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Summary

I. Title: Development of Freezing Preservation Methods for

Fresh Ginger and of Ginger Processed products

II. Objectives and Necessity of Research

Optimum conditions for the storage of fresh ginger are 10 — 15C and RH>90%,
and it is rather expensive and difficult to maintain these conditions accurately.
Therefore, most of harvested fresh ginger is stofed in underground tunnels, where
optimum humidity control is not possible and this results in spoilage and sprouting
of ginger after a few months of storage. There are also reports that carbon
dioxide accumulated in tunnel causes death of workers for handling the stored
ginger. Ginger is mostly consumed as fresh products in Korea, and efforts to
increase ginger consumption by developing processed ginger products are

negligible.

The most urgent task to increase the market for ginger products is to develop
a suitable method for long term storage of harvested fresh ginger without loss of
quality, which can be used, as a condiment or raw material for processed ginger

products, at food processing plants as well as at home.

The objectives of this research were to develop freezing and thawing methods
for long term storage of harvested ginger, and to develop processed ginger
products utilizing the stored ginger, for expanding the ginger products market and

for increasing income of ginger growers.
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IIf. Contents and Scope of Research

1. Pre—treatment methods for freezing
1) Study quality attributes of frozen ginger as affected by sizes of raw
material
2) Study quality attributes of frozen ginger as affected by peeling
3) Study quality attributes of frozen ginger as affected by blanching

2. Thawing methods of frozen ginger

3. Developing methods to produce minced ginger after frozen storage of
ginger
1) Studies on controlling gas formation and browning of minced ginger
product
2} Studies on prevention of solids-liquid separation of minced ginger

products

4. Developing methods for frozen storage of minced ginger prepared

with fresh ginger

5. Studies on packaging and handling methods of minced ginger

_16_.



IV. Research Results and Recommendations for applications of

results

IV-1. Research results

Studies on freezing preservation of harvested ginger with minimum quality loss
and development ginger products utilizing stored ginger for increasing ginger
product market, were carried out. Size of ginger roots, .blanching, freezing
temperature, storage period and thawing methods were considered to establish an
optimum freezing and thawing methods. Studies on the producing minced ginger
product included control methods for browning, gas formation in package and
solids-liquid separation at the time of thawing. Quality changes in minced ginger
products as affect by packaging and handling methods were also studied to
estimate shelf-life of the products. The summary of the studies are as follows.

Sub-title: Developing freezing preservation methods of harvested ginger

1. Quality of frozen ginger as affected by the size of ginger roots and

freezing temperatures:

Ginger roots, coarse ground ginger and fine ground ginger were frozen and
stored at -5, -20 or -70C. pH and color of samples were more stable at -707TC,
although surface color of samples changed to brown as the storage period was
extended at all temperatures. The coarse ground sample had more brown color
than others. Total free sugars, free amino acids and flavor peaks decreased as the
storage period was extended, and these changes were more at -5TC than other
lower temperatures. Losses of total free sugars, free amino acids and flavor peaks
in ginger roots were significantly less than those in both ground samples.
Sensory quality of ginger was most stable at ~70C, regardless of size and storage

period, and was least stable at —-5%C.
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2. Quality changes in frozen stored ginger as affected by peeling and
blanching:

Peeling and blanching resulted in increased drip loss of frozen ginger as the
storage period was extended. Peeled ginger had higher L and b values than
non-peeled ones. Blanched and peeled ginger roots maintained better sensory color
until 9 months storage, but peeled ginger roots had lower preference scores than

non—peeled ones, regardless of blanching.

3. Studies on thawing frozen ginger:

Room temperature thawing resulted in two times more drip loss, compared
with low temperature thawing(5C) and microwave oven thawing. DBrown
discoloration was serious problem with room temperature thawing. Total free
sugars, free amino acids and flavor peaks were higher in samples thawed at low
temperature and microwave oven, and low temperature thawed samples had higher

Sensory scores.
4. The otimum quality of freezing and thawing ginger
The results of freezing and thawing ginger roots indicated that freezing ginger
roots without blanching, storing at -20C and thawing at 5C resulted in the

optimum quality of thawed ginger, considering freezing cost and industrial

applications.
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Sub-title: Freezing preservation of minced ginger

1. Control of brown discoloration, gas formation and solids-liquid

separation:

Sodium bisulfite, oxalic acid and L-cystein at various concentrations were tested
for maintaining the surface color of minced ginger, and 0.002% bisulfite and 0.012
L-cystein were most effective in controlling the brown discoloration. To minimize
gas formation in minced ginger containers during storage, various concentrations
of preservatives were evaluated, and the results showed that 0.1%6 sodium
benzoate was most effective in controlling the gas formation. Among the additives
tested to prevent solids-liquid separation, 0.1%6 =xanthan gum was the most

effective,
2. Minced ginger prepared before or after freezing ginger:

Additive(s) alone or in combination with others were added to the minced
ginger prepared before or after freezing ginger, and gas formation, browning and
solids-liquid separation during the storage were investigated. The combined
treatment(L—cystein, sodium benzoate, NaCl and xanthan gum added to minced
ginger) was the most effective in controlling pH and surface color of the samples.
Addition of 0.196 sodium benzoate alone or the combined treatment resulted in no
noticeable gas formation in the package. Also, addition of 0.196 xanthan gum alone
or the combined treatment efficiently controlled the solids—liquid separation of
samples in the storage test. Decreases in free amino acids and free sugars were
minimum in the combined treatment sample. Sensory quality of the combined
treatment sample was the best among tested treatments. These results indicated
that gas formation, brown discoloration and solids—-liquid separation of minced
ginger could be effectively controlled by addition of 0.2% L-cystein, 0.196 sodium
benzoate, 226 Na(Cl and 0.126 xanthan gum.
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3. Quality of ginger powder dehydrated by hot air.

a, b values of surface color increased as the storage period was extended.
Flavor peaks of the ginger powder decreased during the storage. Sensory off-odor

was detected after 15 weeks storage.

4. Other ginger products developed.

Ginger paste had more brown discoloration than ginger slices or freeze dried
ginger powder. Total flavor peaks of all samples decreased the storage period was
extended. Sensory quality of freeze dried ginger powder was not significantly
different from that of the initial sample until 30 weeks storage, and was the best

among 3 products.

5. Studies on packaging and handling of the minced ginger:

The minced ginger prepared with raw ginger before freezing was packed in

plastic bags, tubes or glass bottles and stored at 5 or —-207T.

Minced ginger prepared with fresh ginger and stored at 5C;

pH and surface color of the combined treatment were stable until 90 days of
storage at 5C. Total free sugars, free amino acids and flavor peaks of the 5T
stored minced ginger decreased as the storage period was extended, regardless of
packaging methods, but those in the minced ginger packed in tubes were more
stable. The minced ginger with the combined treatment maintained good quality
until 120 days of storage at 5C. The minced ginger packed in tubes had better

sensory quality than that other containers.
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Minced ginger prepared with fresh ginger and stored at -207T;

Surface color values of minced ginger stored at —20TC increased as the storage
period was extended, whereas pH decreased. Generally, the quality of the
combined treatment was more stable than control. Total free sugars, free amino
acids, and flavor peaks of minced ginger samples decreased as the storage period
at -20°C was extended, regardless of packaging methods, but these were more
stable packed in tubes. In control, sensory off-flavor was detected after 15 weeks
storage, and overall preference of control was inferior to that of the combined
treatment. The combined treatment packed in tubes or glass bottles maintained
good sensory color, overall preference and low off-flavor until 45weeks of storage

at -207C.

Minced ginger prepared with frozen stored ginger at —20TC and stored at
5T;

The minced ginger prepared with frozen stored ginger at ~20C was packed in 3
types of containers and stored at 5C, and the changes in quality was monitored.
pH of samples decreased and surface color values increased as the storage period
was extended. The combined treatment maintained pH and color values stable
until 90 days storage. Total free sugars, free amino acids and flavor peaks in all
samples decreased during storage, but samples packed in tubes or glass bottles
maintained stable free sugar and free amino acids levels until 60days storage.
Sensory color did not change significantly until 90 days storage, but overall
preference and off-flavor changed markedly after 60 days of storage at 5C. The
similar trend was observed with the combined treatment, except that samples
packed in tubes maintained better overall preference scores until 90 days of

storage.
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Minced ginger prepared with frozen stored ginger at -20TC and stored at
-207C;

Changes in pH and surface color of samples were similar to those at 5C. The
combined treatment samples had less quality changes than control. Total free
sugars, free amino acids and flavor peaks of tube packed samples did not change
markedly until 45, 45 and 30 weeks of storage, respectively. Sensory color of
control did not change until 45 weeks, regardless of container types, but obvious
off-flavor was detected after 15 weeks of storage. Samples packed in tubes or
glass bottles had higher overall preference scores that those in plastic film. The
combined treatment samples packed in tubes maintained good and acceptable

sensory quality until 45 weeks of storage, better than other packaging methods.

Shelf-life of the minced ginger packed in 3 type of containers.

Minced ginger prepared from fresh ginger was packed in glass bottles, plastic
bag and tubes, and then stored at 5C for quality evaluation at 30 days intervals.
In control, the product in fubes maintained good quality for 90 days, which was
the estimated shelf-life. When samples were stored at —20TC, the product packed
in tubes had an estimated shelf-life of 45 weeks. Minced ginger with the
combined treatment had a shelf-life of 60 weeks at -20TC.

Minced ginger prepared from frozen stored ginger had 60 days shelf-life, when
packed in tubes and stored at 5C, when the same minced ginger with the
combined treatment was packed in tubes and stored at 5C or -20TC, the estimated
shelf-life were 90 days and 60 weeks, respectively.
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IV-2. Recommmendation for applications of results

Results obtained from this research will be transferred to the ginger growers
association, ginger processors and regional agricultural co-operative units by
presenting seminars or on-site education programs, etc. Appropriate
recommendations for practical applications of the research results will also be
made to Ministry of Agriculture and Forestry and to the administration offices of
the ginger growing area. The results obtained from this research will also be
presented at the academic meetings or seminars, and will be published in journals.
Arrangements will be made to protect the important research data by applying for
patent(s).
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o gtk =@ FAvdE Y3 dEd 4 AFL A FEHR don, FHrt=o
FA, A7 A, A3 BV F B EAYES VAL Tk

watd AFade] @4sE A8 % 429 ArRe AFe AgEgel AwEel
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23 A= L Wy
1. Al

B AFA 283 9247 2000d 119 FHIGE AMATE FHHAA =57
& AN HF TP AL 7Y 2FFEe AGL AF AR
5718 Ax 9A=7Z A 8 Nylon/PE(polyethylene) film¥ g = Z73
Bt ALG3t 3t

