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Effect of Constant Cooling on Food Quality
in Household Refrigerator

Ea-Lan Jo

Graduate Schoo! of Edvecation
Fukyong National University

Abstract

The food maintenance at low temperature is one of the best food storage
methods for the reason that it can keep the food as a “living” status by
suppressing the growth of microorganisms and the activity of enzymes that
disrupt the food quality. Now, this method is broadly used not only in food
preservation but also in the distribution industry.

However, in fact, the temperature distribution of the household refrigerator
"s cooling room can be fluctuated between the freezing point and 10T by the
room temperature, the amount of the stored foods, and the flow of the cooling
air. This kind of temperature inconstancy based on the position of a cooling
room is happened because the refrigerator’s door is far from the cooling
device, and stored foods block the circulation of the cooling air. So, the
cooling air cannot reach all sides of the cooling room and finally the
maintenance of food quality can be failed.

In this research, we applied the constant cooling system to the househoid
refrigerator for the purpose of upholding the food quality in the household
refrigerator’ s cooling room by reducing the temperature—adjusting time during

the opening and shutting of the refrigerator’s door.



Furthermore, to see the effect of the constant cooling system to the
maintenance of the food quality, we measured the temperature variation of the
cooling room caused by burden, and we also checked temperature fluctuation,
the change of appearance and physical -chemical differences in the selected
several foods. To do this experiment, we flowed the maximum burden{70~80%),
which is the same condition in the house, to the refrigerator equipped with
the constant cooling system and the regular household refrigerator. In this
experiment, two types of refrigerator-Top mount type and Side by side type—
were used in both cases.

In this study, the temperature of the cooling room of the top mount type was
5C and 2T in the regular household refrigerator and in the constant cooling
system equipped refrigerator, respectively. The temperature of the cooling
room of the Side by side type was 1.5-2.2TC, 1.7~3.5C, and 1.7-7.1C in the
constant cooling system equipped refrigerator, company A refrigerator, and
company B refrigerator, respectively.

We confirmed that the physical -chemical change(VBN, C) and change of
appearance of food was clear tendency difference. This result was the
freshness change of food was strong temperature dependency.

The change of appearance and the physical -chemical differences in the
selected several foods based on the position in the cooling room showed that
the constant cooling system refrigerator was better than regular household
refrigerator in the maintenance of the food quality.

Based on this result, we concluded that the temperature of the cooling room
was maintained better in the refrigerator equipped with constant cooling
system, and quality of the food was also better preserved in it due to the

constant cooling maintenance of this refrigerator.
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1. 48 As

Aol ASF ARE FZRU A, 150, #7FY Qe ANFE
A $Y4o), eA0f, ¥A, AFA F, ARMol}. ]S HEE A= A
EE FAS7) S8 BA FEo A Y, $utate] g2 ALEsda,
A, F390], 240, ¥H, F& RAFAN FAF Ag FAMA Aol A]
Aol gl AElz FYste] AL AT ARAE o7 Fabe] 24 A4
nlE A FeIste] ALEEAT

2. 29 ¥

21. #5992 2wy

7 gadaie] Aol Bg Ae BFUS 4% 2on o] BP0z

77} Fig. 1, Fig. 29} o] %82 Fol, Hato] e y4n Pga
9 &E Aol o@ 4F FAWAE SYsA).

2.2. Hrtgdrdg
2.2.1. top mount &
2.2.1.1. Z]&943(non door cooling GR-602)
2.2.1.2. A7V 1A% P7F3(1st door cooling ML1 : R-B52DW)
2.2.1.3. A71%% 249 ¥ 3(2nd door cooling E/SE : R-B5SS)
2.2.2. side by sided
2.2.2.1. C : Constant cooling system refrigerator
2.2.2.2. D : Corp. A refrigerator
2.2.2.3. E : Corp. B refrigerator

2.3. IFA &% setting



EE 33 ue] YA 255 F479 2 = 24 844890,
2.4 A3 3=

2.4.1. K-value 9] &4

lwamoto(1987) 59 ol waty £& 55 A S 10%9 3718 PCAS
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AR ohE W2 )8 BN (ATP+ADP+AMP+IMP) O 2 3}o] b3 250nmoll A E 3%
£ 5333,

