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Changes in the quality of frozen vegetables during storage

Hye-Ok Lee, Young-Joo Lee, Ji-Young Kim, Ki-Hyun Kwon, Byeong-Sam Kim*
Korea Food Research Institute, Seongnam 463-746, Korea

Abstract

This study was conducted to assess the possibility of preserving frozen vegetables (Aster scaber, soybean sprouts,
Chinese cabbage, green pumpkin, and Welsh onion) for a long period and of using them after such storage by
measuring changes in quality due to their preservation. Various freshly harvested vegetables were blanched under
optimal conditions (that were determined in a preliminary experiment), quick-frozen at - 40°C for 24 h, and stored
at - 20°C. The change in the chromaticity of the frozen A scaber, soybean sprouts, Chinese cabbage, green pumpkin,
and Welsh onion did not vary. The hardness of the frozen A scaber, green pumpkin, Chinese cabbage and Welsh
onion did not change during the preservation period, whereas the hardness of the cotyledon and hypocotyl of the
soybean sprouts significantly increased on the sixth month of their storage. The total bacterial counts of the A4
scaber during the preservation period remained constant at 10° CFU/g, whereas those of soybean sprouts, Chinese
cabbage, green pumpkin, and Welsh onion decreased slightly to 10° CFU/g. Coliform was not detected in any
of the samples. The sensory evaluation showed that the preservation period that was used in this study did not
significantly affect the marketability of the frozen vegetables. Therefore, it was considered that A. scaber, soybean
sprouts, Chinese cabbage, green pumpkin, and Welsh onion can be safely preserved by freeze-storing them for
up to 12 months.
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Table 1. Changes in Hunter color value of various frozen vegetables during storage at -20C

Storage period (month)

Item Hunter color value
0 3 6 9 12
L 2686240 27.08+1.96" 28724228 26.53+1.70™ 28.91+1.68"
Aster scaber a -946+1.53" -10.59+1.18° 11274157 9.97+1.55" -11.87+1.09°
b 9.8242,05° 1045+1.43" 11.41+1.98° 9.92+1.56" 11.95+1.51°
L 7L110.71° 71214119 72.6240.70° 72,4441 23" 67.65:0.52°
Cotyledon -5.372043° 463047 -458:032" -5.01£0.29° -384£031°
b t b 32304052 31.09+0.68" 28.82+0.65° 28.37+0.62° 22.6240.67°
oybean Sprouts .
yoed sp L 56.59+2.25° 60.64+2.64° 61554147 60.07+1.58" 56.86+0.68°
Hypocotyl ~ a -1.82£0.20° -1.830.20° 22,0508 2.020.23% -1.02£0.19*
b 9.90+1.49° 13.50+1.04" 14.75+1.07" 13.690.51" 12.060.46°
L 69.94+1.33" 63.50+2.81° 68.24+2.86" 65.2542.45" 68.01+0.96"
Midrib a 9.95+0.62" 9.86+1.22° 9.65£1.89" 1130£0.73° 973114
Chinese cabh b 17.40£091° 18.36+1.73° 20.09£2.09° 21.61+1.22° 20.301,94*
€Se cabbage
¢ L 41432154 43.37+4.09 42.19+6.48 4354362 41.99+2.76
Leaf a -19.54+0.66 -19.56+1.31 19544198 -19.73£1.55 -19.28+1.53
b 20.99+0.81 2.3542.32 21254372 21.38+2.38 21.71+1.68
L 36.27+1.37 36.44+2.56 35.3142.97 34.67+2.86 34.58+3.47
Pecl a -155141.05° 155241.52° -13.85+0.94° -1373+1.12° 13044177
S " b 15.990.93" 15.83+1.76" 1430£1.93" 13.75¢1.62" 13.50£2.32"
reen pumj
PUp L 5§7.25+3.44° 57.6443.78° 53474307 52444339 52.69+4.19"
Flesh a 6.60£0.90" 4.30£0.73 4.20£0.89" 421+1.02° 3864092
b 24.10:0,74° 23.60£2.24" 2220+1.18% 21.02+1.84° 21.81£3.24%
L 63.55+151° 66.25+3.06™ 67.243.13° 64.68+2.95% 65.32+2.92™
Root a 2254026 2.06£0.34 2.18+0.35 2.19:0.42 -1.98+031
Welsh ont b 4,66+0.57" 4.12097° 4.04£1.13" 3.5140.64™ 3.1040.64°
elsh onion
L 28.97+1.88° 28.1042.32° 28.3942.19" 27.54+1 44" 25.5740.91"
Leaf a -1032+1.72¢ 948+1.11" -9.80+1.18™ 9.10£1.03° -7.78+0.67"
b 1042157 9.91+1.81° 10.06+1.61° 9.26+1.30" 820+0.54"

"Values are MeanSD (n=10). “Means with the same letter in each row are not significantly different by Duncan’s multiple range test (p<0.05).

