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Quality Characterization of Smoked Egg by Penetration
Seasoning through Pressurization method without Damaging Eggshell
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Abstract This study was conducted to develop an edible smoked egg by penetrating seasoning through pressurization
without damaging the eggshell and to investigate the quality characteristics of the product. The lyophilized smoked
egg consisted of 2.43% moisture, 4.11% crude ash, 46.08% crude protein, 40.85% crude fat and 6.53% hydrated
carbon. The total content of polyphenol was 3.11 mg%, 35.70% saturated fatty acid and 64.30% unsaturated fatty acid.
Major types of saturated fatty acids included palmitic acid (C16:0), stearic acid (C18:0) and lauric acid (C12:0), while
major unsaturated fatty acids included oleic acid (C18:1) and linoleic acid (C18:2). Due to smoking of the egg, the
eggshell is dark brown, the egg albumen, egg yolk and egg shell are darker than boiled eggs, and the value of a
(redness) is higher than that of boiled eggs. Overall, smoked eggs were organically superior than boiled eggs because
of their seasoning and smoke flavor. The results of this study are expected to further the development of processed

foods using domestic eggs and improve the egg processing industry.
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Table 1. Composition of seasoning

NaCl MSG Water Total indicator
Mixing
1.4 .04 . 100.
ratio(%) 6 0.0 98.50 00.00
2.3 ditdE EA
URMES BAAZ ¢ FA ABE SAkE AE
Holl wheh e, 2, 2N, 24, 238S ©
A8 TH25). RS 105T Artdnzges, 24

W22 Semimicro Kjeldahl'(Vapodest 50 carousel,
Gerhart Co., Germany) 2.2, ZA"W-& Soxhlet &1 0

T=Ea—
2, 232 550C 4HISUS olg3he] 223kl

ZURE AZE 5%5 mm2| 47

8 o wMEY HE
AskAl Zitt o] W Aol Z
F3I= 70 ul2 FYsIR 2, o] Eppendorf tubell
Y1 SHFE 140 ul 71kt Zb tube™ Teflon
homogenizers ©|-8-3ste] TAg Fof AilTeste] 4
AAS Fala o]AS PEA(salinity meter, 1S-10E,
AS ONE Co., Tokyo, Japan)< ©]-83Fo] &35 &, 7|
o] ALE 4319

mm 7+

2.5 E2lmll=

ao
Z89E %S Folin-DenisHoZ A3t
[26-28]. 54 AzxH FA A 1 g4 HdtA 70% et

£ 20 mlE 8A|7F 53 A A 1 mlol Folin-Ciocalteu's
7vetar, 383 AR 5 10%

7hste] E3tet oh A2l A
IAIZE AAAZL $ 700 nmelA] R EE SASGITh
Tannic acid& FHF5=2 %9 =7} 5~50 ug/ml £
HEE Azt Aot FU WPo R FAIst]

T AFHNoRTEH AEFEEY EYds T

reagent A°F | mlE
Na,CO; &HwHv) 1 mlE
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2.6 X[HFAF Eh2E

g AW 2HS

chromatography(GC, Hewlett-

Gas chromatography(GC)E
otz el Gas
Packard 6890 series, Avondale, PA, USA)E ©]&3}¢]
Morrison and smith[29]2] HI'H-S W &3}lo] £45}9)
717184 el 8-0]8} A methylations 38t o™ FA|
Akl A% 0.1gS #3+9 0.5N NaOH/methanol 5
Vortex3}il  100C, 3087+ H]%3}
(Saponification) ¥, 14% BF3-MeOH 5 mlS %1l
vortex@ H 100C, 3027+ #1238t A]7] $ hexane 5 ml
¥ol 100C, 1027 ¥k -, A2l 30~607F
171 & HexaneZ %59 1 mlE #3l GColl
At 235 S ST A EA S 918
GC9] column< SP-2560(100 mx0.25 mm, I.D., 0.2 1
m film thickness, Supelco Inc.)S AF8-3}%12.™, Oven
Temp AZHEE] 4027F4] 180 CE FA1A1%1 F 230C
7HA 3C/min .2 S2A1A 158 59 FA oz A
peak 59 #2l5S =tk Carrier gasi= Ha, Injector
Temp+= 250C, Detector Temp+= 280 CE Z+z+ A 43}
Aot 24z AlRE auto samplerE ©]8€3] 1 W ¢
she] 241819l o, split ratior= 50:19] W& = AAs)
At

