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N 1

After cutting the tissue of minimally processed fruits and
vegetables, are still active. The enzyme system and
biochemistry reactions are still proceeding which causes the
changes of quality. So techniques of lowering the
microorganism count and inhibit enzyme system are commonly
used. The objectives of this research are providing safety and
fresh products, and extending product’s shelf-life.

This research adopts different solution treatments on
onion. The objective of this study is to investigate the effect of
solution pretreatment on the quality of minimally processed
fresh-cut onion and shelf-life of the processed products
respectively. We discuss the quality changes of fresh-cut onion
storage at 5+1°C and treated with NaCl solution 6%, Citric acid
solution 3%, Chitosan-acetic acid solution 2% or ozone
solution 0.3ppm to improve the quality.

The result of this study showes that 0.3ppm Ozone
solution , 6% NaCl solution or 2% Chitosan-acetic acid

solution treatment effectively decrease the initial microbial in
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fresh-cut onion. Treated with 3% Citric acid solution can’t
decrease the total plate count.

The content of soluble solid and pH increase while
titratable acid decreases during storage at 5+1°C of each
treatment.

Treatment with 2% Chitosan-acetic acid solution and
0.3ppm Ozone solution are better than others, The shelf-life
extends to 5 days and 6 days. Color change was observed on
the onion bulbs because the color of Chitosan-acetic acid
solution is yellow The Ozone treatment can bleach, lower
Hunter’s b value and Hunter’ a value is closer to fresh wedges.
Besides, it can also decrease the total plate count and

extending shelf life.
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Table 1. Onion cultivation hectare among 1999 to 2004 in

Taiwan. (=)
AlF A 88E X8YPE XINAE Il E X2 F XNI93 =&
¥R
351 97.9 109.9 128.6 101.1 133.9 200.5
/

0 0 0 0 4.5 32
2 1
, 0 0 0 0 0 1.5
T
" o2 1.0 1.0 0 0 0.3 0.7
e
3 2 40.2 32.3 31.3 14.2 28.7 31.3
607.0 575.3 446.8 583 437.6 574.8
2NN
“ 1 0 0 10.0 11. 11.2 21.4
|4
0
s oy 3.6 3.7 3.6 3.6 0.3 0.1
E2 0

(Frcle b £4 8 ¢ > 2007)
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Table 2. Onion production (ton) among 1999 to 2004 in Taiwan

(= %)

A& ARE8 AR AW AEI AKEI92 AEFI3

BR i # # # #

o 2446.9 36249  3729.7 29533  4799.0  7871.8

0 0 0 0 161.1 67.5
2
y 0 0 0 0 0 49.5
£ &
A 30.0 30.0 0 0 16.0 36.0
C #?
32 1548.0 1421.2 1018.5 468.6 1295.5 1253.2
B 21975.5 29591.2 16497.3 40869.8 294304 36875.5
. 0 0 298.0 327.9 335.6 665.8
o &
b g 28.4 29.2 28.6 40.6 3.2 2.0
B2 17

(Frcke B £4 B ¢ > 2007)
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% 1 e diallyl sulfide (DAS) ~ diallyl disulfide (DADS) -
diallyltrisulfide (DAT) ~ ajoene » 14 % -k ;% |+ ¢ N-acetyl
cysteine (NAC) 12 2 S-ethyl cysteine (SEC) % (Block et
al.,1985)(®l = ) -

AEPMZF RS AP EL S B P H a0 TS
v superoxide anion (O, ') » hydrogen peroxide (H,0,) %
hydroxyl radical (- HO)% p d A g it iT* i3 & DNA 9
T o Fi g 3 1t (thiol oxidation)%* *3 i ¥ it (lipid peroxidation)
(T s me o BRoL AR REA L Lp
(chronic gut inflammation) ~ # % % AIDS (F » 1998) - F &
Allium s 38 7 3 % £ <05 fr o (flavonoid) » & 4 A &

EREE

\4

A7 UHFRRELAMME > AL UBEHD
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;% o (Xuetal., 1995)
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allicin

Bl - ~Alliin ® Alliinase # i A; = Allicin> Allylsulphenic

ALEF R R
Figure 1. Alliinase-catalysed conversion of alliin into
allicin, Allylsulphenic acid is an unstable

intermediate of this reaction.

(Michael K. et al.,2003)
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HBC=CH-—CH>—S—CH>—CH=CH:
diallyl sulfide

HC=CH-CH:—S—S—CH>—CH=CH:
diallyl disulfide
HS —CH:— CHCOOH

|
NH
I
C=0
I
CHs

N-acetyl cysteine

CHi—CH—S—CH:—CHCOOH
|
NH>

S-ethyl cysteine

® = -~ DAS » DADS » NAC ~» SEC % # 5
Figure 3. The Structure of DAS ~ DADS ~ NAC ~ SEC.
DAS : Dially sulfide
DADS : Dially disulfide
NAC : N-acetyl cysteine
SEC : S-ethyl cysteine

(Block,1985)
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Figure 4. The fruit and vegetable could have a preventive effect on

cancer.
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Table 3. The organic sulfur compound in plant of Allium.

antt- pidenmc
anti-atherosclerosis
anti-hyperglycemia

antibiotic

Compound Physiological Effect Reference
ajoene anti-platelet agsregation Fenwick & Hanley, 1985
antibiotic Fenwick & Hanley, 1985
allicin anti-platelet aggregation Bordia et al | 1977

Fenwick & Hanley, 1985
Chandrasekhara & Kamanna. 1984
Fenwick & Hanley, 1985
Cavallito & Bailey. 1944

allim

anti-platelet aggregation
anti- lipidemic

anti-atherosclerosis

Bordia er af.. 1977
Chandrasekhara & Kamanna. 1984
Chandrasekhara & Kamanna. 1984

allyl- 1. 3-hexadienyl

anti-platelet aggregation

Fenwick & Hanlev, 1985

anti-cancer

trisulfide

challyl disulfide anti-platelet aggregation Bordia et al | 1977
antt- pidenmc Bordia et al | 1977
antr-atherosclerosis Bordia et al | 1977
anti-hyperglycenua Fenwick & Hanley, 1985
antibiotic Fenwick & Hanley, 1985
anti-cancer Takahashi et a/_, 1992

challyl sulfide anti-cancer Haves et al (1987

diallyl trisulfide anti-platelet aggregation Fenwick & Hanlev, 1985
antibiotic Fenwick & Hanlev, 1985

methyl allyl tnsulfide anti-platelet aggregation Fenwick & Hanley, 1985

Spamins ef al | 1988

methyl cysteine sulfide

anti-atherosclerosis

anti-lipidemic

Chandrasekhara & Kamanna, 1984
Chandrasekhara & Kamanna, 1984

fibrinolysis Aungusti& Benaim, 1973

methane-thiol-3 4- fibrmolysis Aungust & Benamm, 1975
dunethylthiophene

propvl cvsteine sulfide | fibrinolysis Aungustif Benaum, 1973

propvl allyl sulfids

antt- hpidenmc
anti-atherosclerosis
fibrinolysis

Bordia er af.. 1977
Bordia er af.. 1977
Aungustif Benaum, 1973

n-acetyl cystemne

antt- hpidemic

anfti-atherosclerosis

Fattan ef al.. 1998

s-ethyl cysteme

antt- hpidenmc

anfti-atherosclerosis

Lm& ¥eh 2000
L& Yeh 2001
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s L RRAERFEEAELTNE B T 44.7% 0 & b &

