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Chicken egg (egg) is a conventional food that contains every nutrient required for the

growth of the chicken embryo. Eggs contain high amounts of important proteins and fat

with a very low amount of carbohydrates, and also contain all vitamins and minerals

needed for the chick to develop. We took 5-week-old mice and raised them for 6 months

consuming an egg-only diet, and examined their health conditions. We found that mice

raised on this diet grew to the same weight as mice fed a normal chow diet (ND), and

remained healthy until they were 8 months old. As expected, the levels of total ketone

bodies and 3-hydroxybutyrate were approximately 3 times higher in the egg-only mice

than in the ND mice. Total cholesterol, HDL cholesterol, triglycerides, and free fatty acids

in the serum of the egg-only mice were higher than those in the ND mice. Surprisingly,

serum glucose levels in the egg-only mice were nearly the same as those of the ND mice

at all points. Because of the high amount of fat in the diet (approximately 60% of total

calories), we expected that the egg-only mice would develop fatty liver or other metabolic

diseases. However, over the 6-month examination period, we observed no pathological

changes in the livers of the egg-only mice serologically and histologically. Serum alanine

transaminase and aspartate transaminase levels were normal and no fat droplets were

observed in the livers of the egg-only mice.
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19 Abstract

20  Chicken egg (egg) is a conventional food that contains every nutrient required for 

21 the growth of the chicken embryo. Eggs contain high amounts of important 

22 proteins and fat with a very low amount of carbohydrates, and also contain all 

23 vitamins and minerals needed for the chick to develop. We took 5-week-old mice 

24 and raised them for 6 months consuming an egg-only diet, and examined their 

25 health conditions. We found that mice raised on this diet grew to the same weight 

26 as mice fed a normal chow diet (ND), and remained healthy until they were 8 

27 months old. As expected, the levels of total ketone bodies and 3-hydroxybutyrate 

28 were approximately 3 times higher in the egg-only mice than in the ND mice. Total 

29 cholesterol, HDL cholesterol, triglycerides, and free fatty acids in the serum of the 

30 egg-only mice were higher than those in the ND mice. Surprisingly, serum glucose 

31 levels in the egg-only mice were nearly the same as those of the ND mice at all 

32 points. Because of the high amount of fat in the diet (approximately 60% of total 
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33 calories), we expected that the egg-only mice would develop fatty liver or other 

34 metabolic diseases. However, over the 6-month examination period, we observed 

35 no pathological changes in the livers of the egg-only mice serologically and 

36 histologically. Serum alanine transaminase and aspartate transaminase levels were 

37 normal and no fat droplets were observed in the livers of the egg-only mice. 

38
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50

51 Introduction

52  Chicken egg (egg) is a conventional food that contains every nutrient needed for 

53 the normal growth of the chicken embryo. Eggs contain high amounts of important 

54 proteins and fat, with a very low amount of carbohydrates. Eggs contain all 

55 vitamins and minerals needed for chick development [1]. Human fetuses receive 

56 nutrients from the mother, but after birth, humans receive nutrients in different 

57 ways depending on their regional habits or religion. 

58   Obesity and metabolic syndrome are currently serious problems worldwide. 

59 Type 2 diabetes, nonalcoholic fatty liver disease (NAFLD), atherosclerosis, stroke, 

60 and ischemic heart disease occur in people with those conditions [2]. To overcome 

61 obesity, people have been trying various diets. Long-term caloric restriction with 

62 adequate intake of nutrients reduces the risk of developing type 2 diabetes, 

63 hypertension, and cardiovascular diseases [3]. The Ramadan diet, characterized by 

64 fasting during daylight hours with food consumption predominantly consisting of a 
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65 high-calorie, high-carbohydrate evening meal, has been associated with beneficial 

66 effects [4]. A Mediterranean dietary pattern can reduce body weight and body mass 

67 index [5]. The Dietary Approaches to Stop Hypertension (DASH) diet emphasizes 

68 the consumption of vegetables, fruits, whole grains, legumes, nuts, fish, and 

69 poultry, and limits that of sugar-sweetened foods and beverages, added fats, and 

70 red meat. DASH has favorable effects on blood pressure and cardiovascular 

71 disease [6]. Recently, low carbohydrate diets (LCD) have been extensively 

72 investigated in several clinical states [7,8]. LCD are followed by many people in 

73 the world to prevent obesity and Type 2 diabetes. On the other hand, LCD, 

74 especially the ketosis diet, have been shown to have adverse effects. Low 

75 carbohydrate-high protein diets were demonstrated to be associated with an 

76 increased risk of cardiovascular diseases. Moreover, a carbohydrate-restricted diet 

77 was reported to increase mortality [9,10]. 