Obt
T

o Y &7

A& 10 g 3 57 ddE 0.85% saline &2 715+
stomacher(Bagmixer 400, Interscience, St. Nom, France) =
197 F88k A7) 59 AR 1 mL Aste] 9 mLY
B E 0.85% saline &40 2 TA 34 31k A&
1 mL¢} Zt 9A|3 A9 1 mLE 3M petrifilm(Petrifilm "™
plate, 3M Co., St. Paul, MN, USA)9l| &E3}o] 3541 vl %
7](Incubator, Daeil Engineering Co., Ltd., Busan, Korea)l| 4]
24-48 A3t A7)
EASGT,

< colony forming unit(CFU/g) 9.2

o2 N8 9,

A, 613, 23 2213 B JIEE S Pl
oq 9x4 7<4 (”H B
4wqaﬁrwr4wq1@2zﬂﬂ4ﬁ

blanchmg Ag & 54 AR AN ANEE

gh

ety

FL
ofr =
rE N Y » &

L W >

A z8) F 274 o sgnk UEe 8

g 2HHANLRE FVNE, 8, AE H7kste] Alxs
Atk AR Belo] #ed 54 ok flate] 221 71
< }Xl He £ +El%‘§ *JE%** o, st o] A3k B3

SAHXE
52 FAIAE= statistical analysis system(SAS)
program®l| 2|3 ANOVA 7173 Duncan’s multiple range



Changes in the quality of frozen vegetables during storage 299

t WHS o] &t H gk ol o p<0.059lA

5558 A&

HAUE, T, d2onlF, ojsnt B vt 59 fAs
blanching A2]3t] 40ClX F&5 45 AlES 4%
Z 7}(Fig. 2) BE F5Y AR F22 A5y 254
0C7HA =& ) 2 257t "olA= A

= e =
S B, 0CAlN F25 o= F&= FA87t 0T
otz HAaHw s Yehlek 78 WA HAuEd
F=o] HlszAl =7 Hoj A7) AlAskglen] ol
w5, ol snh tia) SAM2 257 9ol 7] AlFe it
FEo] 4C7HA] =gH = ARRe HUE, Fv= B 22
ol FE o 6A1F A 2awon ofsutat b=
F 104]710] 28 5e AR ekttt 453 o] LY
of gutat tivhs Hus, Fuke B Dol Hlsto]
YE A7) 71 Aeg 2= et ol Hulo nlsty

Fzo] ol oY= A|A ) L£QEE AFte] 7] WS
Aoz oA,

Aster scaber
Soybean sprouts
Chinese cabbage
- Green pumpkin
Welsh onion
temp.in freezer

L L L L
400 600 800 1000

(=}
N
ot
(=}

Time (min)

Fig. 2. Freezing curve of various blanched vegetables during
freezing at 40TC.

A
ke, Fuks, ST, et X o 5o s
blanching A28} H&-52AZ] F WE #3730 o
A% Wsts $A% AN (Table 1= Tt 2o} HUES]
W Ag wE T IS YeEl= L gk A 545
UER= a gt 183l =) 3 A8 S e b 3
1;‘P7l7}°ﬂ = %Eﬁﬂ 3] b}E‘ﬂ)rﬂ AT b=

