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Abstract

This study was conducted to determine the effect of Korean ginseng (Panax ginseng C.A. Meyer) root
extract (PGRE) on egg production and egg quality characteristics of hens at the beginning of their laying
period (20 weeks old). Four groups of commercial hens (Atak-S; Turkish native hybrid) were fed with diets
containing 0 mg, 50 mg, 100 mg and 150 mg PGRE/kg. Experimental results indicated that dietary PGRE
had no effect on feed intake, feed efficiency, egg mass (EM) or egg production parameters. Over 12 weeks,
hen-day egg production (HDP) of the groups was 73.5%, 74.8%, 69.2% and 79.0%, respectively. The effect
of different levels of PGRE on egg weight, shape index (SI), specific gravity, shell thickness, Haugh Unit
(HU), yolk index (Y1) and albumen index (Al) was not statistically significant during the entire experiment.
Egg yolk colour was conspicuously lower in the 100 mg and 150 mg PGRE/kg groups than in the control.
The L*, a* and b*, hue (H) and chroma (C*) values for eggshell colour were not significantly different
among the groups, except for the colour difference (AE*, (L*+a’+b?)"), where values in PGRE groups were
higher than in the control group. The trolox equivalent antioxidant capacity (TEAC), ferric reducing
antioxidant power (FRAP) and total phenolics concentration of PGRE were 598 + 1.841 mmol trolox/kg,
15.45 + 0.457 mmol TEAC/kg and 1.02 £+ 0.03 g gallic acid equivalents (GAE)/kg, respectively. Serum
glucose, cholesterol and triglyceride concentration were similar in the PGRE supplemented groups and the
control. In conclusion, the dietary supplementation with PGRE did not affect the productivity performance
traits and egg quality of hens at the beginning of the laying period.
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Introduction

The ban on antibiotic use to enhance growth and feed efficiency and reduce mortality in poultry
constitutes a major challenge to the egg industry because healthy flocks must be maintained for effective
production. Thus alternative feeding strategies have been incorporated into laying hen diets to improve gut
health of the birds, enhance productive performance and improve egg quality (Olobatoke & Mulugeta, 2011).
Recent studies concentrated on aromatic plants, their extracts and essential oils. This has increased the
interest in those herbs that possess characteristics such as antioxidant, anti-stress, lowering cholesterol, and
cancer prevention properties in their phenolic compounds (Yildirim & Erener, 2011). Natural feed additives
of plant origin are generally believed to be safer, healthier and less subject to hazards for human beings and
animals than antibiotics. One of the mechanisms underlying the health-related benefits may be associated
with their antioxidant properties (Kim et al., 2011). Many herbs and plant extracts possess antimicrobial
activities and antioxidant properties that make them useful as natural animal feed additives (Faixova & Faix,
2008). These extracts present a mechanism of action based on the alteration of the intestinal microbiota,
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increased enzyme secretion, improved immune response, morpho-histological maintenance of the
gastrointestinal tract and antioxidant activity (Brugalli, 2003; Fascina et al., 2012). Several studies have
demonstrated their in vitro effect against pathogens because of antimicrobial, antifungal and anthelmintic
activities, in addition to powerful antioxidant effects (Kamel, 2000; Petrolli et al., 2012).

Panax ginseng C.A. Meyer (Araliaceae), also called Asian ginseng, is one of the most renowned
herbal plants worldwide, but particularly in Asian countries, and has been used for thousands of years to
maintain homeostasis of the body and enhance vital energy (Attele et al., 1999; Choi, 2008; Yildirim &
Erener, 2011). It is considered an adaptogenic agent that helps to enhance physical performance, promote
vitality and stimulate metabolic function. It has previously been documented that bioactive components such
as saponins (ginsenosides), antioxidants, peptides, polysaccharides, alkaloids, lignans and polyacetylenes are
present in P. ginseng (Sticher, 1998; Palazon et al., 2003; Lu et al., 2009). Among these, the saponins
(ginsenosides) are considered the principal bioactive ingredients (Palazon et al., 2003) and are believed to
possess anti-fatigue and hepatoprotective physiological properties (Wu & Zhong, 1999), and improve
cardiovascular system dysfunction (Kang et al., 1995). Likewise, numerous studies have demonstrated the
pharmaceutical effects of P. ginseng on physical, chemical and biological stress (Takahashi et al., 1992;
Shim et al., 2010), systemic immune function (Spelman et al., 2006) and glucose metabolism (Lim et al.,
2009). The presence of ginsenoside in the P. ginseng complex contributed to the improvement in the
parameters evaluated by its antimicrobial and antioxidant potential, as confirmed by Takahashi et al. (1992);
Kim et al. (2008), Zhang et al. (2008) and Lim et al. (2009).