78   In order to answer the question whether egg consumption is good for health, we 

79 set up experiments in which young mice were fed only eggs. Such mice grew to 

80 the same weight as the mice fed a normal diet. Surprisingly, the weight of the mice 
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81 and the size of the livers of the mice fed only eggs were almost the same as those 

82 of the mice fed a normal diet (ND mice). Because of the low amount of 

83 carbohydrate, it is likely that energy was derived from lipid oxidation and ketone 

84 bodies. However, the blood glucose level of the mice fed only eggs was almost the 

85 same as that of the mice fed a normal diet.  

86

87 Materials and Methods

88 Mice

89  Five-week-old C57BL/6 (C57BL/6n; B6) mice were purchased from SLC Japan. 

90 They were maintained on either a normal diet (ND; CLEA Rodent Diet CE-2) or 

91 on an egg-only diet, under 12-hour light and dark cycles and specific pathogen-free 

92 conditions in the Animal Research Facility at the Nagoya Women’s University, 

93 and were used according to institutional guidelines. All mice were housed up to 5 

94 mice per cage, with ad libitum access to diet and tap water. The Animal Care and 

95 Use Committee of Nagoya Women’s University approved the study protocol.

96 Mouse diets and feeding
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97  The CLEA Rodent Diet CE-2 was the ND; it contains 8.84% water, 25.48% 

98 protein, 4.61% fat, and 61.07% carbohydrate, along with vitamins and minerals. 

99 The energy of 100g of CE-2 is 339.1 kcal (Chubu Kagaku, Japan). For the egg-

100 only diet, we used boiled eggs. Eggs were obtained from firms in Aichi, Japan. The 

101 nutritional analysis of the boiled eggs was performed at Japan Food Research 

102 Laboratories (Nagoya, Japan). Boiled egg has a high water content (75.6g/100g), 

103 and 12.9g/100g protein, 9.6g/100g fat and 1.1g/100g carbohydrate and vitamins 

104 and minerals, which corresponds to 36.1% of calories (E) from protein, 60.8% E 

105 from lipid and 3.1% E from carbohydrates.  

106 Histological analysis

107  Liver tissue was fixed in 4% paraformaldehyde buffered with PBS (pH 7.4) and 

108 blocked in paraffin. Paraffin-embedded 4-μm sections were stained with 

109 hematoxylin for 5 minutes and with eosin for 3 minutes.

110 Biochemical analysis

111   Serum samples were obtained from the mice at the time of sacrifice. Serum 

112 glucose, ketone bodies, and the liver marker enzymes alanine transaminase (ALT) 
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113 and aspartate transaminase (AST) were measured by enzymatic colorimetric assays. 

114 Serum levels of ALT and AST were calculated by the measurement of pyruvate 

115 (555nm) using WAKO assay kits (Wako Pure Chemicals, Osaka, Japan). Blood 

116 glucose was measured by using the LaboAssayTM Glucose kit (Wako Pure 

117 Chemicals, Osaka, Japan). Ketone bodies, including total ketone bodies (T-KB) 

118 and 3-hydroxybutyrate (3-HB) were measured by AUTO WAKO Total Ketone 

119 Bodies and 3-HB (Wako Pure Chemicals, Osaka, Japan). Total cholesterol, HDL 

120 cholesterol and triglycerides (TG) were measured using the Wako E test, and free 

121 fatty acids (FFA) (non-esterified fatty acids; NEFA) were measured using the 

122 NEFA C test (Wako Pure Chemicals, Osaka, Japan). Wavelengths were measured 

123 with an xMark™ Microplate Absorbance Spectrophotometer (Bio Rad).  

124 Statistical analyses

125  Data are expressed as means ± standard deviations (SD). Statistical comparisons 

126 were performed by Test. P-values < 0.05 were considered statistically significant. 

127

128 Results
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129 1. Mice fed only eggs attained the same weight as the mice fed a normal chow 

130 diet (ND), and remained healthy for the duration of the experiment (until 8 

131 months old). 

132  Five-week-old female mice were raised on an ND or egg-only diet. The body 

133 weights of the egg-only mice were the same as those of the ND mice until 27 

134 weeks of feeding (Fig. 1a). Mice were sacrificed at 1 week, 3 weeks and 27 weeks 

135 for examination of organ appearance, organ histology, and metabolic analysis. At 

136 27 weeks (aged 8 months), both the egg-only–fed mice and the ND mice appeared 

137 healthy (Fig.1b). At 27 weeks, the fat accumulation in the abdominal cavities of 

138 the egg-only mice was slightly higher than that of the ND mice. The organs inside 

139 the abdominal cavity had no abnormal characteristics, although the intestines of the 

140 egg-only mice contained egg yolk and looked yellowish (Fig. 1c).