)
L e e 0 A e o 1 2719

L 5 a 2o S8 WskE UeriA) sk, 4947}

AFE b e o STk ATS EAh 49 L
1 b g2 A 271598 A% 120E7HA] fFeHes
Aol 7t YAthp<0.05). olEut Hujel w59 L 37t b
e A7IZre] doldeE Ak adhe A vE
AL, a G A2 STkl B3 B divt 8 719
L 32 Felgh Wsht g1, b gk A7g71kto] Zojdse
5 A Fashe BEE veilth a e AR %
2oz 2olE HolA] B3O k(p<0.05), FRHA o=
S7¥ete AES JeERIth =3 A9 L g b @
A7F713ko] Aol A4E Fadhes BFS e, a 7k
& T7kske AEE el ok bebA $AA7 HAUE,
Fibe, SEOMF, of st 5 tivks 20T AR 7IzE
12709 &t Ao F7hek vt A JERA] ehgke
B2 ARt o= e A FAEAT AdE
t}. o] YuhE O # blanching A 87} A EE &AA)7) L
AEZ] mAFRE FIATARE wde fosie
polyphenol oxidase 52] &9} AlZU|2] EAll= F71E
AATFe =N AFS FeleHA sb7] el A4s T35}
tete 2717 St MEo] Mgk} A vehtA] e
Ao® AAZITH1S).

(N
g 9

o
b

=
AN AAT 9 7HEEgel] FEEAET A7 A
a1 Holof & of 2 71| ﬁ?l% Z Az Bl Qe
Z23e] Wshs 71 Fasitha B F Sloh AAF
N F dohke z«_ﬂzju Aake doll 93 24 Aste}
A F2 ARde Bk dHo ole Ao gl
571

delA lew, 7k 2HdsE &

ﬂaﬂ A Ze] Zaflol] Folehs aro A EEY3E
%3}7] 913 blanching o

131 & blanching 2] & 913 2

A A7) 28004 A2 AL}% TUE, ¢

fsu g o} T HAE F& FAN F ¥F A

—@— Aster scaber

—O— Soybean sprout (Cotyledon)
—w— Soybean sprout (Hypocotyl)
—— Chinese cabbage

)o | —™— Green pumpkin

—0O— Welsh onion

1)

Storage period (month)

Fig. 3. Changes in hardness of various frozen vegetables during
storage at - 20°C. "Values are MeantSD (n=10).



300 Sk 2 52475818 A #1208 A33 (2013)

Table 2. Changes in microorganism of various frozen vegetables during storage at -20'C

Storage period (month)

Item Microorganism (CFUj
ganisim (CFUp) 0 3 6 9 12
Total bacterial counts 6.64E+03" 2.12E+03 1.16E+03° 5.53E+03" 4.98E+03°
Aster scaber - >
Coliform group ND ND ND ND ND
Total bacterial counts 1.65E+02° 325E+02° 4.28E+02° 7.13E+02° 9.05E+02°
Soybean sprouts -
Coliform group ND ND ND ND ND
. Total bacterial counts 5.85E+02" 455E+02™ 1.95E+02° 328E+02 6.15E+02"
Chinese cabbage
Coliform group ND ND ND ND ND
~ Total bacterial counts 4 48E+00° 7.83E+02° 4.13E+02 3.30E+02° 328E+02°
Green pumpkin -
Coliform group ND ND ND ND ND
Total bacterial counts 145E+02* 2.50E+02° 325E+02° 4,05E+02" 2,08E+02
Welsh onion
Coliform group ND ND ND ND ND

Means with the same letter in each row are not significantly different by Duncan’s multiple range test (p<0.05). “ND: Not detected.

Table 3. Sensory characteristics of various frozen vegetables during storage at -20C

Storage period (month)

Item Sensory characteristics
0 3 6 9 12

Appearance 7.89+0.78"%) 7.00:0.87" 6.67+0.71° 7.1140.33" 7.000.71°

Color 8.1140.60° 7.111.05° 6.6710.87° 7.000.00° 7.00£0.71°

Aster scaber Off-flavor 1.44£1.01 1.33+0.71 1.11£0.33 1.22+0.44 1.00£0.00
Texture 6.67£2.06 6.33+1.50 6224097 6.78£0.67 6.89+0.60

Overall acceptability 7.06+147 6.56+1.67 6.56+0.88 6.78+0.67 7.00£0.71

Appearance 6.78+0.67 7.00+1.32 6.78+0.83 6.78+0.97 6.4410.73

Color 6.89£0.60 6.78£1.56 6.67£0.87 7.00£0.71 6.4440.88

Soybean sprouts  Off-flavor 2114242 2.00+1.00 1.44+0.73 2224205 1.56+0.53
Texture 7204044 6.78+1.86 667112 6.33+0.87 6.78+0.83

