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Laying hens are known to be able to 'bio-accumulate' the health-promoting ingredients of their diet
into eggs. The purpose of this study was to characterize lignan-rich eggs as functional food fed with
Schisandra fruit by-product (SCP). Experimental diets were formulated using yellow corn, rice bran,
soybean meal, fish meal, meat bone meal, poultry meal, vitamin premix, mineral premix, CaCOs3,
and supplemented Schisandra chinensis by-product. This experiment conducted a completely random-
ized design with 5 treatments for 5 laying hens. Levels of SCP were fed control diet or each formulated
diet containing 1%, 3%, 5% and 7% SCP powder. The weight of eggs and the lignan content in
white and yolk of egg were investigated every 7 days. Egg production and egg weight were not
affected by diet at less than 5% SCP in the diet, but were significantly reduced when the diet was
supplemented with a high concentration of 7% SCP after 3 weeks. Yolks and white in eggs were
analyzed by using a high performance liquid chromatography (HPLC) to determine the lignans profile.
Higher dietary SCP supplementation significantly increased gomisin N and schisandrin C in Acetonitrile
(»<0.05). Gomisin N in egg white increased in a concentration-dependent manner, but shisandrin C
not detected. These results indicated that the use of SCP powder in layering diets was effective in
egg quality and for the production of lignans fortified eggs. In conclusion, dietary supplementation
of Schisandra by-product with less than 5% can produce lignans-enrich eggs used as functional foods.
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Table 1. Formula and chemical compositions of experimental

diet

Ingredient Concentration (%) in feed
Corn 55.40
Wheat HRW 3.29
Wheat bran 10.79
Soybean meal 19.39
Limestone 9.43
Calcium phosphate 1.12
Salt 0.30
DL-Methionine 0.10
Vitamin premix” 0.10
Mineral premix” 0.10
Schisandra by-products 0 1 3 5 7

“Contains per kg: vit. A, 5,500 IU; vit. D3 1,100 ICU; vit.
E, 11 mg; vit. B12, 0.0066 mg; vit. K3, 1.1 mg; riboflavin,
4.4 mg; pantothenic acid, 11 mg (calcium pantothenate: 1.96
mg); choline, 190.96 mg; folic acid, 0.55 mg; pyridoxine,
2.2 mg; biotin, 0.11 mg; thiamine, 2.2 mg; ethoxyquin, 125
mg.

YContains per kg: Cu, 10 mg; Fe, 60 mg; I, 0.46 mg; Mn,
120 mg; Zn, 100 mg.
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(Milli-Q)<= Fisher (Thermo Fisher Scientific, USA)$} fomic
acid (HPLC ‘&)< Sigma-Aldrich AHSt. Louis, MO, USA)
ZHE Fdsto AMESIAY. BE e Al B
2] SFo]™ Merck Ltd. (Merck, Germany)oll A -3}
ALg-5tth 5 &2 2 gomisin N, schisandrin C 2 schi-
sandrin 2 Sigma-Aldrich (St. Louis, MO, USA)°ll 4 13}
o] A3 TH HPLC #4902 o5 HX, A5 A5 49
7], 28 2% =4 AA ¥ diode-array detector =717}
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A 71€7], b: yEH, x: A5 FE, y: peaks] WA
2 Yep A=, A7e] HR3AdL y=16.82x+21673.68,
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Table 2. Analytical conditions of HPLC

Instrument Agilent 1100 Series equipped with a
1100 dual pump, autosampler, and
diode array detector

Column Luna C18 (5§ pm x 4.6 x 250 mm)

Mobile phase A) water/formic acid

B) acetonitrile

Gradient Time (min) A (%) B (%)

conditions 0-10 100 0
10-30 10 90
30-50 20 80
50-60 30 70

Flow rate 0.5 ml/min

Temperature 30°C

Detection 254 nm

Injection volume 10 pl
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Table 3. Effect of Schisandra chinensis by-product on egg
production in laying hens

Schisandra by-products Egg weight (g)

powder in feed (%) 1st week 2nd week 3rd week

Control 63.9+4.37 63.4+4.1  60.6£3.4%
1 602442  60.542.8 59.7+1.7°
3 63.845.8  60.6£6.0 58.743.6°
5 59.044.4 563439 59.4+1.9°
7 61.543.1 589425 48.7+6.4°

“Values are presented Mean + SD. Each weight was mean
of 5 eggs and expressed per each one.

