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Abstract

The temperature changes of dumpling(mandu) during cooking process were examined and the effects of
time-temperature and/or time-size interactions on internal temperature were studied. Mandu was purchased from local

markets and classified by its weight(small, medium, and large). Boiling, steaming,

pan frying, and deep fat frying

were adopted. Internal temperature was measured with a food thermometer in every one minute. The internal temperature
of mandu increased over time in every cooking process(p<0.05). After three minutes the internal temperature of mandu
in boiling, pan frying, and deep fat frying reached over at 74°C, which is high enough temperature to kill the harmful
bacteria, but not in steaming. The internal temperature of mandu was significantly affected by cooking time, size,
and both in boiling, steaming, and deep fat frying(p<0.05). There were significant differences between the internal
and surface temperatures of mandu in the cooking processes except pan frying in three minutes(p<0.05). The results
of this study indicate three minutes' cooking of the mandu by boiling, pan frying, and deep fat frying is safe enough
to eat. However, longer steaming time is needed in order to reach safe temperature. This study also indicates the
cooking time and size of mandu appear to be major factors in determining the internal temperature achieved at 74°C.
More research is needed to check time to reach a safe temperature in the cooking process of mandu by steaming.
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ST T 7l Asek dd oo vd S5 AnF

Ael, 3 ofshs Aol me BUE, AN, FHE, |
A Som pe),

A= F2 7PgelA vEE Blo] BRIt

ol2fgt AHlES =R & Algro] AZE 1004 1&g
T2 Fihdrk(Kang, 2004). 2 AFE vHE TR
U zelehs Wl tisire & glo] Be 87t 9ot
THRoll gigh g e g BA gtk AE7kA| v
ol Wate] AT HuH viEE vk tigk B3y v
(Bok, 2008), wHroll tgt #-52 A3 (Lee et al., 2012),
AN7E Geldt vrale] FEEA(Pyun ef al., 2001), T
FAIE2] 7HekLee et al., 2013) X 7154 THEAIES]
v}l B ~E(Chang & Hwang, 2006), 7HFo] 44 &
8 A(Kim et al., 1995), 1)1 o] BavkEi A}
Aol gk w24 AH(Kim, 2011) Fo] A
o] AZzol st HACCP 48202 Yeuhie] Aza7
T T=(TAhH o= (FH) HECl TeAH(CCP)ox
AX=e] QoK (Chun, 2004). Z1ZARE vhFof] thsle] 2
g T 2% HIE SHAY AR 258 S
Bt 5] - ejFog Ao glrh

SHH H7HER SF 5 A HEES TAeE ¢
st 2 225 AL vk ol S5/, AR,
Ft Toll tiste] 2] Al gk AN 258 AABH
o, fejugtoAE AF iR oA AEE =
& wlo]] Ao 257} 74°C o) olA] 18 o)A 71|
of 3}2 A|A|3}tH Health Canada, 2013; KFDA, 2009a;
U.S. FDA, 2013). &= 2]&o]okEebdA ollx] i1keh 2%
AT T, Hagaadadevimd oM 7t
Az a3t YEAEFE HAS 7t - st &
HALE=AZ ALgste] FALEE 3018 AL A4Sk
ITHKFDA, 2009b; KFDA, 2009c). 7} Z&|ah= 2%
Z W v Uzl 493 2 Hug2ledl fel
sto] 25 o] &= Holok. 12 AN Sy} 255 AL
A F R, RREA, v )7 4 AAE

Foll E3E 7571 5 A USITHKEDA, 2004). & vhE

SR

=

o] fRle] ¥ AF5E Aol AUATHKMEHRD, 2005).

