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1. Introduction
Antibiotic growth promoters have been under thorough 
management for many years because of concerns and 
worries about antibiotic resistance and residues, and they 
have been removed from the livestock sector in many 
countries. The use of antibiotics in animal feed as a growth 
promoter has been prohibited in EU countries since 2006, 
and a complete ban on the use of antibiotics in animal 
feed has been enforced to ensure the safety of livestock 
products for consumers in Korea since 2011. Thus, there is 
a need to find safe and effective alternatives to antibiotics 
as prophylactic antibacterial agents and growth promoters.

In poultry, plant-derived feed additives have various 
physiological effects including antioxidative effects, 
promotion of digestion and appetite, and improvement 
of gut function and growth (1,2). Gynura procumbens is 
an herb of the family Compositae and is widely found in 
Africa and Southeast Asia; it is used traditionally in folk 
medicine as a remedy for eruptive fevers, rash, kidney 
disease, migraine, hypertension, and diabetes mellitus (3). 
Rehmannia glutinosa is a perennial plant that grows in 
Korea, China, Japan, and Vietnam (4). R. glutinosa is used 

for hemostasis, contusion, inflammation, and alleviating 
fever (5). R. glutinosa has been also shown to nourish 
the blood, has tonic and cardiotonic activities, positively 
affects diabetes and hypotension, and increases body fluids 
(6).

Although some evidence for G. procumbens and R. 
glutinosa as dietary supplements has been reported in 
humans and mice, limited data are available, in particular 
with regard to these fermented products in layers. Thus, 
the objective of this study was to assess the effects of the 
dietary addition of a fermented plant mixture with G. 
procumbens and R. glutinosa on laying performance, the 
cecal microbial population of layers, and their influences 
on egg quality properties in layers.

2. Materials and methods
2.1. Preparation of fermented plants
G. procumbens and R. glutinosa, which are commonly 
grown in Korea, were purchased in a local market in 
Korea. The leaf (G. procumbens) or root (R. glutinosa) 
was separated, washed, dried at room temperature, and 
then cut into small pieces (1 × 1 cm). Fermented feed 
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was prepared with G. procumbens leaves and R. glutinosa 
roots (50/50 w/w) supplemented with Lactobacillus 
planetarium (NLRI1201; 104 cfu/g), Bacillus licheniformis 
(DK42; 104 cfu/g), and Saccharomyces cerevisiae (104 
cfu/g); it was then appropriately mixed and maintained 
at the optimal temperature of 25 °C for 5 days to achieve 
proper fermentation in confined conditions. Finally, these 
fermented feeds were stored outside for 24 h to achieve 
normal conditions.
2.2. Microbial analysis of the fermented plant
Lactobacillus, Bacillus, and yeast in the fermented 
phytogenic feed additive (FPFA) were measured 
on days 1, 3, and 5 of fermentation. Tenfold serial 
dilutions of samples were made and appropriate 
dilutions were spread on plates to count viable cells 
of Lactobacillus, Bacillus, and yeast. For Lactobacillus, 
Bacillus, and yeast, Rogosa agar (Difco Laboratories,  
Detroit, MI, USA), mannitol egg yolk polymyxin (MYP) 
agar (Oxoid Ltd., Basingstoke, UK), and yeast morphology 
agar (Difco Laboratories) were used, respectively, and 
colony numbers were counted after 25 °C for 5  days. 
Results of viable cell counts are presented as average values 
of colony-forming units (cfu)/g of FPFA.
2.3. Feeding trial
In total, 288 Hy-Line brown layers, 35 weeks old, 
were divided randomly into four treatment groups (6 
replicates with 12 birds each per group) from 35 to 39 
weeks of age. Dietary treatments in this study included 
an unsupplemented control diet (CON; no FPFA) and 
three FPFA treatment groups. The FPFA treatment 
groups consisted of 0.5% (FPFA1), 1% (FPFA2), and 
2% FPFA (FPFA3)-fed groups. The experimental diets 
were formulated to meet the nutrient requirements of 
the National Research Council (7) and were formulated 
consisting of a starter diet (ME: 2900 kcal/kg, CP: 18%, 
lysine: 0.85%, Met + Cys: 0.65%, Ca: 3.87%, total P: 0.61%) 
(Table). The experimental diets and water were provided 
ad libitum. An environmental temperature of 18 ± 3 °C and 
a photoperiod of 16/8-h light/dark cycle were maintained 
throughout the experimental period. All animal care 
procedures were approved by Institutional Animal Care 
and Use Committee at Dankook University.
2.4. Laying performance
Egg production was recorded daily in replicates and the 
mean egg weight was determined by the daily average 
weight of eggs, excluding abnormal eggs (soft-shell eggs).
2.5. Eggshell quality
Eggshell strength was measured for 30 eggs collected 
randomly from six replicates of each treatment. The eggs 
were weighed individually and then exposed to a breaking 
force using an eggshell strength tester (FHK, Fugihira 
Ltd., Tokyo, Japan). The eggshell strength was measured 
as the maximum force required to fracture each egg. On 

