lactobacillus metabolite
was added into diet of broilers [12,21] and pigs [13].



Table 4 Plasma and egg yolk cholesterol, and fatty acid profiles following treatments supplemented with different
postbiotic metabolite combinations

Treatments

Parameters Control COM246 COM345 COM456

Plasma cholesterol (mg/dL) 171.83 ± 2.90a 155.54 ± 1.69b 157.91 ± 1.48b 145.24 ± 1.86c

Yolk weight(g) 16.41 ± 0.02 16.40 ± 0.03 16.41 ± 0.02 16.40 ± 0.03

Yolk cholesterol (mg/100 g) 1276.00 ± 6.33a 1226.00 ± 9.21b 1233.00 ± 8.87b 1202.00 ± 6.04c

Yolk cholesterol (mg/yolk) 209.65 ± 1.63a 201.84 ± 1.06b 202.43 ± 1.83b 197.22 ± 1.21c

Egg yolk fatty acid (%)

Mystiric acid (C14:0) 0.49 ± 0.03 0.49 ± 0.04 0.48 ± 0.02 0.46 ± 0.05

Palmitic acid (C16:0) 23.99 ± 0.51 23.79 ± 0.48 23.61 ± 0.55 23.66 ± 0.61

Palmitoleic acid (C16:1 n-9) 3.52 ± 0.42 3.39 ± 0.51 3.47 ± 0.44 3.40 ± 0.40

Stearic acid (C18:0) 8.41 ± 0.14 8.43 ± 0.17 8.49 ± 0.23 8.45 ± 0.16

Oleic acid (C18:1 n-9) 41.03 ± 1.15 41.16 ± 1.28 41.09 ± 1.49 41.40 ± 1.60

Linoleic acid (C18:2 n-6) 16.89 ± 0.87 16.88 ± 0.62 16.92 ± 0.71 16.48 ± 0.89

Linolenic acid (C18:3 n-3) 0.34 ± 0.02b 0.40 ± 0.02a 0.33 ± 0.04b 0.42 ± 0.02a

Eicosenoic acid (C20:1 n-9) 0.05 ± 0.01 0.06 ± 0.01 0.06 ± 0.01 0.06 ± 0.01

Eicosadienoic acidC20:2 n-6 0.31 ± 0.03b 0.32 ± 0.02b 0.38 ± 0.02a 0.31 ± 0.03b

Arachidonic acid (C20:4 n-6) 2.91 ± 0.33 2.77 ± 0.43 2.82 ± 0.35 2.77 ± 0.38

Docosapentaenoic acid (C22:5 n-3) 1.07 ± 0.13 0.97 ± 0.14 1.07 ± 0.12 1.00 ± 0.11

Docosahexaenoic acid (C22:6 n-3) 0.98 ± 0.08c 1.34 ± 0.09b 1.28 ± 0.06b 1.59 ± 0.11a

Total fatty acids 14787.10 ± 125.40 14811.90 ± 135.60 14852.8 ± 146.20 14799.90 ± 156.80

Saturated fatty acids (%) 32.89 ± 1.23 32.70 ± 1.44 32.58 ± 1.32 32.56 ± 1.08

Unsaturated fatty acids (%) 67.10 ± 1.29 67.29 ± 1.56 67.40 ± 1.87 67.44 ± 1.66

n-6:n-3 ratio 8.37 ± 0.27c 7.36 ± 0.32b 7.51 ± 0.27b 6.53 ± 0.28a

Unsaturated fatty acid: Saturated fatty acid ratio 2.03 ± 0.14 2.06 ± 0.13 2.07 ± 0.12 2.07 ± 0.13

Polyunsaturated fatty acid: Saturated fatty acid ratio 0.68 ± 0.04 0.69 ± 0.03 0.70 ± 0.04 0.69 ± 0.05
1 a-cMeans in the same row not sharing a common superscript are significantly different (P < 0.05); 2SEM: Data are means of 12 birds per treatment.
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The present study demonstrated the effect of metabol-
ite combination supplementation in reducing (P < 0.05)
faecal Enterobacteriaceae and increasing (P ≤ 0.05) lactic
acid bacteria counts. This is due to the presence of dif-
ferent levels of organic acids and bacteriocins in the me-
tabolite. Short chain acids such as acetate, propionate
Table 5 Faecal volatile fatty acids following treatments suppl
combinations

Parameters Control

Total volatile fatty acids (mM) 61.48 ± 2.13b

Acetic 40 .11 ± 1.78

Priopionic 8.52 ± 0.50b

Butyric 6.47 ± 0.53b

iso-butyric 1.32 ± 0.10

iso-valeric 5.03 ± 0.18

pH value 6.94 ± 0.06a

1 a-cMeans in the same row not sharing a common superscript are significantly diffe
2SEM: Data are means of 25 cages of 2 hens per cage per treatment.
and butyrate and carboxylic acid such as lactate are as-
sociated with potent antimicrobial activity [28,29]. This
could be due to undissociated form of organic acids en-
ters into microbial cell via carrier-mediated transport
mechanism. In the cell, the acids releases proton which
resulting in a decrease of intracellular pH. This causes
emented with different postbiotic metabolite

