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Abstract

The objectives of this research were to develop, using steam blanching (8 min, 100°C), and additives
a minced ginger product which could maintain acceptable quality over 30 days, and to investigate its
quality changes during cold storage. Sodium bisulfite, L-cysteine, NaCl, sodium benzoate, modified
starch and/or xanthan gum were added to minced ginger to minimize quality loss during storage and to
develop an optimum formula of the minced ginger. Samples were packed in nylon/PE films and stored
at 5°C and subjected to quality evaluations in every 30 days. Changes in pH, surface color, gas forma-
tion, liquid-solid separation, free amino acids, free sugars, organic acids, and fatty acids of samples were
determined. Gas formation was effectively inhibited in samples with sodium benzoate and/or NaCl. Sam-
ples with xanthan gum did not have liquid-solid separation problem. L-cysteine was effective in control-
ling brown discoloration of the sample. pH decreased during storage in all samples. Organic acid
contents in all samples increased during storage, and the increase in lactic acid contents was the most
significant. Free amino acids in samples decreased as the storage time was extended. Free sugars
decreased during storage in all samples. Sensory results showed that the developed product could main-
tain acceptable quality until 120 days of storage.
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oAE F7e AP T BT ole AAr
A FFELEME &EE T 9o AATA, M
a3 Agola] o}l fd WA flo] FANE AA|
2 ARFE F Adu 2Ev o33 A% duizle
A Foll Zd L 7havh wAEkaL L B (E
7Y dojues 5 F-o] AHelEe BAEE &
3 A

X7 A8 37 shEel el Fas A
2] 33 o = A (Katsaboxakis, 1984) tx]7j¢] FE7
L FEA dYad £48 FHisEEA BAE
B85 A w2 HAg WUXEla FHE 4
He AFe 713 gE NdATIe Aoz ¥EA
UTHDesrosier &, 1985).

B A3ee "H7g Aoz A7) oirlg
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A, AAE @) 58 EHFoE AT 5
Ae F7HES Astd dd7] AEe] WA
& FEdslE 248ty 48 E2 A7 O
718 AZE, f53ed "9ed J|ZARE 4R}
srd ot
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B AgoA ARS-g A7 20000 1199 53
G ik FARA FES A AR A F
A FYsied FA% T 100°ColA] 87 52t steam
blanching 33 ZHEo| ©7F WAAZ thg HHY
E71& AAS F A7 du7] Axgoz Agst
Atk

Az CHCHo |2 MR W A&

A7 gi7le ot 2ol Az &,
271 A2 g 3 985 A7E blender= I A
& YEZF(Con)ZE 39, A7 tth7] 100g 5l
g H]&E sodium bisulfite 0.002% (SB), L-
cysteine 0.2% (LC), sodium benzoate 0.1% (B),
Ultra-Tex 3 0.1% (8), xanthan gum 0.1% X)&
G=Exgd ZEF Lcysteine 02%, sodium
benzoate 0.1%, xanthan gum 0.1%, NaCl 2%%&
2% &3 HEgd 2AE 77k 100g¥ nylon/PE
filmo] AFEASF F 5°ColAM 1209 B¢ Ags}
A ZARZIER fFH sk AISR SHEAM FAE
A& 2ABHAT

ts ghdliEs BY

A7} cizle] 7k SIS Algol LA vt
28 72 ZH 4 pump (BH-702, Gastec Ltd.,
Japan)& AME-8led 712~ X8 vinyl pack (Gastec
Lid., Japan)oll 25 E & F syringeE AHE-3}od
7k2e] RIE EFAEAh

K2 (liquid-solids separation) &%

A7 gi71e] dAEEE S A F(1978)
o] e 3839 50ml tubeol thimble filter
(No. 84, 28X 100 mm, Toyo Roshi Kaishs Ltd.,
Japan)E 23l o37)o] AlE 5g2 ol 1,000 pm.
2 1087 948 E 3 ¥ /EE 7Ry s
2Asle] 27] A8 FAO digk %2 e

F23 SETA
28" FEFAE <100

HAEHR D — e e

HH Mz

A7} ozl e 334 (Color difference
meter, Hunter lab., CQ-1200x, USA)S AHE&}e] L
Zt(lightness), a%t(redness), b3k(yellowness)yS reflec-
tance _modedll A &3k AubHd A=
AE(JA2® + Ab? + ALY )3to. 2 ERY o™, standard

plate®] L, a, bzk& ZH2Z} 93.36, —0.97, 0.43°]|}T}.

