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Combination Effect of Various Freezing and Thawing Techniques
on Quality and Nutritional Attributes of Onions
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ABSTRACT This study evaluated the combination effect of various freezing and thawing techniques on the quality
and nutritional aspects of onions. Onions were frozen by natural air convection freezing (NCF), air blast freezing
(ABF), and liquid nitrogen freezing (LNF). Onions were frozen for 76 min by NCF, 9 min by ABF, and 9 min
by LNF. The freezing treatment was stopped when the core temperature reached -12°C for NCF and ABF, and -120°C
for LNF. Frozen samples were thawed through natural air convection thawing, running water thawing, sonication thawing
(ST), or microwave thawing. The quality and nutritional aspects of frozen-thawed onions were evaluated by measuring
thawing loss, pH, texture, water content, color, and SEM image. ST was found to cause the least loss in onion sample
among the tested thawing methods, whereas the freezing methods did not cause any significant loss. In our experiment,
thawing is found to be a more critical technique when compared to that of freezing. There were no clear quantifications
or trends of pH and water content among different freezing and thawing techniques. The highest total color difference
(AE) was observed in the NCF sample. For morphological observation, ABF gave the smallest ice crystal size, as
well as minimum cell collapse. Loss of vitamin C, free sugar, and organic acid content was lower in the ABF and
ST sample, when compared to other trials. In our study, we found that combination of ABF and ST could preserve
the quality and nutritional aspects of frozen-thawed onions better than other methods.
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Fig. 1. Air-blast freezing (ABF) processing (A) and liquid nitrogen freezing (LNF) processing (B) of onion.
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Fig. 2. Freezing curve according to freezing system. NCF: natu-
ral air convection freezing, ABF: air-blast freezing, LNF: liquid
nitrogen freezing.
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Fig. 3. Effect of different freezing system and thawing method
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(A-C) are significantly different (P<0.05).



done carboxylic acid® <138 pH7} #FA&3cta B 3ttt
(26). 22t & AFelld= A A=) pH7F 5,793 A
#(blanching) ¥ ThA F7tehes AdS B, ol 3
57| Aol g 3o 4 WstE 23 Lee(27)9]
ATFAAME L AFS Bt 2 5
AR vs dAg gl Fuke] pH Wstel] o5 93-S
ol WA= Ao AmFET

AH
A

£ %ute] A% Wah= Table 10 v}
= (lightness)E 62.22% el on,
Wed ok odd dlea s Ags 4
2 F7Fke A4S BTH(X0.05). ol9E th
%‘ﬂ% 2 FA2YE 3 AS =T A
U feolHoz 7443 HATH/X0.05). A=
(redness)®| 745 ¥& 4 35 ol W JaFo] 719 ¢l
= 3o R AFFHAY BE A7t d2T-9 124 o]
7F glem, el 7he] feol A X]'O]L A THP,>0.05). F
gto] A (yellowness)? A5 HET17F 6.22% YENS
o, AAUYFIE Mg %UJr‘—E e 2 o4
zkol 7F AATHP>0.05). AAETWEY A9 a7
o)A ol UAAIR FdlEs R AR (A g

Z}7y 4787 4,982 et AW T A5 7o7<ﬂ/\
ZYE gE2A AxtEAdA s 3 H9- 6.22014 8.402
2 folmor SIS ThX0.05). Awe] WaE )

H:l

_(

5o

El

shel olghela B4 W Py W 1497

@ A3k AT AvHow Ao Wkt Ao gl Aow
deon, AAFIER AT e AR 3
52 AARS W 247 .63 4,152 Ho] FFol7} v

Aoz BFHUY. Lee 5(4)9] 2N F4 s}l
U ATl s FuE, daolE, dise % oivke] F
A Al A7t ol A dASA A HJTkal Baskal
DA, AT A3 -els A2 7h Fuke] o] T
FEFe Bol MAI o Y Wl IS Tk =
SWEs ¢ A Fue HEE AvrHoR ofmA sk
RS Btk 53] A= Yol o3 wMsr g
FEAPS & A
sis

e AFS AFo =4, EFTH R B 5400
FA &2 YIS 71A7] Wil nEde] YEEe Ax
Skl shube] A= AREE 4 JlHH28). A EE s Et
© T AAEE HAAe a7 2 AR e Axe
I, G £ 55 oIFeRH s Aol sl A
o] AYSHA HrH4,29). -5l mE Futol s A
< Fig. 4o YepiSith 28 Y5 iyl Z3ua)E 2}
elE AT oo r e g Blom (X
0.05), ol= a5 A FEEL & FEEde Sol= o 23
Q1 sflEoletal At Kwon 5(30)2 W& mf4d
o] #l5 Al dArEldA s o] Al s R 1.7~2.4u 7
e kol Avkar spglont & Al s Al H Ak

