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Abstract

This study investigated the quality characteristics of 5 different types of food (beef tenderloin, Japanese Spanish
mackerel, radish, blueberry and tofu) by applying liquid immersion freezing, which is one of the quick-freezing
methods. Each sample was refrigerated by -20°C conventional freezing or -70°C liquid immersion freezing respec-
tively. After thawing at 4°C, we examined drip loss, color value, hardness, and volatile basic nitrogen. The drip loss
of -70°C freezing condition was significantly reduced compared to -20°C freezing condition in every sample except
Japanese Spanish mackerel. There were less changes in color values of beef tenderloin, Japanese Spanish mackerel,
radish in -70°C condition than conventional freezing. The hardness of beef tenderloin, tofu was decreased and that
of radish, blueberry was increased at -70°C freezing in comparison to -20°C freezing. By applying -70°C freezing
on beef tenderloin, we also found more decreasing tendency of volatile basic nitrogen compared to -20°C freezing.
In conclusion, the quality of general frozen foods, such as beef tenderloin, Japanese Spanish mackerel and blueberry,
could be improved. The possibility of developing frozen tofu is also discovered by the application of liquid immer-
sion freezing. These results could be meaningful as baseline data for researching and development of high-quality

frozen foods.
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a5 7&@-‘4 37]7} oA 31 A Fe] F4 AsHE HAs)
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Samsung Electronics Co. Ltd, Suwon, Korea)ol|*] 24-48 h
e allE st & Ao o] &ttt

s =AE

7t AR BllE EAES YE A AR FA dEe]
SaE AR FAC] AolE Tl W 5 flEag oA
E4dE AR FE T olF WE A AR FA
N BEE(WE AESATh ZE At 33 st
o Yot FFUAE JERASITH
M &5

M FAo] A5 234 HMAA(CS-660, CHN Spec,

Hangzhou, China)E ©]&-3}e] L, a’, b* S =439 2,
HEgro s MATHL = 89,10, a=-1 52, b'=148) o] &
st BE A 33 whEste] P FFUAR
LERH AT

7=|_l|:_ ;73

74 % (hardness) =7 2] 7-%- Texture Analyzer (TA.XTplus,
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Tokyo Rikakikai Co. Ltd., Tokyo, Japan)lA4 3087+ &
3Rt F=HL o3| (Whatman No. 1, GE Healthcare
Life Sciences, Marlborough, MA, USA)E F3l o33l
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Table 1. Drip loss of 5 types of samples with different freezing
methods

. Drip loss
Sample Freezing methods (%)
_70)° . . 1)
Beef tenderloin 20°C clon\./er.ltlonal f.reezmg . 16.8i6.2*
-70°C liquid immersion freezing 1.7+0.7
Japanese Spanish -20°C conventional freezing 3.6+2.8
mackerel -70°C liquid immersion freezing 1.0£0.6
Radish -20°C clon\./er.ltlonal f.reezmg . 8.6i1.0*
-70°C liquid immersion freezing 6.7+0.5
-20°C conventional freezing 5.6£2.2
Blueberry o . . .
-70°C liquid immersion freezing 0.9+0.3
Tofu -20°C conventional freezing 37.7£0.9
-70°C liquid immersion freezing ~ 14.2+1.2"

" Each value is mean+SD
" Mean values are significantly different between freezing methods at
p<0.05