pH & F7ILt 24

pHE A& 10gol 100g8] FF4E ¥3 homo-
genizer (AM-7, Nihonseiki Kaisha Ltd., japan)= 2
7+ 92338 3 pH meter(Suntex SP-7, USAYE

Table 1. Operating conditions of HPLC for organic acid
analysis

Instrument Gilson 305 system (France)
Column Aminex-.87H
(300X 7.8 mm, Bio-Rad, USA)
Column temp. 40°C
Eluent 0.008N H,SO,
Flow rate 0.5 ml/min
Detector (Model ]Ig\(l}zills(()):rgo., France)
Injection volume 20l
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ARg-sle] 248t f7iakel #4412 Gancedo &
(1986)2] whgol wa) AAstHct. A7 o] Al
8 20g8& F38led gRYol &Ho2 pH 9.0~9.52
ZA% 9 Dowex 1-X4(CI' form)oll E3HAIA §7]
g FEAZI I AR 35, 71EE 84 5%
S AAsATE A7)0 10% A £48 Fhstod
EFSL F7IHE EE3AA EE 10mE H 83
At o] A& Sep-Pak CI8 cartridge(Waters Co.,
USA) ¥ membrane filter (pore size 0.45um)E
AHEEle] A&AH O R oJapgtk F Table 13 22 =
7o) o}l HPLCE 43kt

FElofn| =it 24

8 ohumat BAg 98k A5 MAEe FH
(1976)2] Aol wet AAIEIATE &, A7 gl7)
A8 20g8 Fsled 75% ethyl alcohol 92
gopuAbe $&% F A3 AdE 25miE
RPFeEA17] H w399 25% trichloroacetic acid
(TCAYEY 20mlE 718l ©jag A7 o
AER AT NS FEA ethyl ether® TCA
£ 2 % AAF 2 Amberite IR 120(H"ol
EFHAA oln4He F2ZA]F) ammonia £28O
2 §3AFY 398 AYEEI gRYE
A A% F loading buffer solution (20 mM borate
buffer, pH 9.5 2.2 10ml2 HE3}3L °]& mem-
brane filter (pore size 0.45um)E 33t 2
ooz §EA| A2 (o-phthaldialdehyde)yS 1:52 7}t
slod 18 9 Wke-A1Zl F(Heems 5, 1998) Table
29} & =7 wel HPLCE #4814t}

Ralg 24

fFe B4 Gancedo 5(1986)2) Wgel w
2 AAEAEY. &, A7 oor] A8 20gS H
& 80% ethyl alcohol® F &2 F3YL
40°ColM AYEFE Al F EEM 20mi2 A
831t} ol& oA WAIE2(8,000 rppm, 20%)%
&, Sep-Pak Cl18 cartridge (Waters Co., USA)
9 mem-brane filter(pore size 0.45um)E &3
o2 ozsted Table 3% -2 Zol wat HPLC
2 BAs

X|git 24
A7 g7l Mg WA F22 Folch(1957)
o olsle] A& 5go chloroform : methanol (2:1,

vivy&d SOmlE 7HE F A ZriolA liquid-
liquid fraction’$*Hell we} A@E chloroform3 2.
oJggA|7] %3S 28] WHE. x]E]dled P& chloroform
2o A%9] anhydrous sodium sulfate® TEE A
A F etz 2 oAHE 40°Cl AYEE3
o 1mE HE3Hct 55H AR 100pE test
tubeo] ¥ <}7]e] methylene chloride 100 pl<}t
methanol?] 0.5N NaOHE& £33 & |1 miE ¥2
§ ZAE flushingd$1. Teflon-lined screw-capS-
2 test tubed FZ F 90°C water bathol|A 10
ZF 7FEEit. 78] A3 ¥, methanolol] -§-3H€
14%_ BF3& 1ml #7F8IHY dA2 flushingdhal,
g A ¥ 90°C water bathol]A 10%-7F 71
stk A2eF 23°C)llM A7 &, I ml FFTF
500l hexane2 tubed] W1 1EAHL AA EE9]
FAMES FZ&8%vhPak 5, 1994). 94¥eF F
AENE F3A Table 49 2 &7 mel GC
2 B4

2HsHIt

ek zle] A7, o3 H S8 FEe sl
54 zolAdA 2 71ax AARE dAEio 42
o] #dAe 98 B 23, olFe 7 ¥
el o, AAAR] A= 93 7EHER
&3t} AAEATHKIm F, 1993).