R
2

7t A8 Fud2o B3 e F Ax

dade] AFdHE A Fe FAS ¥ dEVE A 99ariz Fad o
€ Nylon/PE(polyethylene) film®3 A2 3t Agstdct. 23, FsFehe] A%
NEEL B AR AF FAF F E471((CM-3000, Chaming-Art Ltd., Korea)
Z2 B2yigoen F438s F471(JWM-12, Sanjung Co. Ltd., Korea)= ¥ 23}
2o 98 ¥FAZ 2AFSY -5T, -20T, -70C BF AFdAem -5CTAHGT 2
Ag2E 309 302 4795 -20CTAHG TS Al2E 90¥Fe= 12784, -70C
ATl AlRE 1209 Fo 2 16748 ¢ AFFAA FFEZL =AU

e S R LU R P B

AF P AFL Aol FAFT T GE7E AA dAAVIZE dEdd 0S5 2 o
hand peeling W o2 wujxaste] wetn AR o GIAYFAHF=2 F
Bty viu gy @9 A4RFT 4P S steam  blanching(100C, 8&)8+
Nylon/PE(polyethylene) filmo.2 ZAstdrh zhziel xad AFR7MEEL -20CAR
aol YEAFs 90d Ao 12195 AFEEA FAELE SRS
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L= R R B 2 B R g

LE P YRS AT FATE F UErIE AX dAIAVIE A9 4S5
Nylon/PE(polyethylene) filme. 2 ¥A&3sle] -20CAF 1A ABEFAZIAL. s
A7l FTAR 2E7F 5T =289S 9 35S d5sden Y& 52 5CH
Ao, AT 2BCTAZITIIAA HxePYew  microwave oven(RE-571B,
Samsung, Korea)3l&2 2,450MHz¢] F 32| microwave oveng °] &3t 55
AL A7 sampleol 71818AH FARo] T-type?l thermocouple(PC-2200, Sato
Keiryoki, Japan)& 43ty 258 SAHI oS & 4= 00

2. 4wy =

M
e

7ol A E B4 AOACH ] &3t #EL 16T A% 7H9dx4, =99
AL  Kjeldahl8, Z=A¥L Soxhelt F&4Y, IS FHFH 3IdE, =4F
Henneber-Stohmann H-& 71338 AOACHe® F3di €352 10094 F&
Z99, =A%, &, =4FY @& AT gz AL

3. pHS] 34

pHE A2 10g9) 100gel ZH4+E 931 homogenizer(AM-7, Nihonseiki Kaisha
Ltd, japan)& 283t #2333 T pH meter(Suntex SP-7, USA)E AL-8-3t4d 33t
Kt

4. FHANT BAY

Aq7}el Me = BE3MxA (Color difference meter, Hunter lab.,, CQ- IZOOX USA)E
ALg-3te] Lzk(lightness), agk(redness), b3k(yellowness)E reflectance modes A 3

Aatgon AWM Mxs AEW 48+ 48°+ 4L F o2 Ye$ e, standard
plate®] L, a, bat2 22} 9336, -0.97, 0.43¢) At}
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5. Drip loss9 &A

Ztzte] A FEEY JFAFE Y54 drip lossZAL FFA BFF I o)
@ 5% Syl WEes Jehiqh

6. ¥ I B2

a3 42 Gancedos(1986)2] Hhfol wizt AASACT. =, e A5 PH
d29 AAAE 20g& FH3F] 80% ethyl alcohol2 FE3831 FEHL 40CAA
#EFE AU F EEA 20mlZ FE&3A0 ol thA] A4 £2(8,000rpm, 208)%
%, Sep-Pak CI18 cartridge(Waters Co., USA) % membrane filter(pore size 0.45¢m)
2 AdEH o2 o738l Table 13 2 =7 ug HPLCE ¥4 4.

Table 1. Operating conditions of HPLC for free sugar analysis

Instrument Gilson 305 system(France)
Column Sugar-pak(6.5 X 300mm, Waters)
Colume temp. 90T

Eluent Ca-EDTA(0.05%)

Flow rate 0.5m¢/min

Detector R.I(Model 132, Gilson Co., France)
Injection volumn 2008

7. 9 oluln=iF JFo] B4

el ol BAlE 913 A5 HAEE 01976)9 el wet A Alst o
=, Zizte|l dsdegEEe] AAARANA 20g& FHdte] 75% ethyl alcohol §Ho =
Freotn e F29 F AR QA& BmlE ALFFAZ FH FF5A9 25%
trichloroacetic acid(TCA)& < 20mlE 7}5ld Tl A S AAA 7|1 A 739,
A A& H3td ethyl ether= TCAE F2& F AAF S Amberlite IR 120(H")l
TAAA ol eite FFHAI)R ammonia FRo2 FESAFD £ERS A
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3l ammonia® A A3 F loading buffer solution(20mM borate buffer, pH 95) 2.2
10ml=Z A 8331 ©]E membrane filter(pore size 0.45m)= GFH3tAct. 1 A3} HF
5 A Al 2F( o -phthaldialdehyde)& 1:52 7138t 18 F<F ¥H8-AlZl F Table 29 &
£ =74 v HPLCEZ EAstgrt

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

Instrument Gilson 305 system(France)

Column LiChrospher 100RP-18(250mm X 4mm, 5gm)
Colume temp. 40C

Eluent Solvent A", B?

Flow rate 1.5m¢/min

Detector Fluorometer(Model 121, Gilson Co., France)
Injection volumn 208

DSolvent A : Acetate buffer:Water:Methanol: Tetrahydrofuran(515:350:100:30)
?Solvent B : Acetate buffer:Water: Acetonitrile: Tetrahydrofuran(290:195:490:25)

8. T/ AR ko B4

7 B R F=

Likens & Nickerson X & A3t FASFFESHoE AAFHT

. FrIAARe B4

FrIdRe FAHA AFE dolry] 95t A3 gas chromatography(GC)&
Hewlett-Packard 5890& ol&3tgon ARE DB—5(50rn><0.2mm, 0.33uxm, J&W
Scientific)& A A R, LELTE 50TColA 2B X% & £9 5CE 240C7
A AFstRom, ol T4 1087 #A 3tk #E7):= flame ionization

<
detector& AM&3t 1 FIFo 5= 250T, HE7]9 25+ 280C=E 3t GC

o] 93y HIP FrIdEPEel FAHL gas chromatograph-mass spectrometric
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detector(GC-MSD)E ©o|&35t3 e GC-MSDt Hewlett-PackardAF¢] MSD5890-2
AHEEHR o AYH LS DB-OMS(B0mX0.2mm, 0.33xm, J&W Scientific), L ELE+
50CoA 283 A% F B3 5T 240C7A A45A At Carrier gasy® AHF L
ALgstg o, g ES 42 GC-MSDE 22 mass spectrum® Wileynbs library
= RAstd 54 }goh

O. WA

rJ

zzre) AeTel 4FARS A, oA L FHH Fd A 54 oA 2
NEE 2AAE AASYS B A2e st UA 34 AAEoT R
e A7, o)A WF HolAE o] S5 MY 08¢ Ausdch 4z @
SHAE 93 BAM s, olAE 74 FAPel o3, AR ABEE 07 A%
A=Wol ofskel A STk,

10. S A1A <
2327 Ao g U@ EAAYE SAS(Statistical Analytical System,

U.S.A) program<& AFE3lHon, BARAS A3 A|87He] Zol7F e 2 o3
4]+ Duncan’s multiple range test® A E83r9 $o32 AASYETHP<0.05).
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A3F a4 2 nF@
1. 94s53Hd] & A73e] I53gd FA54xA
Zh ARk R pH 2 T T W3}

AuIed Be AN AFVRY e BT ANPR) SN ZAG A=
Table 35 2t £ Ayl 83 A4S S8 7081-83.72%, =M 1.86-2.84%,
ZA Y 0547-0.711%9] $FA ol Yehith 2 eEx e A=IHd 47
< 408l A 16709 Tt AR A pHe ®¥EE £AF A= Table 49 Yehd
b} Zgith pHE REAGTANMA A37)e] d3255 pHIt Baste FFE o
ehliglem -5 ~20CTAZFHT -70CAZTNN FAE Yehnsich

EW Qs AsE ZFF AFE Table 5o vhehd wts} gtk 2ExA o
2 98 YU AFY57 LS5S4 2v)s) vlaste] ZAst AL e
WP ou -70CAZTAME 248 Ago] vkt on RAYAAYTE AR YD
Aok BAARAY T Bt ¥ AL JeEhAQTh

Table 3. Proximate composition of ginger roots, minced and crushed ginger

Content(26) Ginger roots Crushed ginger Minced ginger
Moisture ' 79.81 83.72 81.76
Crude ash 0.89 0.81 0.86
Crude protein 2.84 2.44 1.86
Crude fat 0.55 0.61 0.71
Crude fiber 1.03 0.94 1.00
Carbohydrate 14.88 11.48 13.81
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Table 4. Changes In pH of ginger roots, minced and crushed ginger during

storage at -5, -20, -70C

Storage time at -5C pH
(months) Ginger roots Minced ginger Crushed ginger
0 5.82 534 547
1 6.16 5.38 555
2 6.58 5.42 559
3 6.71 5.41 5.70
4 6.96 5.49 5.73
Storage time at -207C pH
(months) Ginger roots Minced ginger Crushed ginger
0 5.47 6.46 6.50
3 5.65 6.48 6.52
6 5.61 6.42 6.53
9 572 6.40 6.47
12 5.89 6.39 6.49
Storage time at -70TC pH
(months) Ginger roots Minced ginger Crushed ginger
0 6.50 6.40 6.36
4 6.52 6.42 6.47
8 6.58 6.40 6.42
12 6.50 6.48 6.45
16 6.51 6.37 6.41




Table 5. Changes in Hunter’s color values of ginger roots, minced and crushed

ginger during storage at -5, -20 and -70C

Storage time at -5TC

Treatment Color (months)
0 1 2 3 4
L 61.16 61.51 61.81 62.33 63.24
Ginger roots a 261 2.68 2.62 2.84 3.18
b 21.6 23.81 23.75 23.82 24.58
L 62.24 62.87 64.58 64.31 65.66
Minced ginger a 2.28 2.54 2.73 2.70 3.10
b 22.47 23.91 23.85 23.97 24.82
L 62.32 62.54 61.79 60.48 60.91
Crushed ginger a 3.42 3.63 3.68 3.70 3.82
b 22.79 22.80 23.11 23.61 25.43
Storage time at -20TC
Treatment Color (months)
0 3 6 -9 i2
L 61.18 61.14 61.91 60.79 62.72
Ginger roots a 2.79 347 3.46 3.49 2.82
b 21.82 22.24 21.14 21.66 22.06
L 63.35 64.40 64.64 64.82 63.52
Minced ginger a 2.56 148 1.26 1.35 3.52
b 22.24 22.60 22.03 23.16 22.18
L 59.48 59.56 58.61 60.47 59.74
Crushed ginger a 3.22 2.19 3.69 3.39 3.42
b 20.17 19.92 20.28 20.62 20.07
Storage time at -70TC
Treatment Color (months)
0 4 3 12 16
L 61.03 61.64 61.78 61.50 60.92
Ginger roots a 2.73 2.87 2.15 2.61 3.19
b 22.45 22.75 22.87 23.32 21.91
L 62.76 62.50 62.32 62.14 63.83
Minced ginger a 2.71 2.64 2.85 2.99 3.24
b 22.73 23.17 22.97 23.25 24.73
L 65.56 68.75 69.77 69.64 69.51
Crushed ginger a 3.40 313 3.94 397 341
b 23.02 23.23 24.21 23.89 24.45
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Table 6. Changes in free sugar contents of ginger roots, minced and crushed

ginger during storage at -5, -20 and -70C

Storage time at -5TC

Treatment Free((;t)lgar (months)
’ 0 1 2 3 4
Fructose 2.47 2.95 348 2.38 245
Ginger roots Glucose 2.81 3.74 2,88 3.74 3.37
Sucrose 2.89 2.24 1.29 1.39 0.73
Total 817 3.92 7.65 751 6.55
Fructose 1.85 1.55 1.84 1.62 1.89
Minced ginger Glucose 2.72 1.93 1.97 197 1.93
Sucrose 0.27 0.54 0.15 012 0.15
Total 733" 402 3.96 3.71 3.97
Fructose 2.30 3.74 2.90 3.18 2.07
Crushed ginger Glucose 3.02 481 5.69 557 225
Sucrose 3.20 1.08 0.54 0.29 0.04
Total 851 9.63 9.12 9.04 436