K(%) = E250nmA/(E250nmA + E250nmB) x 100

2.4.2. 3¢ d71d 2 volatile basic nitrogen,VBN) 2] =3

MR (AE F84, 1966) o Wt NS 5g Held 2FS 5=
A7relm 583 AT S, 10% TCA 10m0 S H7late] 2ol Q) aAq).
1otk A EE](3000rpm/10min) Bho) G 50mR Y LEe] HAA B R
3t3ATh. Conway unit W4do] boric acid 1mbE Yar, o] Al 109} ®3
KCOs 1meE o] 37Tl A 1A12F 308 A8 T2 0.01N HeS0« TR0 2 7
A3t}

VBN(mg%) =0.14><[(x-b) xF]/$x100
29 A (me)
Biank A X)(me)
0.01N H28042] factor
S = AMute] 3= Az g5

m T x
1l 1l 1}

2.4.3. Mzate] &3
A4 ZHA (0] =€ CR-300 Japan) S A143te] ¥ WMAW(L : 96.17 a :



~0.11, b © 0.07)& UZFZ FIT HunterqAHA o] 9] & Lzt Lightness
dark(0) to Iight(100)}, agt(Redness : red(60) to green(-60)), b3k
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Park(1994) ) whyoll wa} zHA¥(whiteness=L-3b)) 22 A kst

2.4.4. QAW =3
WA FRYE ARV B o @wsE Fhojel(SONY, MVCCD-1000,
JAPAN) & AMS, A Fo) A 7] =819}

2.4.5. pHe &3
pH= & 10go] ©o] 2 o0mE 718 & FAFAN ABALS pH meter
(Orion, model 410A, USA) =4 =A3)¢r)
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Fig. 2. Burden of side by side model refrigerator.
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Aol 21719 FSloZ st 2T AR o 10T oo 7 A4de o}
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A= At HAF] FAASN 215 ok, BeA] Yo AES
A T ol BE G40 ol o AE EAWIE HA 517 98
M gl SEEETE FYsA T 5 s W2 2 2w G}
a5}

2+ Ay E s A BFaE AEsE o oA BaE mo) ZolA
ARE-E7] &l o]zle] YA m LxE Wolme P4 WA RpF 2
Fo FAUSHE F8h= 20lo] 1 Avkn vm, AHHE PP B3
= 7HA ARgEte AW Ao v 342 Y] Yate s Aol
YNEETE T2 FHolA B34 2EE ZA(Table 1) 3+

o] LEFo] AF FHol ud & Y= AFL A Y& X 2
oM HEZQ] F FL MAsA 7E, A% 149 283 A7)% 2449
WY B3 FAo BEr|3e] mpE R W} olzeta WaE nms)
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Table 1. Temperature of a kind of refrigerator

type 7|& A171% 14 A7)%s 244

Position e | wel | e [ Rak | §¥at | e
PgAF 7 2.8C 4.3C 24T 2.8T 1.9T 1.9T
YA sk 3.2T 4.97T 2.3T 3.8T 1.8T 2.4C
of A 6.1T 4.8C 5.0C 3.8T 3.5C 2.3¢C
Door Basket 3.2TC 5.1T 2.0TC 3.8T 1.8T 1.9TC

Table 2. Place and food of storage in the refrigerator
and a kind of experiment

A F AA B o]z} 54 54 7}
A5 () 3}) %ﬁiif% x % VBNEHF 53
WA | pyge TRy o
4 A %‘zijfo‘} x K-Value, VBN
Door Basket gk A (3/3:}}) x # Lightness, Yellowness
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1.1, 933 S/ @& 99 Fdws

M & Wgao BEaA ) e o {Fo] AxHEE ARV s 7
TG} A7)T A, A7) 24 FE Aol A7 AHREHG
R o FR9 AEFE AFstHA BEsqA.