At vl b 3

8- clojuol vhre} 2 RAY AFe] s £
B 918 72ARE ud 3 Uopr} Bl ojg 43
=y oge 9l Ans BeaR Bt

Aol e e THHEEARDE Tt A¥
A2 AFER, W] 27} v el 2]
2 T8k skekA&(Micrgram balance, E02140, Ohaus,
US.A)d FAE S74ste] FAl w2} th48-50 g), 5
(2430 ), 241418 @2 TH3te] A 7} wHre]
Zzele o =27] W 63-67 keal, F 7] WHF 54-55
keal, 2~ =7] ¥HF 27-29 kealo|th. T3 A8 WA
BI-10CYA S5R 5 7ol 24 Aslsich

Zel= el wet sttt nkFe] x W
g EdA] agellA gt stk Foldh, Foh 2
of FA, FH3, F7Itk Fol AAEo] JArkBok,
2008). 1EEE & ATXE A7I(ERHR), AR
), w71, F77IEAREE) 5 e AEske]
Zefshar & @9l R v Aol SAN 2EE S48
et A71eME e &9 257 100°C o) HE
mE 7o g siglh AN el S7171 2
wr] £57] 2271 100°C o) H3le mE Ve 8t
ek w7]elxE Frolete] 2%7} 150°C o) =S uf
2 7|Fo = sgon 30 tHEo R Folrie gtk
F71710M = FH71ES 25271 170-180°Cell =23k3
< WE VIR 3t

R 2w EFe

A58 HH2=A(Digital
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thermometer, SK-1300, Sato Keiryoki MFG. CO. LTD.,
Japan)Z o] 8314 1% RFA0 = 3% 3k Sk B4
SRS WIS B U S Ael 1) 9
ek o) w) whEe] 7bd el 9o wg Helshy
9. 74 el Wil 218E UF l7j21e] Eg &

ok w3 32 2e G Fols W :
24591},

Rerol ol oq
ysiolct. 7 olA
p<0.052 7|Zo &k

°‘°}E7l Hohﬂ t-testS =
SAHeRE  fogt zole

== AL e A = 1—
PA, USA)S o]_g.é}o:] S s}cﬁ;}, ]7]—Bﬂe 2B o RS A7), A7), w70, 7171 T el wEf =&
wo] PEx|el BEANES AEsiglon], olglulx Bap  SIEAM TAN 2EE WS ARTER AN 2
S22 =x]5) Ax |,._‘— 9l 7H
2 (one-way AVOVA) 2 Duncan's multiple range test Hske S 27k [Figure 117 2ok
2 2Nl 2o gRE AASHLh = =8 Az = H71(ETF) B T4 227t 17 Folle W, 5,
PVh FAR el Pl GFES dopuy] sfate @ & A B 45TC, 66T, 5120l en 2
Solat Aol Holx) egleh. et 2% Fole 27 3
)] )
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[Figure 1] Changes of internal temperature of dumpling (mandu) during cooking, (1) boiling, (2) steaming, (3) pan
frying, (4) deep fat frying. Each point represents the mean + SD, Means with different letters in each
size are significantly different by ANOVA and Duncan's multiple range test (p¢0.001),
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T 7337C, 740C, 754 CE A53tern 38 Fol= 7
7k 33t 78.9°C, 79.1°C, 81.8C oYk 28 & 2 32 &
Ne I7ER Fogtk ApolE HolA| eiskrh d7]eA Al
7 Aol wep AR 2vE= o, & A v 2R §9
SHAl 5718k AArH(p<0.001).

RAZ|(AREF)L] BE TR 257 18 Folle ul, Z,
2 ZbzF 933t 2837C, 33.0C, 369Co|glen ar|jdz
frofgh apol & HolA] ettt 217 Foll= 247 Bt 43.
4T, 51.9C, 622°C = A=3tglon 38 Foj= 7tz 7
I 55.1C, 67.6C, 67.6Co|Yrh 137 &, 25 & 2 312
ol A7IER Fogk 2ol HolA] At A 7|4 Al
7 Ao wel AR 2vE= o, & A v 2R f9

A S7FeHAek(p<0.001).

BN(TTHF)Y] A FAR 257 17 Tl o, 3,
2 78z} B4 11.6TC, 129T, 13.9Co|gen Z/E=
Frolgk 2pol5 HolA] et 27 o= 242 Ht 6.
4T, 52.5C, 554C= 433 43t en 38 Sl
zZ¥zy et 772°C, 79.1TC, 822Co]ct. 22 & o 32
Sz Z7EE Fofgt AfolE Kol st w
T AR Aol whet AR 2= U, &, & v BE
frefsiAl S71at Atk (p<0.001).