Storage time at -20C

Treatment Freei;gxgar {months)
° 0 3 6 9 12
Fructose 3.76 3.61 3.65 312 331
Ginger roots Glucose 3.29 3.38 3.49 3.05 3.16
Sucrose 0.11 0.13 0.13 0.09 0.10
Total 717 712 7.27 6.26 6.57
Fructose 3.16 3.70 3.73 354 2.84
Minced ginger Glucose 2.61 2.44 2.79 2.29 2.09
Sucrose 0.10 0.10 0.08 0.09 0.10
Total 5.87 6.24 6.60 5.92 5.02
Fructose 3.14 3.15 2.92 3.14 2.88
Crushed ginger Glucose 3.62 3.32 3.68 3.19 2,98
Sucrose 0.09 0.09 0.09 0.10 0.10
Total 6.85 6.56 6.60 6.43 5.96

Storage time at -707C

Treatment Free(o/sklgar (months)
° 0 4 8 12 16
Fructose 1.40 1.31 1.25 1.17 1.11
Ginger roots Glucose 1.31 1.26 1.21 1.14 112
Sucrose 3.96 3.86 3.77 3.56 3.42
Total 6.67 6.43 6.24 5.88 5.656
Fructose 1.92 1.91 1.89 1.78 1.65
Minced ginger Glucose 1.98 1.99 1.98 1.80 1.65
Sucrose 3.15 3.14 3.13 3.94 2.67
Total 7.05 7.04 7.00 7.52 597
Fructose 1.73 1.69 1.63 1.64 164
Crushed ginger Glucose 1.92 1.89 1.82 1.81 1.79
Sucrose 3.41 324 3.23 3.21 3.21
Total 7.06 6.82 6.68 6.65 6.64
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Table 7. Changes in free amino acid contents of ginger roots, minced and crushed

ginger during storage at -5TC

Free amino acid of ginger roots

Storage time(months)

(mg2%) 0 1 2 3 4
Glutamic acid 11.86 11.75 12.64 12.62 8.67
Serine 40.94 41.85 33.30 32.04 2862
Histidine 42.45 35.62 29.32 28.07 3441
Glycine 213 1.95 2.87 2.90 2.28
Threonine 18.96 20.28 26.44 29.50 22.27
Arginine 13.63 21.56 15.78 20.96 14.59
Alanine 7.91 7.16 9.09 8.14 6.46
Tyrosine 7.86 855 11.74 12.93 9.45
Methionine 1.84 1.56 1.93 1.83 1.40
Valine 31.27 25.47 32.19 29.99 24.22
Tryptophan 457 3.86 457 1.40 2.39
Phenylalanine 11.32 8.81 11.74 10.08 8.27
Isoleucine 435 3.15 452 454 3.28
Leucine 6.21 4.90 6.38 6.30 478

Total 205.29 196.48 202.53 201.29 171.10
Free amino acid of minced ginger Storage time(months)

(mg2s) 0 1 2 3 4
Glutamic acid 14.92 21.82 25.01 23.49 21.54
Serine 63.95 42.08 39.99 31.60 31.60
Histidine 63.32 51.05 48.24 37.98 39.48
Glycine 3.67 273 2.98 3.39 241
Threonine 3.76 8.97 8.80 9.21 7.63
Arginine 23.55 12.76 19.02 17.90 16.48
Alanine 14.42 9.20 8.61 8.21 7.38
Tyrosine 411 355 352 499 3.03
Methionine 6.49 3.97 4.06 4.67 3.52
Valine 8.74 8.35 4.30 5.09 3.85
Tryptophan 2.35 422 1.96 3.52 2.30
Phenylalanine 3.66 2.79 402 7.01 2.19
Isoleucine 4.94 3.12 3.30 419 291
Leucine 7.86 452 487 6.08 433

Total 230.75 179.62 178.69 167.33 148.63
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(Continued)

Free amino acid of crushed ginger

Storage time(months)

(mg%s) 0 1 2 3 4
Glutamic acid 18.96 12.87 22.83 22.30 21.02
Serine 78.18 64.54 56.67 48.08 47.68
Histidine 69.57 61.80 5453 4775 46.20
Glycine 2.95 365 392 497 277
Threonine 6.61 422 579 7.21 6.04
Arginine 2478 24.21 23.96 22.28 21.46
Alanine 12.27 12.30 12.63 11.95 11.47
Tyrosine 3.60 6.80 5.85 8.96 8.30
Methionine 5.21 557 2.79 7.29 6.74
Valine 10.86 17.61 7.05 8.04 9.69
Tryptophan 2.10 3.22 5.22 2.36 2.30
Phenylalanine 3.14 2.85 3.48 3.95 3.46
Isoleucine 4.07 411 551 5.93 5.36
Leucine 6.49 6.60 8.68 9.28 8.33

Total 243.79 230.33 218.91 210.35 200.83

Table 8. Changes in free amino acid contents of ginger roots, minced and crushed

ginger during storage at -20T

Free amino acid of ginger roots

Storage time(months)

(mg2%) 0 3 6 9 12
Glutamic acid 6.34 6.32 5.35 4.59 439
Serine 6.29 255 1.19 0.54 0.46
Histidine 11.10 7.15 1.38 0.78 0.58
Glycine 21.76 2554 21.93 18.44 17.49
Threonine 9.78 972 9.23 5.68 527
Arginine 2.69 2.34 1.96 1.87 1.03
Alanine 64.56 63.42 64.24 58.40 48.09
Tyrosine 48.65 40.39 33.98 39.43 30.14
Methionine 412 432 523 5.36 6.09
Valine 55.79 52.85 50.72 39.83 36.83
Tryptophan 8.29 737 7.42 5.93 3.92
Phenylalanine 15.91 16.25 18.62 20.71 12.30
Isoleucine 12.95 14.44 16.45 15.98 1854
Leucine 20.53 28.75 35.26 35.61 40.84

Total 263.76 281.41 2771.96 253.15 225.97
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(Continued)

Free amino acid of minced ginger Storage time(months)
(mg2%) 0 3 6 9 12
Glutamic acid 9.21 525 4.42 4.00 2.66
Serine 697 2.93 267 2.18 1.91
Histidine 1.89 0.79 0.78 0.74 0.34
Glycine 19.01 19.32 16.06 14.02 13.76
Threonine 1204 11.69 10.82 9938 9.61
Arginine 2.22 3.08 329 2.28 1.60
Alanine 60.44 57.77 53.65 52.38 46.50
Tyrosine 47.98 39.43 37.46 34.69 31.84
Methionine 4.67 4.84 511 5.93 567
Valine 37.38 36.44 34.01 32.24 2481
Tryptophan 6.86 6.89 553 5.38 4.06
Phenylalanine 14.44 14.96 17.33 1741 13.13
Isoleucine 10.97 14.38 14.49 16.64 15.65
Leucine 21.94 26.84 28.49 3287 32.54
Total 236.02 244.61 234.11 230.74 204.08
Free aminc acid of crushed ginger Storage time(months)
(mg%) 0 3 6 9 12
Glutamic acid 16.76 11.68 1592 13.88 6.71
Serine 27.33 16.28 15.38 11.60 12.22
Histidine 2.64 161 1.84 0.78 0.61
Glycine 20.20 12.96 14.37 14.87 1511
Threonine 9.37 8.70 6.80 5.26 8.43
Arginine 3.90 364 167 131 247
Alanine 45.08 44 44 33.95 38.92 31.65
Tyrosine 51.93 45.24 39.33 35.41 41.79
Methionine 544 5.98 562 6.90 554
Valine 56.09 55.64 48.28 46.31 35.85
Tryptophan 6.00 6.03 533 322 555
Phenylalanine 1261 13.40 17.06 12.99 14.43
Isoleucine 8.39 10.07 15.81 13.41 11.91
Leucine 20.24 24.41 26.08 24.43 25.22
Total 270.98 260.08 247 .44 229.29 217.49




Table 9. Changes in free amino acid contents of ginger roots, minced and crushed

ginger during storage at -70C

Free amino acid of ginger roots Storage time(months)

(mg2%) 0 4 8 12 16
Glutamic acid 1355 12.54 10.31 11.21 11.54
Serine 40.36 39.21 36.21 31.32 33.13
Histidine 15.36 13.78 16.41 16.01 15.14
Glycine 20.38 21.34 19.73 13.31 18.15
Threonine 15.73 13.21 15.20 16.16 15.22
Arginine 23.61 20.47 20.32 23.14 20.15
Alanine 37.15 38.15 37.05 34.32 36.15
Tyrosine 30.15 26.17 28.21 27.22 25.25
Methionine 215 . 2.15 211 1.35 147
Valine 40.36 40.71 39.25 42.25 40.36
Tryptophan 6.16 5.36 5.22 4.74 3.95
Phenylalanine 12.30 13.36 13.10 12.34 12.28
Isoleucine 5.16 471 411 4.20 3.25
Leucine 10.16 16.24 18.41 18.32 18.34

Total 272.58 267.4 265.64 260.89 254.38
Free amino acid of minced ginger Storage time(months)

(mg%) 0 4 3 12 16
Glutamic acid 14.35 13.46 12.75 12.45 10.69
Serine 42.73 38.41 39.15 37.15 35.81
Histidine 14.38 15.93 19.25 18.25 14.36
Glycine 20.38 17.46 18.46 16.47 15.44
Threonine 15.73 15.93 16.74 19.05 13.11
Arginine 23.61 21.56 20.63 20.96 11.65
Alanine 37.15 35.24 39.17 35.32 34.54
Tyrosine 30.15 2845 25.36 22.34 20.54
Methionine 2.15 2.07 2.56 1.82 1.25
Valine 40.36 4212 3551 33.21 30.54
Tryptophan 6.16 5.85 5.14 4.15 348
Phenylalanine 12.30 13.27 13.61 12.46 12.85
Isoleucine 5.16 4.78 4.34 471 355
Leucine 10.16 14.25 15.36 13.46 14.63

Total 274.77 263.78 268.03 251.8 222.44
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(Continued)

Free amino acid of crushed ginger

Storage time{months)

(mg%) 0 4 8 12 16
Glutamic acid 12.32 10.41 11.62 10.47 12.68
Serine 38.25 3715 35.14 30.34 30.14
Histidine 13.17 13.03 15.13 14.82 13.77
Glycine 22.18 . 20.36 17.14 16.35 16.16
Threonine 14.32 1154 13.47 15.17 12.72
Arginine 26.72 24.05 2368 2211 22.35
Alanine 38.25 36.14 35.31 32.70 3031
Tyrosine 32.26 28.31 26.84 26.34 24.72
Methionine 1.24 1.82 1.56 1.34 1.72
Valine 41.37 41.34 38.16 40.05 41.48
Tryptophan 5.47 5.03 4.31 464 3.72
Phenylalanine 12.96 13.41 13.25 12.32 10.31
Isoleucine 6.31 6.05 531 5.72 5.31
Leucine 11.23 15.34 19.34 17.34 16.38