, =l .»-L-, - TN - ]
REES CEELR - FEAR CFRAAL - FEREELR

(onion drink) % (1998 » %) »
S AR ERG A
(-) %
ERASCIESIRFESAPESEFEY S BE B
E SN ’ﬁgﬁa\ﬁwfﬁ‘—#g@g%%@ » dodE Brende F4 o &

LECBLNTIEIRTE ST RN SRl A R

W2 AR THAFEN - L BN FTANEE 58 %

(50 1L MGE LR S ¥ S BE § (Wiley, 1994) THEN 2
A4 SR AEE S e nd WA B AR

Bp 3 FEFATR BT o

A ST - 8 VA s B R B

¥

e % 7+ % sousvide 8 A S B R 41 2 A & L IVFEY
PookEOPRIEESE SARFSERT AN - 3 E
AR A LA R BFL K d & SRS

00507 BT R b1 A & R (Wiley, 1994) -
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Ry W% 2 @ # > 2 & ¢ (International Fresh-cut

—\

Produce Association, IFPA)#- 4 @ # > 2 &% % 5 T
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SMe
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ek % s FE Az e sz Rl SiEH RS N g H
Bde3l i 2o REFATER B2 2 & ;) (IFPA&PMA, 1999) -
Flpt 4 @ *r 35 % (Fresh-cut vegetables and fruits) ¥ #7 ## #

N L TR SNEI RN AN S I SO

H s & a2 3 5N 2 b i) s
(= 0 ’}1”3 ABF E F B BN F L
4ﬁ§”ﬁ%é%&%ﬁ%ﬁ${é%£$mwéi

MR 4 b NBEY AR R

N,
~
A~
Y
]
%
7
L

A ABREFAH S OB T LA RS A GRS B
EA L e Ao Vi a AR F S ER L EWL G

=3 A (2 > 2005 5 Alzamora et al., 2000) o

b E R IFPA =5 1994 & 2 > F% 4 5ol & 8
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N EHE50fmEA 1997 E X E 3 60RmE~ > T 2003 F © -
A E T 1200 %E L2004 # E WA WFEEAENH L EY
=800 fmFE Y > HA @R L f 125 &
FA0 87 2R 2 HEELS0RES S ERY T H2

B8 ER S 75 B E R ;2003 E 4 FN R &R R 2002 #

(o}

£ E 37% 02004 F 4 @R LR LR 2 RE A

(Brody, 2005) -

F_&
o}
>\_

B FEEas FRH - &5 1,000 &P F 2002
ER S EEEMT KPR 1850 HE 1 & A L Z A
$- s L haeY 0 Z £ B Y800 F R AR B 43
% B WAL (AR " REDHFTHFREE
R R EE) FREN270 5 EMRE Y 415
9% » B L Esr (ha Ay B PG I RLAT G
*hr R) ZRBEXYTSOF A MR F 420
FREA KRG T RLA LY > FFFH (F 02005

ho# RRAPASEERE(RI )RV LI EE Y EE A
S A B f 2004 & #2003 & & E 23.7% @ 2005 £ A
B E3mS5200~ (BarpissBEE 2006 - o

B g% 2T HE A L 0 AT S AN AT s g
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Table 4. The comparison between minimally processed

vegetables and fruits and other food processed methods.

[LNESE S A& vl 2 3 Sl ¥
>
A B3 2 RT 37 B ST S S Voie @ B o or &
B oot 12 i3 P ERAEK O ZE
¢ %
Sl R BE 0 RT B Z iy 2R TR A R F oK
%* 2
2 [ERE S Z He 27 % 4 T RN L F oK
R A 4
I
P 5t G Fe1i® FAFSET FeE
St e T2 BT R
5 ok LES V= N 2 4y 1 % R 7R BT R T ek
ax 'k ¥R
b L r g FAIZE FEFE Z R
o %
(Ft » 1997)
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21 ~CAS A ®WE» FE A &2 FARN
Table 5. CAS Minimally processed vegetables and fruits
production among 2003 to 2005 in Taiwan.

A2 £ A
P * £ (%) = & (%)
(= 7) (+ )
92 10,873,643 254,929
93 15,188,248 39.68 315,311 23.69
94 16,566,000 9.07 352,607 11.83

(B2 R A2 ST REE » 2000)
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1994) - Cruickshank %A 1801 & 1 44 M k& (7 -K en § 3 > 3%
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Figure 5. Hurdle concept.
Aw: Water activity; Eh:Electric potential;

T: Temperature; P:Preservative (Scott, 1989)
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RAW MATERIAL

v
MANUAL TRIMMING AND PRELIMINARY WASHING
(removal of outer layers, soil and dirt)

v
WASHING AND/OR DISINFECTION
(e.g. 100 ppm chlorine solution)

v
MOISTURE REMOVAL(air or centrifugal drying)
v

PACKAGING
(modified atmosphere packaging, Ideally 2-5% O,, 3-10% CO,)

v
STORAGE AT REFRIGERATION TEMPERATURE (2-5°C)

B~ 2R EE DG ER
Figure 6. A flow diagram for the production of minimally

processed vegetables. (Francis et al., 1999)
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3 % vk 2 & (Rip and Netzer, 1982) c 7 £ % chi § & 2 % >
&V A% 185nm ¥ HF AP BT (corona discharge)
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ToFFPAAERRF B - VA2 RN IRE
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B R A (0 1996)c L F BEE S F 4w F L oaop
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EFERMIFEESH FEE (FDA)® S:07 L3 V2 &8 3

5328 hd F (FDA, 2001) -
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- FRERA ey Pt Lwha s opd
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-
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Figure 7. The mechanism of O; oxidation.
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2) L3 AFFERBBZTMF E -
(3) 4% % &~ f#= - =t % i* #(secondary oxidant)> 3 = £ F J&

terp d A (OHe HOye ) -
ZXF CRMEZITFFALACEF B o
(=) B FHH

Soctt - Lesher (1963):n 5 % § cn# Fi 41 % 7 L § &
w e WS R B e AR T > i R s Fonde e B B
Nebel (1981)RI3a = & § hop § 1 4 3 = ‘o ] ho %2 B hpl 5
&R > @ A 2 % 7 (bacteriolysis)IR % - Bruno (1991)R] 3%

L5 ¢t omi A ((SHiE* @i 44 Ry ook

i

i 0 Pl F e % o Vrochinskii (1963)3% & & ¥ AL fo A P
TRenfE £ & o F &2 A fEHE A o Ishizaki (1981)% & —‘F'T S IR
¥ €1 ~ 54 F DNA % 2 %73 3 % (strand scission in

DNA)#-+% ¢ & closed circular DNA # % opencircular DNA i#

-~ AT o mFAP LA ERE A NS T RF P LT LS

dRhp e pEE o d PRSP RO S F o e

B
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1S bz T s L RE o kg
BEH P HRBESPHE ~ # % hh FIERE ~ B A2 F 2

