
SUMMARY
A study was conducted to determine the effect of ginseng (Panax ginseng C.A. Meyer) leaf on egg production and egg quality
characteristics of hens at the beginning of their laying period. Eighty commercial Atak-S brown layers at the age of 20 weeks were
randomly allocated to one of four treatments with four replicates of five hens per treatment in a completely randomized desi-
gn. The birds were fed standard layer diets control (0 mg/kg), 50 mg/kg, 100 mg/kg or 150 mg/kg Panax ginseng leaf extract (PGLE)
for 12 weeks period. Laying performance was assessed by recording egg production, egg weight daily; feed intake and feed effi-
ciency weekly and egg quality biweekly. Statistical analysis of the research results proved influence of PGLE supplementation on
the weight of eggs (P <0.05), but they did not have any influence on body weight, feed intake and feed efficiency (P >0.05). Ove-
rall, there were no differences among groups in external egg quality parameters (P >0.05), while significant increases were ob-
served in albumen and yolk index of internal egg quality. The trolox equivalent antioxidant capacity (TEAC), ferric reducing an-
tioxidant power (FRAP) and total phenolics concentration of PGLE were 606.3±0.948 mmol trolox/kg, 15.99±0.232 mmol TEAC/kg
and 1.11±0.02 g gallic acid equivalents (GAE)/kg, respectively. As a result of research, it could be considered that up to 150 mg
PGLE/kg in a laying hen’s diet did not change the egg production performance of layers and there is only a positive effect on egg
weight and eggshell redness increase which could contribute to profitability.
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INTRODUCTION

As a result of the prohibition of the use of antibiotics, a ma-
jor problem has arisen in the egg industry in order to achieve
effective production from healthy flocks such as improving the
growth, feed utilization in poultry and reducing mortality1.
Thus, alternative feed additives can be added to rations to im-
prove poultry health, production performance and egg qual-
ity2,3. For this purpose, feed additives, which are used to increase
yield or support animal health, should not have negative effects
on both animal and consumer health. Indeed, the most suit-
able additives are natural additives derived from aromatic plants.
Thus, herbal extracts, mixtures and essential oils are consid-
ered as alternative natural products and studies have been in-
vestigated on animal product performance and quality4,5. 
There are many bioactive compounds in the structures of plants.
Essential oils derived from medicinal and aromatic plants give
characteristics to plants which have antioxidant, antimicrobial,
digestive and appetite enhancing properties. Their use in poul-
try compound feeds has recently become widespread due to
their positive effects on performance in various animal species.

But in practical terms, the use of herbal extracts is very limit-
ed in the feeding of modern-day chickens. There are many me-
dicinal and aromatic plants and herbal extracts that may be an
alternative to antibiotics as a natural growth promoter and one
of them is the ginseng plant and its extract6,7. Ginseng has been
used in China, Korea and Japan for about 2000 years and its
usage area has spread all over the world in recent years. It is a
plant belonging to the family of Araliaceae8,9. Saponin glyco-
sides (ginsenosides) are the most important phytochemicals
of ginseng and more than 60 ginsenosides were isolated in var-
ious ginseng species. Apart from these, essential oils, sterols,
flavonoids, polysaccharides, polyacetylenes, vitamins (B and D
group), enzymes and minerals are other active substances iso-
lated10,11. The pharmacological effects of ginseng have been re-
ported in the central nervous, endocrine, immune and car-
diovascular system12,13. In addition, Panax ginseng is widely used
as a physical, chemical and biological resistance enhancer14, reg-
ulating blood lipid and decreasing blood sugar levels15, cancer
prevention16, liver, kidney and heart protection and im-
munostimulatory effects17. 
Digestion in poultry is completed in a shorter period due to
the high metabolic activity and short passage times of nutri-
ents from the digestive system. Thus, ginseng may have many
advantages, including the bioactive compounds contained in
it, which could improve digestion effects in poultry. Panax gin-
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seng extract could be used as a natural feed additive in poul-
try feed due to the phenolic compounds contained in it because
of its strong antioxidant, anti-radical, antimicrobial, mineral
and high vitamin content7.
There are many researches about botanical, chemical, biolog-
ical, ecological characteristics and cultivation of ginseng in the
world with its usability in animal husbandry, food and phar-
maceutical industry. However, there are not enough studies
about the use of Panax ginseng leaf extract in the diets of lay-
ing hens. The present research was conducted to determine the
effects of supplementing graded levels of a commercial PGLE
on egg production performance, egg quality and some blood
serum biochemical parameters in laying hens at 20 weeks of
age.