Total 276.05 263.98 260.26 249.71 241.77
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Table 10. Changes in volatile compounds contents of ginger roots, minced and crushed

ginger during storage at -5C

Retention Flavor compound of Pea%( area
) . Storage time(months)
ame ginger roots 0 1 > 3 4
14.56 Unknown 1,34 1,325 1,355 1,301 1,311
16.12 a -Pinene 5,597 5841 5,221 4,800 5,031
17.69 Unknown 4,021 4,134 4,469 3,075 3,109
18.91 Unknown 30,106 30,412 29,429 20,345 28,109
20,66 Camphene 103,567 104,557 106,674 106,458 105,671
21.24 B —pinene 6,202 6,441, 5,847 5,287 5,889
21.69 Myrcene 119,367 20,798 21,241 18,741 20,645
2212 a —terpinene 1,823 1812 1,384 1,497 1,557
22.97 Limonene 12,397 11,414 13,029 11,297 11,495
23.12 A -phellandrene 143,120 140,554 151,398 153,112 158,579
2457 1,8-Cineole 7222 7,054 6,122 6,247 5321
2564 Unknown 6,548 5,321 5,845 5,125 4,297
26.65 p-cymene 1,908 1,315 1,449 1,401 1,765
28.80 Terpinolene 10,210 12,154 11,087 10,211 9,923
2894 2-Nenanone 11,886 10,874 10,652 10,415 12875
20.12 a ~cubebene 11,687 10,521 10,294 9,228 10,215
30.32 a —copaene 26,659 25,697 22,312 20,105 22664
311 Camphor 22,887 23,714 21,778 21,612 22,815
31.68 cis— @ ~bergamotene 12,975 10,213 9,214 9,004 8,345
31.95 Sabinene 81,719 84,224 71,241 81,256 71,198
3221 Linalool 66,260 94,115 97,124 97,040 98,234
32.38 B -elemene 14,125 11,874 10,120 15,899 15,865
34.05 B —caryophyllene 26,456 25,029 22,108 24,874 21,002
3567 Selinadiene 12,357 12212 11,658 10,109 10,287
35.85 elemene 1,245 1,222 1,497 1,339 1,118
36.01 Farnesene 14,888 13,026 18,187 14,126 12,127
36.32 neral 2321 2774 2,785 2,256 2,567
37.31 Gurjunene 99,005 97,127 104,997 094,119 94,185
3897 Zingiberene 339,975 329,998 307,065 300,337 301,441
39.21 ¥ -bisabolene 75,664 71,125 77154 77,457 74,021
39.56 Geranial 82,664 82,421 84,103 85,109 81,512
39.74 Citronellol+ 73,199 71,005 74,975 68,034 66,034
39.89 B -bisabalene 121,011 119,458 118677 118,121 116,257
40.64 Calamenene 55564 5,137 5,369 4,245 5,109
40.68 Pentyl curcumene 3,751 4,006 4,097 3,210 3,099
40.82 Caryophyllene oxid 2,101 2,778 2,085 2,007 1,614
41.27 Sesquisabinene hydrate 5611 5,485 5,202 5,104 5,317
42.65 Unknown 6,567 6,501 5975 5,099 4115
Total 1,504,049 1,473,668 1,463,719 1,438,092 1,425,118




(Continued)

Peak area

Retention Flavor compound of ;
. i ) Storage time(months)

time minced ginger 0 1 5 3 1
13.56 Unknown 1,356 1,297 1,119 1,037 1,167
15.92 a ~Pinene 5,564 5,604 5,594 4,404 4,491
1794 Unknown 4,494 4,403 4,413 4408 4,502
1865 Unknown 31,676 30,581 31672 30,007 28,959
19.02 Camphene 102,667 103,972 103,988 105,004 102,024
20.45 8 —pinene 7,001 7,208, 7,394 6,957 6,398
2091 Myrcene 18,316 18,339 17,992 17,975 17,212
22,12 a -terpinene 1,667 1,495 1,597 1,394 1,406
22.45 Limonene 10,694 10,341 11,379 11,033 10549
23.13 B —phellandrene 143,941 146,684 146,091 135,773 141,227
2454 1,8-Cineole 5,956 5,764 5,659 5,491 5,623
25.26 Unknown 5,229 5,297 5,301 5,340 5,094
2564 p-cymene 1,826 1,746 1,799 1,559 1,476
26.50 Terpinolene 11,297 11,034 11,097 10,689 9,903
28.27 2-Nonanone 11,557 10,346 10,975 10,228 9,771
2033 a -cubebene 13,346 12,664 12549 10,397 10,192
30.97 @ -copaene 26,042 25604 24,716 2397 21,290
3115 Camphor 19,229 15,213 16,972 17,908 11,325
31.64 cis— @ —bergarnotene 12,502 8,508 7134 10,119 10,642
31.75 Sabinene 76,106 77,297 75,032 70,220 70415
31.81 Linalool 92,024 88,551 88,884 82,123 81,657
32.35 B —elemene 15,656 15,679 15,009 14,116 14675
34.64 B —caryophyllene 26,032 25972 24,521 22214 21,079
3573 Selinadiene 14,348 13,885 13,991 14,529 11,993
35.83 elemene 1,245 1,339 1,552 . 1,112 1,202
36.25 Farnesene 13,456 11,513 10,665 10,218 9,652
3767 neral 1,598 1,789 1,991 2,064 2,264
38.19 Gurjunene 98,653 100,354 98,471 93,475 90,825
3854 Zingiberene 349,128 341,085 330,689 303,127 301,552
39.72 y ~bisabolene 73,582 72,448 73,97 70,024 66,025
39.75 Geranial 82,035 79,855 80,808 76,215 75667
39.79 Citronellol+ 74,442 72,942 71512 70872 68,510
39.88 4 ~bisabolene 122,926 119,972 120,972 111,920 100,994
40.25 Calamenene 8,551 8312 7,903 5418 5,716
4042 Pentyl curcumene 2,556 2,294 1,987 1,755 1,510
40.66 Caryophyllene oxid 1,797 1,666 1,270 1,109 1,213
40.91 Sesquisabinene hydrate 4337 4527 4,441 4,032 4,002
4254 Unknown 5,719 4,920 4,209 4,680 4,128
Total 1,498,541 1,471,244 1,455,323 1,372,921 1,336,330




(Continued)

. Peak area
Retfentmn Flavor com.pound Storane time(months)

time crushed ginger 0 1 2 3 4
12.33 Unknown 1,203 1,264 1,006 1,103 1,546
16.25 a -Pinene 4579 4482 4,297 4,621 4197
1795 Unknown 4,328 4,378 4,449 4,599 4,694
1881 Unknown 31,568 31,012 31,558 29,781 29,003
1957 Camphene 101,831 102,221 103,951 103,992 103,997
20.23 8 —pinene 6,328 7,985 7.562 6,276 6,564
20.46 Myrcene 17,228 17374 17,297 16,641 16,203
21.78 @ —terpinene 1,667 1,585 1,554 1,572 1,416
2265 Limonene 10,674 10,974 11,672 10,382 10599
23.42 B -phellandrene 142,982 145,210 144,023 135,036 150,061
2412 1,8-Cineole 5,658 5574 5,530 5,371 5678
26.23 Unknown 5675 5,297 5675 5,687 5,541
26.61 p—cymene 1,697 1,628 1,798 1,612 1,440
27.30 Terpinolene 11,229 11,020 10,891 10,877 9,806
28,58 2~-Nonanone 11,128 10,334 11,579 10,752 10456
29.19 @ ~cubebene 13,529 12,336 12975 10,521 10,203
2024 a —copaene 26,236 25,658 24,455 23,397 21,552
31.59 Camphor 19,229 15,689 16,512 18,035 10,210
31.88 cis— a ~bergamotene 12,675 8,002 7,261 10,185 10,726
33.06 Sabinene 76,658 77,842 75,215 70,020 70,267
34.25 Linalool 90,597 88,006 83,569 82,257 81,354
35.69 B —elemene 16,596 16,256 15,889 15,415 15,265
3577 B ~caryophyllene 26,678 25,217 24,445 22,958 20,120
3597 Selinadiene 14,448 13,635 13,972 14,510 11237
37.31 elemene 1,421 1,306 1,235 1,397 1,290
38.36 Farnesene 12,554 11,695 10,247 11,036 9,802
38.69 neral 1,452 1,584 1,410 1,798 1,685
39.70 Gurjunene 101,061 100,037 99,024 95,521 90,216
39.78 Zingiberene 358,652 330,538 333,887 320,975 317,758
39.84 7 ~bisabolene 73,564 72,223 74,125 70,011 66,932
39.89 Geranial 80,937 81,971 81,021 71,328 75,658
40.39 Citronellol+ 73,603 71612 70,228 71,679 69,267
40.61 £ -bisabolene 123,927 121,664 118,011 113,064 113,120
40.75 Calamenene 7558 7,484 7,698 6,410 6,332
40.90 Pentyl curcumene 2,102 2,029 1,825 1,412 1,309
40.27 Caryophyllene oxid 1,739 1,599 1,061 1,124 1,277
4044  Sesquisabinene hydrate 4,441 4514 4,156 4,101 3,864
4241 Unknown 4,251 4011 4,187 4,489 4,203
Total 1501,723 1,455,735 1,450,250 1,395,945 1,374,938




Table 11. Changes in volatile compounds contents of ginger roots, minced and crushed

ginger during storage at -20TC

Retention Flavor compound of P eak area
) ] Storage time(months)

time ginger roots 0 3 6 9 12
12.22 Unknown 1,398 1,198 1,209 1,116 1,159
16.01 @ -Pinene 5,395 5,321 5,410 4915 4982
17.02 Unknown 4,116 4,057 4,069 3597 3,227
18.37 Unknown 30,751 30,197 30,027 20,974 27,986
19.17 Camphene 102,648 103,842 104,978 104,986 104,557
20.25 8 -pinene 6,246 6,156 5,785 5975 5845
20.95 Myrcene 20,546 19,7% 20,219 20,034 19,592
21.50 @ —terpinene 1,724 1,721 1,656 1,593 1,401
21.64 Limonene 11,658 10,665 10,458 9.821 10321
2297 B -phellandrene 144,974 141,567 141,902 140572 143,014
2325 1,8-Cineole 7,215 7,059 6,803 6,694 5912
2456 Unknown 6,410 5,444 5972 5,209 4,451
26.26 p-cymene 1,854 1,684 1,571 1,337 1,521
2732 Terpinolene 10,697 11,497 10,171 11,297 9,997
2787 2-Nonanone 10,697 11,599 11,762 12910 12,396
2851 a —cubebene 10,269 11,809 9,887 9,810 10,129
30.13 @ -copaene 29,333 26,656 23,198 22,287 21,554
30.26 Camphor 20,210 20,694 20,312 21,685 21,542
3038 cis— @ ~bergamotene 10,812 10,103 9,449 9,349 8,779
3156 Sabinene 83,221 82,127 80,167 80,081 78,529
3187 Linalool 95,129 94,528 96,901 96,587 96,988
31.95 B —elemene 18,456 12,647 11,219 12,597 12,125
3266 B —caryophyllene 25,160 25,486 23,771 22,705 21,360
33.26 Selinadiene 10,597 11,975 11,114 10,210 10,642
3381 elermene 1,237 1,115 1,156 1,052 1,067
34.19 Farnesene 13,367 12575 11,028 10,419 10474
36.60 neral 2,799 2,394 2,329 T 2,334 2,298
36.77 Gurjunene 895,556 94,211 95,526 94,229 94,195
37.23 Zingiberene 343,022 340,426 328,895 319,654 311,567
3817 7 -bisabolene 77,329 75,297 74,192 72,397 73,701
39.65 Geranial 80,209 78,221 75,002 75214 75,124
39.40 Citronellol+ 76,297 74,294 70,699 66,241 64,402
39.97 B -bisabolene 122,612 120,213 117,528 116,486 115,212
40.16 Calamenene 6,512 6,284 5,554 5,245 5,134
41.44 Pentyl curcumene 4,410 4,203 4,077 3,751 3,631
4165 Caryophyllene oxid 2,213 2,214 2,154 2,019 1,799
41.82 Sesquisabinene hydrate 5412 5,302 5,501 5,078 4,318
4223 Unknown 6,438 6,302 5,754 5,682 4,837
Total 1,506,929 1,480,868 1,447,405 1,425,041 1,406,768
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(Continued)