21&, A7l 1Ad, A71% 2409 343 FHRE2 A9 AR E
WA 2] F7H(2/33k) o) 2R 2 NEHA Aoz XFste 392 B
g pEsi

5o dEAHQ FAAS 8L FFH Sdoln, o] AT F
7ot Bl Eo] olul x4kl tyrosineol BN F 2] tyrosinasec] 93ty =449
melanin &8 7] wl&o AL}

HzFolxs SUE FEE 5 Ao}t A% 39449 71E) 275 149
> A7s 2Ad Y £o8 FWol FAE RS Fig. 3419 o] A3 4
ATk, ol g Axp= Fohof o7t YAHe 2kzto)vt ale® Azt
ol K Foll SASEE tyrosine®] AFsto] ©]3te] A H = melanind L
o) HAo] oz SHAYE AL FFE B3-S vepdtin ¢ 5 2
o},

A9 F3RG 1AL F(BN) 2] WstE J1E, A% 14, A7)F 2
Aol BFa FFEE Fig. 40 vepdidcl. oA 59 ojfol= T3] 3
ot A=A} gEo] Frtstug A=A (x=2 dy o]&HA e
ZHUA A2 F(VBN)2 AHdFNA 5-10mg/100g, RFAE 15~25mg
/100g, 7153} 30~40mg/100g, H-3§ 50meg/100g ©]/&2qdl Z7]F-AAA 30
mghE 71EoE N7 2M ) B vt Y1E YR} 0% =] A7z
A= & 7 AU

olgj g A3 Fafol g dFHY 2x o7t 89102 @4y 2%
7b 2 A7 2Ad BF A & YA R A9 HFTRE i
AZAE F A& ez FHA.

1.2. 3432 S/ & $H40l9 F4us}
Z1€, AZlF 1AW, A7)% 240 ¥gn FFEE $Y4d0)9 Aas
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7:;‘.._ M

2nd D/C 3days

- Ist D/C 3days

Fig. 3. Changes of appearance in a shrimps after 3 days at
the 2/3 part of refrigerator.
Non D/C : Non door cooling
1st D/C : 1st door cooling
2st D/C : 2nd door cooling
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Storage ime(days)

Fig. 4. Change in the contents of VBN in a shrimp during
storage at the 2/3 part of refrigerator.
Non D/C : Non door cooling
Ist D/C : 1st door cooling
2st D/C : 2nd door cooling
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€ WAL sk (1/32h) o] 22o) G2 oA A Wo T FAES YL
HaA® F aEsqdct. dz79) vusde w 71 1319 39 A% 99
Qo)) 9Kz A o] %5’4%% Fig. 5914 &1& 4= 9low, melaning] Ao
E ZWo] AYPHIYLE 9T 4 ;,1'5\’15} E} Wgae v uEkge 9 217)

s 24 A= Eo] 433 dAPE oz2% HA AT = ).

T 409 pHel W E 7E, AAS 111]"41 , A71F 24d o] ¥Fa 57
2 Fig. 60 YRt pHE pH = -log( H' )2 5] 2o} gl o] &
o pH = 7.2 ~ 7.4 A= ojn ALE sPik3o] Aalo) wa} pHe HAA =2 7
& F A7 AU A A5 o] F @ 296 wa} pHgke] a}o)}
A3 HMEFEZE ttER 2 VBN 5o Wil I Est= Ao) vigtA s, pH:
712 5> A0 1AW > 27)% 24 ) o8 3HAT}E wai=d, o] Hal]
g 2k HoloA 1 1AL FHE 5 YL zloj}.

1.3, YA £/ & B9 EAwsl

71E, A7ls 1A, A7s 249 g n FREE X @uss
WA F2(2/3zh) o vEZFECA 692 Baw F BRAFAN(Fig.
7).

AP AR F53] Ralee] 7 E2HAAHEL AsAAY xz 4L
A= ATP2) B3P == ATP —ADP —AMP —IMP — HxR —Hxo]™ Kgte
ATP ESl A Eo i HxRHHxF ] BR2&L 43}, VBN} vjstd e o
ZIAEE RS o F83 Kt S8 A7HFig. 8) % AR 6dA A A7)
= 24 43mgh, 71E 6imgh, A71% 1A 58mgh= A 715 24t HF a7}
1€ 41716 14ld) dFnng FAA6E o & 48 5 d2s g 5
AU o= 4 FF 31 FH(2/32h) 9 =7} 7]E0] 4.3TR2H, A7]%5 1
Al 2.8C, 217]1% 24t 1.9TE 25E 7 718 &L 712939 K3t
B0l 7H4 W o] AR= LERE RN 0= Any Aztdr)

AA e 23 WA G ALF(BN Y HIE J1E, A0 1A, Ars 2
A Bgn FHEE Fig. 90 e ok, VBN 27 B sl % 35mg%7t
A 7 AZls 24d YA nE 159 AEE V)& Wgae) 548} 3