Table 1. Effect of different freezing system and thawing method on lightness, redness, yellowness and total color difference of

onion
. Freezing system
Color Thawing method NCF ABF INF
Blanching 62.22+1.06°*" 62.22+1.06™ 62.22+1.06™
NT 66.77+1.53" 59.87+1.20%° 60.76+0.74°
Lightness RT 64.99+0.54"% 62.04+0.52"° 63.00+£0.48"
ST 63.88+0.905* 62.98+0.49" 64.45+0.79"
MT 66.35+0.58™ 61.62+0.93"° 62.51+0.10%°
Blanching -2.05+0.29™ -2.05+0.29™ -2.05+0.29™
NT -2.04+0.28 -2.11£0.32 -2.33£0.46™
Redness RT -1.77+0.62 -1.44+0.13% -1.90+0.62
ST -2.40£0.02 -1.78+0.36™ -2.21£0.50
MT -1.93+0.24 -1.77+0.52% -2.37+0.25%
Blanching 6.22+0.30™ 6.220.30"" 6.22+0.30™
NT 6.66:£0.96™* 7.17+0.63* 7.0120.7448
Yellowness RT 6.20:£0.88" 4.78+0.67™ 6.16+1.33%
ST 7.01£0.74* 6.07+1.874% 7.66+1.334%
MT 6.33+0.45%° 4.98+0.56™ 8.40+0.89™
NT 4.63+1.62"° 1.90+0.36%° 2.69+0.82%
Total color RT 2.93+0.5145 1.49+0.11*° 1.66+0.56"°
difference ST 2.09+0.27% 2.8240.15 1.79+0.25%
MT 4.15+0.59"° 2.23+0.89° 1.62+0.67*°

YValues in the same column with the same letters (A-C) indicate significant difference (P<0.05) by Duncan's multiple range test,
values in the same row with the same letters (a-c) indicate significant difference (P<0.05) by Duncan's multiple range test.
NCF: natural air convection freezing, ABF: air-blast freezing, LNF: liquid nitrogen freezing, NT: natural air convection thawing,

RT: running water thawing, ST: sonication thawing, MT: microwave thawing.
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B, air-blast freezing; C, liquid nitrogen freezing. Means with
different letters (A-C) are significantly different (P<0.05).
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Fig. 5. Effect of different freezing system and thawing method
on water content of onion. A, natural air convection freezing;
B, air-blast freezing; C, liquid nitrogen freezing. Means with
different letters (A-C) are significantly different (P<0.05).
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Fig. 6. Effect of different freezing system and thawing method
on hardness of onion. A, natural air convection freezing; B,
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ent letters (A-E) are significantly different (P<0.05).
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2
o
o
OE
o

1500 dl
28 FhE o s o R Meld A s)Eel we
Frol 4 Fol LhEhbA QTHP0.05). FA4 &% A
A Ads et A l‘ﬂﬂéﬂ—fﬂ AT 7k} 26.45%
9} 29.82% % T2 s H§ oz ow v 7e

ot

et 5 A2 e s 5}933 W fr 2 259 8E

Al Hapglo] foA o R w2 ks HATH(/X0.05). &
TolM= Futel A Ak W &l J-dlls e
o] AASTYEd 2ol Tor AFHJY. AL
R FFe ByEe AETheed wok AlE &4, 249
W1 Tl o8 AAHa 7] Fdeols Yees I
e W ow W o] AN AIRK34), Fuke] A5l
= W-alsel o g A o] B4t oa] B Ay
= AoE AlgEn

sl Fig. 8¢ YeERA

H
FAAZ A 439 7F A7 =

At 7985 (1.0 mm), ZAEFE5(0.19 mm), =A==
F(0.17 mm) T2 d5Z2A] A YA 53] A
AU FET Aol d5Z2A ] AFT SAld 237 o]
235 dato] o] YEt. Alvareze} Canet(35)2]
AT E BsHE7 METS 22 d54A o] 473
Aol AAE & BABH WE Al AF 229 37

7F AA vYepdtiar Bals
WsGEA2Es) & 45

o) W 249 w37}

HIEHE! C =t Hat

SAhFel Thed SR nE C dEAe S84
o JROoE NES JHE W AF AW, Ak, G, Wik
ar

ol oal G A LT S A%

ATHB6). el HERl C k2 55, A& Fol w
g} zfol & HolX gk oF 2.80~8.88 mg%(fresh weigh) H <]
FroR BuEoe] QIti(19). 9.8l Wl mE Uil
HI B C 3FeFS 2218 A3} Table 20 UYeERTh A
Fuh(hzT)e] e C L 5.36 mg%hdlor, A
T A2 HER C 2 4.25 mghE 7HAskglar -3

QU5 FA] W) - 2D - A

il - HmA

Table 2. Change in the vitamin C contents according to freezing
and thawing processing

Vitamin C (mg%)

Freezing system

Thawing method NCF ABF LNF
Raw 5.36+0.25%0 5.36+£0.25%  5.36£0.25™
Blanching 425+0.02%  4.25+0.02% 4.25+0.02™
NT 3.69+0.13°"  3.80£0.01™"  3.42+0.12
RT 3.83£0.09  4.08£0.09™" 3.84+0.00°"
ST 3.88£0.27°" 4.23£0.01™  3.97:0.01°
MT 3.49£0.01<°  3.8440.03"* 3.85+0.01°

YWalues in the same column with the same letters (A-B) indicate
significant difference (P<0.05) by Duncan's multiple range test,
values in the same row with the same letters (a,b) indicate
significant difference (P<0.05) by Duncan's multiple range test.