Retention Flavor compound of Pea!( area
. ) . Storage time(months)

time minced ginger 0 3 6 9 12
12.46 Unknown 1,256 1,347 1,113 1,105 1,478
16.37 a -Pinene 4,385 4615 4,417 4,965 4,465
18.49 Unknown 4,256 4,311 4,407 4,564 4,612
19.45 Unknown 32,004 30,846 32,026 29,798 28,687
19.98 Camphene 101,798 102,451 102,766 103,157 103,006
20.32 B -pinene 7,561 8,707, 8,651 7232 7,459
20.68 Myrcene 16,453 16,133 16,126 15,795 15,152
21.88 a —terpinene 1,776 1,687 1,664 1,578 1,532
22.45 Limonene 10,557 10,598 11,353 10,825 10,972
2365 B -phellandrene 144,764 146,789 145,023 135,537 148,849
2456 1,8-Cineole 5,846 5,565 5,625 5.365 5,789
26.46 Unknown 5.896 5347 5,275 5732 5,165
26.91 p-cymene 1,798 1,684 1,853 1,551 1,456
27.34 Terpinolene 12,122 11,756 12,134 12,151 11,128
2851 2-Nonanone 12,002 11,125 12,478 12,715 11,321
29.35 a —cubebene 13,115 11,984 12,066 10,654 9,373
29.71 a ~copaene 25,768 24,568 24,017 23,112 21,125
31.76 Camphor 18,672 15,234 16,008 17,567 10,008
31.92 cis— @ ~bergamotene 13,861 9,216 7.984 10,513 10,982
3231 Sabinene 74,846 76,156 73,676 68,651 68,159
34.93 Linalool 89,651 87465 87,665 81,022 80,043
3B.71 £ -elemene 16,768 16,715 15,765 15,456 15,865
35.89 8 ~caryophyllene 26,844 25,678 24,456 22,765 20,657
36.05 Selinadiene 14,156 13,621 13,711 14,453 11,135
37.46 elernene 1,654 1,641 1,557 1,768 1,458
38.39 Farnesene 11,789 10,654 9,768 10,112 9,423
3864 neral 1,443 1,615 1,343 1,835 1,432
39.76 Gurjunene 100,354 100,135 98,349 95,657 90,789
39.83 Zingiberene 358,864 331,372 334,531 320,320 319,354
39.87 7 —bisabolene 73,136 72,435 74,654 70,168 68,003
39.93 Geranial 81,112 81,315 80,744 76,646 75,135
40.56 Citronellol+ 73,435 71,896 70,456 71,215 69,766
40.72 B ~bisabolene 123,815 121,435 119,454 113,657 113,002
40.81 Calamenene 7575 7.456 7,718 6,384 6,208
41.03 Pentyl curcumene 2,012 2,007 1,785 1,448 1,290
41.17 Caryophyllene oxid 1,621 1,587 1,023 1,112 1,224
41.49 Sesquisabinene hydrate 4,345 4,484 4,212 4,089 3,854
42.56 Unknown 4,253 4,001 4,123 4,345 4,221
Total 1,502,063 1,455,631 1,450,466 1,395,019 1,373,667




(Continued)

Retention Flavor compound of Pea!( area
) i Storage time(months)

time crushed ginger 0 3 6 9 12
12.66 Unknown 1,485 1345 1,229 1,101 1,178
16.07 a -Pinene 4,789 4,681 4,754 4,214 4,133
17.98 Unknown 4918 4,749 4,675 4,900 4977
19.22 Unknown 32,345 31,681 32,753 30,775 30,418
20.04 Camphene 102,444 102,658 103,465 104,168 100,988
20.98 B -pinene 7,199 7,466, 7.798 7044 6,715
21.39 Myrcene 18,434 18,184 18,022 17,321 17,134
21.77 a —terpinene 1,578 1,446 1,569 1,398 1,391
22.08 Limonene 10,668 10,208 11,157 10,728 10,535
2355 B —phellandrene 145,798 147,418 146,132 135,319 141,233
24.06 1.8-Cineole 5815 5,678 55613 5,344 5,762
25.89 Unknown 4,268 4,356 4317 4,135 4,089
26.14 p-cymene 1,818 1,707 1,812 1516 1,476
28.54 Terpinolene 10,984 10,491 10,796 10,533 9,983
2895 2-Nonanone 11,132 10,588 11,028 10,898 10,121
29.44 a —cubebene 13,187 12,351 12,687 10,328 10,116
30.89 a -copaene 27,386 26,815 25,958 24,809 23,787
31.23 Camphor 18,784 14,968 16,355 17,558 10,224
31.37 cis~ a ~bergamotene 13,664 9,218 8,110 11,214 11,311
31.80 Sabinene 76,545 77,984 76,031 70,465 70,889
32.01 Linalool 92,350 88,541 89,988 82,333 81,771
3227 B —elemene 16,007 16,212 15,794 14,980 15415
34.67 B -caryophyllene 25,018 24,163 23,110 22,068 19,007
3H.44 Selinadiene 14,269 13,784 13,869 14,625 11,927
35.78 elemene 1,242 1,432 1,565 1,123 1,211
36.03 Farmesene 12,998 11,436 10,654 10,433 8,723
37.44 neral 1,625 1,804 1,905 2,134 2411
3854 Gurjunene 99,771 100,494 98,684 93,572 91,032
38.81 Zingiberene 346,355 335,138 326,766 301,857 295,854
39.82 7 —bisabolene 74,738 73,598 75,497 69,356 67,986
39.99 Geranial 84,115 82,351 83,012 76,327 78,219
40.01 Citronellol+ 75,599 73,145 72,103 70,152 69,322
40.12 B ~bisabolene 121,987 119,889 118,698 113,988 100,789
40.49 Calamenene 8,798 9,233 8,237 5,657 5,927
40.66 Pentyl curcumene 2,478 2177 1,369 1,671 1,509
40.84 Caryophyllene oxid 1,819 1,715 1,321 1,134 1,217
40.97 Sesquisabinene hydrate 4,615 4542 4,447 4,145 4,019
42.31 Unknown 5,125 4,761 4,489 4,462 4,026
Total 1,502,050 1,468,497 1,456,169 1,373,785 1,336,825

_59_



Table 12. Changes in volatile compounds contents of ginger roots, minced and crushed

ginger during storage at -70TC

Retention Flavor compoundof Pea%{ area
. A Storage time(months)

time ginger roots 0 4 8 12 16
12.89 Unknown 1,256 1,145 1,279 1,268 1,244
16.23 a —Pinene 5,697 5,646 5,598 4,997 4,836
18.12 Unknown 4,354 4,287 4,288 4,129 3,654
19.56 Unknown 31,654 31,766 29,565 29,768 28,120
20.15 Camphene 100,321 102,768 104,165 102,532 102,322
2044 B -pinene 6,478 6,120 5841 = 5388 5.251
21.65 Myrcene 20,879 20,465 19,879 17,735 16,468
21.98 a —terpinene 1,729 1,638 1,678 1,512 1,438
22.03 Limonene 12,354 10,984 10,565 10,435 10,874
2332 8 —phellandrene 144,135 139,456 144,768 141,345 140,135
23.99 1,8-Cineole 7,768 7,651 7,160 6,987 5,942
25.65 Unknown 7513 7,052 6,413 6,019 5,389
26.25 p-cymene 1548 1,162 1,156 1,298 1,123
2847 Terpinolene - 11,984 12,133 10,981 9,844 10,024
28.62 2-Nonanone 11,798 10,733 10,014 9,784 9,211
29.31 a —cubebene 10,651 10,254 9,783 9,562 10,774
30.50 a —copaene 26,132 26,713 25,466 24,798 24,021
31.04 Camphor 21,654 20,432 22,132 22,465 21,341
31.10 cis— @ -bergamotene 11,465 12,125 10,511 10,133 11,021
31.38 Sabinene 79,322 82,798 80,456 79,715 80,131
31.66 Linalool - 95,165 92,675 97,768 97,984 95,132
31.90 B -elemene 14,125 13,132 12,023 15,613 17,156
34.56 B -caryophyllene 26,336 27,412 26,543 26,345 25,445
35.39 Selinadiene 11,468 11,005 10,884 10,987 11,687
35.66 elemene 1,335 1,221 1,126 1,133 987
3584 Farnesene 16,987 15,979 16,616 15,274 13,768
37.55 neral 2,325 2,155 1,654 1,465 1,354
38.32 Gurjunene 101,654 98,456 102,122 103,156 102,445
3847 Zingiberene 350,686 337,116 329,345 305,651 319,551
39.65 r —bisabolene 73,654 72,751 74,987 74,844 71,758
3955 Geranial 79,499 79874 77,486 76,678 75,675
39.62 Citronellol+ 70,685 69,225 68,019 66,451 63,336
39.63 8 —bisabolene 119,843 116,548 118,349 112,765 112,481
40.30 Calamenene 6,489 6,354 5,257 5,012 4,978
40.35 Pentyl curcumene 4,357 4,784 4,755 3,688 3,453
4052 Caryophyllene oxid 2,987 2,781 2,328 2,121 1,812
40.83 Sesquisabinene hydrate 5,684 5,344 4,957 4,614 4511
42.69 Unknown 8,187 7,898 6,214 5544 5,725
Total 1,510,158 1,480,037 1,472,136 1,429,039 1,429,623




(Continued)