AR ETERE T MEF P LT ARETE (302001)

etal.,1989); * MBE X% 22 B gL h Fl 7 0 1 1Tk
BY L rEBRE HePEE (15 A4)5 03ppm> £
HEE (8] F/p 2 40 ) pF/F)5 0. 1lppm (Xu, 1999) - & R
2 2 (World Health Oganization» WHO)sh1 ¥ U iE (8
| T E)E 100~200ug/m’ e 2R S S FH F I R4 L F
B e A k2 BEE B, LA TR S 0.4mg/L (FDA,

1995) -

() &*
LEFAARTEY RS 1 EY RZE BT RS
ey LT kR WL T A fRE F RERY TE 2
IRBFTZHT RSB 2T ERRTY o 2§ ¢
5§ kRS 0.05ppm BF o 3RT L H-Z O F hEEE 70

W=+t THFMHzF? mE 60~90% =+ - L F &k?
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F kR L 0.05ppm FEo ¥ A I~2 A 4PN TR 999 thim

H (% > 2004) o

gl

hp ok

ey

j v & : g, 4 RN . ok
£ ﬁeé}o’]&%t«’rf’:é’xiar%évl“%‘lﬁ‘w

N Py T AL
R

e

RIS AR R A o @ F R RNERF > T A ¥
SE MV RO EEREL YA R RY KRR KA
oI LIFEDEG ARE O AP ERBNLY ORBERE

R A > €24 a7 i (0 1996) -

z ~ &7 F pE(Chitosan) i gf % 4v 1} i *
B ORPEELS BT F(chitin)y 5 A & 2o fig i
g A+ R EF 8T B pEE 2000 2 3000 B N-4 2 g

A ¥ % #"%=(N-deacetyl-D-glucosamine) 54 S -1,4 4 3 4

-
w
3

o LB NREE o B0 TS R i
BAE P wFap s ®E A - 1 Muzzarelli (1985)
e RF EREFRRESFELE T(WW)LEH > THL BT
FpE (4 > 2005) -
(=) 27 RpEanip f#id

AT ORPET B 1% - ph(adipic acid)~ fip pE > 7 & >

SRR RAREEMGE S A BAN g, B0
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e B AN BB H3H > V4% 0.25g/mL 2 50g/mL

AT RPE  BREA Y ARESR LY T RERRET RS

o

B BT RPELEPK? D3 ERT T F 3 0.15g/mL

I1.ImL o p¢b » X7 B A R3NP M2 gk a3 & (4

fon

1993 ; Knorr, 1984) » 82 2% & 7 R pE v 3 230 fFpeiz e - L H
BHRR RS T RS o A A B pH a9
oo F11ar&W1r10k(1978))j‘ v d e R T5% T R
PEgcie B 2 iR RN AR Y > @ 2§ k2 pH E & 5.5 1
LR R fRR Y D ;

Ao RBLEBEERIRY DG FHETEFENH)Z 57 H R

& 4 > ® i A = 3k M (hydrophilic) e 43l (worm-like) 4

TR RN A A s R AP S 2
BRI (L 1993) 0 A BT RPERF R F €

RP|AHBE pHE -~ F R ~BFFTEREPE
(Kienzle-Sterzer C. et al., 1985) -
() B7 B3 P2 % 2 piTi

Bt AT RpEd HasE 2 i? 0 40 Arai 2 (1968) 2

5:#}2] .'1’1 ’ J’i:&é&%%g’\’%ﬁiﬁ o7 18 !év_.‘”_f E‘ﬁ;—g\—’ ;?,\

i

T

pE1 ¢ X B A 4 % 2 oBough & Landes (1976) 4k & % &
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ALY e S%BT R -k TS EHEBE R R
Rt Ld S BFLR2 LR L FerBagyFi
£ o Hirano (1985)chzd % @ dg ) » & 2 o bl& S -k + =
STHE L 08z 1.74gh S 7 BpE o 239X t5 0 @A 2
A E A 4R (1996) gy I E T AR B E 5% T BT K
P4t Rehd £ 2950 ¥ &3 2 o
Btk o op ke At 1989 E MM H Ao & o BOpES ~ £
ix ek T W & R fE A (40 2005) £ WM EF & % F 1L & (FDA)
2 2T 1991 E PR BT KRS R e R R RSP
(Mccurdy, 1992) o g2 28 F g P 8- B2 L 5 &
B P 7L a5l B8 E DL ApF ST
Rl &Py RiE- HEP H % 233" 2000) -
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TORPEEW AL R R LT = 8 (FF 0 2005)
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A i o EE RFEKEP AR AL g &
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VERIRIE S I ﬁ;]"%é" mie i B o BT R
PEBEELFGE AR EF e ie P REE XL
+ (macromolecule) £ ¢+ F it & (Leube and Stossel, 1986) o
BTOEPES T IESAEREme NS T RE
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oLt A P R e R G IR R BT A Foa 3T MR
T4 % o 44 ¥ ¢ F Bz Pseudomonas - Enterococcus %
Erwinia % @ # (King and Bolin, 1989) - # ¢ Pseudomonas -

Bl

Enterococcus  *t # #4 - ] (psychrotroph)- @ * #f ik 2 ¥
MR T A R U Bl KA Rkl & e

(4 > 2006) > M B o5 2 A Sdodit M S P2 F G o

BT AFE S22 ST o
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Table 6. The microbiogical standard of fresh food.

\’:I‘ 9

A

ARk rRERE

I8 E;}ﬁbc‘/}*ﬁ?}ﬁ"}iﬂ s A A ]
- B 1 A 1% E(E. coli) |+ F 2 s dia
5 A X ] .
‘) # (CFU/g) | (Coliform)i | dgpge | HRALS
FE#(MPN/g) | (MPN/g)
A& k% 10T 10° 12+ 10 27 -
Aa g 1000 10° 2= 10 2 -
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-~ F &M

AL TR 2 RAER SRR H A
G- BLoREW EEET AL ED LB iR (1x5
DAY B GR (2x2 2 A)E FEE R (0.5x0.5 2 A)E F (B4~
w ) e
I REE

1. % i 4 Sodium chloride) : & F % » 5 @ -

2. ) 95% (Alcohol): ¥ & b S @A FL > 5 A 2 A& o
3. %4 AEC S EFAEE S E FEE KPR # (Petrifilm™

Aerobic Count Plant and E. coli/Coliform Count Plate) : %

é_

B 3M 2 @ 4

4. & % 1“4 (Sodium hydroxide) : #F & % > p Ak & o P

T
)
o

5. 7kfr pk ( Glacial acetic acid ) * F & & > gk = @ 0 & o

6. Potassium indigo trisulfonate (PITS) : ## # % > Merck = @

7.5 RpE R ER o P A H > d o R 95%
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9.

Br e (H3POy) @ 33 % % 85% » Merck = @ 41 & o

10. s = & 4 (NaHoPO4 - HyPOy) > 32 &5 > p & % L 2 F

i

A 5

CRERA

.+ ¥4 R 2+ (Hand refractometer ) : ATAGO = & I & »

N1 %] -

. Ak kR 2 (UV/VIS Spectrophotometer) : p & JASCO =

& 45 7800 A o

. & £ & (Color and Color Difference Meter): P 4 k& 7 & ;¢

¢ 4t 41 & > ND-1001DP 7]