NCF: natural air convection freezing, ABF: air-blast freezing,

LNF: liquid nitrogen freezing, NT: natural air convection thaw-

ing, RT: running water thawing, ST: sonication thawing, MT:

microwave thawing.
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Fig. 8. Effect of different freezing system on microstructure of frozen onion. A, natural air convection freezing; B, air-blast freezing;
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Table 3. Change in the free sugar contents according to freezing and thawing processing

Freezing system

Free sugar (%) Thawing method

NCF ABF LNF
Raw 1.69ﬂ:0.0222:) 1.69ﬂ:0.02:: 1.69:&0.022:
Blanching 1.61£0.037" 1.610.03" 1612003
Fructose NT 1.58£0.03" " 1.73£0.15" 1.6420.01"
RT 1.64+0.01 1.76£0.07 1.68+0.11
ST 1.691—0.04: 1.75i0.07i: 1.7410.12:‘
MT 1.55+0.02 1.65+0.13 1.60+0.06
Raw 2.15+0.15™ 2.15+0.15™ 2.15+0.15™
Blanching 2. 12io.06i: 2.121:0.062: 2.1 2¢0.06i:
Glucose NT 2.01+0.09 ° 22240.16" 2.07023"
RT 206007 2252020 216012
ST 2.05£0.05" 24920117 2.16£0.06""
MT 1.99::0.00 2.18+0.16 2.00£0.04
Raw 0.97+0.05™" 0.97+0.05™" 0.97+0.05"
Blanching 0,79io.01§:*‘ 0.79i0.012;a 0.79ﬂ:0.012:
Sucrose NT 0.86+0.06 " 0.86+0.02 ™ 0.76:0.01™
RT 0.86+0.01" 0.89:0.04"* 0.8120.05"
ST 0.820.01™ 0.96£0.01"™ 0912000
MT 0.72:£0.04° 0.85+0.00° 0.76+0.01

YValues in the same column with the same letters (A-D) indicate significant difference (P<0.05) by Duncan's multiple range test,
values in the same row with the same letters (a-c) indicate significant difference (P<0.05) by Duncan's multiple range test.
NCF: natural air convection freezing, ABF: air-blast freezing, LNF: liquid nitrogen freezing, NT: natural air convection thawing,

RT: running water thawing, ST: sonication thawing, MT: microwave thawing.

blanching A 84 &2 Fedo] 2= U &5 AE Al S HHEFoR Q3 &A(Fig. HE A FETH
Hol Yehd A= AmndEdg. d-3s Ag & Yo Haste Ao AlsdY. 25938E Al fEld 4o
fructose, glucose % sucrose & z+z} 1.55~1.76%, Ao, Az JA s Al Fald 2o Be Ao
1.99~2.49% 2 0.72~0.96% ¥HZ el =d, 3% el Lim $(38)¢] Ao WEd nfa T s
Al o] Aaske(Fig. b) Fr8l9e X7t S7tskgiahrt Al Al E2ETt GEE fElEde &4l AHYla, B AT

Table 4. Change in the organic acid according to freezing and thawing processing

Freezing system

Organic acid (mg%) Thawing method

NCF ABF LNF
Raw 215.95110.7;\‘*:” 215.95¢10.7§\:: 215.95&:10.72::
Blanching 202.4249.06" 202.42£9.06™ 202.429.06"
Malic acid NT 201.03+3.44” 196.4512.45"" 1920241276
RT 201.32£6.47" " 198234465 209.0141.66"
ST 206.711.66" 209.6422.91"" 214312933
MT 197.44+2 85 194.77+0.74 200.65+0.53
Raw 78.09+4.52™ 78.09+4.52"™ 78.09+4.52™
Blanching 58.35i0.73;’2a 58.35i0.73§: 58.35i0.732:
Succinic acid NT 65.52£0.50"" 75.07£0.42" 64.40£0.41
RT 68.47:1.10" 76.88+3.52" 68.90£2.84"
ST 66.33£0.07." 84.43+1.06" 73.29:0.62)"
MT 60.52+2.05 66.50+2.45 57.18+1.44
Raw 0.58+0.04™ 0.58+0.04"" 0.58+0.04™
Blanching 0.41i0.01i“a 0,41i0.01i;a 0.41:&0.01;:
Fumaric acid NT 0.57£0.01°" 0.53£0.00"" 0.50£0.01"
RT 0.550.00"" 0.59+0.03" 0.5320.01""
ST 0.59:0.00"" 0.63£0.01" 0.550.01"
MT 0.53+0.00 0.52+0.00 0.49+0.01

YValues in the same column with the same letters (A-E) indicate significant difference (P<0.05) by Duncan's multiple range test,
values in the same row with the same letters (a,b) indicate significant difference (P<0.05) by Duncan's multiple range test.
NCF: natural air convection freezing, ABF: air-blast freezing, LNF: liquid nitrogen freezing, NT: natural air convection thawing,

RT: running water thawing, ST: sonication thawing, MT: microwave thawing.
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