Retention Flavor compound of Pea!( area
K . ] Storage time(months)

time minced ginger 0 2 8 12 16
14.61 Unknown 1,436 1,365 1,387 1,221 1,298
16.22 a —Pinene 5,687 5,987 5,366 4,915 5,102
17.88 Unknown 3,876 3,987 4,354 2921 2,915
19.70 Unknown 30,345 30,987 29,871 29,879 28,214
2043 Camphene 102,387 103,171 105,243 105,398 104,354
21.16 B -pinene 6,786 7,032, 6,513 5848 6,364
2145 Mpyrcene 18,487 19,784 20,350 17,135 19,354
21.84 a -terpinene 1,834 1,723 1,817 1445 1,556
22.35 Limonene 11,466 10,768 12,165 10,798 10516
23.46 B —phellandrene 142 465 139,498 150,132 151,983 157,122
24.01 1,8-Cinecle 7.489 7,268 6,614 6,544 5,558
2551 Unknown 6,857 5,486 6,317 5,365 4,478
26.16 p-cymene 1,818 1,219 1,366 1,298 1,765
28.60 Terpinolene 10,819 12971 11,453 10,649 10,451
28.78 2-Nonanone 12,132 11,516 11,328 11,084 13,215
29.18 a —cubebene 10,131 9,774 9,135 9,008 9,848
3050 @ —copaene 27,165 26,344 23,165 21,654 23,987
30.84 Camphor 23,342 24,165 22,765 22,323 23815
31.02 cis~ @ ~bergamotene 13,436 11,561 10,050 10,008 9,532
31.41 Sabinene 80,798 83,556 70,798 80,194 70876
3163 Linalool 94,132 93,157 96,735 95,326 97519
3191 A8 ~elemene 13,799 10,106 9,877 15,798 14,651
34.62 A —caryophyllene 28,951 26,168 22,162 25,114 22566
35.43 Selinadiene 12,982 12,478 11,656 10,456 10,769
35.51 elemene 1,182 1,159 1,344 1,289 1,002
35.77 Farnesene 13,2656 13,088 17,789 13,885 12,698
37.03 neral 2984 3,118 3,233 2,698 3,055
3813 Gurjunene 97,768 96,327 103,161 93,133 92,111
3854 Zingiberene 340,489 328,618 307,654 298,667 300,896
39.43 7 —-bisabolene 76,189 71,844 77,831 78,004 74,998
39.44 Geranial 83,514 83,268 84,874 86,324 82451
39.60 Citronellol+ 74,182 71,364 75,112 68,774 66,128
39.63 # —bisabolene 121,116 120,111 119,123 119,032 117,415
40.15 Calamenene 5,478 5135 5,354 4,898 5,088
40.33 Pentyl curcumene 4542 4,711 4,899 3,876 3,688
40.48 Caryophyllene oxid 2,651 2,981 2,165 2,005 1,524
40.70 Sesquisabinene hydrate 5,632 5418 5221 5135 5,287
42,23 Unknown 7,168 6,382 5,847 5,187 4,128
Total 1,504,780 1,474,095 1,464,225 1,439,271 1,426,284
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(Continued)

Retention Flavor compound of Pea%i area
. . Storage time(months)

time crushed ginger 0 4 8 12 16
12.65 Unknown 1,465 1,286 1,312 1,165 1,232
1535 a -Pinene 5,353 5,332 5,465 5,025 5,007
1754 Unknown 4,304 4,335 4,288 3,655 3,456
18.43 Unknown 32,812 32,847 31,645 31,315 30,128
20.24 Camphene 101,156 102,512 104,465 104,112 103,025
20.74 A —pinene 6,523 6,535, 6,314 6,221 6,265
20.98 Myrcene 19,332 18,614 19,234 18,736 18,452
2168 a -terpinene 1,687 1,680 1,565 1,466 1,266
21.99 Limonene 11,798 10,889 10,765 9,891 10,432
22381 B —phellandrene 143,132 138,568 139,465 138,652 140,564
23.35 1,8-Cineole 7511 7,356 6,987 6,789 6,064
2492 Unknown 6,523 5,652 5,013 5,374 4,945
25.39 p-cymene 1,992 1,765 1,662 1,562 1,726
27.78 Terpinolene 10,896 11,998 10,568 11,658 10,126
27.92 2-Nonanone 10,314 11,325 11,421 12,225 12,007
23.49 a ~cubebene 10,125 11,512 9,568 9,668 9,874
30.16 @ —copaene 30,001 27456 24,456 23,879 22,665
3046 Camphor 19,432 19,676 19,654 20,658 20,456
30.60 cis~ @ ~bergamotene 11,322 10,798 10,157 10,987 9,412
30.82 Sabinene 82,465 81,676 79,134 79,132 77,545
31.05 Linalool 94,321 93,652 95,231 95,005 96,118
3166 B —elemene 18,798 13,351 11,874 13,254 12,816
33.72 B -caryophyllene 25,798 25,987 24,256 23,155 21,894
34.65 Selinadiene 10,658 11,781 11,351 10,352 10,246
34.89 elemene 1,321 1,198 1,175 1,066 1,102
3B.11 Farnesene 13,777 12,846 11,877 11,124 11,108
36.65 neral 2,123 2,024 1,893 2,007 1,879
3757 Gurjunene 94,321 93,651 94,128 93,451 94,187
37.89 Zingiberene 341,654 340,789 328,765 318,561 310,026
38.65 ¥ —bisabolene 78,785 76,755 75,546 73,874 75,015
39.07 Geranial 80,912 79,134 75,876 76,135 75,989
40.08 Citronellol+ 76,786 74,681 71,879 66,778 63,657
40.28 B -bisabolene 123,194 121,014 118,718 117,134 116,005
40.56 Calamenene 6,684 6,315 5,351 5,030 5,002
41.55 Pentyl curcumene 5,654 5,153 5,001 4,781 4,351
41.67 Caryophyllene oxid 2,235 2,015 2,077 1,988 1,811
42.04 Sesquisabinene hydrate 4,736 4,562 4,753 4312 3,599
42.36 Unknown 7379 7,071 6,651 6,412 5,988
‘Total 1,507,279 1,483,790 1,450,540 1,426,579 1,405,430
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Table 13. Sensory color, off-odor and overall preference of ginger roots, minced

and crushed ginger during storage at -5T

. Color
Storage time(months) Ginger roots Minced ginger Crushed ginger
0 7.25% 7.17% 6.88%
1 6.58% 6.75" 4.58°
2 6.25° 6.76™ 5.00°
3 5.71% 6.38° 5.33°
4 5.17° 6.33" 5.00°
. Off-odor
Storage time(months) Ginger roots Minced ginger Crushed ginger
0 552% 5.64* ' 579°
1 5.39% 5.52% 5.17*
2 5.22° 5.24" 4.92°
3 4.04° 5.25% 467°
4 4,09° 4.40° 4.96"
. Overall preference
Storage time(months) Ginger roots Minced ginger Crushed ginger
0 6.12° 6.14* 6.05"
1 5.94% 6.01° 5.86%
2 5.45% 5.87* 551%
3 5.40% 5.34° 5.25°
4 5.28° 5.16° 5.02°

*a,b,c

Means with the same letter in the same column are significantly different as

determined by Duncan’s Multiple Range test(p<0.05)
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Table 14. Sensory color, off-odor and overall preference of ginger roots, minced

and crushed ginger during storage at -20T

. Color
Storage time(months) Ginger roots Minced ginger Crushed ginger
0 5.71% 5.88° 4.33%
3 4.96™ 5.92° 3.38°
6 513" 5.79° 2.63°
9 488" 4.88° 3.29°
12 4.63° 4.42° 2.92°
. Off-odor
Storage time(months) Ginger roots Minced ginger Crushed ginger
0 5.08% 465° 471%
3 5.29° 4.96° 4.33*
6 4.50%° 5.00° 4.38*
9 475" 4.26™ 4.08%
12 437° 3.39° 3.50°

Overall preference

Storage time(months) Ginger roots Minced ginger Crushed ginger
0 6.24* 6.14° 6.15°
3 6.02° 6.04* 5.94%°
6 6.03" 5.91*° 5.82%°
9 5.93*° 5.82%° 5.78*
12 5.81° 5.80° 5.64°

**bMeans with the same letter in the same column are significantly different as

determined by Duncan’s Multiple Range test(p<0.05)



Table 15. Sensory color, off-odor and overall preference of ginger roots, minced

and crushed ginger during storage at -70TC

. Color
Storage time(months) Ginger roots Minced ginger Crushed ginger
0 6.80% 6.74% 6.75°
4 6.75° 6.70° 6.70°
8 6.52% 6.64° 6.46°
12 6.50° 6.48° 6.00°
16 6.55" 6.50° 6.10°
. Off-odor
Storage time(months) Ginger roots Minced ginger Crushed ginger
0o 5.55% 5.65% 555
4 5.53* 5.55" 5.50%
8 5.40° 5.60" 5.52°
12 5.25% 5.52% 5.35°
16 5.10° 5.50% 5.20%
. Overall preference
Storage time(months) Ginger roots Minced ginger Crushed ginger
0 6.30% 6.24° 6.15%
4 6.25% 6.22° 6.14°
8 6.03% 6.15 6.12°
12 6.10° 6.20° 6.08"
16 6.15° 6.18" 6.04°

**"*Means with the same letter in the same column are significantly different as

determined by Duncan’s Multiple Range test(p<0.05)
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Table 16. Changes in drip loss of ginger roots as affected by peeling and
blanching during storage at -20C

Drip loss(26)

Storage time

(months) Non-blanched ginger Blanched ginger
Non-peeling Peeling Non-peeling Peeling
0 6.58 8.47 1141 14.06
3 6.07 9.43 19.99 14.88
6 7.73 10.00 ’, 17.60 16.92
9 8.87 1042 20.59 16.32
12 9.78 11.19 21.29 20.00

Table 17. Changes in Hunter’s color values of ginger roots as affected by peeling
and blanching during storage at -20TC

Storage time(months)

Treatment Caolor 0 3 6 9 12
Non-peeling L 63.19 6157 6203 6149 62.63
ginger a 0.40 0.87 0.59 0.50 0.82
Non-blanched b 2196 2205 2230 2232 2226
L 64.04 6291 64.05 6328 63.30
Peeling ginger a -0.22 030 -0.03 0.59 0.65
b 23.82 2328 2260 2271 2362
Non-peeling L 6160 6058 61.96 6150 61.39
ginger a 0.76 0.36 0.18 0.59 0.81
blanched b 2089 2185 2215 2155 2154
L 65.14 6380 6366 6351 6359
Peeling ginger a -043 -0.14 0.40 0.17 0.53
b 2088 2265 2191 2264 2281
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Table 18. Sensory color, off-odor and overall preference of ginger roots as affected

by peeling and blanching during storage at -207T

Storage time - Color :
(months) Non—b}anched ,qmggr B]ar.1ched ginger .
Non-peeling Peeling Non-peeling Peeling
0 5.92* 6.76* 6.02% 6.48"
3 5.74* 6.52° 5.84° 6.30*
6 5.88° - 6.44° 5.13° 6.15%
9 5.36" 6.01° 525" 6.04%°
12 4.94° 5.80° 5.15" 5.88"
. Off-odor
St?;i)gniht:)ne Non-blanched ginger Blanched ginger
Non-peeling Peeling Non-peeling Peeling
0 5.64% 5.56° 5.88% 6.15°
3 5.20% 5.30% 5.54° 5.84°
6 5.22%° 5.15% 5.20* 5.64%
9 4.85° 4.88° 495" 5.36"
12 4.80° 4.55° 4.60° 5.04°
. Overall preference
St?;iglliht;?e Non-blanched ginger Blanched ginger
Non-peeling Peeling Non—peeling Peeling
0 5.90° 6.04° 5.94% 6.14°
3 555 5.62% 5.65 5.88°
6 5.28 5.45° 5522 5.43°
9 4.75° 5.01° 5.04° 5.10%
12 4.50° 4.65° 4.80° 4.76°