Treatments

COM246 COM345 COM456

68.38 ± 1.83a 68.32 ± 1.48a 68.95 ± 1.61a

43.42 ± 1.28 43.65 ± 2.87 43.98 ± 1.63

9.62 ± 0.44a 9.78 ± 0.61a 9.61 ± 0.52a

8.83 ± 0.67a 8.38 ± 0.75a 8.67 ± 0.63a

1.42 ± 0.08 1.33 ± 0.12 1.44 ± 0.09

5.06 ± 0.12 5.13 ± 0.14 5.15 ± 0.13

6.65 ± 0.05b 6.54 ± 0.04c 6.52 ± 0.05c

rent (P < 0.05).
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inhibition of vital microbial enzyme synthesis as remaining
energy is used to release protons leading to accumulation
of acid anions. As lactic acid bacteria is able to grow well
in relatively low pH environment, they are able to tolerate
well with the condition as compared with Enterobacteria-
ceae. Thu et al. [13] reported similar observations follow-
ing addition of metabolite combinations into the diet of
piglets.
Bacteriocin is an antimicrobial pepetide produced by

various genera of bacteria which is effective against bac-
teria of closely related strains [30]. However, the presence
of other antimicrobial compounds in the metabolite such
as organic acids could potentiate the inhibitory spectrum
of bacteriocins. In addition, Luders et al. [31] and Thanh
et al. [17] showed stronger inhibitory effect against patho-
gens such as E. coli when bacteriocins from different
strains of bacteriocin producing bacteria were mixed.
Therefore, the metabolite added into the diet of laying
hens was able to provide more conducive environment
for the growth of lactic acid bacteria while suppressing
pathogenic bacteria such as coliforms at the same time.

Cholesterol and yolk fatty acid profiles in plasma and
yolk
The plasma cholesterol decreased significantly in the
treatments supplemented with metabolite as compared
with the control group. The possible reasons of reduction
were due to the increase activity of lactic acid bacteria in
the gut system. Lee et al. [32] clarified that higher popula-
tion of lactic acid bacteria could (1) inhibits synthesis of
cholesterol enzymes in the host, (2) assists the elimination
of cholesterol in the faeces, (3) utilizes circulating choles-
terol for the synthesis of bacterial cell wall and thus redu-
cing the cholesterol level and (4) enhancing bile salts
deconjugation and excretion which signals the host to
utilize more cholesterol to synthesize new bile salts. Simi-
lar findings were noted when metabolite combinations
were added into the diets of rats [10,33], broilers [34] and
pigs [35].
Treatments supplemented with metabolite combina-

tions have lower level of yolk cholesterol as compared
with the control group. Panda et al. [23] observed simi-
lar result when probiotic cultures containing beneficial
metabolites were added into the diet of laying hens while
Mahdavi et al. [25] and Li et al. [36] reported a trend of
reduction not only in yolk cholesterol, but a decrease in
serum cholesterol as well. The possible explanation
could be due to the lower level of cholesterol present in
the blood circulation which makes it less available to be
deposited into the egg yolk. Cholesterol is transported in
the blood circulation by very low density lipoprotein to
the ovarian membrane and lastly deposited into the de-
veloping yolk. The n-6: n-3 ratio and polyunsaturated
fatty acid: saturated fatty acid are the two common
parameters used to determine the nutritional quality of
the lipid fractions in the food products [37]. In the
present study, the n-6: n-3 ratio in treatments supple-
mented with metabolite combination was significantly
lower as compared to the control group. This was con-
tributed by higher concentration of total n-3 (linolenic
and docosahexaenoic acid) and reduction in total n-6
(eicosadienoic acid) fatty acids. Linolenic and docosahex-
aenoic acids are members of essential fatty acids which
exerts various health benefits upon consumption. In hu-
man health, diets of high linolenic acid have been associ-
ated with prevention of coronary heart diseases [38] while
regular docosahexaenoic acid consumption may inhibit
growth of cancer cells [39]. Leshkanich and Noble [40]
stated that the egg yolk fatty acid composition can be ma-
nipulated the most through the changes of fatty acids in
the diet. Likewise, Thu et al. [35] also reported similar
finding when Lactobacillus metabolite was added in the
diet of weaning pigs.

Faecal volatile fatty acid concentrations
The metabolite produced from Lactobacillus contains
beneficial compounds (bacteriocin and organic acids)
which provide favorable condition for the growth of lactic
acid bacteria. Higher population of lactic acid bacteria
would implicate beneficial effects to the host such as inhi-
biting over population of pathogenic bacteria, modulation
of the immune response and production of volatile fatty
acids [41]. Volatile fatty acids are among the key products
which are known for their bacteriostatic effect against
wide range of pathogenic bacteria [42]. In this study, the
total volatile fatty acid concentrations were higher in treat-
ments supplemented with metabolite combination which
is in agreement with Thanh et al. [21] and Thu et al. [13].
This could be due to the increase of lactic acid bacteria
population in the gut system. Among the volatile fatty acid
identified in this study, the concentration of acetic acid
was the highest. Immerseel et al. [43] reported that one of
the major end products from bacterial fermentation in the
gut is acetic acid.

Conclusions
The present study demonstrated the positive effects of
postbiotic metabolite combinations supplementation in
laying hens. Increase in hen-day egg production was ob-
served in all treatments supplemented with metabolite
combinations. In addition, the metabolite combinations,
COM456 had reduced the faecal pH and faecal Entero-
bacteriaceae population, improved the faecal lactic acid
bacteria, reduced the plasma and yolk cholesterol and
improved the faecal volatile fatty acids content. On the
contrary, no significant effect was observed in the albu-
min quality. Postbiotic metabolite combinations can be
an alternative feed additive to achieve high productivity
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and better animal health while reducing the use of
conventional chemotherapeutic agents such as in-feed
antimicrobials.
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