Because of these benefits, ginseng extracts may exert positive effects on performance and egg quality
in laying hens. However, Ao et al. (2011) reported that dietary supplementation with fermented red ginseng
extract did not influence performance and egg quality in ISA brown layers at 35 weeks of age. To our
knowledge, there is no evidence that dietary supplementation with Korean ginseng root extract (PGRE)
would have beneficial effects on productivity performance and egg quality of hens at the beginning of lay.
Therefore, the aim of the present study was to determine the effects of supplementing graded levels of a
commercial PGRE on egg production performance, egg quality and some serum biochemical traits in laying
hens at 20 weeks of age.

Materials and Methods

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 design. The five birds
per replicate were kept in a wire cage (450 cm? per bird) in a windowed poultry house at a light regimen of
16 h light and 8 h dark.

The treatments were a basal diet as control and three levels of supplementation, 50, 100 and 150
mg/kg diet of a commercial PGRE (Batch No: GRE-110312, Dried, 100% Natural), supplied by Changsha
Herbway Biotech Co. Ltd. (China). The PGRE contained 80.4% ginsenosides, as determined by Changsha
Herbway Biotech UV using spectrophotomeric analysis. Feed and water were supplied ad libitum. The
experimental diets were isonitrogenous and isoenergetic and were formulated to meet or slightly exceed the
nutrient requirement of laying hens according to the NRC (1994). The ingredients and calculated nutrient
level of the basal diet are shown in Table 1.

This study was approved by the Animal Experimentation Ethics Committee (Process no. 306/2011
HADYEK- 038) of Gaziosmanpasa University. Animals in this experiment were cared for 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. Prior to the experiment, the birds were given a two-week adaptation
period and the trial lasted 12 weeks.

Three portable temperature and relative humidity loggers (HOBO U12-012 T/RH logger, temperature
measuring range between —20 °C and 70 °C with + 0.35 °C accuracy; relative humidity 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 weekly throughout the experiment. The average temperature,
relative humidity and light intensity of the entire experimental period were 15.74 £ 0.129 °C, 48.15 + 6.410%
and 14.76 + 3.828% lux, respectively.
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Table 1 Composition and nutrient content of basal diet (g/kg)

Ingredients Calculated nutrients composition
18 - 20 weeks 20 - 32 weeks 18 - 20 weeks 20 - 32 weeks

Maize 301 269 ME (MJ/kg) 11.30 11.72
Wheat 254 255 Dry matter 880 890
Soybean meal (47% CP) 64 92 Crude protein (CP) 160 172
Sunflower meal (27% CP) 140 0 Crude fat 30.5 50.0
Barley 100 30 Lysine 7.2 8.0
Sunflower meal (36% CP) 0 80 Methionine 3.5 4.5
Full-fat soybean 58 100 Methionine+cystine 6.4 7.6
Soybean oil 0 24 Tryptophan 2.0 1.9
Sodium bicarbonate 2 1 Crude fibre 60 425
Dicalcium phosphate 12 14 Calcium 10 36.0
Marble powder 17 83 Available phosphorus 3.6 4.0
Salt 2 2 Sodium 1.6 1.6
Vitamin—-mineral premix* 50 50

* Each kg of vitamin—mineral premix contained: 4800000 1U vitamin A; 1200000 1U vitamin Ds; 12000000 1U vitamin
E; 1600 mg vitamin K3; 1200 mg vitamin B;; 2400 mg vitamin B,; 12000 mg vitamin Bs; 4000 mg vitamin Bs; 2000
mg vitamin Bg; 20000 mg vitamin C; 6 mg vitamin B,,; biotin; 400 mg folic acid; 120000 mg choline; 2000 mg Cu;
24000 mg Fe; 32000 mg Mn; 60 mg Se; 24000 mg Zn; 200 mg Co; 800 mg I.

Hens were weighed individually at the beginning and end of the experiment. Feed consumption was
recorded weekly and calculated as g per hen per day. Viability was observed visually and recorded daily.
Feed efficiency was calculated as g feed per g egg.