*P°Means with the same letter in the same column are significantly different as

determined by Duncan’s Multiple Range test(p<0.05)



3. 4EAZY AFeAE

7}. Drip loss®t TH AL o] W3}

AePB< -20CAZTA 349 YEAFstn FFE ASE 479 AFEHd
(&, AL, vlolazgolr)z HEF3d sleA 24T FHA vAs TS
ZA R Ay =Pz 20 HAMEE Fig. 13 Table 199 Jephd vk} 2o, 423
E2A =223 A3 5(5C), microwave ovend] 5] XRtt & 28] Flrto]l A
stgen ERMTE B EAY A2 AA%I A4 HERT

6
® 4
k73
0w
(@]
|
o
22

0

Low Temp.(56TC) Room Microwave oven
Temp.(257T)

Methods of thawing

Fig. 1. Changes in drip loss of ginger roots as affected by thawing methods

Table 19. Changes in Hunter’'s color values of ginger roots as affected by thawing

methods
Color Methods of thawing
Room temp.(257T) Low temp.(5T) Microwave oven
L 54.63 59.48 60.36
a 3.34 2.25 2.04
b 25.50 23.42 24.75
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oS Y K9, felobvle H3el WS % BEA 54

WEAZS AT & F D T o= NdFdF 2 ¥R $HFs &
AL A3 Table 20-2201 Jebd vkl 2vh {82, flotnix=4d, ¥4 &
%< microwave ovendlE3 FFA L Fo] AL2dqFr; €L THFLS UEUHIN2
™, £3] vlojaz golB FEA WFAHETIH ALAEYHRY ¥ A
F2 YehiA Sls PEEze] 853 S 42383 ¥YH2 microwave oven
AETH ALY Bl FAFQ FolF noiFo] M7 AAZHA HI=7t 3
e A tH(Table 23).

Table 20. Changes in free sugar contents of ginger roots as affected by thawing
methods

Methods of thawing

Free sugar (%)

Room temp.{(25TC) Low temp.(67C) Microwave oven
Fructose 142 1.11 1.81
Glucose 1.01 1.00 2.83
Sucrose 0.63 0.14 0.69
Total 3.06 3.25 5.33

Table 21. Changes in free amino acid contents of ginger roots as affected by

thawing methods

Free amino acid Methods of thawing .
{mg%) Room temp.(257C) Low temp.(57T) Microwave oven
Aspartic acid 315 1625 261
Asparagine 7352 72.52 72.08
Glutamic acid 27.11 26.34 24.82
Serine 16,23 16.29 1573
Glutamine 14.80 34.15 14.21
Histidine 7.15 21.10 5.14
Glycine 25.54 21.76 22.71
Threonine 9.72 9.78 9.23
Arginine 2.34 12.69 1.96
Alanine 64.42 35.26 64.24
Tyrosine 40.39 48.65 4729
Methionine 432 4.12 5.23
Valine 5885 52.87 58.72
Tryptophan 7.37 8.25 6.42
Phenylalanine 18.25 1591 18.62
Isoleucine 1444 9.95 16.45
Leucine 29.75 20.53 36.26
Total 417.35 426.46 421.72
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Table 22. Changes in volatile compounds of ginger roots as affected by thawing

methods
Retention Peals area -
) Flavor compound Methods of thawing
tume Room temp.(25C) Refreezing temp.(5C) Microwave oven
12.65 Unknown 1,324 1,418 1,448
1535 a -Pinene 4,697 4,665 4,741
1754 Unknown 4,702 4742 4,885
18.43 Unknown 32,855 31,667 32,653
2024  Camphene 143,741 142,215 142582
2074 A -pinene 7,512 7,348, 7,294
2098 Myrcene 18,012 18,125 18,321
21.68 & —terpinene 1,557 1,456 1,616
21.99 Limonene 11,124 10,312 10,644
22381 B —phellandrene 158,021 150,244 145,777
23.35 1,8-Cineole . 5546 5,671 5,789
2492 Unknown 4,324 4,354 4,310
25.39 p-cymene 1,813 1,795 1,824
27.78 Terpinolene 10,743 15,342 10,978
2792 2-Nonanone 10,426 15,351 11,652
28.49 @ —cubebene 11,864 12,252 12,975
30.16 @ —copaene 25,521 26,498 27512
3046 Camphor 16542 15,681 18648
30.60 cis— @ -~bergamotene 9,018 11,123 12,999
30.82 Sabinene 76,658 81,383 76,754
31.05 Linalool 88,895 89,421 91,876
31.66 B —elemene 15,201 18,521 16,113
33.72 B —caryophyllene 23,024 24,486 25,658
3465 Selinadiene 13,444 13,121 14,948
34.89 elemene 1,485 1,331 1,348
3511  Farnesene 10,111 11,158 12,875
36.65 neral 2,889 2,856 2,784
3757 Gurjunene 139,715 140,152 140,025
37.89 Zingiberene 339,548 344,730 345,665
38.65 7 —bisabolene 74,582 73,887 74,551
39.07 Geranial 83,001 83,545 84,019
40.08 Citronellol+ 74471 76,332 71,426
40.28 B —bisabolene 119,348 119,615 121,348
40.56 Calamenene 8,203 9,124 8,989
4155 Pentyl curcumene 1,825 2,246 2,057
41.67 Caryophyllene oxid 1,228 1,723 1,809
42.04 Sesquisabinene hydrate 4,489 4,523 4597
4236 Unknown 4625 4,694 5215
Total 1,562,084 1,583,107 1,585,205
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Table 23. Sensory evalution of ginger roots as affected by thawing methods

Methods of thawing Color Sgrflfs—osgof Valug(z;clerall preference
Microwave oven 6.02° 6.18* 6.55"
Low temp.(5C) 5.95% 6.12° 6.02%
Room temp.(25TC) 557 6.05" 587°

*2bMeans with the same letter in the same column are significantly different as
determined by Duncan’s Multiple Range test(p<0.05)
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Al 2d I gy Axrles AR

AMF X A

AAL olPE, ol Fo dd & ofduy AFlA FAF o]HRH AuiEo] 2 A
F(Zingiber officinale Roscoe)o] &3l thdAl =BAEo 2AHoE ER/3F 37
o &g Yz o] A AAAcE deE o8Ha de FNm F hrteolrth
7ol AA F ANFL 50%Ed @3ta, A7 ARG AAFRoz syt
g ¥ £33 Ax, F3, JolXge}, &F, 4¥, "W T ofgddl AFely, o|F
=7t AAYLZF] 124 =8 AR5z Jo

A7 ddzis 4 A7Fd EFAZ Hletd AR FFLE SOAMNE F U
AZEAE 9 7 e FHol Jd& B2 oM dF 542 FE U £
S 2vAEe] nF3E R AYRE F7ee A F&L BT ohYE HAA F
FELEAE 88 5 Yo HATH, 7P el HZAM obFd AAF [l
F8 £2AZ A2 5 vk o=y olgld AF ddirle A T Za 2 7t
27F dystn nARYERSE)ZT dolvs 5 F20 AdHe EAMNE O Y
=

qEA B ATE 4% gur] A% Fol wAstE W, ha%d, ndR 5
Aoz AY & Yk WL AR Tolr] Axe] HFT formula® Y
S3, 7] AT A% F ETAWHE S $5F Fde] A% GOvE A
z, fEsted Bed V)x24es dns HAd
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A2y Az 2 3y

1. A=

E Ageld AALd 9484742 20013 119 39S AMAT BAWUAA 3%
AL Aol AF FIdstd AEsiao. T4 98 g el YL Age FA%
F 08718 AX dA=27IE2 AEF oS Nylon/PE(polyethylene) filmEZA=Z X3
st Thoir] AREZR AMSSHY. 4R HYEE IO E AR e ynA o
¥ -20C AFnd 370493 XAt AT F ouriA=dd g AJr=
AHE ST '

7. ARG Zle Ax 2L A2 AR

A7rel oyl 98472 234712 49 RS dExT(controD & 3t A7 o
7] 100g %3 g B|&=2 AAUGA AL sodium bisulfite 0.001, 0.002, 0.003%,
L-cysteine 0.01, 0.03, 0.05, 0.1, 0.2, 0.3%, oxalic acid 0.005, 0.01, 0.03%& &TZ=E=
HA7bstR om FE2dA GAAQ sodium benzoateE 0.01, 0.05, 0.1% E3 potassium
sorbateZ 0.01, 0.05, 0.1262 NaCl& 2%, citric acid= 0.1% 747} === 3713ty
Bk AR ARl xanthan gum< 0.01, 0.05 0.1%Z carrageenan gum-2
0.03, 0.06, 0.1%= WA AR (Ultra—Tex 3, Starch 465, National Starch & Chemical
Co. Ltd., USA)E ZtZ} 1%4 H7Istd A7 ddizle 3 H7MeE & =AMee ®gk
o} E3F L-cysteine(0.2%), sodium benzoate(0.1%), NaCl(2%), xanthan gum(0.1%6)&-
4 25X EFADSY Uyl AzA 2y AVMERY] 45 AFAAE A
3t A

3. A7 ddse A4
ARLAAE WE(-20T) A4 & 47 gy Azsted 5CAZFRAN AFA 302
BAoE BB AASFAN 40D 5% AFAAT, D] ARF WEALR A

FAE STAFIAA 00 HHoZ 47D B, ~0TARTAN 155 Ao
IG5 AES AAT) FABAS AR |
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o. dxdgdr 2g94A=x 4 JegA8FAF A
D EF Az 22 Ax

APAAE BANE RY% T AFTAERAZ  0CTLEoN AEAA
Nylon/PE(polyethylene) fiim¥ 3 A2 %3t 5CAHZA 0] 105F3F o2 10719 F
ot AFHUA EASHNES A 2 tos] AT TAxolE AR

2) 71} BAAFL Az

1€ g7zl AFelde] WANTAFeE ABPZE sliceFeH] R AT A
AFAe FE8d AP NAFS AZ(Fig. 23 -20TAF ) ndsad
Al 16FHes 157]dE A EA FAEAHE =AEGE oked WEATE
YeAdx2d ANAFE QLSS 5TAHAZIY RaAsAA 1050H =2 10725t A
FeHAd ddE FTEE FAY F A= AZE FEY AAEHSE A=A

Fig. 2. Other ginger products prepared with frozen stored

ginger.

A: Ginger Slices B: Ginger paste C: Ginger Powder
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. 23 BHd=e] A ddirle Azx R AF

AAF BAE XA FHFHAN TR AT E ALEEI e A8 AT
<€ 17 Yg AHTH -20CAZFToE BEFsd. AAEATH -20C3F5A
F AT oE EHT d85A83E A% AFrieAT dFEAAE VxR 3o F
A7 vmst A g, Jtadd 2 ndie] YAE st 2UEAE A48 F
ZFAlZ L-cystein 0.2%, 7F=EAAAE H4F H7FAZ NaCl 2%+sodium benzoate
0.1%, AR YR E 93l xanthan gum 0.1%E 25 &% A8ty a5 73
3t ¢ ¥ tu7]E Nylon/PE (polyethylene) film¥7}, & B ¥3(AL-foil+LLDPE), -
&7 EFA ) £} (Fig. 3)3t] 309 Pz 4MY 5 FGOAR e,
157402 15714 T ¥5AZ(-200T)3t8A FA5AHE RAATH

Fig. 3. 3 types of containers for the minced ginger
A: Bottle B: Film C: Tube
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2. 9y A

e
Mo

i =

A7 @R E 242 AOACH 3t 82 105T 4y 714d=y, £
AL  Kjeldahlq, ZAWL Soxhet F=W, 3L AFH I3y, Z4%
Henneber-Stohmann HE 73 AOACH Lo 2 FA3AH

3. pHe &3
pHE A& 10g¢] 100g9 F5HF9E ¥ homogenizer(AM-7, Nihonseiki Kaisha
Ltd., japam)E 28I #2313 F pH meter(Suntex SP-7, USA)E A-83te FA 3}

Rt

é«!