mE ¥

=
=
Lg]—

27 245H

A 5L FA A Whils} d3kS el AH

2 Wil 20 mm x 20 mm x 10 mm, W3 15 mm x
15 mm x 10 mmZ ZAgs}o] %*éfo](SUN RHEO

METER, COMPAC-100II, SUN SCIENTIFIC Co.,
Ltd)E o83}, HolE 23¥= 60
mm/min, 2= H)-$-2(Max) 10kg(20kg)o.2 A

AZzAL

=
= ol =

g 5 o}HEl No.5(05)E ©l438) 203 wHE =43}
e, A%, FEA, @A) PR Feilvk

2.8 Mz =X
FA A A
Co., Tokyo, Japan)E

=2 A2}A|(SP-80, Denshoku,
o]-&-&}o] L(lightness), a(redness),
=2]

7}z 2=

b(yellowness)& 17t &
eI o] wj A8-¢t calibration plate™ Lk 91.47,
agl -0.83. bzt 2.80 °J3ith.

3} Hunter's color value®
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(Color), ZZ7H(Texture), “H(Taste), E42 7|5%

(Overall acceptability)9] #57AHE Blind testZ A
aFlek 53 HmRel Fsto] olF Fth(54), FTH4R),
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A S,
210 SAAzZ
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o] EAABIE Statistical analysis system (SAS)
program(version 8.0, SAS institute, Inc., Cary, NC,

USA)°l| ¢J3 ANOVA 7177} Duncan's multiple range
test WHE o] &3t Hgh 1] fFol9F p<0.059014

9948 AAsIATH
3. Z1t ¥ o
3.1 dtd2
FA| Ae] dudR g B4 A= Table 29
eI 8 Sheke 2.439%, X235 4.11%, o

2 46.08%, ZA1% 40.85%01 oM, EFstEL 6

Z et T ARk nu s o) et 2
o) e vhan, 232, A, wedkee
Al ez, ol 7k 5ol Aol ofsf whi iAol
A Aok vt AR Atm T Aojzie] mE Agte]
A EE A AL 5o A A32e] mad
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A 8.4%olH, & Al wE TA A F
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T Al A Alge] dx 54 2
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Table 2. General composition of processed eggs(Boiled, Baked, Smoked)

(Dry basis %)

Sample Boiled egg Baked egg Smoked egg

Moisture 3.41+0.18 2.51£0.18 2.43+0.56

Crude ash 3.34+0.15 4.03+0.13 4.11£0.15

Crude protein 48.07+0.78 47.78+0.78 46.08+0.84

Crude fat 40.93+0.56 39.67+0.49 40.85+0.51
Carbohydrate 4.25+0.18 6.06+0.09 6.53+0.18

Table 3. Total polyphenol content and salinity of processed eggs(Boiled, Baked, Smoked)