breaking, the egg contents were poured into a glass plate 
to measure the albumen height. Haugh unit values, along 
with albumen height and egg weight, were determined 
using a QCM+ Tester (QCM+, Technical Services and 
Supplies Ltd., York, UK).
2.6. Cecal microbial analysis
Twelve birds per treatment were slaughtered to take cecal 
samples at the end of the experiment. For the measurement 
of cecal Lactobacillus and E. coli, samples of about 1 g were 
diluted 10fold (1:9, w/v) by blending them with sterile 

Table. Formula and chemical composition of basal diet (as-fed 
basis).

(%)

Ingredients 

Corn 51.47

Soybean meal (CP 46%) 22.01

Corn gluten meal 6.00

Wheat bran 5.24

Animal fat 4.40

Limestone 9.45

Dicalcium phosphate (P 18%) 0.91

Salt 0.30

DL-Met (98%) 0.03

Vitamin premix1 0.10

Trace mineral premix2 0.10

Total 100

Calculated values

ME (kcal/kg) 2900

CP (%) 18.00

Lys (%) 0.85

Met + Cys (%) 0.65

Ca (%) 3.87

P (%) 0.61

1Provided per kilogram of premix: 125,000 IU vitamin A; 2500 
IU vitamin D3; 10 mg vitamin E; 2 mg vitamin K3; 1 mg vitamin 
B1; 5 mg vitamin B2; 1 mg vitamin B6; 15 mg vitamin B12; 500 mg 
folic acid; 35,000 mg niacin; 10,000 mg Ca-pantothenate; and 50 
mg biotin. 
2Provided per kilogram of diet: 8 mg Mn (as MnO2); 60 mg Zn (as 
ZnSO4); 5 mg Cu (as CuSO4·5H2O); 40 mg Fe (as FeSO4·7H2O); 
0.3 mg Co (as CoSO4·5H2O); 1.5 mg I (as KI); and 0.15 mg Se (as 
Na2SeO3·5H2O).
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phosphate-buffered saline (PBS, 0.1 M, pH 7.0) and were 
then homogenized. A 0.1-mL sample was then serially 
diluted, 103 to 106, and spread onto Lactobacillus agar (MRS 
agar; Difco Laboratories) and E. coli agar (MacConkey; 
Difco Laboratories) for culture. The Lactobacillus and E. 
coli medium agar plates were then incubated for 24 h at 37 
°C under anaerobic and aerobic conditions, respectively. 
The colonies of each were counted using a colony counter 
and are reported as cfu log10 per gram.
2.7. Statistical analysis
Data were analyzed statistically by one-way analysis of 
variance (ANOVA), using the GLM procedure of the 
SAS program. Tukey’s test was performed to detect the 
significance of differences among groups. Statements of 
statistical significance are based on P < 0.05, and results 
are expressed as means ± SE.

3. Results 
3.1. Growth pattern of microorganisms in FPFA
The total viable bacteria of Lactobacillus, Bacillus, and yeast 
in FPFA were counted on Rogosa agar, mannitol egg yolk 
polymyxin agar, and yeast morphology agar, respectively. 
In the FPFA fermented with Lactobacillus planetarium, 
Bacillus licheniformis, and Saccharomyces cerevisiae, 
viable cell counts of Lactobacillus, Bacillus, and yeast were 
increased as fermentation periods increased from day 
1 to day 5. At day 5 of fermentation, the total counts of 
Lactobacillus, Bacillus, and yeast were 4.5 × 108 cfu/g, 1.3 
× 108 cfu/g, and 1.5 × 108 cfu/g, respectively (Figures 1–3). 
The FPFA at this time (day 5) was acidic (pH range of 4–5; 
data not shown).

3.2. Egg production, egg weight, and mortality
The inclusion of FPFA in the layers’ diet did not affect feed 
intake and feed conversion ratio among treatments (data 
not shown). In addition, there was no mortality caused by 
the supplementation of FPFA among treatments. However, 
egg production (CON = 93.5% vs. FPFA2 = 96.2%, FPFA3 
= 96.8%) and egg weight (CON = 64.7 vs. FPFA2 = 69.5, 
FPFA3 = 69.4 g) were increased in the FPFA2- and FPFA3-
fed groups (P < 0.05; Figures 4 and 5). 
3.3. Egg quality
Supplemental FPFA increased eggshell strength (CON 
= 4.24 vs. FPFA2 = 4.56, FPFA3 = 4.65 kg/cm2), albumen 
height (CON = 8.33 vs. FPFA3 = 8.85 mm), and Haugh unit 
(CON = 86.5 vs. FPFA2 = 91.2, FPFA3 = 91.8) (P < 0.05; 
Figures 6–8).
3.4. Cecal microflora
The inclusion of FPFA led to an increase in cecal Lactobacillus 
counts (CON = 6.75 vs. FPFA2 = 7.54, FPFA3 = 7.77 cfu/g) 
and a decrease in E. coli counts (CON = 6.48 vs. FPFA2 = 
6.01, FPFA3 = 5.84 cfu/g) (P < 0.05; Figures 9 and 10).