P oph
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Control

1st D/C 3 days 2nd D/C 3days

Fig. 5. Changes of appearance in a sea squirt after 3 days

at the 2/3 part of refrigerator.
Non D/C : Non door cooling
1st D/C : 1st door cooling
2st D/C : 2nd door cooling
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Storage time{days)

Fig. 6. Change of pH in a sea squirt during storage.
Non D/C : Non door cooling

1st D/C : 1st door cooling
2st D/C : 2nd door cooling
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2nd Door Cooling-6day

Fig. 7. Changes of appearance in a spanish mackerel during
storage at the 2/3 part of refrigerator.
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Lighiness

171

Storage time(days)

Fig. 8. Change of K-value in a spanish mackerel during
storage at the 2/3 part of refrigerator.

Non D/C : Non door cooling
1st D/C : 1st door cooling
2st D/C : 2nd door cooling
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Storage time{days)

Fig. 9. Change in the contents of VBN in a spanish mackerel
during storage at the 2/3 part of refrigerator.

Non D/C : Non door cooling
1st D/C : 1st door cooling
2st D/C : 2nd door cooling
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W A2 A7) 7.

AAE 71 D A7%% 14d e A0s 249 Bgae] P33 Fn(2/3%)
oA 6Y BAT F AUSE AL ALNEY 9 A& Fig. 79 YU
on, g#AQ Bl LEE] ooy N8 AHA A Fo] 7€ T
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1.4, Y33 FH o Agtite] Fdws

718, A71% 14Ad, 275 28] B33 FHE2 Aide] dBEsE
Door Basket®] zH(3/37H) o)A Awiwio g EAste 1Y I F AF3F
AcHFig. 10).

dz7e vRdL o 7j&7 7% 1AY B3 11d AF AL
@R egx Aol AEY Ao FFHAJUY. T, WHE AF Lol &
28 Fxz 2t Aol YAAT A71% 2499 A= A 149471
Z) 9 @ade] Wslyt A Gk, ol ATy FHo] TEI FEFF AA
7] dEe] v 257 ¥ 275 24 el R Fe] BAo] AstH
A7l fEoz AZdEt.

Axe] FA AA &= HAHeE GF L FE F8F 2224 AFS
7 B Adste G0N dgojy dadg He A3 S § F A9 °
21 g 245 38 S48 A AF F A Y4z Faze 3
e S Bt

Fig. 112 A4 1194 W59 ¥WaE Jepya k. ofdl 2goA o
MeE ZHAYOE (-3b& AMR3EY Al4re . AFz27147 vzsils o
N71%s 2498 AF 119} A7) 7% oA de] Hls &L 22%, A
7% 1Ad e 16%] AT FAE JepAT.

Fig. 12 71%, A7% 1A, A71% 24 dA A3 1194 F4= ¥
g Jehd Ao}, FAE o W= ZE) AVE 14d]) A7]% 242
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Non D/C 11day

o . . P [,

2nd D/C 11day
Fig. 10. Changes of appearance in an imitation crap meat

after 11 days at the 3/3 part of refrigerator.
Non D/C : Non door cooling
1st D/C : 1st door cooling
2st D/C : 2nd door cooling

21



82
83-.
)
?B_
o
3
=
B
‘175_
——
—0— B
74 4 -
?2 T T T T T
0 2 4 B g8 10 12

Storage time(days)

Fig. 11. Change of lightness in a imitation crab meat
during storage at the 3/3 part of refrigerator.

Non D/C : Non door cooling
1st D/C : 1st door cooling
2st D/C : 2nd door cooling
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12

Yellowness
[ws]

Storage time(days)

Fig. 12. Change of yellowness in an imitation crap meat
during storage at the 3/3 part of refrigerator.
Non D/C : Non door cooling
1st D/C : 1st door cooling
2st D/C : 2nd door cooling
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2. side by side ® 333 JFA9 AR o) u}E ojHFeo A
ik

7zt BEY Qg 2eRisel 7t AEe naRgLo oldetdy Hrl }E
& Table 33} Table 49 YeERQUct.