Overall acceptability 6.56£1.51 6.89+1.62 6.44+0.88 6.44£0.88 6.5040.79

Appearance 6.56+1.74 6.33+1.12 5894127 5.33£1.32 5.89+1.17

Color 6.7810.97 6.224097" 6.00£1.50" 533£1.66° 6.33+1.00"

Chinese cabbage  Off-flavor 1.56%1.33 1.1140.33 1.67£1.66 1.5620.73 1.00+0.00
Texture 6.56£1.24 5.89£1.69 556224 5224130 5224120

Overall acceptability 6281152 5.89£1.62 5672166 5441167 567071

Appearance 6.11£1.05 6.33£1.66 6.00£1.12 5.56t1.13 5.8920.93

Color 6.33t1.12 6.22+1.64 6442101 6.00£1.12 5.7810.83

Green pumpkin  Off-flavor 1.11+0.33 2.00£1.66 2,00£2.00 2.33£1.50 1.00£0.00
Texture 6.11£1.05 5.5640.88 567£1.58 5.33£1.80 5.78£1.56

Overall acceptability 6.330.71 5.56+1.33 5.89+1.36 5.56+1.33 5.89+1.05

Appearance 5.11£1.36 53341.32 5.56+1.24 5.56+1.24 5.5640.53

Color 500150 5.89£1.05 5.781.09 5.78£1.09 5441053

Welsh onion ~ Off-flavor 14411.33 1.4410.73 1.22+0.44 1.5630.73 1.1120.33
Texture 6.22+1.56 5.67£1.50 5.11£1.69 4892105 578139

Overall acceptability 5.80£1.54 556124 556142 5.56:1.01 5561113

MValues are MeantSD (n=9). “9=excellent, 7=good, 5=moderate/marketable, 3=poor, 1=very poor. IMeans with the same letter in each row are not significantly different by
Duncan’s multiple range test (p<0.05).
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Table 4. Sensory characteristics cooked various frozen vegetables during storage at -20C

Storage period (month)

Item Sensory characteristics
0 3 6 9 12
Appearance 8224083 7.56+1.01" 7204067 7.56+0.53" 7.56+0.53"
Color 7.89+1.05 744£101 733£1.12 756£0.53 7.4410.53
Off-flavor 1.112033" 1.000.00° 1.00£0.00° 1.330.50° 1.00£0.00°
Aster scaber

Texture 7.11£1.76 6.89+1.76 6.33+1.94 6.89+1.05 7.56+0.53
Taste 7444113 7114162 6.78+1.64 6.44+1.24 7.330.71
Overall acceptability 7.61£1.05 744%1.13 7.00£1.12 6.89+0.93 7.44+0.53
Appearance 6.67+0.87 700122 6.67+0.87 6.78+1.09 7.00£1.00
Color 6.44+1.13 6.78+1.30 6.56+1.13 6.89+0.93 6.89+1.05
Off-flavor 1.2240.67 1224067 1.000.00 1.56+0.88 1.000.00

Soybean sprouts
Texture 7224097 6.67+1.80 6.89+1.45 6.67:0.71 7.00£141
Taste 6.56£1.51 6.44£1.74 6.44£0.73 6.78+0.83 7224120
Overall acceptability 6.50£1.17 6.78+1.30 6.56+0.88 7.11£0.78 7.00£1.00
Appearance 6.89+1.27 7224120 6.89+1.17 6.44+1.74 6.78+0.83
Color 6.89+1.54 7.11£1.05 6.89+1.05 6.44+1.24 6.33+0.71
_ Off-flavor 1.331.00 1.00+0.00 111033 133071 1.000.00

Chinese cabbage
Texture 6.89+1.36 6.11+1.54 5.67+1.58 6.11£127 6.1140.93
Taste 6.44£2.19 6.78+1.79 6.11£1.36 633122 6.6740.87
Overall acceptability 6.89£1.05 6.6741.50 6.11£1.54 6224148 6.17£0.61
Appearance 6.89£1.36 6.78+1.09 6.33£1.50 7.00£0.71 7224067
Color 7.00£1.32 6.89+1.05 6.78£1.09 6.670.87 7.11£0.78
~ Off-flavor 1.44+133 111033 144+0.73 1112033 1.000.00