The first eggs were 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 production (HDP), hen-house production (HHP), egg weight and
egg mass (EM) from 20 weeks to 32 weeks of age. In addition, 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 quality. Immediately
after sampling, eggs were assayed for quality. An average of three measurements (3 times) taken at the
equator, 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, H, C* and the total colour difference over time (AE*) were
used in order to evaluate colour changes of the eggshell. The egg quality traits included specific gravity,
eggshell breaking strength, shell thickness, yolk colour and albumen pH. All eggs were weighed
individually. Egg specific gravities were determined using graded salt solutions ranging from 1.069 to 1.099
with gradations of 0.003, as described by Hamilton (1982). After that, shell breaking strength was measured
using a shell strength device with a spiral pressure system (Fujihara, Saitama, Japan). Subsequently, the egg
was broken on a glass plate, and after 5 min albumen and yolk heights were measured using a tripod
micrometer, as well as the long and short diameters of the aloumen and diameter of the yolk using a digital
calliper with a sensitivity of 0.001 mm. The formulas of the egg quality traits are presented in Table 2. Shell
thickness was calculated as the average of three measurements; taken at the equator, blunt edge and pointed
edge of the egg without membrane using a calliper. The yolk colour was determined with a DSM (2013) yolk
colour fan (DSM Nutritional Products Ltd., Basel, Switzerland), which ranges from a pale yellow at score 1
to a dark orange at score 15, according to the CIE standard colorimetric system.

At the age of 32 weeks, about 5 mL blood of 32 hens, representative of all treatments, were collected
by venipuncture of the wing vein (Vena cutanea ulnaris) in a glass tube (16 mm x 100 mm). The tube was
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 supernatant was
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collected in a 1.5 mL Eppendorf tube and stored at —20 °C for biochemical assays. The concentrations of
serum glucose, cholesterol and triglyceride were measured, using commercial kits (Cat. No. GLU0102,
TCO0102 and TG0102) on an auto-analyser (Mindray BS series analysers, Hamburg, Germany).

Table 2 Formulas for measurement of egg quality traits

Criteria Abbrev. Equation

! Hen—day production, % HDP (Number egg produced / number live hens) x 100

! Hen-house production, % HHP (Number egg produced / number live hens in initial experiment) x 100

2 Shape index, % Sl (Egg width/egg length ) x 100

2Yolk index, % Yl (Yolk height/yolk diameter) x 100

2 Albumen index, % Al [Albumen height/(long diameter of albumen+short diameter of albumen
/2)x100]

®Egg surface area (cm?) ES 3.9782 x egg weight®”®

* Shell weight (g) SW (2.0341 x egg weight)—[(2.1014 x egg weight)/specific gravity]

®Haugh unit (score) HU 100 log (albumen height+7.57-1.7 W'

® Egg mass (g/hen/day) EM (weekly egg number in replicate x average egg weight)/100

Hue angle H tan-1 b*/a*

Chroma c* V(a*? + b*?)

Colour difference AE* (L?+a+b%)*

TNorth (1984), “ Doyon et al. (1986), * Nordstrom & Ousterhout (1982), * Harms et al. (1990) > Roush (1981),
® Um & Paik (1999).

Total antioxidant activity was measured using Oyaizu’s (1986) ferric reducing antioxidant power
(FRAP) assay method. The antioxidant capacity assay was carried out with a Spectronic Genesys 5
spectrophotometer by the improved ABTS™ method, as described by Re et al. (1999). A total phenolic
constituent of PGRE was performed, employing the literature methods involving Folin-Ciocalteu reagent and
gallic acid as standard (Slinkard & Singleton, 1977).

Data in the tables are presented as arithmetic means and standard error of means (SEM). The data
were analysed by SPSS 16.0 software for Windows (Inc. Chicago, IL. USA). The differences between
groups were determined by one-way ANOVA test. Duncan’s multiple-range tests were performed according
to the following model:

Yij = u+ Ti + &
where Y denotes the dependent variable; x denotes the mean; T is the effect of treatment; and e is the random
residual error term. All values were presented as means and standard error mean and significance levels were
set at P <0.05.