MATERIALS AND METHODS

Ethics statement and Location
This study was approved by the Animal Experimentation Ethics
Committee (Process no. 309/2011 HADYEK-041) of Tokat
Gaziosmanpa a University. Animals in this experiment were
cared under the guidelines stated in the Guide for the Care and
Use of Atak-S brown hybrid laying hens in the Poultry Research
Institute, Ankara, Turkey. The study was carried out at the re-
search and application farm poultry unit of Tokat Gazios-
manpa a University, Turkey, situated at 40°19’51.95” N,
36°28’31.23” E and 856 m above sea level. 

Animals and housing conditions
The eighty commercial Atak-S brown (Turkish native hybrid)
layers at the age of 20 weeks were randomly allocated to one
of four treatments with four replicates of five hens in each group.
The current experiment was conducted with completely ran-
domized design. The five birds per replicate were kept in a wire
cages (450 cm2 per bird) in a windowed poultry house at a light
regimen of 16 h light and 8 h dark. Prior to the experiment,
the birds were given a two week adaptation period before the
trial began and the trial lasted 12 weeks. The treatments were

a basal diet as control and three levels of supplementation, 50,
100 and 150 mg/kg diet of a commercial PGLE (Batch No: GRE-
110508, Dried, 100% Natural), supplied by Changsha Herb-
way Biotech Co. Ltd. (China). The PGLE contained 80.7% gin-
senosides, as determined by Changsha Herbway Biotech UV
using spectrophotomeric analysis. Laying hens had ad libitum
access to water and diets in a mash form throughout the ex-
perimental period. The composition of feeds was analysed in
the laboratory according to AOAC18 procedures. The experi-
mental basal diets were isonitrogenous and isoenergetic and
were formulated to meet or slightly exceed the nutrient re-
quirement of laying hens according to the NRC19. The ingre-
dients and calculated nutrient level of the basal diet are
shown in Table 1.
Three portable temperature and relative humidity loggers
(HOBO U12-012 T/RH logger, temperature measuring range
between -20 ºC and 70 ºC with ±0.35 ºC accuracy; relative hu-
midity range of 5%-95% with ±2.5% accuracy) were used to
monitor indoor temperature and relative humidity at animal
level. Data were recorded every 60 min and downloaded week-
ly throughout the experiment. The average temperature, rel-
ative humidity and light intensity of the entire experimental
period were 15.74±0.129 ºC, 48.15±6.410% and 14.76±3.828%
lux, respectively.

Egg production performance and egg
quality characteristics
Hens were weighed individually at the beginning and the end
of the experiment. Feed consumption was recorded weekly and
calculated as g per hen per day. Viability was observed visual-
ly and recorded daily throughout the entire experimental pe-
riod. The value of feed efficiency was calculated as g feed per
g egg. The first egg was laid within 23 weeks of age in all the
groups. Eggs from each replicate were collected twice a day
(09:00 - 11:00 and 14:00 - 16:00) and weighed with an electronic
balance at the same time every day to calculate hen-day egg pro-
duction ((Number egg produced / number live hens) x 100;
HDP), hen-house production ((Number egg produced /
number live hens in initial experiment) x 100; HHP), egg weight

Maize 294 Dry matter 898

Wheat 277 Crude protein (CP) 168

Soybean meal (47% CP) 92 Crude fat 36

Barley 30 Ash 136

Sunflower meal (36% CP) 80 Crude fibre 67

Full-fat soybean 100 Calculated nutrient composition

Soybean oil 24 Calcium 36

Sodium bicarbonate 1 Available phosphorus 4.0

Dicalcium phosphate 14 Lysine 8.0

Marble powder 83 Methionine 4.5

Salt 2 Methionine+cystine 7.6

Vitamin-mineral premix* 3 ME (MJ/kg)** 11.72 

Table 1 - Composition and nutrient content of basal diet (g/kg fed basis).