SHXE]

APA7 o Agol| T FAAME SAS
(Statistical  Analytical System, U.S.A) program
(1988y& AHZ-3lon, BAMEAIS Hit A E7H
zkol7t e #Eol thalAl= Duncan’s multiple
range test® AJE7HY] FolxHE 73 TH(P<0.05).

3 % g
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3401, BN 273 90dHRE 2Astr] Alatstd
10.5 ml/100 g7te] HA3IA & o, B Av A
ZF 12080] At x 7k2rt v FR B
A 5(1999)2] Bare] oshd A7de] MAAY F
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Fig. 1. Gas formation of blanched minced ginger during
storage for 120 days at 5°C. 4-€ Con: control, -l
B: sodium benzoate 0.1%, ® - @ BN: sodium
benzoate 0.1%+NaCl 2%, &-A A: L-cysteine 0.2%+
sodium benzoate 0.1%+NaCl 2%-+xanthan gum 0.1%

Table 2. Operating conditions of HPLC for free amino
acid analysis

Instrument Gilson 305 system(France)
Column LiChrospher 100RP-18
(250 mm X4 mm, 5 um)
Column temp. 40°C
Eluent Solvent A", B?
Flow rate 1.5 ml/min
Detector Fluorometer
(Model 121, Gilson Co., France)
Injection volume 20l

"Solvent A : Acetate buffer:Water:Methanol: Tetrahydrofu-ran
(515:350:100:30), ?Solvent B : Acetate buffer:Water: Acetoni-
trile: Tetrahydro-furan(290:195:490:25)

HA ks Z)ARA e HIlE GCE e A
COo7t A% 1549 ool F43] dad F A7)
7ol AojAFE AvkelA Frkelal, Ccozt A7
o] wol-g-& FAAZITL Bt

A7y tiz)e] 7k Al fd91e Ao EAlst
= PAEEo] 4AsEA wHEoUls Col 9%
Rog Azto] H, o|AE& Ak WHOE B
ZA|¢] sodium benzoate®] H7} = d=]7] A&7}t
n g AZE Ao zH stie] WS HA
Al 4 A, 97l NaClg © 37y o8
712 A7FRES TS AR 7hAe] WA
< gAAE F Aok FHrEAY

Table 3. Operating conditions of HPLC for free sugar
analysis

Instrument Gilson 305 system(France)
Column (65X %0 an?lfl?kWaters)
Column temp. 90°C
'Eluent Ca-EDTA(0.05%)
Flow rate 0.5 ml/min
Detector R.I (Model 132, Gilson Co., France)
Injection volume 20 ul

Table 4. Operating conditions of GC for fatty acid
analysis

Instrument Varian STAR 3400(U.S.A)
Column DB-FFAP(30 m X 0.25 mm X 0.25 um)
120°C (1 min)-=-m=m-msn-nnn- 220°C(30 min)
Oven temp. 3°C/min
Injection temp. 230°C
Detector temp. 250°C (FID)
Carrier gas He
Split ratio 1:25
Flow rate 1.5 ml/min
Injection volume 114
40
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Fig. 2. Changes in liquid-solid separation of blanched
minced ginger during storage for 120 days at 5°C. ¢-¢
Con: control, l-M : Ultra-Tex 3 0.1%, @ - @ X: xanthan
gum 0.1%, & -A A: L-cysteine 0.2%-+sodium benzoate
0.1%+NaCl 2%-+xanthan gum 0.1%

HE2| (liquid-solids separation)
Bx7] & A7 ohr] AL 5°ColA 1208 F
Qb AstHA e %E—g Z4% A3 Fig.
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201 Yebd upel 7tk BxE P A 279
5.6%04 1204¢] 73 3P 30.3%, Ultra-Tex 3§
H7He S 3.1-29.2%F FYEE HEsL HA3
Z713l9. 21}, xanthan gumg 718 X} F§hx8)
7 AY AdE 0-2.1%, 1.7~7.6%E 319 Eid)
el FAYE BAFTt Xanthan gume pH,
2E, |, 4 a3 sl sty bgAlol
Ak UdHA AL(Song T, 1992) A7 thhr] A
Z % AA F xanthan gume] FHA =AM A7} v}
7ol EAldhs B2 49 R A¢E sl 2
A B8 AT 5 YAty HriEH.