Results and Discussion

The total phenolic content, TEAC value and FRAP value of PGRE (dry matter) were 1.02 + 0.03 g
gallic acid equivalents (GAE)/kg, 598 + 1.841 mmol trolox/kg and 15.45 + 0.457 mmol TEAC/kg,
respectively. These values are higher than those reported by Hu & Kitts (2001) and Saumya & Mahaboob
Basha (2011). Oh et al. (2010) claimed that the antioxidant capacity of ginseng extract may have the
potential to be used as an effective dietary antioxidant to prevent oxidative stress-related diseases. The
results in the current study demonstrate the antioxidant potential of PGRE, evidenced by its free radical
scavenging and ferric reducing abilities. This supports the use of the plant in traditional medicine. Moreover,
when consumed as the plant extract, PGRE may contribute to the total intake of dietary antioxidants.

The performance and egg productivity traits of the laying hens fed diets supplemented with PGRE are
shown in Tables 3 and 4. Supplementation of diets with PGRE had no significant effects on body weight,
body weight gain, viability, feed intake (Figure 1), total feed intake and feed efficiency when compared with
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the control (P >0.05). These results are consistent with the findings of Ao et al. (2011), who reported no
positive effects on egg production, feed intake and egg weight in laying hens fed different levels of
fermented red ginseng extract. No differences were observed in laying hens fed the various experimental
diets in age at point-of-lay, age at 10%, 20%, 30% and 50% egg production, first egg weight, egg weight and
egg weight according to oviposition time, EM, HHP and HDP (Table 4). The lower egg production and EM
between 0 and 4 weeks might be because that all hens unexpectedly laid during weeks 22 and 23. In general,
all parameters were similar in the graded PGRE supplemented group compared with the control group,
except that egg production of the 50 and 150 mg PGRE/kg groups was higher than the control, though did
not reach statistical significance.

Viability was higher in laying hens fed diets supplemented with the PGRE than in those fed the
control diet. This suggests that up to 150 mg PGRE/kg in a diet can be used as an ingredient without any
adverse effect on production performance in laying hens or at 11.7 mg/bird/day or 100 mg/kg of body
weight.

Table 3 Body weight, feed intake, feed efficiency of laying hens fed on diets supplemented with PGRE

PGRE" in diet (mg/kg)

Parameters SEM? P value
0 50 100 150
Initial body weight (g) 1312 1316 1316 1315 8.49 0.999
Final body weight (g) 1793 1777 1744 1822 12.92 0.209
Body weight gain (g) 476.8 461.8 424.8 506.8 17.42 0.448
Viability (%) 95.0 100.0 85.0 100.0 3.87 0.517
Feed intake (g/hen/day)
0 - 4 weeks 86.2 93.1 81.0 90.7 2.43 0.330
4 - 8 weeks 126.2 124.7 124.7 128.6 1.77 0.876
8 - 12 weeks 140.3 132.6 141.6 139.7 2.49 0.624
Overall 117.2 116.8 113.7 119.6 1.48 0.606
Total feed intake (g/hen/day)
0 - 12 weeks 9843 9811 9547 10049 124.38 0.606
Feed efficiency (g feed/g egg)
0 - 4 weeks 16.15 13.63 9.94 15.79 2.22 0.783
4 - weeks 2.90 2.80 3.07 2.67 0.11 0.703
8 - 12 weeks 2.60 2.48 2.74 2.55 0.06 0.567
Overall 3.47 3.41 3.63 3.30 0.074 0.487
Feed efficiency (g feed/dozen egg)
0 - 4 weeks 4.63 3.93 2.77 441 0.62 0.759
4 - 8 weeks 2.00 1.89 2.02 1.82 0.07 0.789
8 - 12 weeks 1.87 1.78 1.91 1.83 0.04 0.771
Overall 2.44 2.36 2.45 2.29 0.05 0.690

'PGRE, Korean ginseng root extract; > Mean of standard error; P >0.05.

The parameters used to evaluate external and internal egg quality are shown in Tables 5 and 6. The
results demonstrate that levels of PGRE did not affect overall Sl, specific gravity, shell breaking strength,
eggshell thickness, aloumen pH, Al, YI, ES, SW and HU (P >0.05), except for yolk colour, which was paler
when 100 mg and 150 mg PGRE/kg were included in the diets (P <0.05). Moreover, this difference was
maintained in the fifth, seventh and the eleventh weeks in the present study. Egg weight and eggshell quality
characteristics vary according to oviposition time. These results are consistent with those of several studies
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that indicated that eggs laid early in the morning are heavier than eggs laid in the day (Ledvinka et al., 2002;
Tamova & Ebeid, 2005; Tamova et al., 2007). However, heavier eggs were laid in the afternoon than in the
morning, though in all groups morning HDP values were higher than in the afternoon.
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Figure 1 Daily feed intake values on a weekly basis.