Ingredients Analysed nutrient composition

* Each kg of vitamin-mineral premix contained: 4800000 IU vitamin A; 1200000 IU vitamin D3; 12000000 IU vitamin E; 1600 mg vitamin K3; 1200 mg vitamin B1; 2400
mg vitamin B2; 12000 mg vitamin B3; 4000 mg vitamin B5; 2000 mg vitamin B6; 20000 mg vitamin C; 6 mg vitamin B12; biotin; 400 mg folic acid; 120000 mg choli-
ne; 2000 mg Cu; 24000 mg Fe; 32000 mg Mn; 60 mg Se; 24000 mg Zn; 200 mg Co; 800 mg I.
**Dry matter, crude protein and crude ash were analysed according to established procedures AOAC18 and other nutrient compositions are calculated based on
NRC19 data of feedstuffs nutrient tables. 
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and egg mass ((weekly egg number in replicate x average egg
weight)/100, EM) from 20 weeks to 32 weeks of age20,21. In ad-
dition, age at point-of-lay, first egg weight, age (day) at 10%,
20%, 30% and 50% egg production were recorded. Thirty two
eggs were randomly collected from each experimental group
on the last day of every two-week period to assess egg quali-
ty. Immediately after sampling, eggs were assayed for quality.
An average of three measurements (3 times) taken at the equa-
tor, blunt edge and pointed edge of the egg were recorded for
lightness (L*), redness (a*), and yellowness (b*) of the
eggshell, using a Minolta CR400 chromameter (Konica Minolta
Sensing Inc., Osaka, Japan). The psychometric colour terms such
as, Hue (tan-1 b*/a*; H), C* ((a*2+b*2)1/2) and the total colour
difference over time ((L*2+a*2+b*2)½; ΔE*) were used in order
to evaluate the colour changes of the eggshell. The egg quali-
ty traits included specific gravity, eggshell breaking strength,
shell thickness, yolk colour and albumen pH. All eggs were
weighed individually. The egg shape index was calculated us-
ing the following formula: shape index=(width/length) × 10022.
Egg specific gravities were determined from graded salt solu-
tions ranging from 1.069 to 1.099 with gradations of 0.003, as
described by Hamilton23. After that, shell breaking strength was
measured using a shell strength device with a spiral pressure
system (Fujihara, Saitama, Japan), and the values were expressed
in kg/cm2. Subsequently, the egg was broken on a glass plate
with a waiting period of 5 min to measure the albumen and
yolk heights using a tripod micrometer, the long and short di-
ameters of albumen, and diameter of yolk using the digital cal-
liper with a sensitivity of 0.001 mm. A Haugh unit was calcu-
lated according to the following formula: Haugh unit (HU) =
100 log [albumen height (mm) + 7.57- 1.7× egg weight0.37 (g)]24.
Albumen index (%) = [Albumen height / (long diameter of al-
bumen + short diameter of albumen / 2) × 100; AI]; yolk in-
dex (%) = (yolk height / yolk diameter) x 100; YI22. Egg sur-
face area (ES) in cm2 was calculated for each egg using the fol-
lowing equation suggested by Nordstrom and Ousterhout25:
3.9782 x egg weight0.70. The shell weight (SW) was calculated
with the following formula specified by Harms et al.26: (2.0341
x egg weight) - [(2.1014 x egg weight) / specific gravity]. Egg
albumen pH values were measured with digital pH meters (Sar-
torious PP15, AG Weender Landstrasse 94 PP108, Goettingen,
Germany). Shell thickness was measured as an average of three
measurements taken at the equator, blunt edge and pointed edge
of the egg without membrane using the calliper. The yolk colour
was determined with a DSM27 yolk colour fan (DSM Nutritional
Products Ltd., Basel, Switzerland), which ranges from a pale yel-
low at score 1 to a dark orange at score 15, according to the CIE
standard colorimetric system.