4. Discussion
The primary objective of the current study was to 
investigate the effect of FPFA (a mixture of G. procumbens 
and R. glutinosa) as a feed ingredient for layers. First, the 
presence of Lactobacillus, Bacillus, and yeast in FPFA was 
identified as being 4.5 × 108 cfu/g, 1.3 × 108 cfu/g, and 1.5 × 
108 cfu/g, respectively. Considering the role of Lactobacillus, 
Bacillus licheniformis, and yeast strains in the processing 
and fermentation of the plants, the presence of these strains 
in FPFA could be an essential feed factor as functional 
ingredients in feed.
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Figure 1. Growth pattern of Lactobacillus in the plants fermented 
with Lactobacillus planetarium, Bacillus licheniformis, and 
Saccharomyces cerevisiae strains for 5 days at 25 °C.

Figure 2. Growth pattern of Bacillus in the plants fermented 
with Lactobacillus planetarium, Bacillus licheniformis, and 
Saccharomyces cerevisiae strains for 5 days at 25 °C.
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In our in vivo study, increasing concentrations of FPFA 
showed linear improvements in egg production and egg 
weight of layers compared with the control treatment 
during weeks 35–39. These results are consistent with 
results reported by Lee and Paik (8) and Hong et al. (9), 
who observed increased egg production and egg weight in 
layers fed diets supplemented with a mixture of medicinal 

plants. An increase in eggshell breaking strength was 
observed with FPFA treatment, and the results of this 
study were also similar to the reports of Aydin et al. (10) 
and Lokaewmanee et al. (11), which showed significant 
effects on the eggshell breaking strength between control 
and phytogenic feed additive treatments. Albumen height 
and Haugh units are important factors used to evaluate 
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Figure 3. Growth pattern of yeast in the plants fermented 
with Lactobacillus planetarium, Bacillus licheniformis, and 
Saccharomyces cerevisiae strains for 5 days at 25 °C.

Figure 4. The effects of fermented phytogenic feed additive 
(FPFA) on egg production in layers. Dietary treatments: CON = 
basal control diet with no additive; FPFA1 = CON + 0.5% FPFA; 
FPFA2 = CON + 1% FPFA; and FPFA3 = CON + 2% FPFA.
a–bDifferent superscripts mean a significant difference at P < 0.05. 
Each value represents the mean ± SE of 6 observations.
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Figure 5. The effects of fermented phytogenic feed additive 
(FPFA) on egg weight in layers. Dietary treatments: CON = 
basal control diet with no additive; FPFA1 = CON + 0.5% FPFA; 
FPFA2 = CON + 1% FPFA; and FPFA3 = CON + 2% FPFA.
a–bDifferent superscripts mean a significant difference at P < 0.05. 
Each value represents the mean ± SE of 6 observations.

Figure 6. The effects of fermented phytogenic feed additive 
(FPFA) on eggshell strength in layers. Dietary treatments: CON = 
basal control diet with no additive; FPFA1 = CON + 0.5% FPFA; 
FPFA2 = CON + 1% FPFA; and FPFA3 = CON + 2% FPFA.
a–bDifferent superscripts mean a significant difference at P < 0.05. 
Each value represents the mean ± SE of 30 observations.
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interior egg quality characteristics and the freshness of the 
egg. In our study, the layers fed FPFA diets containing 1% 
and 2% FPFA had higher values of albumen and Haugh 
units. In egg production and egg quality in layers, the exact 
mechanism of action of G. procumbens and R. glutinosa 
is not clear yet, but the improved egg production and egg 

quality in layers fed diets supplemented with FPFA could 
be associated with improved gut health. In the present 
study, layers fed diets supplemented with 1% FPFA and 
2% FPFA had increased cecal Lactobacillus and reduced 
E. coli. Changes in cecal microbial populations most likely 
reflected the presence of Lactobacillus, Bacillus, and yeast in 
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Figure 7. The effects of fermented phytogenic feed additive 
(FPFA) on albumen height in layers. Dietary treatments: CON = 
basal control diet with no additive; FPFA1 = CON + 0.5% FPFA; 
FPFA2 = CON + 1% FPFA; and FPFA3 = CON + 2% FPFA.
a–bDifferent superscripts mean a significant difference at P < 0.05. 
Each value represents the mean ± SE of 30 observations.