. %7 £ (Speedy autoclave) : Tomin = & I} & » TM325 3] -

. H24 $ ¥ % 45 (Incubator) : Kwang Shen 2> & I} % » KS-31

AP A (A A B > PF2099 RE L E G L P

. pH meter : JENCO = # ' % » Microcomputer pH-vision

6071 7] -
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Figure 8. Package of cut onion.
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DRI 3

Figure 9. Ozonizer
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Bt~ XE2 =27 F AR

Figure 10. The different type of fresh-cut of onion.
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9. % i# 3 v (Ultra-centrifuge) : Dupont = # I %> Sorvall
RC-5415 3] -

10. 3= & 4% (Blender) : Waring » 31BL92 3] -
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Figure 11. The flow Charts of this experimental design.
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B 2Sg B X E RS r 225g 2 A FA A Bk (K

B 0.85%) M F s cu ~ B o B ImL 5 ik 0 F 24P
Pz BEFAEE R REFHFEL 107107k R - %R
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coli/Coliform Count Plate » » & — ¥ = £4F » & 35C T
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¢ ¥ EF2Z AL ERFRK A7 2B L CFU/ge
() 73R 2R 208 0 2005)
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(I) 7 if TR R &3 (AOAC 1984)h= j# » B~ § B~ X & 20g
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0.IN NaOH /3 /% =1 pHS8.1-3c4 "7 NaOH % =

ﬁ'{y JJ'T}lJQ};\]“:;J-_}:l: ,_‘E'M%?%ﬁ’;gi%\ﬁ(%?%ﬁimb

& 5 0.0064) -

NaOH % & #cxf xb

x100

f:0.1N NaOH ¢4 i

b: A% 0.IN& ¥ i 48272 ImL 3 #p £ (g)

(=) % & F 2 @ T(+k > 2005)
EEER T RBE o et B (X)) £ FIg 24 ] P

LE o Eges () flF TSP E s

Xo— X
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Xo: # &A™tz hict £ (2)
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® v 47 (X 82.28, Y 87.14, Z 94.63) ~ % ¥ (X 47.6, Y50.71, Z
55.53) &t o B~ ¥ * ) eiF EA 4 Z k¢ o d HunterL, a,
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32.06/233.39xAx162.26/32.06x2
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\\
______ X V
Vo
P 132,06 -cmmmmmmeeee- a3 B
233.39-----mmmm- BaSO, 4 3+ &
A------ BaSO4 T F
162.26----------- e

(1) % 4p & ¥ 04 45 (Stand Method,1986)
LA 45 4
(1) Potassium Indigo Trisulfonate (C;4H,N,0;;S;3K3) :
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(3)5;1} ﬁé&: _‘i {EP‘(NEIH2PO4 . H2P04)

2% 5% ERV Y
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Figure 12. Effect of solution treatment on the total bacteria count of

fresh-cutonions stored at 5+1°C for 10 days
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Table 7. Effect of solution treatment on the total bacteria count of fresh-cut onions stored at 5+1°C for 10 days.

Trt Total bacteria count (CFU/mL)**
Onion slices Onion strip Minced onion
0 0 0 0 0 0,
6% 3% 2% ) 3me/L % 3% 2% ) 3me/L 6% 3% 2% g
Control Citric Chitosan Control Citric Chitosan Control Citric Chitosan
NacCl . Ozone NaCl . Ozone NaCl . Ozone
Day acid * acid * acid *
0 3.0x100  1.4x10" 1.2x10'  1.0x10'  1.0x10' 3.0x10' 1.4x10' 1.2x10' 1.0x10'  1.0x10' 3.0x10' 1.4x10' 1.2x10' 1.0x10'  1.0x10'
1 3.7x10"  3.2x10' 2.8x10'  6.8x10" 1.0x10' 7.0x10> 3.8x10' 4.8x10' 5.4x10'  3.3x10' 9.0x10*> 4.2x10' 3.6x10* 6.9x10'  4.7x10'
2 1.4x10%>  5.2x10* 5.6x10>°  5.0x10>  7.0x10> 9.6x10°. 82x10° 6.6x10> 4.3x10*>  9.0x10°> 7.6x10° 1.4x10° 4.7x10° 8.7x10°>  6.7x10°
3 1.8x10°  1.6x10° 6.8x10°  9.4x10> 8.5x10° 1.8x10° 8.6x10° ~1.4x10° " 3.6x10°  5.5x10° 2.0x10* 3.4x10° 6.4x10* 2.1x10° 1.7x10°
4 4.0x10* 6.6x10° 5.1x10*  22x10°  1.6x10* 5.4x10* 2.5x10* 3.4x10* '9.0x10°  7.6x10* 7.2x10° 2.8x10° 3.0x10° 7.8x10°  5.4x10*
5 3.8x10° 4.9x10* 1.6x10° 6.5x10° 6.2x10* 6.8x10° 8.2x10* 6.0x10> 4.6x10* 4.9x10° >1x10° 8.0x10° 7.4x10° 1.8x10* 7.9x10°
6 >1x10° 5.3x10° 5.6x10° 2.6x10* 7.2x10° >1x10° 7.8x10° 7.2x10° 8.2x10* 6.0x10° >1x10° >1x10° >1x10° 2.0x10° >1x10°
7 >1x10% >1x10° >1x10° 4.9x10° >1x10° >1x10° >1x10%° >1x10° 7.2x10° >1x10° >1x10° >1x10° >1x10° 6.0x10° >1x10°
8 >1x10% >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10®° >1x10° >1x10° >1x10° >1x10° >1x10%° >1x10°
9 >1x10% >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10° >1x10°
10 >1x10° >1x10%° >1x10° >1x10° >1x10° >1x10%° >1x10%° >1x10° >1x10®° >1x10° >1x10%° >1x10° >1x10° >1x10®° >1x10°

*In 0.05M acetic acid solution.
*#% Data in boldface indicate lager than 10°.
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Figure 13. Effect of solution treatment on the coliform count of

fresh-cutonions stored at 5+1°C for 10 days.
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Table 8. Effect of solution treatment on the coliform count of fresh-cut onions stored at 5+1°C for 10 days.

Trt Coliform count (CFU/mL)
Onion slices Onion strip Minced onion

0 0 0 0 0 0
0 34 .ZA) 0.3mg/L 6% 3A) .ZA) 0.3mg/L 6% 34 .24 0.3mg/L
Control NaCl Citric Chitosan Ozone Control NaCl Citric  Chitosan Ozone Control NaCl Citric  Chitosan Ozone