YMean values within a same row (column) with different su-
perscript letters were significantly different at p<0.05.
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Table 4. Content of gomisin N and schisandrin C in egg
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Hetel 2[at ghek 24
A AEE2 F&o] oF 51%°]aL 2 oF 13%
AZHE Zlo® RuEa Uo17]. & APl AT
170 FAl(Table 1)E 712 gomisin N} schisandrin C2]
FFE EA A TH(Table 5). LPIAF FZ2 1%, 3%, 5%
P T%E FH7MSE AR Aol 157Y T AR & AT
gomisin N&| & 747y 134.9, 452.3, 679.4 2 1005.2
gl 2 HA7te =l 558 FUlelgen, evjzr 2
HA7F A= Ae] 3F A= e 2Folt qlith vk
7% A7} Az Q] 2ol A goll= 35 o AT W T
o] Fo|3tA 7FA3H T Schisandrin C&] & AR
emz B AUl e st &8 dASA SUHHA
o, 1% A7} 2lo]lat2 2lo]7|3to] 3F /A AojAF5F
FolstAl S71e oM, 3%}t 5% o]t 2 o] 7] 7k
W2 zlol= PR, 7% 2lo]e] A -f-oll= 253} o)t
A st F7FstR o, 35kl @A A 24
=
2 Age] Ax ena A 2EE SEEE
S W= T ESFE AT g A e Fade
?J‘%ko] 1 mg7tA] S71etith mElEs FEES
2 Zrtetis wol ¢& W FE)] $Fo] 03~1.5 mg/
60 g2 713 Eu[15], LuAke] ASol= v & =&
Eo| ofd Bo-& At H7HE A& HItehe on
7 o] ofFo] BETE AT Yol g1t ko] St
e AEFE BojA B Ao vld A5 JESIT
20Jx, 20|X FAE & S0 FE29| 2|3t &2t
Aol AHEE v BaEd vt Et-E go-
misin N, schisandrin C ¥ schindrin®] 2] 1 32 Fig.
1 2 Table 67 2t} w7t A% 2122 Gomisin N,
Schisandrin C, Gomiain A, Schisandrin:= Z}2Z} 20.89+0.07,
4.45+0.01, 9.28+0.03, 32.17x0.11 0.2 A 4%F-2] 2|14 T&F

uol-

yolk and white of laying hens

Schisandra powder Gomisin N (pg)/g dry

weight egg

Schisandrin C (ug)/g dry weight egg

Sample (%) in feed” Ist week 2nd week 3rd week Ist week 2nd weeks 3rd weeks
Control nd” nd nd nd nd nd
1 14.65+2.44 14.56+3.28 17.73£2.13 9.56+0.79 11.38+1.76 13.05+1.53
Yolk 3 38.02+3.03 38.31+3.76 37.78+1.95 32.03+2.25 30.29+2.59 33.23+4.09
5 65.95+4.29 70.69+5.70 72.67+5.65 58.53+3.90 59.15+1.69 58.75+4.86
7 96.35+4.25 93.05+0.78 71.77+6.47 70.87+6.06 81.08+0.84 50.26+2.93
Control nd nd nd nd nd nd
1 nd nd nd nd nd nd
White 3 15.79+1.69 14.93+1.34 17.06+1.52 nd nd nd
5 17.68+£3.93 16.51+£2.42 24.18+£3.94 nd nd nd
7 19.89+1.25 20.20+0.61 20.96+0.37 nd nd nd

“Laying hens were fed feed supplemented with 1%, 3%, 5% and 7% Schisandra chinensis by-product powder for 3 weeks.