M ME

27 & A7k tir] AEFE 5°CAM 1208 T
oF AAsHA ¥H Mol WIE 243 A
Table 5o viepd wps} zhskeh F-zz)wet @54
7EL A3 12000] HAshE JERC] 3.0~6,0

Faled 13364 223/ 0)2 A7 2719 & Alo)
& HolA] ¢y, FH 7Y dEAHTFERY b
X3RS o Azl fojde] dFFHA e B
Aol 7Hg P H ) AThp<0.05). °1F-E Hix]7]|
A&7t A7l EA38k3 A= PPO(polyphenol
oxidase)& BHAFA7IZ AHAAA L-cysteine©)
OE o2 AHEEs 4538s dod zie
AAE AL AGHYTE

pH & f7|42| WS}

tix)7] 3 A7 ohlz] AES 5°ColA 1208 B
QF AslHA pHe| WElE 243t A= Table 6
of vebd wle} 7Tt A A7|7ie) dojdeE B
E AHIFEL pH/t 24 e, dsAgT S
LC, B, 283 BN pH7I #A3] Zasdly o&
22 FEF F9)H 2olg YeERATHP<0.05). L
By, Fxgel gEXET F 8B, S, X 233

£ Uehiiey FRAET A A% 12090] 4 TEAET A= FHE 2olE “ERAA &gt

Table 5. Changes in AE values of minced ginger during storage for 120 days at 5°C

Storage time AE
(days) Con” SB” Lc? B BN” s X7 A®
30 1.04 225 0.86 293 3.01 1.91 1.04 133
60 3.38 2.57 2.68 3.92 3.50 2,09 3.01 1.40
90 5.51 4,07 3.29 378 4.10 5.07 5.11 223
120 5.37 520 3.30 5.79 5.58 5.52 5.93 1.99
Mean 3.82%° 3.524° 25348 411* 4.05* 3.65" 377 1.49°

“AE=nyAa” + Ab% + AL, "Con: control, ?SB: sodium bisulfite 0.002%, “LC: L-cysteine 0.2%, “B: sodium benzoate 0.1%, “BN:
sodium benzoate 0.1%+NaCl 2%, ®S: Ultra-Tex 3 0.1%, "X xanthan gum 0.1%, ®A: L-cysteine 0.2%+sodium benzoate 0.1%-+NaCl
2%-+xanthan gum 0.1%, *Means with the same letter in the same row are not significantly different as determined by Duncan's
Multiple Range test (p<0.05)

Table 6. Changes in pH of blanched minced ginger during storage for 120 days at 5°C

Storage time pH

(days) Con" SB? Lc® B* BN® s® X" A
0 6.77 6.61 6.42 6.39 6.59 6.68 6.67 6.57
30 6.34 6.59 5.88 6.36 6.38 6.46 6.48 6.43
60 6.16 6.34 4.77 5.79 5.69 6.44 6.45 6.29
%0 6.08 6.25 4.66 522 5.36 6.11 6.39 5.97
120 5.98 591 4.58 4.93 5.04 6.04 6.25 5.80

Mean 6.27* 6.34" 5.26° 5.74"° 5.81%° 635" 6.45* 6.21%

"Con : control, JSB : sodium bisulfite 0.002%, “LC: L-cysteine 0.2%, “B: sodium benzoate 0.1%, BN: sodium benzoate
0.1%+NaCl 2%, S: Ultra-Tex 3 0.1%, "X: xanthan gum 0.1%, ®A: L-cysteine 0.2%+sodium benzoate 0.1%+NaCl 2%-+xanthan
gum 0.1%, *Means with the same letter in the same row arenot significantly different as determined by Duncan’s Multiple Range test