Day acid * acid * acid *
0 1.6x10"  1.0x10" 1.0x10"  1.0x10" 1.0x10' 1.6x10' 1.0x10' 1.0x10" 1.0x10'  1.0x10' 1.6x10' 1.0x10' 1.0x10' 1.0x10'  1.0x10'
1 4.0<10"  1.0x10" 1.0x10"  1.0x10" 1.0x10' 6.4x10' 1.0x10' 1.0x10' 1.0x10"  1.0x10' 7.3x10' 1.0x10' 1.0x10' 1.0x10'  1.0x10'
2 6.7<10"  1.7x10" 2.1x10'  1.0x10" 1.0x10" 8.1x10' 1.3x10' 5.8x10' 1.0x10"  1.0x10" 8.4x10' 3.3x10' 4.2x10' 1.0x10'  1.0x10'
3 3.8x10"  6.7x10"  1.7x10"  1.0x10" 1.0x10" 5.9x10*> 8.1x10' 1.3x10" 1.0x10"  1.0x10" 4.0x10*> 8.4x10' 3.3x10' 1.0x10'  1.0x10'
4 6.4x10°  7.1x10" 4.8x10"  1.1x10" 1.8x10' 7.5x10*. 6.0x10" 3.6x10' 1.7x10"  1.1x10" 4.5x10*> 8.8x10' 9.1x10' 1.3x10'  1.2x10'
5 8.8x10% 83x10' 6.5x10'  1.4x10" 3.4x10' 9.5%10* 6.6x10" 5.1x10" 2.6x10"  4.0x10" 7.3x10*> 9.6x10' 3.8x10° 3.0x10'  3.2x10'
6 8.3x10% 2.0x10> 7.6x10'  3.1x10" 5.8x10'" 1.0x10%° 6.4x10> 6.9x10' 5.7x10'  7.1x10"' 9.2x10*> 1.5x10° 6.4x10> 7.3x10"  9.2x10
7 1.2x10° 4.6x10° 5.4x10>  6.9x10" 82x10' 1.4x10° 7.4x10° 2.4x10° 7.0x10'  9.3x10' 1.8x10° 5.4x10° 6.8x10> 1.3x10° 1.5x10°
8 3.9x10° 7.5x10> 4.4x10° 3.3x10° 2.0x10> 4.8x10° 7.5x10° 3.8x10° 7.5x10>  6.7x10> 2.5x10° 4.4x10° 1.5x10° 5.2x10° 3.7x10°
9 6.4x10° 9.2x10° 9.5x10° 7.3x10° 6.1x10> 7.8x10° 9.2x10°> 6.4x10° 9.2x10°  7.1x10> 8.2x10° 9.5x10° 5.8x10° 8.7x10° 6.7x10°
10  4.0x10* 3.6x10° 8.5x10° 8.0x10> 3.3x10*> 5.4x10* 2.1x10% 5.5x10° 9.5x10*>  8.5x10*> 8.0x10* 5.0x10% 1.2x10* 3.6x10° 3.6x10°

*In 0.05M acetic acid solution.
*#% Data in boldface indicate lager than 10>

55



HU M Aprs-L i 8 Tma FF5 698% £ A

REE T R L PREE T4 £ X 502% iEREE T
4 FTad £ F 7.04% ABEEE T L EF 6.93%
AEFEZFEERARBERL(E L) A RARLEL LS

AR EEYAESIRE S REARAL SR KLY he
B 7 B b o X E e B o Bk A Y e
oA EE R R EFEFRRE LR iR b e

N

o TR B E

-

FlP ok oA dE A RS A e R R IR T

L L R R LR T4 F X

KIS
(9,
(e}
(e}
(=)
X
£
&)
=
o

MRz A E R R 12.95% B8 8T KPR KR

4.08% - BRIFMARE L5 AR B eniE L H & 4 £ 54
HARE E R AR (B )0 & AR R IR Y LR

ok RFIBELA A BSRERB S XL e b v

<
T
—4
o
AN
o
s

TORPER A R AR RS T £
WO R B T MIT 2% 0 - A 8 T BPE s R
(water uptake) (Chang et al.,1998) > ¢ 0.5% ~ 1.0%” %2 2.0%

S0 RPERRLS R TS R R Bk F Ay i

56



Onion Slices

=

< —=— NaCl
5

-g —1—1@%@

—x—,ﬂ}«" %@%
012345678910—A—§i§d?7’3f§
Storage time (day)

Onion strip

14
12
1

- é’é\j‘ n‘i;l"_lf.'
—=— NaCl
—— ST
—H— 7 T

—— JLE

o

Weight lose (%)

ON b~ O

0 1 2 3 45 6 7 8 910
Storage time (day)

Minced onion

—a— NaCl
—— TR
—H— 24 S

—— LA

Weight lose (%)

0 1 2 3 45 6 7 8 910
Storage time (day)

Blte B EEET RRRAILE A5+1C AR 10X Feand £ 5
Figure 14. Effect of solution treatment on the weight loss of fresh-cut

onions stored at 5+1°C for 10 days.
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Table 9. Effect of solution treatment on the weight loss of fresh-cut onions stored at 5+1°C for 10 days.

Weight loss (%)

Trt
Onion slices Onion strip Minced onion
3% 2% 3% 2% 3% 2%
6% 0 ~7° 0.3mg/L 6% 0 ~7° 0.3mg/L 6% 0 - 0.3mg/L
Day\ Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan
NaCl . * Ozone NaCl . * Ozone NaCl . * Ozone
acid acid acid
1 0.24¢ 2.31c 0.43e 0.55¢ 0.50f 0.52d 1.7d 0.76¢e 0.94¢ 0.72f 0.55d 1.98f 0.96¢g 1.27f 0.96¢e
2 0.58de 5.71bc 0.80de 1.10de 0.78ef 0.76¢cd 3.112cd 1.28d 1.88cd 1.26ef 1.00d 3.95de 1.63fg 2.11ef 2.04d
3 0.87cde 7.63ab 1.16de 1.69cde 1.10def 1.37bed  5.60bcd 1.76¢cd 2.65bcd 1.43ef 1.47cd 6.94cd  2.44efg 2.86¢ 2.65cd
4 1.79bcde 8.69ab 1.63cde 2.03cde 1.53cdef 1.82bcd 7!78abc 2.23¢ 3.08bc 1.70e 1.80cd 8.23bcd 3.16de 3.57de 2.86¢cd
5 1.50bcde 9.82ab 2.07cde 2.56¢cde 1.84bcdef  2.18bed 8.79abc 2.80bc 3.83abc 2.08cd 2.14bcd 9.06abc  3.87cde 4.08bcd 3.22bc
6 2.03abcd 10.22ab 2.4bcde 2.97abc 2.16abcde  3.57abc 10.06ab 3.24b 4.57abc 2.26bcd 2.73bc 10.95ab 4.62bc 4.83bc 3.56abc
7 2.50abc 10.8ab 2.82abcd 3.52abc 2.50abcd  4.15ab 11.33ab 3.79b 5.21ab 2.52bc 3.25abc 11.45ab 5.41b 5.76abc 3.72ab
8 2.78ab 11.09a 3.68abc 4.21ab 2.83abc 5.12a 12.01a 4.20ab 6.06a 2.81ab 3.94ab 12.62a 6.26ab 6.43ab 3.94ab
9 3.23ab 11.40a 4.22ab 4.83ab 3.14ab 5.72a 12.67a 4.67a 6.72a 3.08a 4.56a 12.87a 7.12a 7.16a 4.36a
10 3.68a 12.28a 4.58a 5.52a 3.57a 6.14a 13.08a 5.18a 7.39a 3.42a 5.18a 13.53a 7.93a 8.0la 5.24a

*In 0.05M acetic acid solution.
a-f :Values in column followed by different letters are significantly different (P<0.05)
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Figure 15. Effect of solution treatment on the soluble solids content of
fresh-cut onions stored at 5+1°C for 10 days.
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Table 10. Effect of solution treatment on the soluble solids content of fresh-cut onions stored at 54+1°C for 10 days.
Trt Soluble solids (“Brix)
Onion slices Onion strip Minced onion
v} 0 0 0 0 1)
6% 3% 2% 0 3mg/L v % 2% 0 3mg/L 6% 0 2% 0 3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan
NaCl . Ozone NaCl . Ozone NaCl . Ozone
Day acid * acid * acid *