141 2. Serum glucose levels of the egg-only mice were almost the same as those of 

142 the ND mice.

143  Because eggs contain a very small amount of carbohydrate (3.1% E), we thought 

144 that the serum glucose levels of the egg-only mice would be lower than those of 
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145 the ND mice. Surprisingly, the serum glucose levels of the egg-only mice were 

146 almost the same as those of the ND mice (Fig.2). 

147 3. Ketone bodies of the egg-only mice were higher than those of the ND mice.

148   Eggs contain a high amount of fat. The TG in fats is digested into 

149 monoglycerides and FFAs. They are absorbed and stored in mainly fat tissues. TG 

150 is hydrolyzed to monoglycerides and FFA. FFA is oxidized in tissues for energy 

151 production. -oxidation is the main pathway and produces acetyl-coA, which 

152 enters the tricarboxylic acid (TCA) cycle or produces ketone bodies. The ketone 

153 bodies in the serum of the egg-only mice were examined and compared with those 

154 of the ND mice. T-KB and 3-HB were measured at 1, 2, 3, 4 and 27 weeks. As 

155 early as 1 week, both T-KB and 3-HB were higher in the serum of the egg-only 

156 mice than in the serum of the ND mice. Similar results were observed at each time 

157 point (Fig. 3a,b). 

158 4. Livers of the egg-only mice were healthy histologically and serologically. 

159  Because eggs contain large amounts of TG and proteins and a very small amount 

160 of carbohydrates, we expected that the livers of the egg-only mice would be 
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161 different from those of the ND mice, and that the egg-only diet would induce 

162 pathological changes. However, the liver weights were similar between the groups 

163 at 1, 2, 3, 4 and 27 weeks. (Fig.4a). There were also no significant differences in 

164 the levels of serum ALT and AST between the groups. (Fig.4b). We also observed 

165 no pathological changes in the livers of the egg-only mice for 1, 2, 3, 4 and 27 

166 weeks (Fig.4c).

167 5. Total cholesterol, HDL cholesterol, TG, and FA in the serum of the egg-only 

168 mice were high. 

169   As expected, the total cholesterol, HDL cholesterol, TG, and FFA serum levels 

170 in the egg-only mice were higher than those in ND mice (Fig.5).

171

172 Discussion

173 1. The mice fed only eggs were healthy.

174  We have shown that the egg-only mice were healthy from birth to nearly 6 

175 months after the initiation of the diet. There is a murine model of LCD. The 

176 ketogenic diet (KD) is extremely low in carbohydrate [11-14]. The KD has been 
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177 suggested to be more effective in promoting weight loss than conventional caloric 

178 restriction [15]. The composition of the KD differs from that of the egg-only diet. 

179 The KD contains 95.1% E fat, 0.4% E carbohydrate, and 4.5% E protein [1,2], 

180 whereas the chicken egg diet used in our study contains 60.8% E fat, 3.1% E 

181 carbohydrate, and 36.1% E protein. The egg-only diet is similar to the KD in that 

182 both contain very little carbohydrate. However, the KD diet has a lower amount of 

183 protein. We have shown that the egg-only mice showed the same weight gain as 

184 the ND mice, which is different from mice fed a KD. KD-fed mice develop a 

185 distinct metabolic state characterized by weight loss and increased energy 

186 expenditure [16]. The appearance and activity of the egg-only mice for 6 months 

187 was similar to those of the ND mice (Fig.1c). However, because this was the first 

188 preliminary study, we did not examine the physical performance parameters. 

189 2. The low carbohydrate level of the egg-only diet may have induced 

190 gluconeogenesis in the mice.

191   Almost all carbohydrates, which are digested to monosaccharides in the small 

192 intestine, are used for ATP production via glycolysis. We thought at first that lipids 
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193 would be the main energy source in the egg-only diet, because ATP is produced 

194 from fatty acids by β-oxidation. Thus, we thought that the serum glucose level 

195 would be low in the egg-only mice. However, we found that the serum glucose 

196 levels were only slightly lower in the egg-only mice than in the ND mice. This 

197 could be because serum glucose is derived from gluconeogenesis, mainly in the 

198 liver. Proteins in the egg are digested to amino acids, which are used for cellular 

199 protein synthesis, but are also used for gluconeogenesis. Glycerol, which is derived 

200 from the digestion of TG, also might have been used for gluconeogenesis. 

201  3. High serum ketone bodies in mice fed only eggs.