Boiled egg Baked egg Smoked egg

Total polyphenol 25120.18" 3.71£0.14 3.11£0.15

Salinity 0.30£0.51% 2.10£0.66% 2.30+£0.48%

R Means+SD(n=3), Different letters within the same column differ significantly(p<0.05) by Duncan's multiple rang test.
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49 Ve A 245} 47 AFsel, P, G mymh FHE] Yrkn wuskgn EsEe 48
o g ARSIt & AfeMe 7 A A 22 ol dHe] gl Al vlaste] & W, F
H(3.71 mg%), TA ADB.11 mg%), 4 AT251 A AT L ERERTE 35-Fo] 2wk W g Hnpe}
mg%)°] £ Table 337 22 EHejullwe o U ol Akl YEbsk
Bt Choi 59 AT34]0] ©=2H WLERE A%
B 1g9 s 1228 mgo] FHrHo] givkal Hal 3.4 X|diAr ShaF
5} Park 59 AT35]e] wWE2H HLEdwie} kg Aiate] x4 @ 3RS Table 4, 59 2tk AL
ool F ZEiES ZHZF 108.65 mgml, 389.99  So] Al 32]e] wEw AAAA AARE Foldt Aeh)
Table 4. Saturated fatty acid composition of processed eggs(Boiled, Baked, Smoked)
. Composition of Fatty Acid(%)
Fatty acid .
Boiled egg Baked egg Smoked egg
4:0 0.000.00 0.00+0.00 0.00£0.00
6:0 0.000.00 0.000.00 0.00£0.00
8:0 0.000.00 0.000.00 0.00£0.00
10:0 0.00£0.00 0.00+0.00 0.00£0.00
11:0 0.00£0.00 0.00£0.00 0.00£0.00
12:0 0.00£0.00 0.00+0.00 0.00£0.00
13:0 0.00£0.00 0.00£0.00 0.00£0.00
14:0 0.41£0.11 0.40+0.02 0.40+0.05
15:0 0.20£0.01 0.20+0.11 0.10£0.03
16:0 26.72+0.15 26.60+0.05 26.20+0.11
17:0 0.30:0.00 0.30:+0.02 0.30:+0.05
18:0 10.71£0.07 11.10£0.15 8.70+0.01
20:0 0.00:0.00 0.000.00 0.000.00
21:0 0.00:0.00 0.00£0.00 0.00£0.00
22:0 0.00:0.00 0.00£0.00 0.00£0.00
23:0 0.00£0.00 0.00£0.00 0.00£0.00
24:0 0.00£0.00 0.00+0.00 0.00£0.00
2.SFA 38.34+0.34 38.51+0.35 35.70£0.25
Table 5. Unsaturated fatty acid composition of processed eggs(Boiled, Baked, Smoked)
Fatty acid ‘ Composition of fatty acid(%)
Boiled egg Baked egg Smoked egg
14:1 0.00+0.00 0.00+0.00 0.10+0.03
15:1 0.00£0.00 0.00+0.00 0.00£0.00
16:1 2.60+0.00 2.40+0.03 3.00+0.11
17:1 0.20£0.15 0.10+0.01 0.20+0.00
18:1 trans 0.20:0.00 0.20+0.01 0.30+0.01
18:1 cis 34.90+0.07 35.20+0.11 40.50+0.15
18:2 trans 0.01£0.00 0.00:£0.00 0.00:£0.00
18:2 cis 16.00+0.18 15.90+0.05 15.30+0.00
18:3 trans 0.11£0.00 0.00+0.00 0.10+0.01
20:1 n-9 0.20+0.05 0.20+0.01 0.30+0.01
18:3 n-3 0.30+0.01 0.30+0.05 0.40+0.11
20:2 0.20+0.03 0.20+0.00 0.20+0.01
20:3, n-6 0.30£0.15 0.30+0.01 0.20+0.00
22:1 n-9 0.00£0.00 0.00£0.00 0.00+0.00
20:3 n-3 0.00£0.00 0.00£0.00 0.00+0.00
20:4 n-6 4.70£0.11 4.60£0.11 2.70+0.23
22:2 0.00:£0.00 0.00:£0.00 0.00:£0.00
20:5 n-3 0.00:£0.00 0.00:0.00 0.00£0.00
24:1 0.10£0.01 0.10+0.00 0.10£0.01
22:6 n-3 1.80+0.11 1.80+0.09 1.00:£0.00
2USFA 61.62+0.80 61.30+0.48 64.30+0.66
2. TFA 0.32+0.01 0.20+0.01 0.40+0.02
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b oo EESAMAIRD docosahexaenoic  acid(DHA,
Ak 66.91%= UERY B Aol H]5xgh Aes Hol 22:6)9] 32 1.80%, 1.80%, 1.00%= &<lek 4= 9l
Atk AFN A ZSAWIHESFA) ] 24 B T Aot ERAAPIKETFA)S] 24 2 gk gk Al
Table 40 JelWon ¥ ax|uite] g 1L A (0.32%), T-& AIFH0.20%), FA A#H0.40%) LIERY
2H(38.51%), 4+ ATH38.34%), &4 A$35.70%) <= Stk