It is well documented that yolk colour is influenced mainly by components of the hen’s diet (Colin et
al., 2004), such as natural pigments. The yolk pigment, xanthophylls, depends on fat-soluble pigments in the
diet (Leeson & Summers, 1997; Lokaewmanee et al., 2011). The paler yolk at inclusions of 100 mg and 150
mg PGRE/kg suggests that xanthophylls interacted with ginsenosides of PGRE. Pale yolks can results from
any factor that inhibits liver function, subsequent lipid metabolism and deposition of pigment in the yolk
(Chukwuka et al., 2011).

Contrary to expectations, significant differences were found in the ninth week of the present study in
specific gravity, eggshell thickness, albumen pH, Al and SW between treatments. The cause is not obvious
and difficult to explain. Specific gravity data in the current study correspond with those of Lim et al. (2003),
who recorded a medium specific gravity ranging from 1.085 to 1.095 in 21-week-old ISA brown laying hens.

Albumen quality is an important indicator of egg freshness, and is significant for the egg processing
industry (Jin et al., 2011). Silversides & Villeneuve (1994) suggested that pH is a useful means of describing
changes in albumen quality over time during storage. However, aloumen pH is not affected by PGRE groups
and can be used to measure egg freshness. Overall albumen pH ranged from 8.64 to 8.72, which is in
agreement with previous data, such as 8.72 for Atak laying hens (Sekeroglu et al., 2010) and 8.29 to 8.39 for
30-wk-old Dekalb white laying hens (Olobatoke & Mulugeta, 2011).

Hens fed the diets supplemented with PGRE had numerically the highest HU scores, but lowest SW
values compared with the control (P >0.05). Between 20 and 32 weeks of age, egg thickness and egg
breaking strength parameters were similar among groups. The results agree with those reported by Ao et al.
(2011), who found no significant effect of dietary fermented red ginseng extract supplemented at 1 to 4 g/kg
on HU, eggshell thickness and egg breaking strength parameters in ISA brown laying hens. However, it is in
disagreement with similar scores found for egg yolk. Conversely, Jang et al. (2007) reported 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 preparation of the ginseng products and strains used in the experiments. In
addition, the level of PGRE supplementation might not have been high enough to cause an improvement in
egg productivity performance.
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Table 4 Effects of dietary PGRE levels on egg productivity performance traits of laying hens

PGRE" in diet (mg/kg)

Parameters 0 50 100 150 SEM? P value
Age at point-of-lay (days)  160.8 159.5 157.0 160.0 0.70 0.270
Egg production age (days)
10% 159.5 158.5 157.0 157.0 0.68 0.597
20% 160.5 160.5 157.0 158.0 0.91 0.501
30% 162.0 161.0 159.5 159.0 0.84 0.684
50% 166.5 165.5 168.5 165.5 0.82 0.640
First egg weight (g) 46.7 47.2 45.9 46.8 0.84 0.947
Egg weight (g)
0 - 4 weeks 48.3 49.4 49.0 50.0 0.47 0.675
4 - 8 weeks 57.8 56.3 54.6 56.6 0.55 0.253
8 - 12 weeks 60.5 59.9 58.2 59.7 0.38 0.178
Overall 58.8 57.7 56.1 57.8 0.47 0.266
Egg mass (g/hen/day)
0 - 4 weeks 9.8 11.9 11.7 15.5 1.86 0.784
4 - 8 weeks 45.2 44.9 41.3 48.1 1.55 0.533
8 - 12 weeks 54.0 53.7 52.0 54.7 0.56 0.377
Overall 43.1 43.2 38.8 455 1.07 0.149
Oviposition time
Morning egg weight (g) 59.6 58.3 56.5 58.2 0.49 0.161
Afternoon egg weight (g) 55.4 55.3 54.6 56.1 0.57 0.855
Hen-house egg production (%)
0 - 4 weeks 20.0 24.1 22.7 30.9 3.65 0.788
4 - 8 weeks 78.0 79.8 67.0 85.2 3.25 0.259
8 - 12 weeks 85.4 89.6 78.8 91.8 3.29 0.560
Overall 71.6 74.8 64.6 79.0 2.63 0.277
Hen-day egg production (%)
0 - 4 weeks 20.0 24.1 23.6 30.9 3.67 0.801
4 - 8 weeks 78.0 79.7 75.6 85.2 2.60 0.655
8 - 12 weeks 89.3 89.6 89.3 91.8 1.05 0.839
Overall 73.5 74.8 69.2 79.0 1.89 0.356
Morning hen-day egg yield (%) 58.4 59.4 53.3 60.2 2.18 0.728
Afternoon hen-day egg yield (%) 15.1 154 15.7 18.9 1.20 0.701