Ynd means not detected.
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Table 5. Content of gomisin N and schisandrin C per egg

Content of lignans (pg)/egg

0,
Egg part Cizn(f:éegiﬁ) Gomisin N Schisandrin C

Ist week 2nd week 3rd week Ist week 2nd week 3rd week

Control 0 0 0 0 0 0
1 134.9+£22 .4 134.1+£30.2 163.3+£19.6 88.1£7.2 104.9£16.2 120.2+14.1
Egg yolk 3 371.2+£29.6 374.0+£36.7 368.8+£11.0 312.6£22.0 295.7£25.3 324.3+£39.9
5 595.3+38.7 638.1+51.5 656.0+51.4 528.44+35.2 533.9+15.2 530.3+43.9
7 906.6+40.0 875.6+7.4 675.3+43.0 666.8+57.0 763.0+7.9 461.7£22.5

Control 0.0 0.0 0.0 0.0 0.0 0.0

1 0.0 0.0 0.0 0.0 0.0 0.0

Egg white 3 81.248.7 76.9+6.9 87.7+7.8 0.0 0.0 0.0

5 84.1+18.7 78.5+11.5 115.0+18.8 0.0 0.0 0.0

7 98.6+ 6.2 66.8+33.5 69.3+34.7 0.0 0.0 0.0

Control 0 0 0 0 0 0
1 134.9+£22 .4 134.1+£30.2 163.3+£19.6 88.1£7.2 104.9+16.2 120.2+14.1
Total 3 452.4+33.6 450.9+43.5 456.5£9.4 312.6+22.0 295.7+25.3 324.3+£39.9
5 679.4+56.7 716.6+61.4 771.0+£69.8 528.4435.2 533.9+15.2 530.3+43.9
7 1005.2+34.0 942.3+34.1 744.6+54.2 666.8+57.0 763.0+7.9 461.7+£22.5

?Laying hens were fed feed supplemented with 1%, 3%, 5% and 7% Schisandra chinensis by-product powder for 3 weeks.
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Fig. 1. HPLC chromatogram of hexane extract of Schisandra chinensis fruit, by-product and authentic compounds: Schisandrin,

Gomisin A, Gomisin N and Schisandrin C. A mobile phase consisting of mixture of solvent A (water containing 0.025%

formic acid) and B (acetonitrile) and employing a gradient elution (from 10:90 to 100:0, v/v) at a flow rate of 0.5
mL/min. The detection wavelength was set at 280 nm.
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Table 6. Content of gomisin N, gomisin A, schisandrin C and schisandrin in dried fruit with fresh and by-products fruits in

Schisandra chinensis

Schisandra chinensis

Content (mg/g extract)

fruits Gomisin N Schisandrin C Gomisin A Schisandrin Total
Fresh dried” 20.89+0.079 4.45+0.01 9.28+0.03 32.17+0.11 66.79+0.21
By-products” 24.224+0.30 6.63+0.08 10.38+0.12 33.43+0.41 74.66+0.90

“Fresh Schisandra is dried fruits at 70°C for 3 days and then extracted with hexane.
YSchisandra by-product is dried fruits at 70°C for 3 days after primary processing of omijacheong and then extracted with

hexene.
“Values are presented Mean = SD.
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Fig. 2. Percent of schisandrin, gomisin N, gomisin A and schisandrin C in fresh-dried and by-products of Schisandra chinensis
fruits. Schisandra fruits were extracted with hexane, ethylacetate (EtOAc), methanol, 95% pretanol (95% POH), 70%
pretanol (70% POH), 50% pretanol (50% POH), 25% pretanol (25% POH) and water in sonicator for 1 hr at three

times.
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