Blood serum
At the age of 32 weeks, approximately 5 ml of blood were tak-
en from the wing vein (Vena cutanea ulnaris) of each hen (32
in total) and were collected in a glass tube (16 mm x 100 mm),
kept on ice and transferred to the laboratory. Blood samples
were left to stand at room temperature for clotting, and then
the serum was obtained by centrifugation at 3000 x g for 5 min.
The resultant serum (supernatant) was collected in 1.5 mL ep-
pendorf tubes and stored at -20 ºC for biochemical assays. The
concentrations of serum glucose, cholesterol and triglyceride
were measured, using commercial kits (Cat. No. GLU0102,
TC0102 and TG0102) on an auto-analyser (Mindray BS series
analysers, Hamburg, Germany).

PGLE antioxidant activity and total
phenolics assay
Total antioxidant activity was measured using Oyaizu’s28 fer-
ric reducing antioxidant power (FRAP) assay method. The an-
tioxidant capacity assay was carried out with a Spectronic
Genesys 5 spectrophotometer by the improved ABTS•+ method,
as described by Re et al.29. A total phenolic constituent of PGLE
was performed, employing the literature methods involving
Folin-Ciocalteu reagent and gallic acid as standard30. 

Statistical analysis
Data in the tables are presented as arithmetic means and stan-
dard error of means (SEM). The data were analysed by SPSS31

16.0 software for Windows (Inc. Chicago, IL. USA). The dif-
ferences between groups were determined by one-way ANO-
VA test. Duncan’s multiple-range tests were performed according
to the following model:
Yij = µ + Ti + eij 
where Y denotes the dependent variable; µ denotes the
mean; T is the effect of treatment; and e is the random resid-
ual error term. All values were presented as means and stan-
dard error mean; the significance levels were set at P <0.05.

RESULTS

The total phenolic content, TEAC value and FRAP value of
PGLE (dry matter) were 1.11±0.02 g gallic acid equivalents
(GAE)/kg, 606.3±0.948 mmol trolox/kg and 15.99±0.232
mmol TEAC/kg, respectively. 
The performance of the laying hens was not influenced by PGLE
intake, as shown by the absence of differences in body weight,
body weight gain, viability, feed intake, and feed efficiency
among treatments in the Table 2 (P >0.05).
The egg mass, egg production (hen-house and hen-day), morn-
ing and afternoon egg yield were also not influenced by feed
intake containing different level PGLE when compared with
the control (Table 3). No differences were observed in laying
hens fed the experimental diets in external and internal egg qual-
ity (Table 4). The results demonstrated that levels of PGLE did
not affect overall SI, shell breaking strength, egg shell thickness,
shell weight and egg surface area, yolk colour, albumen pH and
HU (P >0.05) except for AI (P <0.05) and YI (P <0.01), which
were higher when 50 mg PGLE/kg and 100 mg PGLE/kg were
included in diets. The results of measurements of the eggshell
colour L*, a*, b*, Hue, C* and ΔE* are presented in Table 5.
Some serum blood parameters of laying hens fed dietary PGLE
at 32 weeks of age are summarized in Table 6.

DISCUSSION

The total phenolic content, TEAC value and FRAP value of
PGLE (dry matter) are higher than those reported by Hu and
Kitts32; Saumya and Mahaboob Basha33 and Yıldırım et al.3. Kim
et al.34 determined that the total phenolic concentration of gin-
seng extract was 7.78 g/kg in the ethyl acetate fraction. Deng
et al.35 have found that the total phenolic, FRAP and TEAC val-
ues of ginseng fresh leaf in lipolytic fraction were 9.25±0.17 mg/g
GAE, 10.40±0.44 µmol/g Fe (II) and 10.57±0.17 µmol/g
Trolox, respectively. The total phenolic content and antioxidant
activity of ginseng may vary depending on the type of plant

d) YILDIRIM_2 imp ok autore Poultry_ok  17/12/20  08:28  Pagina 343



344 Effect of dietary supplementation of Panax ginseng leaf extract on production performance...

and the extraction method used. In addition, the total phenolic
content and antioxidant capacities among ginseng varieties af-
fected by cultivation practices, cultivation conditions, climate
and geographic origin35,36. The antioxidant capacity of ginseng
extract may have the potential to be used as an effective dietary
antioxidant to prevent oxidative stress-related diseases suggested
by Oh et al.37. The results in the current study is similar to the
results reported in previous research3 for panax root extract and
demonstrate the antioxidant potential of PGLE, evidenced by