TPGRE: Korean ginseng root extract; > Mean of standard error; P >0.05.

The results of measurements of the eggshell colour, L*, a*, b*, H, C* and AE*, are presented in Table
7. Overall L*, a*, b*, H and C* did not differ among treatments. However, in the third and eleventh weeks,
there were significant differences in the L*, a*, H and AE* values among groups. Adding PGRE to diet
increased (P <0.01) the lightness (L*) of the eggshell and reduced redness (a*) compared with the control.
These effects were reflected in the same way in the other parameters (H, C* and AE*), though this was not
observed in the fifth, seventh and ninth weeks, except for AE*. However, it was observed that the lightness
(L*) values of the eggshells decreased, and redness (a*) values increased gradually until the period of peak
efficiency, that is, the colour of the eggshell became darker as the laying hens became older. This is
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Table 5 Effects of dietary PGRE levels on means of external egg quality characteristics

PGRE! Weeks
Parameters
(mg/kg) 3 5 7 9 11 Overall
0 74.58 7594  77.04 77.35 76.13 76.47
Shate index 50 77.27 7528  75.99 76.79 76.36 76.17
P 100 74.15 7666  78.73 76.26 78.66 77.36
150 74.73 7628  76.64 76.51 77.83 76.58
SEM? 0.57 0.37 0.46 031 051 0.20
P value 0.315 0639 0177 0.680 0.260 0.217
0 1.090 1.088  1.090 1.090° 1.002 1.09
Specific gravity (g/cr?) 50 1.090 1.089  1.090 1.087° 1.092 1.09
pecific gravity (g 100 1.090 1.090  1.088 1.092° 1.090 1.09
150 1.090 1.089  1.088 1.089% 1.090 1.09
SEM? 0.00 0.00 0.00 0.00 0.00 0.00
P value 1.000 0920 0371 0.026* 0.176 0.623
0 231 1.40 217 274 259 221
Shell breaking strength 50 0.98 1.72 2.04 2.28 2.95 2.17
(kg/cm?) 100 2.09 1.98 1.79 272 2.19 217
150 1.82 1.65 2.07 237 277 217
SEM? 0.19 013 0.16 013 011 0.07
P value 0.122 0528  0.866 0.527 0.094 0.996
0 3467 3233 3392 372.3 3506 3478
. 50 3367 313.3 315.4 339.2° 361.7 332.6
Egg shell thickness (um) | )5 35 7 317.6 327.9 369.2° 345.7 3395
150 3400 332.9 3325 358.3° 350.6 345.2
SEM? 4.46 4.49 372 351 333 224
P value 0.367 0455  0.138 0.001%* 0.344 0.078
0 60.52 64.06  68.78 70.41 69.69 67.70
Surface area (o) 50 61.45 6349  67.05 68.55 69.06 66.71
100 59.18 63.15  66.33 69.05 69.74 66.61
150 60.18 64.26  68.07 70.04 70.79 67.39
SEM? 0.70 0.36 0.44 0.39 0.33 0.32
P value 0.839 0714  0.198 0.309 0.308 0.565

TPGRE: Korean ginseng root extract; > Mean of standard error.
Means within a column with different superscripts differ significantly. * P <0.05; ** P <0.01.

consistent with Odabasi et al. (2007), who reported that a decrease in pigmentation was associated with a
decrease in the amount of redness (a*) in the eggshell. The same researchers claimed that 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. Hence, the lighter coloured eggshells (higher L*) would have less redness
(a*). However, an additional measure representing C* indicated similar trends for b* and C*, which imply
no advantage of this attribute in characterizing eggshell colour (Li et al., 2006). L* is the most similar in the
colour index to total colour, AE* (Ingram et al., 2008).

