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Abstract – The present study was conducted to 

investigate the effects of dietary supplementation 

with the hydrophilic extract prepared from 

mushroom (Flammulina velutipes) trimming waste 

on hen egg quality in terms of lipid oxidation of egg 

yolk. 2-Mercaptohistidine trimethylbetaine (L-

ergothioneine, EGT) contents of the egg yolk and 

white laid by hens fed on diets added with the 

extract were higher than those laid by the hens fed 

diets without the extract. The EGT contents of the 

egg yolk and white increased with the prolongation 

in the feeding period of the extract and reached to 9-

fold and 14-fold, respectively of the basal levels of 

EGT after 26 days of dietary supplementation. The 

residual oxygen in the glass vials, in which the 

lyophilized powder of the yolks laid by the 

supplemented hens were sealed, was significantly 

(P<0.05) lower compared to those in the control 

group. Phospholipids in the yolk of the 

supplemented group were significantly (P<0.05) 

higher compared to those of the control group. In 

conclusion, dietary supplementation of the 

mushroom extract in the diet of laying hens was 

accomplished not only to enhance the EGT contents 

of the egg yolk and white, but also to increase the 

stability against lipid oxidation of the yolk. 
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I. INTRODUCTION 

 

Hen egg contains valuable nutrients such as 

protein, lipids, vitamins and minerals and is one of 

the most important food sources to maintain 

human health. There have been a number of 

reports on the effects of dietary supplementation 

on egg quality such as nutritional benefit and 

functional properties. Dietary supplementation of 

fermented Ginkgo-leaves in layer diets may be a 

feasible means of producing eggs of lower 

cholesterol and higher PUFA contents (1). Fatty 

acid composition and carotenoid content of egg 

yolk are improved by the addition of marine 

hemicroalgae in laying hen diet (2). Moreover, 

dietary supplementation with wild ginseng 

adventitious root meal increases egg production, 

reduces serum cholesterol concentrations in laying 

hen (3). 

2-Mercaptohistidine trimethylbetain (L-ergo-

thioneine, EGT) is an amino acid analogue that 

was first discovered from ergot fungus of a 

devastated rye grain (4). EGT is biosynthesized 

from L-histidine, cysteine, and methionine, with 

hercynine and hercynylcysteine sulfoxide 

concerned as an intermediate. EGT is 

biosynthesized exclusively in certain fungi and 

some bacteria, but not in any animals or higher 

plant species. There have been a lot of studies on 

the physiological function of EGT, including 

inhibition of discoloration and lipid peroxidation 

(5,6), attenuation of postprandial triglyceride 

concentrations (7), protection against UV and 

gamma irradiation (8), prevention or alleviation of 

disease and anti-inflammatory (9,10), and 

prevention of melanosis (11,12). Mushroom 

contains EGT ranging from 0.4 to 2.0 mg/g dry 

weight and thus is one of the best dietary source to 

obtain EGT, and (13). 

The aim of the present study was to evaluate the 

effects of supplementing diets with extract 

mushroom processing waste including EGT on 

laying hen. Furthermore, the abilities of EGT as an 

antioxidant to prevent the lipid oxidation of egg 

yolk power were investigated. 

 

II. MATERIALS AND METHODS 

 

A total of 10 laying hens (Gallus gallus 

domesticus) of 28 weeks age were selected based 

on their body weights. The hens were distributed 

individually into cages and provided with artificial 

light during 14 h/day. They were given free access 
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to a basal diet and water before the start of dietary 

supplementation. The feeding plan was designed 

to use a 120 g of control diet without mushroom 

extract and a supplementation diets added with 12 

g of the mushroom extract to the control diet per a 

hen. The supplementation diet was fed to all of 

laying hens from 1st till 5th weeks, and then the 

supplementation diet was replaced to the control 

diet which was fed to hens from 6th to 10th weeks. 

This feeding cycle was repeated; the 

supplementation diet and the control diet were fed 

to hen from 11th till 15th and 16th till 20th weeks, 

respectively. 

For measurement of oxygen absorption to 

evaluate lipid oxidation, a 3 g portion of the 

lyophilized egg yolk powder was taken in a glass 

vials (50 ml in vol), and the vial was sealed with a 

Teflon-lined septum. For hydroperoxide analyses, 

a 3 g portion of the lyophilized egg yolk was taken 

in polyethylene bags and stored in an incubator 

controlled at 50 °C for 15 days. 

Contents of EGT in the egg yolk and white 

were quantitatively measured by high-performance 

liquid chromatography (HPLC) with a post 

column reaction system between EGT and 2,2′-
dipyridyl disulphidewith slight modification (15).  

The residual oxygen percentages of the yolk 

lyophilized powder in the vials were quantified by 

gas chromatography.  

Phospholipids in the yolk lyophilized powder 

were quantitatively determined by normal phase 

HPLC using a silica column.  