its free radical scavenging and ferric reducing abilities. This sup-
ports the use of the plant in traditional medicine. Moreover,
when consumed as plant extract, PGLE may contribute to the
total intake of dietary antioxidants like other panax ginseng ex-
tracts.
The lack of information on the effects of Panax ginseng plant
products, especially in laying hens, the possibility of compar-
ing the findings of the study with other studies was limited. Cata-
lan38 reported that the commercial Panax ginseng added to the

Initial body weight (g) 1374 1377 1377 1372 7.84 ns

Final body weight (g) 1753 1785 1810 1843 16.17 ns

Body weight gain (g) 369.5 408.2 449.7 471.9 23.30 ns

Viability (%) 85.0 100.0 100.0 100.0 2.72 ns

Feed intake (g/hen/day)

0 - 4 weeks 84.9 96.6 92.7 94.9 1.72 ns

4 - 8 weeks 129.6 129.1 135.9 132.2 2.84 ns

8 - 12 weeks 132.8 138.8 139.3 138.1 2.51 ns

Overall 114.5 121.5 121.4 121.7 2.11 ns

Feed efficiency (g feed/g egg)

0 - 4 weeks 6.62 7.27 6.37 7.22 0.70 ns

4 - 8 weeks 3.57 2.95 2.80 2.99 0.19 ns

8 - 12 weeks 2.41 2.53 2.46 2.54 0.06 ns

Overall 3.56 3.46 3.32 3.48 0.09 ns

Table 2 - Body weight, feed intake and feed efficiency of laying hens fed on diets supplemented with PGLE.

Parameters PGLE1 in diet (mg/kg)

0 50 100 150 SEM2 P

1PGLE, Panax ginseng leaf extract; 2 Mean of standard error; P > 0.05.

Egg weight (g)
0 - 4 weeks 47.7 51.4 50.6 49.9 0.55 ns
4 - 8 weeks 54.9a 56.2ab 55.1a 57.3b 0.33 *
8 - 12 weeks 58.8 59.8 58.5 60.7 0.35 ns

Overall 56.3a 57.7ab 56.3a 58.7b 0.38 *

Egg mass (g/hen/day)
0 - 4 weeks 18.3 16.5 21.9 20.2 1.82 ns
4 - 8 weeks 40.1 44.4 48.7 45.1 2.11 ns
8 - 12 weeks 55.1 54.9 56.9 54.8 0.87 ns

Overall 39.1 43.9 44.7 44.3 1.40 ns

Oviposition time 
Morning egg weight (g) 57.3a 58.5ab 56.9a 59.5b 0.38 *
Afternoon egg weight (g) 53.0 55.8 53.8 54.7 0.54 ns

Hen-house egg production (%)
0 - 4 weeks 36.8 32.3 43.2 39.4 3.76 ns
4 - 8 weeks 60.7 77.9 78.6 78.6 4.03 ns
8 - 12 weeks 79.1 91.8 86.9 90.2 3.03 ns

Overall 64.5 76.2 76.3 75.5 3.18 ns

Hen-day egg production (%)
0 - 4 weeks 38.5 32.4 43.5 39.4 3.75 ns
4 - 8 weeks 73.1 79.0 88.3 78.6 3.74 ns
8 - 12 weeks 93.8 91.8 97.2 90.2 1.53 ns

Overall 69.5 76.2 79.6 75.5 2.59 ns

Morning hen-day egg yield (%) 53.8 54.0 66.3 62.0 2.89 ns
Afternoon hen-day egg yield (%) 15.7 22.2 13.4 13.4 1.37 ns

Table 3 - Effects of dietary PGLE levels on egg productivity performance traits of laying hens.