-70°C s olA ZHzE 8.6+£1.0%, 6.740.5% % YERES
Fullg) o] A$ 5.6+2.2%, 0.9+03%% LEREIL %%"
S Z+2+ 37.7+0.9%, 142i1.2%94 s £HAES U3}
o} Fo B2H|gle] 49 -70°C WE Al -20°C YF U
3] &2Jo] oA w}~ TE fFE0] Fol50] 3
Ago] 7+ | Ao g Holw, o]2)d Ak
oM o FEHAA YERT S o 3
o‘l‘, 20°C W@EolA i EHol thaFe %L
Ao} -70°C YoM = EHZ%% Tr*}
A&aem o= dE ’**‘%«l
Xu et al. (2016)2] FH= ‘%@8
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2013). W5 7o wE -89k, 4], F, EFug, F
Fo] A% W3l Table 20 YeRHTh FEA] &2 5
OFAl control?] M E=E LY a, b #tol ZHzh 43.52+0.70,
17.66£1.22, 16.91£0.30°.2 ZHH 3 W53} ¥t S uf
20°C YENHE a7k 7.56+0.71, b’ 1167402302
controlth¥] fe]& oz 7HAagES sttt -70°C Wl
A a3k bk 247t 14.3240.42% 16.55£0.152 5%
-20°C W ¥l @A A F7Fet controlol] 7172 Tﬂ
& BT §79) A4S AAs= F28 JAAZ myoglobin
olg}= iz 0] AL AR} ARl oxomyoglobin 41
S gy Wyals 34 5 2HE metmyoglobino] &
W HA o] ob7kAS wth(Abdallah et al., 1999; Cho et
al,, 2011). -70°CellA F< ¥&H 95242 myoglobin©]
-20°C WEollA WEE Ruch 257t AA dojut control
o 7178 redness$} yellowness 72 YERl= Fog F
23ty Akx]9] 729 control, -20°C ‘%ﬁ %, -70°C J5olA
L*3H-e Zh7} 82.80+3.15, 60.29+2.80, 83.19+2.56°] 3L a*Zk
Z}7} -1.37+0.39, 1.05+0.39, -1.01£0.240. % }elkoH
-20°C Y&l A= lightness®} redness #te] 24 <1 W3}
7} YEFRAIRE 70°C WE oA = 2 WSk HolA] sttt
. 79 28X myoglobin AFSLE Q3] HA o] Yo
U, o] 2 sl A=A 9] 20°C WEolA WHAlo] ot A
© 2 H<ltKSohn et al, 2006). Tl = W& A 2F
L', a', b’ ol fredo=m hasiglon, o 7ha g2
20°C W3t AolA o A veiyt. ¥ 29 34
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Table 2. Color values of 5 types of samples with different
freezing methods

Color value

o we 4] 2 54 7t 91

oA phenolic substrate®} &A7} WHS-3lo] §47 7ZbHo)
dojubA ==t o2 <Qlal] WAe] o, mE YF
EE2 g4 dkgo] wEA XA EHE 70°C YEelA HA
o] & dojk o7 HItKAguila IS et al., 2008). F%

o] A9 -20°C ¥E Al lightness”} 7F43} L, -70°C ¥
& Alodl= yellowness7} S7Fske AS gR1siGlaL o2 st
4F2 -20°C ¥s A mRel] 421 w‘L o sl W=7}
Ao R welth BEFHEe] 49 BE A L,
a, b’ #kel zpo|7k EA8HA] °}°‘°E] ol EFug 9
S AR s anthocyanin® -2 Ao M= E9HY 3}
T lE B Aol fAIE] AE sy dojuA]

Eilas S lll"io:Pﬂgr(Aggulla et al., 2008; Lohachoompol et
al,, 2004). WEhA S-Sokal Abx], o A MR WE
S Hes9gS u Yuk WE gy A5 WAle] A=
éj’}‘% Oé(}j\j/_ PE‘—?‘ ]Tﬂ"‘ %]_l?l— %E;L}, Oﬂxﬂ ;(];(]/\] 1@5:.
AN B A2 Vst glelh,

—

Z37 ]'(texture)t 2E 2 7‘]9/] =93 94 F hIEH
AE TR SR e 2AE YEW L o= &HAt
°ﬂ7ﬂ 01 0e 7se= ‘/}E}‘é = A Th(Wilkinson et al.,
2000). 227k 24 5 skl 7 E(hardness)E 5 271
of we} 5% A5l taiA S48k tH(Table 3). $-5SH
9] 7% control, -20°C, -70°Co A 27z} 80.6+30.2 kN/m?,
352.6+155.9 kKN/m?, 225.4+40.3 kN/m’S.2 J53 7% 7
L7t S7kshe d2de] vElst e oleig A4k -20°C ¥
FolM o A Jelstth Suh et al. (2017)0] W=