0 8.8d 104 ¢ 10.0e 98b 8.6¢ 8.8d 10.8e 10.0e 98¢ 8.6 de 88g 104f 102f 98¢ 8.6¢
1 90cd 10.6bc 10.0e 9.8b 8.8 bc 88d 10.8e¢e 10.0e 10.0bc  8.6de 92f 104f 102f 10.0 de 9.0 cd
2 8.4¢ 10.8ab 10.0¢ 9.8b 8.8 be 90cd 11.0de 102de 102ab 8.8d 92f 10.6ef 102f 10.2 cd 90cd
3 8.4¢ 10.8ab 10.0¢ 9.8b 8.8 be 92¢ 112 cd_ 102de 102ab 9.0c¢ 94ef 108de 104ef 10.2cd 8.8 de
4 8.8d 10.6 bc 10.2 cd 10.0 ab 8.6¢c 9.2¢ 11.2cd 10.2de  10.2 ab 9.0c 94ef 10.8de 10.4ef 10.4abc 9.2 be
5 92cd 10.8ab 10.6b 10.0ab 8.8 bc 96Db 11.2cd 104cd 102ab 94b 94ef 10.8de 104ef 10.4abc 9.0 cd
6 92cd 110a 10.6 b 102 a 9.0b 96b 114bc 10.6bc 104 a 94b 96de 11.0cd 10.6de 10.6ab 9.5 ab
7 96a 11.0a 10.8 ab 102 a 94a 96b 11.6ab 10.6bc 104 a 9.6 ab 98cd 11.2bc 10.8cd 10.6ab 96a
8 98a 10.8ab 10.8 ab 102 a 96a 98ab 12.0a 10.8b 104 a 96ab 10.2ab 114ab 11.0b 10.4 abc 96a
9 98a 11.0a 11.0a 10,0ab 9.6a 10.0 a 11.8a 10.8b 104 a 96ab 102ab 114ab 11.2ab 10.6ab 9.8 a
10 98a 11.0a 11.0a 102 a 96a 10.0a 11.8a 11.2a 104 a 98a 104 a 11.6a 114a 10.8 a 98a

*In 0.05M acetic acid solution
a-f :Values in column followed by different letters are significantly different (P<0.05).
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Figure 16. Effect of solution treatment on the pH of fresh-cut

onions stored at 5+1°C for 10 days.
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Figure 17. Effect of solution treatment on the titratable acidity of
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Table 11. Effect of solution treatment on the titratable acidity of fresh-cut onions stored at 54+1°C for 10 days.

Trt Titratable acidity (% as malic acid)
Onion slices Onion strip Minced onion
o o o o V) o
6% 3% 2% 0 3mg/L 6% 2% 0 3mg/L 6% 0 2% 0 3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan
NaCl . % Ozone NaCl . * Ozone NaCl . * Ozone
Day acid acid acid
0 027a 027a 0.28 a 0.31a 0.28 a 027a 027a 0.28 a 0.31a 0.28 a 027 a 027a 030a 03la 0.28 a
1 027a 026a 0.28 a 0.30 ab 028 a 027a 027a 0.28 a 030a 0.27 ab 027 a 026a 030a 029a 0.27 ab
2 0.24ab 0.25ab 0.28 a 0.28 ab 0.27 ab 026a  027a 0.28 a 031a 0.27 ab 0.26 ab 026a 030a 0.30a 0.26 ab
3 0.24ab 0.25ab 027 a 0.30 ab 0.27 ab 026a 026ab ' 027ab 0.30a 0.26 abc  0.26 ab 0.25a 029 a 031a 0.25 ab
4 0.24ab 0.25ab 027 a 0.29 ab 0.26 ab 026a ; 0.26ab. 0.27 ab 0.30a 0.26 abc  0.25ab 0.26a 0.28 a 029 a 0.25 ab
5 0.24ab 0.24 ab 027 a 0.28 ab 0.26 ab 026a 0.26ab - 0.27ab 0.30a 0.25abc  0.25ab 0.26a 027 a 0.30a 0.25 ab
6 0.23b 0.24ab 0.26 a 0.29 ab 0.26 ab 0.25a 025abc 0.27 ab 0.30a 0.24 be 0.25 ab 0.26a 0.28 a 029 a 0.25 ab
7 023b 024 ab 0.26 a 0.28 ab 0.26 ab 025a 0.24abc 0.26Db 0.30a 0.24 be 0.24 ab 0.25a 0.28 a 0.28 a 0.25 ab
8 0.23b 0.22b 0.26 a 0.27b 0.25 ab 024a 024abc 026D 029 a 0.23 ¢ 0.24 ab 0.25a 0.28 a 0.28 a 0.25 ab
9 022b 022b 0.26 a 0.28 ab 0.25 ab 024a 023bc 026D 029 a 023¢c 023b 0.25a 027 a 0.28 a 0.24b
10 022b 0.22b 0.26 a 027b 0.24Db 024a 022c¢ 0.26b 029 a 0.24 be 0.23b 0.24a 0.28 a 0.28 a 0.24b

*In 0.05M acetic acid solution.
a-f :Values in column followed by different letters are significantly different (P<0.05).
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Table 12. Effect of solution treatment on the pH of fresh-cut onions stored at 5+1°C for 10 days.

Trt pH
Onion slices Onion strip Minced onion
o o o o V) o
6% 3% 2% 0 3mg/L 6% 2% 0 3mg/L 6% 0 2% 0 3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan
NaCl . % Ozone NaCl . * Ozone NaCl . * Ozone
Day acid acid acid
0 537de 535c 532ef 536de 538de 542 535f 532¢ 532¢ 538 fg 538de 537cd 530c 532¢ 5.38 bed
1 536de 5.58bc 530f 534e 535d 542 ¢ 540de 5.32c 535bc  540defg 538de 537cd 530c 533¢c 5.42 be
2 5.61bcd 5.62abc 5.32ef 538bcd 5.38bcd 545cde 538de  5.32¢ 535bc  537¢ 540cd 538bc 531bc 536bc 544 a
3 5.59cd 5.62abc 5.35de 536de 542abc 547c¢ 542d 5.34 ¢ 532¢ 542bcde 540cd 538bc  531bc  538ab 5.42 ab
4 5.61becd 5.56bc  5.36cd 542bc 543 ab 550bc 5.42d 534c¢ 536ab 539efg 542cd 538bc 532bc S54la 5.40 be
5 5.62bcd 5.64ab  5.39bc 544ab  539Dbc 552bc. . 546cd 5.38bc 542a 5.38 fg 542cd  539bc  532bc  537ab 5.38 bed
6 5.69 be 568ab 542ab 545ab 543 ab 5.57abc 550bc 5.40ab 544 a 541 cdef 543cd 540bc 532bc 5.38ab 5.38 bed
7 5.72abc 5.68ab 5.42ab 5.37de 5.38bcd 5.57abc 5.58ab 544a 545a 5.44abc  545bc 543ab 533 abc 5.39ab 5.38 bed
8 5.76ab 572 a 543 a 539bcd 54labc 563ab  5.58ab 544a 5.37ab 543bcd 5.48Db 543ab 534ab 542a 5.40 be
9 583 a 574 a 543 a 544ab 546a 5.66a 5.66a 544 a 544 a 5.45 ab 5.48b 544 a 5.36a 5.37 ab 5.39 bc
10 5.86a 574 a 543 a 546 a 5.44 ab 5.68 a 5.62a 546 a 542 a 547 a 552a 544 a 538a 540 a 5.42 ab

*In 0.05M acetic acid solution.
a-f :Values in column followed by different letters are significantly different (P<0.05).
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Figure 18. Effect of solution treatment on the L value of fresh-cut
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Table 13. Effect of solution treatment on the Hunter’s L value of fresh-cut onions stored at 5+1°C for 10 days.