Parameters PGLE1 in diet (mg/kg)

0 50 100 150 SEM2 P

1 PGLE: Panax ginseng leaf extract; 2 Mean of standard error; Means within a row followed by the different superscripts differ significantly. * P <0.05.
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diet of the laying hens had no effect on the body weight, body
weight gain and feed intake and was consistent with the pres-
ent research finding. Albeit, in agreement with our previous
study on Atak-S laying hens3, the panax ginseng root extract
supplementation no changed the values of body weight, body
weight gain, feed intake, and feed efficiency during 12 weeks
laying period. The current research displayed that viability was
higher in laying hens fed diets supplemented with the PGLE
than in those fed the control diet and it was similar with the
finding of Yıldırım et al.3. This suggests that up to 150 mg
PGLE/kg in a diet can be used as an ingredient without any ad-
verse effect on production performance in laying hens or at 11.7
mg/bird/day or 100 mg/kg of body weight. 
The lower egg production and egg mass (EM) between 0 and
4 weeks might be because that all hens unexpectedly laid dur-
ing weeks 22 and 23. Similar to our previous research3, all pa-

rameters were similar in the graded PGLE supplemented group
compared with the control group, except that egg production
of the 50 and 150 mg PGLE/kg groups was higher than the con-
trol, though did not reach statistical significance. These results
are consistent with the findings of Ao et al.39, who reported no
positive effects on egg production and feed intake in laying hens
fed different levels of fermented red ginseng extract. In dis-
agreement with that, Jang et al.40 observed that fermented wild
ginseng culture by-product increased egg production which may
be attributed to the improvement in health status of birds fed
supplemented diets. This inconsistency might be due to the use
of different ginseng sources, and different methods of prepa-
ration of the ginseng products and strains used in the exper-
iment3. In addition, the level of PGLE supplementation might
not have been enough to cause an improvement in egg pro-
ductivity performance. Otherwise the PGLE supplementation

Shape index 76.3 76.0 76.4 77.2 0.21 ns

Specific gravity (g/cm3) 1.090b 1.087a 1.089ab 1.090b 0.00 * 

Shell breaking strength (kg/cm2) 2.51 2.13 2.24 2.28 0.07 ns 

Egg shell thickness (µm) 351.3 343.7 339.7 352.4 2.00 ns 

Shell weight (g) 6.38 6.61 6.42 6.61 0.07 ns 

Surface area (cm2) 66.98 67.77 66.84 67.81 0.31 ns

Yolk colour 10.59 9.75 9.57 10.32 0.15 ns

Albumen pH 8.69 8.71 8.71 8.69 0.01 ns

Albumen index 12.35a 13.90b 13.00ab 12.78ab 0.20 *

Yolk index 45.78a 45.96a 50.44b 46.38a 1.35 **

Haugh unit (score) 93.85 92.96 92.32 93.85 0.95 ns

Table 4 - Effects of dietary PGLE levels on means of external and internal egg quality characteristics.

Parameters PGLE1 in diet (mg/kg)

0 50 100 150 SEM2 P

1 PGLE: Panax ginseng leaf extract; 2 Mean of standard error; Means within a row followed by the different superscripts differ significantly. * P <0.05; ** P <0.01  

L* 66.94 65.79 65.67 66.38 0.27 ns 

a* 12.50a 13.62b 13.78b 13.20ab 0.17 * 

b* 25.29 25.11 26.27 24.70 0.31 ns 

Hue 63.59 61.35 62.10 61.74 0.32 ns 

C* 28.26 28.62 29.72 28.07 0.32 ns 

ΔE* 72.75 71.87 72.23 72.24 0.20 ns

Table 5 - Change in colour of eggshell [lightness (L*), redness (a*), yellowness (b*)]1

Parameters PGLE2 in diet (mg/kg)

0 50 100 150 SEM3 P

1A higher L* value means lighter colour; a higher a* value means a redder colour; a higher b* value means a more yellow colour. 2PGLE, Panax ginseng leaf extract;
3Mean of standard error; Means within a row followed by the different superscripts differ significantly. * P <0.05.

Glucose (mg/dL) 306.8 302.2 294.2 298.9 2.83 ns

Cholesterol (mg/dL) 159.7 152.2 149.3 154.8 6.85 ns

Triglyceride (mg/dL) 1414.3 1687.6 1544.9 1709.1 67.63 ns

Table 6 - Effect of PGLE supplementation on some serum biochemical parameters in laying hens at end of experiment.