The averages 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. Forster
& Flock (1997) studied the eggshell colour in commercial brown egg strains of 52 to 60 weeks of age. They
found the average range of L*, a* and b* values among all strains to be between 62.6 and 69.6; 13.3 and
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Table 6 Effects of dietary PGRE levels on means of internal egg quality characteristics

Parameters PGRE' Weeks
(mg/kg) 3 5 7 9 11 Overall
0 11.00 9.50° 10.88% 10.57 11.63° 10.67°
Yolk colour 50 7.00 10.63° 11.252 10.62 10.88" 10.62°
100 6.50 8.86° 10.25" 10.38 10.57° 9.81°
150 6.75 8.75" 9.63° 10.13 11.63° 9.67°
SEM? 0.69 0.18 0.17 0.11 0.14 0.12
P value 0.058 0.000%*  0.002** 0.385 0.009** 0.001**
0 8.54 8.59 8.62 8.72" 8.66 8.64
Albumen pH 50 8.59 8.52 8.65 8.942 8.78 8.72
100 8.64 8.53 8.70 8.78 8.63 8.66
150 8.63 8.59 8.56 8.69" 8.73 8.64
SEM? 0.02 0.03 0.03 0.02 0.02 0.01
P value 0.592 0.697 0.350 0.000** 0.135 0.173
0 14.43 13.46 13.35 10.89° 10.84 12.31
Albumen index 50 15.34 13.14 13.18 15.25; 11.70 13.44
100 13.71 14.58 14.10 11.40 11.54 12.94
150 14.28 14.90 13.87 12.42° 11.49 13.29
SEM? 0.58 0.46 0.41 0.52 0.31 0.22
P value 0.891 0.477 0.857 0.008** 0.780 0.286
0 47.1 45.5 45.9 44.1 44.7 45.20
Volk index 50 43.8 46.9 45.6 46.3 45.6 45.96
100 48.6 47.3 46.3 46.0 44.1 46.12
150 46.5 47.2 44.6 45.9 43.6 45.45
SEM? 0.72 0.52 0.32 0.62 0.41 0.23
P value 0.185 0.585 0.261 0.632 0.364 0.486
0 5.18 5.44 6.28 6.48° 6.50 6.10
Shell weight 50 5.30 5.35 5.96 5.85° 6.49 5.88
100 5.02 5.47 5.72 6.41° 6.35 5.93
150 5.13 5.54 6.02 6.26® 6.45 5.96
SEM? 0.07 0.10 0.09 0.08 0.06 0.05
P value 0.732 0.933 0.166 0.022* 0.840 0.502
0 98.9 98.2 99.3 92.5 92.4 95.88
Haugh unit (score) 50 103.0 97.2 99.2 96.8 94.6 97.30
100 99.4 100.3 99.6 94.0 94.4 97.21
150 102.2 101.1 100.9 97.3 94.7 98.91
SEM? 1.06 1.10 1.07 0.79 0.94 0.51
P value 0.549 0.571 0.947 0.100 0.800 0.205

TPGRE: Korean ginseng root extract; > Mean of standard error.
Means within a column with different superscripts differ significantly. * P <0.05; ** P <0.01.
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Table 7 Change in colour of eggshell lightness (L*), redness (a*), yellowness (b*)]* during 12-week laying
period