Table 3. Hardness of 5 types of samples with different freezing

Freezing - " " methods
Sample methods L a b -
(lightness) (redness)  (yellowness) Sample Freezing methods Hardness (KN/m?)
Beot Control” 43.52+0.70" 17.66£1.22° 16.91+0.30° Control” 80.6+30.2%
oo 20°C 42.0080.99°  7.56:0.71° 11.67+0.23° Beef tenderloin 20°C 352.64155.9°
70°C 4635:0.76° 14.3240.42° 16.55+0.15° 70°C 225.4+40.3°
Japanese  Control  82.80+3.15 -1.37+0.39" 1.30+1.99" . Soanich Control 38.246.6'
Spanish ~ -20°C  60.29+2.80°  1.05£039°  0.94+0.63" oy T 20°C 41.9+6.8°
mackerel  _70°C  83.1942.56° -1.01£024°  0.310.52° -70°C 41.846.2°
Control  69.08+121°  -0.86+0.08° 3.71+0.19° Control 1,095.0+51.8°
Radish  20°C  38.97+1.86° -2.1040.26° -0.15:0.56° Radish 20°C 681.2+92.3"
70°C 48.64+1.04°  -1.61£023° 2.27+1.02° 70°C 1,040.3+71.2°
Control  2920+2.01*  1.60+0.13" -3.87+0.84° Control 181.3424.1°
Blueberry 20°C  27.35£0.59°  1.84+0.92% -3.34%0.19* Blueberry 20°C 473424 .6°
70°C 27.19:0.13*  1.56£0.13° -3.71+0.33° -70°C 110.5+37.0°
Control  85.23+0.43%  0.86+0.08° 13.26+0.08" Control 31.2+4.4¢
Tofu 20°C 78.55+1.94°  0.71£0.16° 13.05£0.34° Tofu 20°C 83.8+16.8"
70°C 82.83+021°  0.72£0.07° 15.360.18° 70°C 66.2+3.7"

" Unfrozen raw materials

? Each value is mean+SD

*¢ Mean values with the same letter in each sample are not significantly
different at p<0.05

" Unfrozen raw materials

? Each value is mean+SD

#¢ Mean values with the same letter in each sample are not significantly
different at p<0.05.
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& T4 -18°ColA W¥EEt W control tY] HA=7F 7
28k AES B o] e B A3 *PHPQ Az
ojth. ol 5 F9 el 47‘& ANE F533 S/
9 8 We 27 wE 27 Al gigk A7 F
¥ FHge Zi&i Atz "t %-04 75~ control, -20°C,
S70°CoN A Z+zt 31.2+4.4 kKN/m?, 83.8+16.8 kKN/m?, 66.2+3.7

kN/m’ S & b}E}M—”ﬂ ol EMAF vzg S
Epditt. Walls HelA TR EAlete RS &4
I gdol Mz S (Xu et al, 2016) F=7F 57T
?5‘}1 AUldo g 85 £4o] HL 70°C Yol @2 4
£ YellE Zo = A"l B399 79 control,
-20"C, -70°CoN Al Z+ZF 181.3424.1 kN/m?, 47.3424.6 kN/m?,
110.5437.0 KN/m* 2. &2 e th -20°C Y5l =7}
74% 7St on ol WEdl ogh AlxEHo] Ego=w
o] =7t 7HAasklal EF ] o] 99 &4 Al7HE
25 ZRlo] 7Fs3 FEoldT) -70°ColM = ol g |

o] FEHAA HAUoH 20°C YF Wi¥] A= X7} 2
v F7Fskainh. F-o] 9= -20°C WA control THH]
FolHo g ZHASIAN L -70°C YEoAE control 2
EFH e riz A 2 YEel| o
AEE Bl ot AxE Rl Ao AS BE
S5 UeHth AR E A9 BE 1

HAA A Y5Hs JLades o gt W

T A=
o} A= kol controlol] 7o o] & E3) A 3 ]
FEM 247 Wt B RS ST
S9N AT |EA
34k 971 & & (Volatile basic nitrogen, VBN)= 218/
S ool ANES Uelds AEE A% 07
7152 20 mg% °]3le]tH(Kim et al., 2013; Ministry of

Food and Drug Safety, 2019). %3+, Pseudomonas spp.2}
2e AES FoA7= v E A F #E o] Ath(Zhang
QQ et al, 2012). Skl 79 control, -20°C W&

-70°C W&ol 2z VBNZEe] 4.742.0 mg%, 16.3+7.3 mg%,
117453 mg%= S HALH o]& Fal 20°C YEolr=

Table 4. Volatile basic nitrogen values of beef tenderloin and
Japanese Spanish mackerel with different freezing methods

Sample Freezing methods VBN (mg%)
Control" 4.7+2.0"
Beef tenderloin -20°C 16.3£7.3°
-70°C 11.7£5.3"
I Sanish Control 9.3+2.0*
apanese Spanis 20°C 8947 0°
mackerel
-70°C 5.842.0°

D Unfrozen raw materials

? Each value is mean=SD

*> Mean values with the same letter in each sample are not significantly
different at p<0.05
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