21, Y3 F54H A 59 F4¥s

3Z2] side by side® QLo A A)5-9] AW E A FH QP &
ZH(1/4zh) o] 2R o) F& FEioA] AMfoz ¥F3A AE ARE AHT
gt £olg e E3al 29SS RAG T dAsHAHFig. 13).

A 27 A EF3 G Ao BaAd Ao @A 2 xpolH
2 24T 5 UReY, Gkl AGSE A Fol Bud A gl S
ol gyl dojd& A & AU, AT C2} D Alo)el A= ¥ Aol &
A ¢ G, Eol BAG A olAs FHo] /b wol A=A o]
© 4 ¥EsLY 2xatoldA Zjqlsle o2 oAZG,

A9 F3HEAA F71ALFS SAsHY Fig. 140 YeERdY. 27|15 u)d
AQ 35mghol A o] VBNZES Hldl & wl C= oF 3.5¢, D o 39, Ex= ¢
2, WA B ALE oF 5d0] APo A wAFo] BB ALt Eo) P
G AR 20 ko] FARE] AAEHE anst dAd.

3% side by side® WA IAA Afo] ojstE viAF PP 3
Z(1/47h) 0 2520 G2 e Ryon ¥ AAZ 7oA
FE AHEEE AT Hled 20 57 8o 147 HEez Y33
& Gol719A 298 w33 F #FsdHFig. 15).

Cot WA FolME AT 2dA Ao ERAYS AF T 5 Aoy e
Al Aged SaE #3E 5 A

3% 9| Side by side® YF el A QL2 P ASNE A FH YAH 3}
T3/4) ol aRol B2 ol Aoz ¥Fse] A-F AEE AFY

ol vk Y4 & do] 248 HAF F #AFsAHFig. 16).

A ES A GE YF I 2H9F 5o SHIALGL & Aol Kol
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Table 3. Temperature in the parts of side by side model
( Room temperature : 27T)

type C D E
Position FHE | Bst | BRa | Ha | FRE | 8§
334 3/4 2.0C 2.2T 2.1T 3.5T 2.6T 7.1T
WA 1/4 1.5T 2.0T 1.7T 3.5T 1.7 4.3T
o) A& 1.2T 1.0T 2.7C 2.3C 4.9C 4.9T
Door Basket 2/4 2.5TC 2.5T 2.1TC 2.3TC 3.7TC 4.8T

Table 4. Place and food of storage in the refrigerator
and a kind of experiment

R AR TAG| olahahE g}
C D E
M- (dsh) | 1/4, 3/4 | 1/4, 3/4|1/4, 3/4| EH | VBNEZFZH
G- 4 o] 3/4 3/4 3/4 = pH
ke A3 3/4 3/4 3/4 %4 | K-Value,VBN
270l 1/4 1/4 1/4 x4 pH
A 3/4 3/4 3/4 3/4 pH
o s | [0 [y e

C : Constant cooling system refrigerator
: Corp. A refrigerator

o

E : Corp. B refrigerator
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E(1/4)-2day

D(1/4)-4day E(1/4)-4day Control

Fig. 13. Changes of appearance in a shrimp after 2 days

and 4days at the 1/4 part of refrigerator.
C : Constant cooling system refrigerator

D : Corp. A refrigerator

E ! Corp. B refrigerator

MR @ Magic room

26



12

r
C 1/4
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. D 1/4
E 1/4
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Fig. 14. Change in the

Storage time{ days)

contents of VBN in a shrimp

during storage at the 1/4 part of refrigerator.
C : Constant cooling system refrigerator
D : Corp. A refrigerator
E ! Corp. B refrigerator
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D(1/4)-2day E(1/4)-2day

Fig. 15. Changes of appearance in a shrimp
after 2 days at the 1/4 part of
refrigerator.

(A door is opened every hour)

C : Constant cooling system refrigerator
D : Corp. A refrigerator

E : Corp. B refrigerator

MR : Magic room

Control
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e

E(3/4)-2day MR-4day C(3/4)-4day

D(3/4)-4day E(3/4)-4day

Control

Fig. 16. Changes of appearance in a shrimp after 2 days
and 4days at the 3/4 part of refrigerator.
C : Constant cooling system refrigerator
D : Corp. A refrigerator

E : Corp. B refrigerator
MR :@ Magic room
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Y ellowness
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10 4 OFC 1/4

¥D 1/4

E 1/4
Magic room

Storage time{days)

Fig. 17. Change in the contents of VBN in a shrimp
during storage at the 3/4 part of refrigerator.
C : Constant cooling system refrigerator
D : Corp. A refrigerator
E : Corp. B refrigerator
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MR-2day C(3/4)-2day

Control

D(3/4)-2day E(3/4)-2day

Fig. 18. Changes of appearance in a shrimp
after 2 days at the 3/4 part of
refrigerator.