202   We have shown that the levels of T-KB and 3-HB were more than 3 times 

203 higher in the egg-only mice than in ND mice (Fig.3). Because the egg-only diet has 

204 a very low amount of carbohydrates, β-oxidation of fatty acids may have been 

205 enhanced, which would have induced the production of ketone bodies. This 

206 phenomenon is the same as with the KD. Acetyl-CoA generated from β-oxidation 

207 is diverted away from the TCA cycle and converted into acetoacetate, 3-

208 hydroxybutyrate, and acetone (ketone bodies) through ketogenesis in the 
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209 mitochondria [17]. 3-hydroxy-3-methylglutaryl-CoA synthase 2 catalyzes the rate-

210 limiting conversion of acetoacetyl-CoA and acetyl-CoA into 3-hydroxy-3-

211 methylglutaryl-CoA (HMG-CoA), which is further converted into acetoacetate by 

212 mitochondrial HMG-CoA lyase [18]. Then, D-beta-hydroxybutyrate 

213 dehydrogenase generates 3-hydroxybutyrate [19], and acetoacetate spontaneously 

214 undergoes decarboxylation to form acetone. Both acetoacetate and 3-

215 hydroxybutyrate are used as energy sources in extrahepatic tissues [20].

216 4. Normal liver function and histology with the egg-only diet.

217  Because the egg-only diet is high in fat (60.8% E), we expected that the mice fed 

218 only eggs for 6 months would develop NAFLD. Unexpectedly, we found that the 

219 livers of those mice were healthy in terms of liver enzymes and histology. Hepatic 

220 lipid accumulation occurs as a result of excess FFA from high fat diets or an 

221 increase in hepatic fatty acid synthesis [21]. It has been shown that impairment of 

222 TG secretion by VLDL can also contribute to hepatic steatosis under certain 

223 conditions [22]. The amount of fat in eggs is almost the same as that in an 

224 experimental high-fat diet [23]. It is possible that some nutrients in eggs may have 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27000v1 | CC BY 4.0 Open Access | rec: 21 Jun 2018, publ: 21 Jun 2018



225 reduced the accumulation of fats in the livers of the egg-only mice. 

226  Taken together, we have shown that young mice fed only eggs were healthy for 6 

227 months after the initiation of the diet. They were not obese, and had healthy livers. 

228 These mice had similar levels of blood glucose and high levels of ketone bodies 

229 and cholesterol compared with ND-fed mice. 
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308 Figure legends

309 Figure 1. Healthy appearance of the egg-only mice. 

310 Five-week-old female mice were fed 1) only ND (control) or 2) only eggs, ad 

311 libitum for 27 weeks. 

312 (a) Body weights of ND (control) or egg-fed female mice were measured at 1, 2, 3, 

313 4 and 27 weeks of feeding. Data shown are the mean ratios ± standard deviations 

314 (0w: control n=6, egg n=6; 1w: control n=5, egg n=6; 2w: control n=7, egg n=6; 

315 3w: control n=5, egg n=7; 4w: control n=9, egg n=7; 27w: control n=4, egg n=3.)

316 (b) Mice from both groups appeared healthy after 27 weeks of feeding. Mice raised 

317 on a ND (control) or eggs for 27 weeks were sacrificed, and photographs were 

318 taken after opening the abdomen. 

319 Figure 2. Serum glucose levels of the egg-only mice.

320 Five-week-old female mice were fed 1) only ND (control) or 2) only eggs, ad 
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321 libitum for 27 weeks. They were sacrificed at 1, 2, 3, 4 and 27 weeks and serum 

322 samples were taken. Serum glucose levels were measured at each time point. Data 

323 are expressed as means ± standard deviations. Statistical comparisons were 

324 performed by Test. p-values < 0.05 were considered statistically significant. * p-

325 values < 0.05 ** p-values < 0.01.

326 Figure 3. Comparison of the levels of ketone bodies.

327 Five-week-old female mice were fed 1) only ND (control) or 2) only eggs, ad 

328 libitum for 27 weeks. They were sacrificed at 1, 2, 3, 4 and 27 weeks and serum 

329 samples were taken. Total ketone bodies (Fig.3a) and 3-hydroxybutyrate (Fig.3b) 

330 were measured at each time point. Data are expressed as means ± standard 

331 deviations. Statistical comparisons were performed by Test. p-values < 0.05 were 

332 considered statistically significant. ** p-values < 0.01.