Parameters PGLE1 in diet (mg/kg)

0 50 100 150 SEM2 P

1 PGLE: Panax ginseng leaf extract; 2 Mean of standard error; P >0.05
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increased egg weight and morning (oviposition time) egg weight
(57.6 vs. 56.3 g; P <0.05 and 58.3 vs. 57.3 g; P <0.05) as com-
pared to laying hens fed the control diet in overall. This per-
formance variable improved in linear fashion as dietary PGLE
supplementation increased. Supplementation of PGLE increases
egg weight which may be associated to its active constituents.
It could be hypothesized that PGLE increased egg weight more
than the control treatment. Therefore, the PGLE used in this
work contains some components, like phenolic acids and an-
tioxidant capacity, which have been implicated in other works
as various pharmacological effects14, physiological function and
immunity17. The egg weight values in our experiment are in line
with the finding of Jang et al.40 and Osfor41, who found that the
significant weight increase observed in their trials. In contra-
diction, some researchers3,38,39,42 illustrated that the PGLE sup-
plementation to diets had no effect on the egg weight of the
laying hens. Egg weight and egg shell quality characteristics vary
according to the oviposition time. These results agree with pre-
vious results3,43,44 that eggs laying early in the morning are heav-
ier than those laid during the day. In addition, the morning hen-
day egg yield was very high than the afternoon in all groups,
but still heavy eggs were laid in the morning. 
This finding agrees with Yıldırım et al.3, who indicated that AI
and YI parameters were not affected by Panax ginseng root ex-
tract groups in 20-32 week old laying hens. Therefore, it is
thought that the difference detected in both parameters may
be closely related to egg weight. Specific gravity significantly
decreased when dietary 50 mg/kg PGLE supplementation to
diets laying hens. In the current study, specific gravity data con-
sistent with the findings of Yıldırım et al.3 who determined the
medium specific gravity ranged from 1.087 to 1.092 in 32 week
old Atak-S laying hens. Hens fed with diet supplemented with
PGLE had similar values of SI, eggshell thickness, shell weight,
surface area, yolk colour and HU score, but lowest values of shell
breaking strength compared to control group (P >0.05). SI is
a method used to determine egg shape. The SI in ideal eggs is
74% in terms of commercial and hatching properties. If the SI
value is greater than 76%, the eggs are round, 72-76% is nor-
mal, and <72% is longer45. In the experiment, the group which
received 150 mg/kg PGLE was found to be more than 76% in
terms of SI and the other groups were classified as normal SI.
Yıldırım et al.3 reported that the SI values (76.2-77.4) of the lay-
ing hens fed with Panax ginseng root extract supplement were
similar to our findings. Eggs shorter and longer than normal
eggs are not desirable by the consumer and they cause economic
losses during transportation and marketing. To reduce the
chances of breaking eggs at the marketing and transportation
stages, the shell thickness of the eggs is expected to be at least
330 μm and more46. In this context, according to our findings
related to the egg thickness close to each other in the groups
(339.7-352.4 μm), thus it was among the desired minimum val-
ues. These results are consistent with those of several stud-
ies3,38,39,40,42 who found that various ginseng supplemented to
laying chicken diets had no significant effect on the egg shell
weight. The findings agree with those reported by Ao et al.39,
who found no significant effect of dietary fermented red gin-
seng extract supplemented on HU, eggshell thickness and egg
breaking strength parameters in ISA brown laying hens. By con-
trast, Yıldırım et al.3 reported that the paler yolk at inclusions
of 100 mg Panax ginseng root extract/kg and 150 mg Panax gin-
seng root extract/kg suggested xanthophylls interacted with gin-
senosides of Panax ginseng root extract. Thus, this condition