o2 Jehgth Egx|wt F Palmitic acid(C16:0)E

%

a2 A", T2 A, A AR 47 26.72%, 3.5 M =X
26.60%, 2620%% #HUT  F SI%lalL,  stearic T AT v 3 zA7k0] Foalt) Arl AE
acid(C18:0)= 4h2 AlTH(10.71%), T2 AlTK11.10%), zxZe] W&e doy|=g D3t 3oz Hojaiy o]
A ARB.70%) e HERNATE lauric acid (C12:005  AFEslo] glo] wj$- F3 aaw 288=4|[35, 36]
B A, T AR A AR AolS BolA| B9t FA) Alge] AT Table 69 2uh W] Awi= 4
U(p<0.05). =ESAHEZUSFA)S] 24 2 FF2 o A 7 A, T4 AT £, Are F4
Table 50 YepHAaL -2 Al & A=, &4 Al Ak e A, 18 AT o). B T4 A
7Yzt 61.62%, 61.30%, 64.30%= A ARl F97F @ 2o Ad e AY o At w2 ey
EQTE F 2SR F o] s Wokd oleic  th wEe] 4w dEAE T4 A T A, A
acid(C18: )= 4H2 AH(34.90%), T=ATH3520%), A ¢oz Jehdn Ars il Arel ko AgRS
TA ATH40.50%) S F1 = AL, F AR 3 ngu) F4) ASe sbw 24 = G o8 vl
#o] Wokd linoleic acid(C18:2)3= 42 AlgH16.00%), o] Aste= 34 o] B4 A ATe] 9]¢ whabA
T2 ATH15.90%), TA ATH1530%) 2 YEPATE  wge] A wlwsl AA Hxle] zpolE Vet
Table 6. Properties of processed eggs(Boiled, Baked, Smoked)
Boiled egg Baked egg Smoked egg
Egg white
Strength(g/cm?) 5.68+3.80 4.61£1.89 1.45£0.23
Hardness(g/cmz) 5.95+1.58 3.05+1.58 7.22+£0.94
Yield strcngth(g/cmz) 240.00+£98.49 303.33+300.89 353.33+58.59
Elasticity(%) 97.81+2.74 106.29+4.06 100.97+2.62
Egg yolk
Strength(g/cm?) 1.39+0.28 2.52+1.80 4.79+1.85
Hardness(g/cmz) 6.99+1.01 6.07+3.66 7.22+0.93
Yield strength(g/cmz) 336.67+70.24 616.67+444.67 700.00£560.27
Elasticity(%) 58.2047.62 55.5048.53 54.81+8.38
Table 7. The color of processed eggs(Boiled, Baked, Smoked)
Boiled egg Baked egg Smoked egg
L 60.54+1.72 37.03£2.04 43.47£9.12
Egg white a -4.50+0.93 1.56+0.22 0.82+0.69
b 3.69+0.99 9.69+0.73 10.04£2.10
L 55.73¢1.75 51.67+0.74 46.80+£3.45
Egg yolk a 0.35£0.73 0.56+0.11 0.91£0.42
b 27.21£1.96 24.05+0.70 20.14+4.19
L 29.99+1.61 33.31£3.77 24.64+4.03
Egg shell a 5.72+0.06 7.09+0.85 6.34+1.86
b 9.31£0.79 11.34+1.35 8.08+1.83
Table 8. Sensory evaluation of processed eggs(Boiled, Baked, Smoked)
Taste Texture Flaver Overall preference
A boiled egg 3.25+0.64 3.05£0.76 3.05+0.60 3.12+0.53
Baked egg 3.85£0.75 3.60+0.75 3.40£0.75 3.61£0.38
Smoked egg 4.15+0.88 4.05£0.60 3.65+0.74 3.95+0.41
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