(p<0.05)
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Table 7. Changes in organic acid contents of blanched minced ginger during storage for 120 days at 5°C  (unit: mg%)
) Storage time (days)
Treatment Organic acid
0 30 60 90 120
Oxalic 223 1.03 1.00 0.15 0.03
Citric 2.38 1.32 029 0.19 trace
Malic 3.20 2.49 221 1.08 0.04
Con" Succinic 7.88 11.58 26.79 28.79 3425
Lactic 22.35 33.38 71.46 79.09 91.84
Acetic 9.83 6.53 6.15 312 2.76
Total 4787 56.33 107.90 11242 128.92
Oxalic 233 1.02 0.70 043 0.23
Citric 3.05 249 0.16 0.10 trace
Malic 5.52 4.85 3.95 2.84 0.03
SB? Succinic 5.25 15.28 21.80 23.34 27.60
Lactic 21.32 30.88 57.58 63.11 69.10
Acetic 5.87 4.74 4.13 4.02 2.17
Total 43.34 59.26 88.32 93.83 99.13
Oxalic 1.76 0.24 0.22 0.17 0.04
Citric 4.63 4.03 2.92 0.46 0.03
Malic 3.75 331 224 1.63 0.55
LY Succinic 6.56 11.20 15.83 16.82 19.43
Lactic 26.08 40.48 154.41 271.10 383.73
Acetic 6.31 2.23 0.98 0.85 0.71
Total 49.09 61.49 176.60 291.03 404.49
Oxalic 382 2,62 0.84 0.30 0.18
Citric 16.27 14.42 3.86 2.508 1.02
Malic 9.82 4.83 3.09 1.42 1.24
AY Succinic 2.19 4.07 4.66 5333 10.24
Lactic 9.30 14.36 32.86 70.53 104.52
Acetic 435 3.55 225 1.58 0.88
Total 45.75 43.85 47.56 81.66 118.08

"Con: control, ”SB: sodium bisulfite 0.002%, "LC: L-cysteine

2%-+xanthan gum 0.1%

0.2%, YA: L-cysteine 0.2%-+sodium benzoate 0.1%-+NaCl

Langlois 5(1974)& A7%712k¢] Zs}ol] we} pH7t
Aslshe 2 WSS A3 g IR
pH7} Addtty Rusiged, oA & a7d
e} x5t

A7 TR AEL 5°COlM 1208 B9 A3E)
HA {712 g wskE 348 Ak Table 79
UERA vkel 2ttt &, A37I7ke] dojRel wet

Al F71% FFE SUse AEE Bied, g
7] AEL] F /U1 FFLE FHHFY By
4787 mg%lA 12892 mg%hE S, sodium
bisulfite H 27+ 43.34 mg%lA 99.13 mg%hZ, L-
cystein A ETE 49,09 mg%olA 40449 mg%=2 F
7V, FRAETE 45.75 mg%olM 118.08 mg%
2 F71slnh AgE R0 g3y FUkee
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L-cysteine A&}7 > FA2]7 > FUXET > sodium
bisulfite 2] =22 F7FFRA oM, Lcysteine #
ATE AYstae & zjolE Ho|A| &urt. <)
g Za= pHOl W3lA L-cysteine Hz77F 7+
2 e pHEHE YveRd Aol A EYc) §HE,
A7 izl AEe F 71 e FURe lactic
acid®] AT F7to 27 ALR lactic acid®] F
7he thl7] AE A 2 lactic acid® AAZR=
Hakge] 71 i Aoz A=

Re| Oj0|-ite| Hst

dx17] & A7 ozl AEE 5°COlA 1208 B
ot AgstEA R olvxAt FHE WEE ST
A= Table 89 YERA vie} 739t doh7] AlF
o] F frE obnixAt FFE A 2719} vl
< W A7|e] HoA4E Fadhe S Y
ERQITh FH2lTE 43.8%, 2 AAAN sodium
bisulfite®} L-cysteineS z}z} H71g dEAE7ELS
47.8%, 409%7t HadRou FHAMPTE AR
12090°] A= FFFHstzt YepdR] k3 (Table
9), A77ke] f& ofv:At ZHEE L sodium
bisulfite 3217 > L-cysteine > F-3 &7 £28 F7}
3t oo ofwimite] HA7|The] A E¢E
a2 gl e, 2 F gds HIE &
=32 e olu)xAb2 glutamine©| T aspartic
acid, asparagine, serine, glutamic acid, arginine %
o] Zt4E JehlithAls AgskAl 93ke). Ashoor
F(1984y 2 FFY oprixAtd FHRE 121°C
oA 1082 71880 E W Maillard ¥H-8-ol ©]3}ed]
dojup= ZMEe) FEE glutamine > asparagine >
aspartic acid > arginine > glutamic acid 22 ¥t

Table 8. Changes in total free amino acid contents of
blanched minced ginger during storage for 120 days at
5C