FA7N7I(FHAER) 2] S SR 257) 1 ol dl,
=, & 247} G 57.47T, 60.2°C, 75.9TCo)9len, =714
2 Frof3k 2po]E HQtH(p<0.001). 18 3+ Zejol|x =7
2% vHrE 3, UiRl REFET fofeh 2 2ol gt
[ =

Adom Z4% 27k T4CE Atk 23 Fol

(Table 1) Interaction effect of time and size on the internal temperature of dumpling (mandu) according to

cooking methods

Cooking methods Source SS df MS F Sig.
Boiling Intercept 416160.000 1 416160.000 28326.857 000™"
Size 546.200 2 273.100 18.589 000™"
Time 15338.600 2 7669.300 522.028 000™"
Size x Time 347.200 4 86.800 5.908 000™"
Error 1190.000 81 14.691
Total 433582.000 90
Steaming Intercept 221017.778 1 221017.778 20399.316 .000™
Size 2726.822 2 1363.411 125.839 000™"
Time 14527.489 2 7263.744 670.423 000"
Size x Time 458311 4 114.578 10.575 000™"
Error 877.600 81 10.835
Total 239608.000 90
Pan frying Intercept 206592.711 1 206592.711 3757412 000™"
Size 366.489 183.244 3333 041°
Time 67291.622 33645.811 611.934 000™"
Size x Time 209.578 52394 953 438
Error 4453600 81 54.983
Total 278914000 90
Deep fat frying  Intercept 659291.211 1 659291.211 52921.007 000"
Size 1435.289 717.644 57.605 000"
Time 20429.422 10214.711 819.930 000"
Size x Time 1287.978 321.994 25.846 000"
Error 1009.100 81 12.458
Total 683453.000 90

" p<0.05, ™ p<0.001.
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257} Zkzt 3t 86.9TC, 94.8T, 98.8 CE o] 45314
on o] 28 Fox AVER {3t XolE HL}
(p<0.001). 3% Foll= FAF 257 42 Hat 85T,
99.0°C, 98.8 Colgon A7z Foldt 2jo]2 Ho|x|
erom 7of ket F7|7]ME ARE A wet F4
52 el 571k H(p<0.001), 53] =71 o,
F20 whFolA] Eesint. A7) 4jl W 24 Fof] o]
1] 98.8°Cell Palar 33 Fol Fofgh Wzt Ik

o frolat Aol7k Q= Ao etk & =7)9) Az
o] WEAEE FoJsAl YERITHp<0.001). A7]oM %=
7] Azl we Faal gosill JElhdt
(p<0.001). T ZL7]9} AJ7be] WG SolalAl ek
THp<0.001). B71oME Z7] 2 Azte] me Fasd)
FrolatAl VERATHp<0.05). et =719k ARkl wszt

2 FoHA] ke Ao R Yehth H7|7¢M e 7]
2 Aol w2 FEAT} F2J5HA YERITHp<0.001). =
A71e} ARFe] WEAEE FolEHA ERETHp<0.001).

ul
=

=

.

2. =g| A2t ¥ 2019 nSEEST
3. X2| ¥ Z4F 2ot EH 2k
whre] 2] ARk} 2o et 243 el v
gaFol thEA Yeh=AE dolR iz} AP mdw w71, A71, w71, 517171 5ol efste] RS 3% 3 £
Mg FaEhint. 1 Az <Table 1>} k. 2] ghud Fol FAN ewol B ewg vlusiet
710 =27 g AR whg FaIATE frolsiAl vk 1 A= [Figure 2]9F 2ot
SEHp<0.001). & 7)ol whek, AjZhel] wheh S4F &5 719 B AR 2 o, & 47 B3dE T8
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[Figure 2] Comparison of internal and surface temperatures of dumpling (mandu) after finishing cooking. (1) boiling, (2)
steaming, (3) pan frying, (4) deep fat frying, Each point represents the mean + SD. Means with asterisk (surface
temperatures) are significantly different compared to internal temperatures (*: p¢0,05, *: p¢<0.01, **: p(0.001),
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9°C, 79.1C, 81.8Colglom,
8C, 57.9TC ol3lt}. al7]olM= =
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