Green pumpkin
Texture 7.11£145 6.56:0.88 6.44£1.74 6.11£1.05 6.78£1.20
Taste 7.33£1.00 6.6741.22 6.44£142 6.11093 72240.83
Overall acceptability 7114127 6.78+1.20 6.67£1.50 6224083 706081

"Values are MeanSD (=9). 2)9=excellent, 7=good, 5=moderate/marketable, 3=poor, 1=very poor. IMeans with the same letter in each row are not significantly different by

Duncan’s multiple range test (p<0.05).
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& 5 A% 2 f7F T 2F, SRl Lot SAl
o] ol o3 Fafj@ o] dojut A7 AelF
W3S fste] UL, A=) Wstet 7H4 9 sf=t
= 8] HZol ¥E AFE #13 blanching *2]7}
T A7HE] AHES dAE ISF A M E A7
Aol @ Aoz o AZITH22).

ZHsHAL

Ak, Tvke, daoF, ofad B o} 5o s
blanching A 2] et H& T2 - WE #737171o) w
€ o3 545 AR tH(Table 3). 2211 F =]
A

(p<0.05). §HA0l| o]H, =27 B HukAQl 7|s 2= A%
27158 A% 271¥ F¢ F9HoZ Apolg Ho|A] &
UTHp<0.05). Fu=, Hsut g tiufe] &3, A, o],
ZAZE 9 A 73 eE AT et frolF Y Wa)
7F JehA] 334 tHp<0.05). daolul 2] A x #7373t
of wheh F3igk Aol fllar ¢, o7, A F ZRHA
¢l 7|55 EEgE A7t wet o2 02 AolE HolA|
2 A THpP<0.05).

AUE, =, 9ol 2 dsHt 5o HAE A%
717t we} sE $ A el 9% UE o xeRe
2 5, 18, e ket 2Es B3l Hlks
ZAFSE 23K (Table 4) F =9 A, 2271 8t 2 A9kl
718 = A%7IZbel wet folA o' xpo]7t YERA|
BT (p<0.05), & o]HE A7t W FEIg
AES HolA Utk FUE, dHofF ¢ ofsutk
9, A, o]F, 223, Bt F ANkAERl V5w HEgE A7)
S A W /I THp<0.05).

ze] A3 59 93, A, o]F, 2F3+ a8 vt T
AR F4 84S T8 AAVIEEE AN
A7 558 marketable®] SHAIH O Z FAE w) AF7]71

2 TAAA F4 Wsle gle 2o E JEhth 53
A 75 B ARolA ZIAZHS] Sl SH5S
) 27717 wet Frbeke s Rou, #5 A
SHoME F94Q1 2ol 7k YEhA] 244 thp<0.05). B
St AT o] 79 B AR 7AAR Adte}t I5AR1 AT
7 GRS wE 2 Aol FA HAuUE, FUE,
Aol o &8t & tiul= 20T A 12709 Fet
HsHoZ A o] de o= ATHh

=

ro 1

o FAMNLY BAVIAG 7FsAH o] § Ths S B
Bz} stk S o 7HA] Aae AP S
3l 27 Z 70 A blanching %] 2]+ 3 -40Col| A 2427+
T FETAAA 20TAA AFstaA EAstAH &
AAZ HAE, Fus, G2, fsEr 9 ke A%
717 12709 & M=o ke AT A YERA|
Stk HAUE, ofsEr 2 diute] Are #4713 52t
Hs2gh 58 FA8AL, faolFe ot S7hete
s Yt v FuEo] AR wiSsEe
A% e dAel vt & o7 Frteke A UER
Atk A7z B H =] FHE 10 CFUg 552
FUE, dgolulF, iy € tiute 10° CFUjg 52
FAEHOH, AT BE A BoA AEHA &%
ok AR 9, A, olF, AR 2E|ar Bt 5o ARk
2Rl 4 9455 T AATEEE ZAMSE A7
57415 marketable®] SHAIFOE FUE wf A7 WE
FAANLY FEANE 2 FAV gl Ao E et
wetA] B4 FHAUE, FUE, dZouF, ojrt 2 dig

N ol 9

E

E 594 RALAA A Aol JE Ao Be
A
2ALel 2
B ATE FRSAAER SY71eN ARl Ao
o8 asIgor olo] A=Y,
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