Trt Hunter’s L value
Onion slices Onion strip Minced onion
0 o o o V) o
6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan
Day NaCl acid * Ozone NaCl acid % Ozone NaCl acid * Ozone
0 80.1a 81.8a 79.7a 72.8a 83.9a 80.0a 81.8a 79.7a 73.0a 83.5a 80.0a 81.6a 80.0a 73.2a 83.8a
1 80.4a 81.3ab 79.2b 72.5a 83.5a 79.4ab 80.6ab 79.2ab 72.7a 82.7a 79.7ab 81.2a 79.8a 72.9a 83.6a
2 79.2b 81.1bc 79.0b 72.0ab 83.2a 78.8b 80.3ab 79.5ab 72.6a 82.0a 79.2b 80.7ab 79.3b 72.3ab 82.3ab
3 79.5b 80.6¢cd 79.6a 71.7ab 82.6ab 78.3b 80.2ab 78.9b 72.0ab 81.8ab 78.6¢ 80.0b 79.6ab 71.6b 81.8b
4 79.4b 80.3d 78.5¢ 72.2a 82.2b 77.6bc 79.4b 78.4bc 71.2abc 81.3ab 78.3¢ 78.5¢ 78.9b 71.2b 81.1b
5 78.8¢ 80.2de 78.4c 71.8ab 81.8bc 728 79.3b 78.4bc 70.7¢cd 80.7b 77.8¢ 78.3¢c 78.5bc 70.4bc 80.2¢
6 78.8¢ 80.2de 78.2¢ 71.4abc 80.6¢ 77.9bc 78.8bc 77.8¢ 70.4d 80.4bc 77.5¢d 77.6¢cd 78.bc 69.7¢ 79.6¢cd
7 77.9¢ 80.1de 77.4d 71.2abc 79.5¢d 77.6bc 77.7¢ 76.9d 69.6¢e 80.2bcd 77.4cd 76.7d 76.6¢cd 69.2¢cd 79.5¢d
8 72.2d 79.9ef 77.0d 70.9bcd 79.2d 77.5¢ 77.5¢ 76.7d 69.1f 79.7¢cd 77.0d 76.4d 77.0c 68.3d 79.0d
9 77.6e 79.4f 76.4e 70.6¢d 78.9de 77.5¢ 77.2¢d 76.1e 68.7¢ 79.0d 76.6¢ 76.8d  76.2cde 67.2de 78.7de
10 76.4f 79.6ef 75.8f 70.2d 78.e 74.d 76.6d 75.7ef 68.4ef 78.4de 73.0f 75.2¢ 75.2¢ 66.3¢ 78.2¢

*In 0.05M acetic acid solution.
a-f :Values in column followed by different letters are significantly different (P<0.05).
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Table 14. Effect of solution treatment on the Hunter’s aL value of fresh-cut onions stored at 541 °C for 10 days.

Trt Hunter’s a value
Onion slices Onion strip Minced onion
0 o o o V) o
6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan

D NaCl . * Ozone NaCl . % Ozone NaCl . * Ozone
ay acid acid acid
0 21361 -142)  -1.66] -1.14j -1.94h  -136j]  -142i  -1.66]  -l.14g  -1.94g  -136g  -142j  -1.66j -1.14j -1.94i
1 -1.09h -1.28i -1.461 -1.061 -1.91h -1.28i -1.38h -1.571 -0.99f -1.82¢g -1.32¢g -1.151 -1.331 -1.02i -1.77h
2 -0.86g -1.12h -1.37h -0.92h -1.86g -1.21h -1.26¢g -1.28h -0.86¢ -1.62f -1.26f -1.0%h -1.18h -0.95h -1.43g
3 -0.79f -0.96¢g -1.38h -0.90h -1.64f -1.22h -1.08f -1.22¢g -0.83de -1.57f -1.14ef -1.02¢g -1.10g -0.89¢g -1.33f
4 -0.68be -0.92f -1.27¢g -0.86g -1.30c -1.16g -0.97¢ -1.16f -0.79d -1.26e -0.95¢ -0.92f -1.06f -0.81f -1.18e
5 -0.65¢ -0.85¢ -1.19f -0.83f -1.34d -0.94f -0.94¢ -1.08¢ -0.76d -1.07d -0.87d -0.88e -0.97¢ -0.77¢ -0.82d
6 -0.60d -0.77d -1.04e -0.78e -1.30¢c -0.82¢ -0.84d -0.94d -0.70c -1.09d -0.74cd -0.77d -0.91d -0.74e -0.84d
7 -0.57d -0.70c -0.95d -0.67d -1.40e -0.64d -0.75¢ -0.92d -0.63b -0.74¢ -0.68¢ -0.69¢ -0.84¢ -0.68d -0.69¢
8 -0.48¢ -0.69¢ -0.91c -0.62c¢ -1.36d -0.56¢ -0.73¢ -0.78¢ -0.58ab -0.86b -0.59¢ -0.66¢ -0.72b -0.62¢ -0.66bc
9 -0.40b -0.62b -0.72b -0.55b -1.12b -0.47b -0.69b -0.65a -0.57ab -0.82b -0.43b -0.52b -0.69b -0.53b -0.65b
10 -0.32a -0.58a -0.64a -0.48a -0.98a -0.38a -0.52a -0.69b -0.50a -0.78a -0.22a -0.47a -0.56a -041a -0.60a

*In 0.05M acetic acid solution.
a-f :Values in column followed by different letters are significantly different (P<0.05).
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Figure 20. Effect of solution treatment on the b value of fresh-cut
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Table 15. Effect of solution treatment on the Hunter’s b value of fresh-cut onions stored at 5+1°C for 10 days.