can be explained by ginsenoside content variability. Albumen
quality, which is an important indicator of egg freshness, has
a great significant in egg processing industry47. The pH is a use-
ful means for describing changes in albumen quality over time
during storage claimed by Silversides and Villeneuve48. How-
ever, albumen pH is not affected by PGLE groups and can be
used to measure egg freshness. Overall albumen pH ranged from
8.69 to 8.71, which is in agreement with previous data, such as
8.67 for Atak-S laying hens3 and 8.29 to 8.39 for 30 week old
Dekalb white laying hens2.
Hen nutrition is an area that needs to be tested in relation to
eggshell color49. Overall L*, b*, Hue, C* and ΔE* did not dif-
fer among treatments during the entire experiment. Howev-
er, the present study demonstrates that the dietary PGLE sup-
plementation significantly improved the a* values of egg in lay-
ing hens in both 50 and 100 mg/kg groups when compared to
control group. Supplementing PGLE to diet, increased (P <0.05)
the redness of the eggshell and came close the other among
groups, but this effect was not reflected in the same way in the
other parameters (Hue, C* and ΔE*). However, a possible mech-
anism of action could be due to any factor that promotes liv-
er function, subsequent lipid metabolism, synthesis of proto-
porphyrin IX in the shell gland and deposition of pigment in
the eggshell49. This fact agrees with the results of Odabasi et al.50,
who indicated that a decrease in pigmentation was associat-
ed with a decrease in the amount of redness (a*) in the eggshell.
The lighter the shell in colour, the less redness it contains, and
this negative correlation becomes stronger as the hen ages over
the first 10 months of the laying cycle claimed by the same re-
searchers. The present study, L* was numerically lower in PGLE
groups than in the control. Hence, the lighter coloured
eggshells (higher L*) would have less redness (a*). The aver-
ages of the overall measurements at three points on the same
egg were also very close to those of the one point measurement.
The results indicated high uniformity of eggshell pigmentation.
Yıldırım et al.3 determined the average L*, a* and b* values of
brown eggshell from 32 weeks old hens to be between 65.0 and
66.4, 13.4 and 14.1, 24.9 and 26.8 for brown eggs, respective-
ly. In the present study, the same parameter values were between
65.7 and 66.9; 12.5 and 13.8; 24.7 and 26.3, respectively for Atak-
S brown egg. This is consistent with previous results, with same
age effect. Shell colour is usually affected by genetic background,
the season of lay, nutrition, housing systems, diseases, all kinds
of stimulus, and drug, etc.49,51.
While assessing the health status of poultry fed diets with un-
conventional feeds, serum biochemical parameters play an im-
portant role in providing useful information about the meta-
bolic alterations of organs and tissues52. Melesse et al.53 and Hus-
sein et al.54 reported that several factors cause a considerable
influence on serum biochemical parameters of chickens such
as feed additives, genotype and environmental temperature. The
supplementation of PGLE to laying hens diets had no signif-
icant effect on the serum glucose, cholesterol, and triglyceride
concentrations. However, serum cholesterol and glucose was
numerically lower in PGLE groups than in the control. This con-
sistent with Ao et al.39, who observed that serum cholesterol con-
centrations varied from 176 mg/dL to 185 mg/dL and there were
no significant differences when various levels of fermented red
ginseng extract were supplemented. Muwalla and Abuirmeileh55

and Yokozawa et al.56 found that the addition of dietary gin-
seng decreased the level of blood lipids. On the other hand, to-
tal cholesterol concentration was decreased by fermented gin-
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seng culture in laying hens demonstrated by Jang et al.40. How-
ever, this effect was not confirmed in the present study, prob-
ably because of the low levels of supplementation3. Overall, the
data from the current study supported the contention that lay-
ing hen diets can contain up to 150 mg/kg PGLE without af-
fecting measures of hen productivity or specific measures of
egg and eggshell quality.

CONCLUSIONS

The results of this study showed that overall, dietary supple-
mentation of PGLE to laying hens’ diet improved the egg weight
and eggshell redness at the beginning of the laying period, but
it had no adverse effects on the health status of the hens, ex-
ternal egg quality and some serum biochemical measurements.
Future research needed to explain the mechanism, significance
and the use of PGLE as a source of bioactive substance and to
determine the welfare of laying hens in different management
conditions, including various stress factors such as environ-
mental and physiological stresses, dietary ingredients and nu-
trient content for the poultry feed industry.
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