Microsoft Excel 2007 was used to calculate 

means and standard deviation (SD). One-way 

analysis of variance was used to distinguish 

significant differences among the mean values. A 

statistically significant difference between two 

mean values was declared at P<0.05. 

 

III. RESULTS AND DISCUSSION 

 

The EGT contents in the egg yolk and white of the 

hens fed on diets with the mushroom extract 

increased markedly with prolongation of the 

dietary supplement period, and the EGT contents 

elevated to around 9-fold and 14-fold of the basal 

levels, respectively after 26 days of dietary 

supplementation. Once the supplementation of the 

extract was suspended, the EGT contents of both 

of the egg yolk and white turned to decline rapidly 

and reached to the initial levels to those before 

starting the dietary supplementation. By adding 

the extract to the hen’s diet again after 71 days, the 

EGT contents in egg yolk and the white turned to 

increase again. By the second suspension in 

supplementation of the extract after 105 days, the 

EGT contents in the egg yolk and white decreased 

again (Figs. 1 and 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The percentages of residual oxygen in the head 

space of the vials in which the egg yolk powder 

were sealed decreased gradually during the storage 

period as shown in Fig. 3. Here the residual 

oxygen of the treatment group was significantly 

(P<0.05) higher than that of the control group after 

9 days of storage. 

The total phospholipids of both control and 

supplemented groups decreased slightly 

throughout storage period as shown in Fig. 4. The 

area ratio of phospholipids in the treatment group 

was significantly (P<0.05) higher than that of the 

control group after 15 days of storage. 

 

 

 

 

Figure 1. Changes in ergothioneine contents 

of the egg yolk during dietary supplementation 

of mushroom hydrophilic extract. 

Figure 2. Changes in ergothioneine contents 

of the egg white during dietary 

supplementation of mushroom hydrophilic 

extract. 
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This study showed that the EGT contents in 

both of the egg yolk and white obtained from the 

hens supplemented the mushroom extract 

increased remarkably with prolongation of the 

dietary supplementation period. EGT at a level of 

6.5 mg/day was provided to a laying hen 

throughout 120 g of diet added with mushroom 

processing waste extract in the present study. The 

higher EGT contents in the egg yolk and white 

obtained in the present study suggested that 

supplementation of the mushroom extract to hens 

resulted in the development of EGT-enriched eggs. 

These results were coincident with a previous 

study in which the levels of EGT in the blood of 

pig which were fed on grain became higher 

although pig fed on purified casein was not 

detected of the EGT in blood. The level of EGT in 

the muscle of Kuruma shrimp (Marsupenaeus 

japonicas) were also elevated by dietary 

supplementation of the mushroom extract (15), the 

whole blood of yellowtail fish (Seriola 

quinqueradiata) and the muscle of cattle (16). On 

the other hand, Ey et al. (17) reported that the EGT 

contents in commercial egg yolk and white were 

0.68 and 0.38 µg/g wet weight, respectively. 

Concentration of EGT in the red blood cell of 

male human reaches a maximum level at the age 

of 18, and then it decreases slightly (18). 

Moreover, the rate of EGT accumulation in the 

body is different depending on the type of cell and 

tissues. The accumulations of EGT in the body 

tissue are associated with degree of cells with 

expression of EGT transport (SLC22A4) (19). A 

high level of EGT in the tissues is intimately 

related with the high levels of EGT transport. Also, 

they have functionally validated EGT transport 

from chicken, along with many other species such 

as mouse, pig and zebrafish. Consequently, in the 

present study, the higher EGT contents in the egg 

yolk and white suggest that the egg perhaps 

contained enough EGT transport to accumulate 

EGT from hen tissues. 

The oxidation of unsaturated fatty acid is one 

of the most fundamental reactions in lipid 

chemistry. In the present study, the decrease of 

oxygen in the both glass vials indicated that 

oxygen was used for autoxidation of lipid in yolk 

powder. However, lipids in the control group 

seemed more unstable compared to the treatment 

group after 9 days of storage. The treatment group 

has higher residual oxygen percentage than control 

group, it might be due to the antioxidant activity 

present in EGT of dietary supplement containing 

the mushroom extract.  

We could conclude that the oxidative 

decomposition of egg yolk powder was suppressed 

by dietary supplementation of the mushroom 

extract. This suppression of lipid oxidation will be 

due to ergothioneine in the extract. 

 

IV. CONCLUSION 

 

Dietary supplementation of the mushroom extract 

to laying hens promoted accumulation of EGT in 

egg yolk and white, moreover the stronger 

antioxidative effects of EGT significantly 

suppressed the residual oxygen and PL 

decomposition in the egg yolk powder during 

storage. Decline of hen eggs quality in terms of the 

oxidative stability by handling, processing and 

 

 

 

 

Figure 3. Changes in residual oxygen of the 

control and treatment egg yolk powders during 

storage at 50 °C. 

Figure 4. Changes in phospholipids of the 

control and treatment egg yolk powders 

during storage at 50 °C. 
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preservation will be improved by supplementation 

of mushroom EGT to layer hens. 
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