Trt Hunter’s b value
Onion slices Onion strip Minced onion
0 o o o V) o
6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan

Day NaCl acid * Ozone NaCl acid % Ozone NaCl acid * Ozone
0 12.1d 13.4¢ 12.6h 15.2f 10.5g 12.1g 13.4de 12.6e 15.2f 10.5g 12.1g 13.4e 12.6h 15.2g 10.5g
1 12.2d 13.7¢ 12.9h 15.3f 10.8fg 12.4g 13.5de 13.1de 15.5fe 11.2f 12.8f 13.6e 13.5g 15.4g 10.91g
2 12.3cd 13.8¢ 13.3g 15.5¢ef 10.6g 13.1f 14.0cd 13.4d 15.6¢ 11.5¢ 13.4e 14.3d 14.0f 15.8f 11.2f
3 12.5¢ 14.1bc 13.8f 15.5¢f 11.0ef 13.2f 14.2¢ 14.2¢ 15.8¢e 12.0cd 13.5¢ 14.9¢cd 14.5¢ 16.3¢e 11.8¢
4 12.8¢ 14.3b 14.1ef 15.6de 11.2de 13.8de 14.5be 14.5bc 15.7¢ 11.6e 14.0d 15.0c 14.6¢ 16.9d 11.8e
5 13.2b 14.6ab 14.2¢ 15.8cde 11.5¢d 14.0cd 14.9ab 14.8ab 16.2d 11.7de 14.2¢d 15.2¢ 15.2d 17.1cd 12.1cd
6 13.4b 14.8ab 14.4de 15.9¢d 11.6¢ 13.6¢e 15.0ab 15.2a 16.4d 12.0cd 14.5bc 15.6bc 15.5¢d 17.0cd 12.3¢
7 13.6b 14.7ab 14.6¢d 16.1c 12.0b 14.2¢ 15.2a 15.3a 16.8¢ 12.3bc 14.6b 15.7b 15.8bc 17.3¢ 12.7b
8 13.6b 14.8ab 14.8¢ 16.6b 12.2b 14.9b 15.4a 15.5a 17.5b 12.5b 15.7a 15.8ab 15.9b 17.9b 13.3a
9 14.4a 15.0a 15.2b 17.5a 12.5b 14.8b 15.5a 15.6a 17.8b 12.9a 15.9a 16.0a 16.2ab 18.7a 13.5a
10 14.2a 15.2a 15.6a 17.8a 12.7a 15.4a 15.6a 15.7a 18.4a 13.1a 16.0a 16.4a 16.3a 18.8a 13.6a

*In 0.05M acetic acid solution.
a-f :Values in column followed by different letters are significantly different (P<0.05).
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Table 16. Effect of solution treatment on the Hunter’s /\ E of fresh-cut onions stored at 5+1°C for 10 days.

Trt Hunter’s b value
Onion slices Onion strip Minced onion
o o ] o V) o
6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan

D NaCl . % Ozone NaCl . % Ozone NaCl . % Ozone
ay acid acid acid
1 04h 0.6f 0.62h 0.33¢g 0.4%h 0.68¢g 1.20g 0.71gh 0.45¢ 1.07f 0.761 0.52¢g 0.981 0.351 0.48h
2 1.05fg 0.86¢e 1.03fg 0.88ef 0.71h 1.03f 1.62ef 091g 0.62f 1.83¢ 1.53h 1.32f 1.64h 1.1h 1.73fg
3 0.88¢g 1.46d 1.24f 1.17¢ 1.42fg 2.03e 1.82¢ 1.84f 1.21ef 2.29d 1.99¢g 2.23e 2.02g 1.96¢g 2.46ef
4 1.2f 1.82¢ 1.96¢e 0.77f 1.95f 2.95¢ 2.67d 2.36de 1.9¢ 2.55d 2.58f 3.52cd 2.36f 2.65f 3.09¢
5 1.84de 2.08bc 2.11d 1.21e 2.4e 3.45de 2.95d 2.62d 2.54d 3.17cd 3.05e 3.74c 3.08e 3.40e 4.1d
6 1.99d 2.22b 2.42cd 1.61de 3.54d 2.64d 3.45¢ 3.3c¢ 2.9d 3.55¢ 3.52de 4.61bc 3.6d 3.96de 4.7cd
7 2.78¢c 2.26b 3.13¢c 1.89d 4.68cd 2.59d 4.48bc 4.39ab 3.71c 3.95bc 3.67d 5.46b 4.74bc 4.54bcd 4.99¢
8 3.38bc 2.47ab 3.56b 2.42¢ 5.03¢ 3.84bc 4.79b 4.26b 4.56b 4.43b 4.75¢ 5.78ab 4.57c 5.62b 6.06a
9 3.53b 3a 4.3ab 3.24b 5.48b 3.79bc 5.11ab 4.79a 5.06ab 5.22a 5.18b 5.53b 5.60b 6.53ab 5.97ab
10 4.38a 2.96a 4.92a 3.74a 6.22a 6.92a 5.72a 5.15a 5.64a 5.84a 8.09a 7.13a 6.41a 7.41a 6.53a

*In 0.05M acetic acid solution.
a-f :Values in column followed by different letters are significantly different (P<0.05).
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Table 17. Effect of solution treatment on the Allicin content of fresh-cut onions stored at 5+1°C for 10 days.

Trt Allicin content (g/100g)
Onion slices Onion strip Minced onion
0 o o o V) o
6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L 6% 3/0 .2/0 0.3mg/L
Control Citric  Chitosan Control Citric  Chitosan Control Citric  Chitosan
Day NaCl acid * Ozone NaCl acid % Ozone NaCl acid * Ozone
0 1.88a 1.34¢ 1.65abcd  0.96ab 1.96a 1.92a 1.42ab 1.66ab 0.89b 1.94ab 1.9a 1.38bc 1.72ab 0.94abc 2.02a
1 1.86ab 1.38ab 1.62d 0.97a 1.96a 1.88abc 1.39b 1.67ab 0.92ab 1.92b 1.87a 1.36¢ 1.70b 0.94abc 1.96¢
2 1.85b 1.39a 1.66abc 0.96ab 1.97a 1.90ab 1.39b 1.64b 0.90ab 1.96a 1.88a 1.42a 1.73ab 0.97a 1.99abc
3 1.88a 1.35bc 1.68a 0.95abc 1.96a 1.88abc  1.41ab 1.66ab 0.93a 1.93ab 1.90a 1.40ab 1.72ab 0.93bc 1.97bc
4 1.88a 1.37abc  1.65abcd 0.97a 1.95a 1.89abc 1.43a 1.66ab 0.91ab 1.94ab 1.88a 1.42a 1.74ab 0.96ab 1.98bc
5 1.87ab 1.35bc 1.63cd 0.93bed 1.94a 1.89abc | |1l41ab 1.67ab 0.93a 1.92b 1.88a 1.37bc 1.70b 0.94abc 1.99abc
6 1.88a 1.36abc  1.66abc 0.96ab 1.94a 1.90ab 1.42ab 1.64b 0.90ab 1.95ab 1.87a 1.42a 1.72ab 0.92¢ 1.96¢
7 1.86ab 1.36abc  1.64bcd 0.95abc 1.95a 1.88abc 1.40ab 1.66ab 0.92ab 1.96a 1.89a 1.38bc 1.74a 0.95abc 2.00ab
8 1.88a 1.37abc  1.65abcd  0.93bcd 1.93a 1.86bc 1.39b 1.66ab 0.93a 1.95ab 1.87a 1.36¢ 1.71ab 0.96ab 1.98bc
9 1.85b 1.36abc 1.67ab 0.92cd 1.94a 1.88abc 1.39b 1.65ab 0.92ab 1.95ab 1.87a 1.39abc  1.73ab 0.93bc 1.96¢
10 1.85b 1.35bc 1.67ab 0.90d 1.95a 1.87bc 1.41ab 1.68a 0.90ab 1.94ab 1.87a 1.37bc 1.73ab 0.92¢ 1.97bc

*In 0.05M acetic acid solutiona
a-f :Values in column followed by different letters are significantly different (P<0.05).
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