(A door is opened every hour)
C : Constant cooling system refrigerator
D : Corp. A refrigerator

E : Corp. B refrigerator
MR : Magic room
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D-8day E-8day

Fig. 19. Changes of appearance in a sea squirt after 8 days
at the 3/4 part and magic room of refrigerator.
C : Constant cooling system refrigerator
D : Corp. A refrigerator
E . Corp. B refrigerator
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Starage time{days)

Fig. 20. Change of pH in a sea squirt during storage

at the 3/4 part and magic room of refrigerator.
C ' Constant cooling system refrigerator
D : Corp. A refrigerator
E : Corp. B refrigerator
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E-2day

C-9day D-9day E-9day

Fig. 21. Changes of appearance in a sea squirt
after 2 days and 9days at the 3/4

part and magic room of refrigerator.
(A door is opened every hour)

C : Constant cooling system refrigerator
D : Corp. A refrigerator

E : Corp. B refrigerator

Control
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Storage time{days)

Fig. 22. Change of pH in a sea squirt during storage
at the 3/4 part of refrigerator.
C : Constant cooling system refrigerator
D ! Corp. A refrigerator
E : Corp. B refrigerator
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D-9day E-9day

Control
Fig. 23. Changes of appearance in a squid after

2 days and 9 days at the 3/4 part of
refrigerator.

C : Constant cooling system refrigerator
D : Corp. A refrigerator
E : Corp. B refrigerator

38



Lighness

@ o

104

74

Starage time(days)

Fig. 24. Change of pH in a squid during storage at the

3/4 part of refrigerator.

C : Constant cooling system refrigerator
D : Corp. A refrigerator

E : Corp. B refrigerator
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C-4day

D-9day E-9day

Fig. 25. Changes of sensory in a octopus
after 4 days and 9 days at the
1/4 part of refrigerator.

C : Constant cooling system refrigerator
D : Corp. A refrigerator

E : Corp. B refrigerator

Control
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Yellowness
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LLE

Storage time(days)

Fig. 26. Change of pH in an octopus during storage
at the 1/4 part of refrigerator.
C : Constant cooling system refrigerator
D : Corp. A refrigerator
E : Corp. B refrigerator
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Control

E(1/4)-12day

Fig. 27. Changes of sensory in a imitation crap meat after
12 days at the 1/4 part of refrigerator.
C : Constant cooling system refrigerator
D : Corp. A refrigerator
E : Corp. B refrigerator
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Fig. 28. Change of lightness in an imitation crap meat
during storage at the 1/4 part of refriterator.
C : Constant cooling system refrigerator
D : Corp. A refrigerator
E : Corp. B refrigerator
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EC1/4)

171

Y ellowness
(2]

Fig. 29. Change of yellowness in an imitation crap meat

Storage time(days)

12

during storage at the 1/4 part of refrigerator.

C ! Constant cooling system refrigerator

D : Corp. A refrigerator
E : Corp. B refrigerator
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C(2/4)-12day

D(2/4)-12day

E(2/4)-12day
Fig. 30. Imitation crap meat after 12 days in the 2/4 door

basket of refrigerator.

C : Constant cooling system refrigerator
D : Corp. A refrigerator

E : Corp. B refrigerator
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- C(2/4)
—0—-D(2/4) \\-v

v E(2/4)

Fig. 31.

Storage time{day's)

Change of lightness in an imitation crap meat during
storage at the 2/4 door basket of refrigerator.

C : Constant cooling system refrigerator

D : Corp. A refrigerator

E : Corp. B refrigerator

47



12

—— C(2/4)
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[wn]

Storage time({days)

Fig. 32. Change of yellowness in an imitation meat during
storage at the 2/4 door basket of refrigerator.

C : Constant cooling system refrigerator
D : Corp. A refrigerator
E : Corp. B refrigerator
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