333 Figure 4. Liver histology and function of the egg-only mice.

334 Five-week-old female mice were fed 1) only ND (control) or 2) only eggs, ad 

335 libitum for 27 weeks. They were sacrificed at 1, 2, 3, 4 and 27 weeks and serum 

336 samples were taken.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27000v1 | CC BY 4.0 Open Access | rec: 21 Jun 2018, publ: 21 Jun 2018



337 (a) Liver weights of the ND and the mice fed only eggs were measured at each 

338 time point. ** p-values < 0.01.

339 (b) The levels of liver marker enzymes alanine transaminase and aspartate 

340 transaminase were measured at each time point. 

341 Data are expressed as means ± standard deviations. Statistical comparisons were 

342 performed by Test. p-values < 0.05 were considered statistically significant. 

343 (c) Liver tissues removed at each time point were fixed in 4% paraformaldehyde 

344 and blocked in paraffin. Paraffin-embedded 4-μm sections were stained with 

345 hematoxylin and eosin. They were observed by Olympus microscopy and pictures 

346 were taken. 

347 Figure 5. Total cholesterol, HDL cholesterol, triglycerides and free fatty acids 

348 in the serum of the egg-only mice.

349  Five-week-old female mice were fed 1) only ND (control) or 2) only eggs, ad 

350 libitum for 27 weeks. They were sacrificed at 27 weeks and serum samples were 

351 taken. Total cholesterol, HDL cholesterol, triglycerides and free fatty acids were 

352 measured. Data are expressed as means ± standard deviations. Statistical 
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353 comparisons were performed by Test. p-values < 0.05 were considered statistically 

354 significant. ** p-values < 0.01.
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Figure 1(on next page)

Healthy appearance of egg only fed mice.

Five-week-old female mice were fed 1) only ND (control) or 2) only eggs ad lib for 27-weeks.

(a)Body weights of ND (control) or egg-fed female mice were measured at 1, 2, 3, 4 and

27weeks of feeding. Data shown are the mean ratio ± SD (0w; control n=6, egg n=6, 1w;

control n=5, egg n=6, 2w; control n=7, egg n=6, 3w; control n=5, egg n=7, 4w; control n=9,

egg n=7, 27w; control n=4, egg n=3.)(b)Pictures show healthy appearance of the mice of

27weeks of feeding. Mice bred by ND (control) or eggs for 27weeks of feeding were killed and

photographs were taken after opening the abdomen.
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Figure 2(on next page)

Serum glucose levels of the mice fed only eggs.

Five-week-old female mice were fed 1) only ND (control) or 2) only eggs ad lib for 27-weeks.

They were sacrificed at 1, 2, 3, 4 and 27 weeks and serum were took. Serum glucoses were

measured at each time point. Data are expressed as means ± SD.Statistical comparisons

were performed by Test. p-values < 0.05 were considered statistically significant. * p-values

< 0.05 ** p-values < 0.01.
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Figure 3(on next page)

Higher Ketone bodies of the mice fed only eggs.

Five-week-old female mice were fed 1) only ND (control) or 2) only eggs ad lib for 27-weeks.

They were sacrificed at 1, 2, 3, 4 and 27 weeks and serum were took. Total ketone bodies (T-

KB) (Fig.3a) and 3 hydroxy butyrate (3-) HB (Fig.3b) were measured at each time point. Data

are expressed as means ± SD.Statistical comparisons were performed by Test. p-values <

0.05 were considered statistically significant. ** p-values < 0.01.
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Figure 4(on next page)

Liver histology and function of the egg-only mice.

Cellular Senescence as the Causal Nexus of Aging Five-week-old female mice were fed 1)

only ND (control) or 2) only eggs, ad libitum for 27 weeks. They were sacrificed at 1, 2, 3, 4

and 27 weeks and serum samples were taken. (a) Liver weights of the ND and the mice fed

only eggs were measured at each time point. ** p-values < 0.01. (b) The levels of liver

marker enzymes alanine transaminase and aspartate transaminase were measured at each

time point. Data are expressed as means ± standard deviations. Statistical comparisons were

performed by Test. p-values < 0.05 were considered statistically significant. (c) Liver tissues

removed at each time point were fixed in 4% paraformaldehyde and blocked in paraffin.

Paraffin-embedded 4-μm sections were stained with hematoxylin and eosin. They were

observed by Olympus microscopy and pictures were taken.
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Figure 5(on next page)

Total cholesterol, HDL cholesterol, TG and FA in the serum of the mice fed only eggs.

Five-week-old female mice were fed 1) only ND (control) or 2) only eggs ad lib for 27-weeks.

They were sacrificed at 27 weeks and serum were took. Total cholesterol, HDL cholesterol,

TG and FA were measured. Data are expressed as means ± SD.Statistical comparisons were

performed by Test. p-values < 0.05 were considered statistically significant. ** p-values <

0.01.
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