(unit: mg%)

Storage time (days)
30 60 90 120
Control 2824 201.0 1902 1834 1586

treatment

SB” 2573 1831 1760 1607 1317
Lc? 2607 1737 1649 1614 1333
AY 2560 2551 2594 2652 2546

"'SB: sodium bisulfite 0.002%, ?LC: L-cysteine 0.2%, “A: L-
cysteine 0.2%-+sodium benzoate 0.1%+NaCl 2%-+xanthan
gum 0.1%

Table 9. Changes in free sugar contents of blanched
minced ginger during storage for 120 days at 5°C
(unit: mg%)

Free Storage time (days)

Sugar ¢ 30 60 90 120
Fructose 2.18 1.47 1.13 1.04 075
Glucose 1.78 1.24 1.35 1.55 1.82

Treatment

Con
Sucrose 146 1.18 1.33 1.06 1.01
Total 542 389 3.8l 365 358
Fructose 2.21 1.21 1.11 1.11 1.15
, Glucose 1.94 1.88 222 221 1.63
SB?
Sucrose 1.62 1.30 150  1.53 142
Total 577 439 483 485 420
Fructose 2.06 1.57 1.40 1.11 1.27
;5 GClucose 1.69 1.77 1.71 1.58 1.47
LcY
Sucrose 1.85 1.86 1.89 1.50 098
Total 560 520 500 419 372
Fructose 2.03 1.44 1.76 1.93 1.64
» Glucese 1.60 1.62 1.54 1.72 1.60
A

Sucrose 1.78 1.15 1.34 1.17 0.89
Total 541 4.21 464 482 413

"Con: control, ”SB: sodium bisulfite 0.002%, *LC: L-cysteine
02%, “A: L-cysteine 0.2%-+sodium benzoate 0.1%+NaCl
2%-+xanthan gum 0.1%

ool B339, WolformB-(1974y2 A& F9 o}
uAbe GRe g si&slste] ZAMAE A
dsted AF] F¥rE Aok BAg uh gl
31, Molnar-Perl £(1990)2 ©}v]:=4F - glucose &
Al sulfhydryl 33HES F7I8IRE o 7243
7t &30 AHATT RSN H, %(1994)
o] oM sulthydryl IHES @5 Hsts
< "ro FE 4= pHE W EFAHET
o] F oluiit FrgFo] HA FAIFYAL BT
o AFATE Bt o] A7 AFE B
o, f2 oprdte] Zhe A7 oiy] AES A
A Zol] WAEhE sl S wE Aoz A}
B9, o|z§ ZAWENE oAAIE] A8 Hvist
sodium bisulfitet} L-cysteine® T@EO 2 sl
ARG EF Mg & FFA=TIF As2gel
o3 AMsle)] AMEEE R ov|R4te FFHA
€ fHFoz UAE F U
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F2| =k Hat

7] Mg & A% 7] AFES 5°ColA
1204 Bt AFsAA fed o HIE S
A= Table 9 VR wie}b 7t} ohdl7] AE
o] & feEld FHFe AY 279 ¥ndiE o
AZ7I7kel AAATE Hadhe FEE e
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Table 10. Changes in fatty acid composition of total lipids in blanched minced ginger’s mixed treatment product” during

storage for 120 days at 5°C

(unit: Area %)

Storage time (days)

Faty acid 0 30 60 90 120
C8:0 10.50 9.82 8.16 © 941 9.84
C10:0 10.93 9.76 9.35 11.41 10.97
CI12:0 2.77 2.51 3.06 3.08 291
C13:0 0.73 0.86 0.54 052 - 0.46
Cl4:0 2.32 1.79 1.91 2.08 1.57
C15:0 0.24 0.30 0.36 0.34 0.41
Cl16:0 31.88 30.89 32.75 31.51 31.54
C17:0 0.56 0.88 0.87 0.95 0.82
C18:0 10.21 11.52 12.94 11.23 1171
C20:0 0.62 0.49 0.54 0.66 0.52
C22:0 2.00 2.30 1.71 2.02 2.09

TSFA" 7277 71.12 7221 73.21 72.84
Cl6:1, cis-9 1.64 1.63 1.76 1.72 1.52
Cl8:1, cis-9 3.56 3.86 3.14 3.21 2.95