PGRE? Weeks
Parameters
(mg/kg) 3 5 7 9 11 Overall
0 65.6" 68.9 64.6 63.6 62.8° 65.0
L 50 67.1° 68.7 66.8 66.2 63.6° 66.4
100 71.7° 67.9 63.5 63.8 67.8% 66.3
150 67.2° 66.0 63.8 65.8 64.0° 65.1
SEM® 0.75 0.63 0.54 0.58 0.62 0.30
P value 0.008** 0.349 0.121 0.286 0.014* 0.235
0 13.86° 11.20 14.68 15.20 14.45? 13.88
o 50 12.50% 11.29 14.55 14.14 13.88° 13.38
100 10.80° 11.64 15.76 15.68 11.59° 13.42
150 12.78% 12.98 15.65 14.30 13.94° 14.06
SEM® 0.40 0.38 0.33 0.38 0.37 0.20
P value 0.043* 0.320 0.446 0.437 0.020* 0.559
0 24.23 22.93 24.84 27.78 24.70 24.99
e 50 29.99% 25.18 26.70 29.29 24.76 26.78
100 25.41° 24.63 25.87 27.35 25.53 25.81
150 25.16° 27.47 26.43 27.53 23.82 26.19
SEM® 0.72 0.72 0.57 0.64 0.56 0.31
P value 0.005%* 0.169 0.693 0.718 0.774 0.216
0 1.05° 1.11 1.04 1.07 1.04° 1.06
Hue 50 1.18 1.14 1.07 1.12 1.06° 1.11
100 1172 1.13 1.02 1.05 1.15% 1.09
150 1.10® 1.13 1.04 1.09 1.04° 1.08
SEM® 0.018 0.01 0.01 0.01 0.012 0.01
P value 0.028* 0.841 0.450 0.066 0.002** 0.080
0 27.93 25.58 28.87 31.68 28.64 28.63
Chroma 50 32.49% 27.67 30.46 32.58 28.45 30.02
100 27.61° 27.27 30.34 31.56 28.07 29.17
150 28.28" 30.43 30.79 31.07 27.64 29.79
SEM® 0.64 0.75 0.57 0.67 0.57 0.32
P value 0.005%* 0.145 0.670 0.896 0.938 0.418
0 71.3° 73.6 70.8 71.1° 69.1° 71.2°
AE* 50 74.6% 74.2 73.4 73.9% 69.8 73.0%
100 76.8% 73.4 70.5 71.4° 73.5% 72.6°
150 72.9% 72.7 70.9 72.9° 69.8° 71.7%
SEM® 0.69 0.45 0.48 0.39 0.47 0.23
P value 0.009%* 0.750 0.103 0.025* 0.001** 0.021*

A higher L* value means lighter colour; a higher a* value means a redder colour; a higher b* value means a more
%/ellow colour.

PGRE: Korean ginseng root extract; *Mean of standard error.

Means within a column with different superscripts differ significantly. * P <0.05; ** P <0.01.
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17.6; 24.4 and 27.8, respectively. Li et al. (2006) determined the average L*, a* and b* values of brown
eggshell from 31 weeks old hens to be between 61.1 and 66.9, 16.6 and 20.6, 23.9 and 26.9 for brown eggs,
respectively. In the present study, the same parameter values were 65.02 ~ 66.37; 13.38 ~ 14.06 and 24.99 ~
26.78, respectively for Atak-S brown egg. This is consistent with previous results, with minor age effects.
Shell colour is usually affected by genetic background, the season of lay, nutrition, diseases, all kinds of
stimulus, drug, etc. (Wei et al., 1992, Yang et al., 2009).

Serum blood parameters of laying hens at 32 weeks of age are summarized in Table 8. There were no
significant differences among treatments in terms of the serum glucose, cholesterol and triglyceride
concentrations. However, serum cholesterol was numerically lower in PGRE groups than in the control. This
agrees with Ao et al. (2011), who indicated that serum cholesterol concentrations varied from 176 mg/dL to
185 mg/dL and there were no significant differences when different levels of fermented red ginseng extract
were supplemented. Several studies observed that the addition of dietary ginseng decreased the level of
blood lipids (Muwalla & Abuirmeileh, 1990; Yokozawa et al., 2004). Jang et al. (2007) demonstrated that
total cholesterol concentration was decreased by fermented ginseng culture in laying hens. However, this
effect was not confirmed in the present study, probably because of too low a level of supplementation.

Table 8 Effect of PGRE supplementation on some serum traits in laying hens at end of experiment

PGRE" in diet (mg/kg)

Parameters 0 50 100 150 SEM? P Value
Glucose (mg/dL) 307 293 303 304 3.39 0.549
Cholesterol (mg/dL) 160 143 145 148 11.76 0.860
Triglyceride (mg/dL) 1414 1272 1141 1449 130.8 0.852

TPGRE: Korean ginseng root extract; > Mean of standard error; P >0.05.

Conclusion

The results of this study showed that overall, dietary supplementation of PGRE to laying hens’ diet
had no adverse effects on productivity performance, health status of the hens, external and internal egg
quality, eggshell colour and some serum biochemical measurements. Further research is needed to determine
the potential of supplementing PRGE to hens’ diets to improve the welfare of laying hens in different
management conditions, including various stress factors such as environmental and physiological stresses,
dietary ingredients and nutrient content.
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