Figure 8. The effects of fermented phytogenic feed additive 
(FPFA) on Haugh unit in layers. Dietary treatments: CON = 
basal control diet with no additive; FPFA1 = CON + 0.5% FPFA; 
FPFA2 = CON + 1% FPFA; and FPFA3 = CON + 2% FPFA.
a–bDifferent superscripts mean a significant difference at P < 0.05. 
Each value represents the mean ± SE of 30 observations.
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Figure 9. The effects of fermented phytogenic feed additive 
(FPFA) on cecal Lactobacillus in layers. Dietary treatments: 
CON = basal control diet with no additive; FPFA1 = CON + 
0.5% FPFA; FPFA2 = CON + 1% FPFA; and FPFA3 = CON + 2% 
FPFA. a–bDifferent superscripts mean a significant difference at
P < 0.05. Each value represents the mean ± SE of 12 observations.

Figure 10. The effects of fermented phytogenic feed additive 
(FPFA) on cecal E. coli in layers. Dietary treatments: CON = 
basal control diet with no additive; FPFA1 = CON + 0.5% FPFA; 
FPFA2 = CON + 1% FPFA; and FPFA3 = CON + 2% FPFA.
a–bDifferent superscripts mean a significant difference at P < 0.05. 
Each value represents the mean ± SE of 12 observations.
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FPFA. These results are consistent with the findings of Guo 
et al. (12), who reported reduced pathogenic microflora 
in layers fed phytogenic feed additives, mushrooms, and 
herb extracts. Phytogenic feed in the diet also may lead to 
the enhancement of nutrient absorption due to increased 
villus length and crypt depth (2). Similarly, Hernandez et 
al. (13) reported that phytogenic feed additives improved 
nutrient digestibility in broilers. Amad et al. (14) reported 
that the apparent ileal digestibility of crude ash, calcium, 
and phosphorus showed a linear increase related to the 
increase of phytogenic feed additives (essential oils of 
thyme and anise) in broiler diets. Thus, the beneficial 
effects on egg production, egg weight, and eggshell 
breaking strength may be attributable to favorable 
alterations in the intestinal environment and function, 
which may have resulted in increased intestinal calcium 
absorption. Moreover, G. procumbens has antioxidant 
(15), antihyperlipidemic (16), antihypertensive (17), 
antihyperglycemic (18), antiinflammatory (19), 
antiulcerogenic (20), and anticarcinogenic (21) activities. 
It has also been reported that G. procumbens contains 
β-sitosterol, stigmasterol, kaempferol-3-O-rutinoside, 
quercetin, saponin, tannin, and terpenoids as active 
compounds (15). The root of R. glutinosa also contains 
some biologically active substances, such as iridoids, 
monoterpenes, glycosides, saccharides, amino acids, 
and organic acids (22). Many clinical and experimental 
studies have shown that R. glutinosa possesses various 
pharmacological properties, such as hemostatic (23), 
antifatigue (24), immune enhancement (25), antitumor 
(26), antiinflammatory (6), and antioxidant (27) activities. 
Thus, in our study, improved production performance and 
egg quality might also be due to overall improvement of 
the health of FPFA-supplemented layers.

Other probable reasons for the improved egg production 
and egg quality found with FPFA treatments may be 

associated with microbial fermentation. This fermentation 
process increases the extraction quantity of active 
materials derived from plants. For example, the microbial 
fermentation (Lactobacillus johnsonii, Lactobacillus 
reuteri, and Lactobacillus acidophilus) increased the 
concentration of total free phenolic acids in cereals (barley 
and oat) by 20-fold, compared with unfermented samples 
(28). A similar effect on enhancing the release of phenolic 
acids and flavanols was reported by Cho et al. (29) after 
60 h of fermentation of soybeans with Bacillus pumilus, 
showing 2.8-fold, 7.6-fold, and 4.5fold increases in gallic 
acid, catechin, and epicatechin, respectively. Increased 
release of phenolic compounds in fermented foods could 
be due to the activities of cell wall-degrading enzymes 
produced during microbial fermentation processes (30). 
Additionally, microbial fermentation can induce the 
bioconversion of flavonoids into metabolites by different 
pathways, including glycosylation, deglycosylation, 
ring cleavage, methylation, glucuronidation, and sulfate 
conjugation according to microbial strains and substrates 
(30). Thus, microbial fermentation could be considered as 
a potential technology for promoting phenolic compounds 
from plant-derived foods, as well as for extracting new 
bioactive compounds. Further investigations are needed 
to evaluate the efficacy of FPFA in terms of producing new 
bioactive compounds.

In conclusion, the results of this study indicated 
that FPFA supplementation of layer diets improved egg 
production and quality. Furthermore, increased cecal 
Lactobacillus and decreased E. coli populations suggest that 
FPFA may promote a more beneficial gut environment in 
layers.
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