Ci8:1, trans-9 14.57 15.54 14.93 13.81 13.97
C18:2, cis-9,12 502 5.60 523 4.86 478
C18:3,cis-9,12,15 0.75 0.55 0.75 0.80 0.81
C20:1 0.55 0.40 0.48 041 1.34
€22:1, cis-13 1.24 1.31 1.52 1.97 1.80
TUFA? 1.24 28.88 27.79 26.79 27.16

"Mixed treated product: L-cysteine 0.2%-+sodium benzoate 0.1%-+NaCl 2%-+xanthan gum 0.1%, “TSFA: Total Saturated Fatty Acid,

*TUFA: Total Unsaturated Fatty Acid
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Table 11. Sensory color of blanched minced ginger during storage for 120 days at 5°C

Storage days Con" A? sB” Lc? B BN s” X%
0 6.70° 7.55° 6.25" 7.40° 5.80" 6.00" 6.65° 7.25°
30 6.15" 7.75° 6.05° 7.95° 5.70° 5.70" 595 6.20"
60 5.65" 7.60° 7.90° 8.40° 5.95° 4.65" 6.25" 6.60™

90 5.85 7.60" 8.00* 8.55° 5.75" 4.80° 6.20" 5.40°
120° 5.70b 7.70° 7.95° 8.50° 4.10° 4.15° 5.20° 530
Mean 6.01° 764" 723" 8.16* 5.46" 5.06” 6.05° 6.15°

Con: control, *A: L-cysteine 0.2%-+sodium benzoate 0.1%+NaCl 2%-+xanthan gum 0.1%, *SB: sodium bisulfite 0.002%, “LC: L-
cysteine 0.2%, B: sodium benzoate 0.1%, “BN: sodium benzoate 0.1%-+NaCl 2%, ”S: Ultra-Tex 3 0.1%, ®X: xanthan gum 0.1%,
*Means with the same letter in the same column or row are not significantly different as determined by Duncan’s Multiple Range
test (p<0.05)

Table 12. Sensory off-odor of blanched minced ginger during storage for, 120 days at 5°C

Storage days Con" A? sB? Lc? B BN® s” x®
0 5.65° 5.30° 6.40° 5.30° 555 595" 5.80" 5.50°
30 530" 5.75° 520 3.40° 5.40' 575 555 535"
60 485 5.70° 5.60™ 3.55° 5.00° 5.60" 565" 455"
90 4.70" 590" 5.30° 3.80° 4.00° 455" 495" 4.40¢
120° 4,05 5.35° 5.65® 390° 3.35" 435 465 3.90°
Mean 491" 5.56™ 5.63* 3.99 4.66°C 524" 53248 4.74%%¢

“Con: control, ?A: L-cysteine 0.2%-+sodium benzoate 0.1%+NaCl 2%-+xanthan gum 0.1%, ”SB : sodium bisulfite 0.002%, *LC: L-
cysteine 0.2%, 3B: sodium benzoate 0.1% “BN: sodium benzoate 0.1%+NaCl 2%, S: Ultra-Tex 3 0.1%, ¥X : xanthan gum 0.1%,
*Means with the same letter in the same column or row are not significantly different as determined by Duncan’s Multiple Range
test(p<0.05)
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Table 13. Overall sensory preference of blanched minced ginger during storage for 120 days at 5°C

Storage days Con" A? sB” Lc? B BN® s” x¥
0 6.08° 5.15° 5.82" 545" 5.60° 5.93° 5.80° 578
30 493" 5.63" 468 343" 5.35% 4.85° 557" 505%
60 473 5.75° 470 3.65" 4.58° 4.00™ 5.70° 503"
90 470° 508 4.63° 355 425 447" 4.65° 518"
120 443 5.25° 4.68° 3.70° 3.38° 3.65 487 490°
Mean 4974 537" 4.94* 3.96° 4.63*° 4.83"" 5.32* 513"

"Con: control, ?A: L-cysteine 0.2%+sodium benzoate 0.1%+NaCl 2%-+xanthan gum 0.1%, ¥SB: sodium bisulfite 0.002%, “LC: L-
cysteine 0.2%, *B: sodium benzoate 0.1%, “BN: sodium benzoate 0.1%+NaCl 2%, ”’S: Ultra-Tex 3 0.1%, ®X: xanthan gum 0.1%,
*Means with the same letter in the same column or row are not significantly different as determined by Duncan's Multiple Range test

(p<0.03)
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