M

4. AT

A7yl A5 = B33A2A (Color difference meter, Hunter lab.,, CQ-1200x, USA)E
AL&-3Fe] Lzk(lightness), azk(redness), bzk(vellowness)S reflectance modedl Al &
Astges A Az AE(Y da®+ 48P+ ALHF o2 el e, standard
plate®] L, a, bgt2 Z}ZF 93.36, —-0.97, 0.43°] A}

5 7t 93%F F34

A7 gdizle] sl dAFge Alg5d DA Zl2E Ve EFHE pump(BH-702,
Gastec Ltd., Japan)& AF&3od 7}~ E -8 vinyl pack (Gastec Ltd., Japan)®) 2%
ERE F syringe® AME3te] stxo) RYE FAsA

6. 9] (liquid-solids separation) &3

A7 gdirle AR AE AL A F51978)9 WS 383t 50ml tubeol

js]
thimble filter(No. 84, 28 100mm, Toyvo Roshi Kaishs Ltd., Japan)& 23 7)) A
g 10g% ¥ 1,000 mipmez 1087 LY ES(VS-6000 CF centrifuge, Vision
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Scientific Co. Ltd., Korea)& 3 ¥ #&d &9 FAES

Al g %= e AT

1

Aae z7] Aael B

DARYRAE(Y) = FEd SEFA(2) X 100

7. %23 T3 24

#FElgel BHE Gancedo$(1986)9] whgol met AASAT. F, 2z AGA=
20g< F 3t 80% ethyl alcoholZ F&35t3 FEH L 40TAA #ALEZS AR F
24 20ml2 AFL3AY. °ol& vA A4 E2(B000rpm, 208)% F, Sep-Pak C18
cartridge(Waters Co., USA) ¥ membrane filter(pore size 0.45m=E A& o5 o7
ato] Table 13 & Z3d wWa} HPLCE EA st

8. 2] obu:=i HFe] £

& olvl=4t BEAE A AR AXEE FH1976)9 Aol whel AAISRT.
ZF, Z}Zhe] AZARAA 20g8 FH st 75% ethyl alcohol €9 o2 fF&olr] xS
FE2E F A A4S 26mlE AAFFAIL H FF Y 25% trichloroacetic
acid(TCA)§ 9 20mlE 7}ste] @93aA S AAAF|Z AP Ah 434S Hs
o] ethyl ether2 TCAE & ¥ AAF th& Amberlite IR 120(H)) F3A1A of
x2S FAAIZ]Z ammonia §9ex £EAZAGD. &8&59L AHFEFEY
ammonia® Al A F loading buffer solition(20mM borate buffer, pH 9.5) 2.2 10ml
2 L3131 o] E membrane filter(pore size 0.45m)E 343t O A FEA
] 2F( 0 —phthaldialdehyde)& 152 7}8te] 18 Bt #3230 F Table 29 22 =
o] ugl HPLCE #A 3o
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9. ¥4 E FFd ¥4

7t F71 89 &
Likens & Nickerson FX & Al&3t] FASHFEFEHoz AAFHA

b R 4 B - |

71 gRe] ¢ WMIE dolnry] $3td AM8§E gas chromatography(GC)=
Hewlett-Packard 58902 ©¢]|&35oW HAHL DB-5(50mX0.2mm, 033xm, J&W
Scientific)E A £393, SR LxE 50CHA 28 #x1% F £9 5CT= 240CT7
A Asdtgoed, o 2%dqx 10873 X FAdg. AE7]IE flame ionization
detector® A3t FUTF 2E5E 250T, A&7]9 =& 280T=E stHith GC
of 9l3ted Eald FrIAES FHL gas chromatograph-mass spectrometric
detector(GC-MSD)E o) &3tgon GC-MSDE Hewlett-PackardAl2] MSD5830&
AHgEEtg e AL DB-5MS(50m X 0.2mm, 0.33u#m, J&W Scientific), 2E25=
50CAA 287 #A% & By 5CTE 240C7HA A5AZA ot Camrier gase dFS
AL e, 838 AL GC-MSDE €2 mass spectrums Wileynbs library
2 AMsteq 4 Rk

10. 53X

Zzre] Az Te] ARABS] A2, o)A R FuH FA) O 54 Ho)Par 2
NEE AAE AT BEAALY AL A5t WA 37 APz w4
2l A7, )P Y AojAd o) $5¢ WA 208 ANk 2ol B
SAAE 08 B o3, olFAE 7H BAPl o3, AAHL HzEE 94 7=
Hegol olshe] AASRT

11. A4
A A dojA =g i FAAZE SAS(Statistical Analytical System,

U.S.A) program2 AMgstgon BARAME A3 Al5zke] Zeolzt A& & g3
A ¥ Duncan’s multiple range test® Al87F] #Fe 2 A A A HP<0.05).
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A3 a3 @ g

1. 3% qd7l9 A= R A7r29 43

7h Zd, kA 2 A 3 Al ARG AA(FZ A AH

2 A2 AL ETYE sodium bisulfite, oxalic acid, L-cysteing ZF T =H =
A7tste 30CoA 3043 AZsAA MYAAR L, a, b gE& FANE @R+ Table
249} el 249 AAAZE sodium bisulfite(0.002%)¢} L-cystein(0.01%6)0] 23 &) A
E7 2 342 ARFFEE HrrEAG

AZd 719 Ztadgel dloz FAHEE HAEY ASAAE A3, WS
A& gAAZ AHEEH3I YE sodium bisulfite, sodium benzoate, potassium sorbate
g 7t s=d& #7319 PE bagell £33 3 F 30CoA 745 AF F 7k
Aol By E =ZAIHE A+ Fig. 49 2t} Sodium benzoated FE7l FoldFE
7t AL HojHAAW 43 = AN AAE 98 Ede vEhA @
7l QAAZE o2 HIMES BT R} sodium benzoate(0.1%6)oll A T2
AqA &7t 744 A JERAATH

O] Az F ISR g2 HAEEDY FEFES Eotr] Ad I
T EASS AF toirlelA 2@ AFH(mDE 30T AFSAA AME 2,
NaCl(2%)+Sodium benzoate(0.1%)A 8] 7+ NaCl(2%)+Sodium benzoate(0.1%6)+Citric
acid(0.1%6)¢] 27}x A&7t gast A A &R s h wepA 2L A oA
A2 sodium benzoate(0.1%)= TE H7IE9 9FL X LEvm Hr7LHUHTable
25).

238 A ¢ xanthan gum, carrageenan gum % National starch 3AMAIE 2FFE A

Aozl A7ST PAE cycle NF @ F SR FEFL 2N nARY
o A% 24¢ AIE Fig 5% 2R Fig. 594 2 5 Q= vst ol
xanthan gum 01%F7FZAA 743 $58 nogele E47t Ao, ole W

5 AlolZo] HEESEE ¢S Bus ey,



Table 24. Changes in Hunter’'s color values of minced ginger with food wvarious

browning inhibitors during storage for 30 days at 30T

Storage time{days)
0 5 10 15 20 25 30

6494 7089 7050 6948 6862 7291 69.97
103 223 258 239 197 267 253
227716 2591 2559 2395 2349 2650 25.29
65.78 7121 7163 6947 7144 7131 69.84
097 204 252 2755 211 312 224

Additives treatment
Color

Control

Sodium bisulfite

0.001% 2311 2539 2626 2520 2523 2650 2517
Sodium bisulfite 6454 7075 7207 7014 71.14 7198 70.41
127 213 251 290 212 28 207

0.002% 23.10 2585 2637 2561 2582 2678 2532
Sodium bisulfite 6528 7148 73.09 7277 7100 7278 7T1.44
102 199 201 239 205 279 213

0.003% 2322 2585 2617 2685 2549 2713 2546

6540 7124 71.77 6936 7240 6795 68.02
103 209 245 269 121 281 201
2279 2537 2676 2542 2479 2429 23.60
65.44 7118 7173 7089 69.09 6544 65.09
092 204 249 264 207 242 241
2288 2532 2576 2591 2414 2232 21.50
6427 7079 7119 6866 6748 6434 64.17
08 225 247 236 18 270 248
2245 2537 2667 2417 2323 2127 21.04
6544 7238 7215 7235 7210 7241 71.99
054 170 224 225 151 273 200
2265 2595 26.07 26,63 2611 2696 26.23
6541 7152 7158 7044 68.03 6833 6895
050 236 232 251 258 322 271
22.63 2587 2567 25.77 2352 2395 23.93
6636 71.17 7198 7115 70.80 7207 6819
0658 226 243 28 263 330 387
23.05 2580 2576 2665 2587 2715 24.66

Oxalic acid 0.005%

Oxalic acid 0.01%

Oxalic acid 0.03%

L-cystein 0.01%

L-cystein 0.03%%

L-cystein 0.052%

oo Moy Mo e Mo Ploe Do Pioe Do Mo e Sloe o
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S

Volumn of expansion(m

o 8 8 8 8

Confrol Sodum  Sodium  Sodium  Sodium Potassium Polassium Polassium
bisulfite benzoate benzoate benzoate sorbate sorbate  sorbate
0.001 0.0t 0.05 o1 0.01 0.05 01

Food additives(%)

Fig 4. Changes in gas volume in minced ginger bags with various

inhibitors during storage for 7 days at 30T

Table 25. Changes in gas volume in minced ginger bags with wvarious inhibitors

during storage for 11 days at 30T

Storage time(days)

Additives treatment 0 1 2 3 4 5 6 7 891011
Control - 52140 110 95 85 80
Sodium benzoate(0.196) - - - 13 30 30 37 28

Citric acid(0.196) - - 43 100 102 98 67
NaCl(2%) - = 15 70 70 73 82
NaCl(2%)+Citric acid(0.1%) - - - - ~ = - 22 2150 54 63
NaCl(2%)+Sodium benzoate(0.1%) - - - - = - - - - - - =

NaCl(22)+Sodium benzoate(0.1%)
+Citric acid(0.126)

-" ¢ not detected
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B Ocycle
2 B 2cycle
= 15 i 4cycle
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2 6cycle
5] B 8cycle
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Food additives

Fig. 5. Changes in liquid—-solid separation of minced ginger with

food additives during freezing-thawing cycle

o2 " AR A A EFA AL A=A

A A A} FtadAAAA T oAy BIHHINMES 7 A=A sodium benzoate
o] o7 Xz RF <¢fzte] zZrAASFe] VeV E 2 L-cystein® TFHS 0.1%°]
do2 Hrbste Hgkoh(Table 26). wWelAl L-cystein ¥%S 0.2%°1d H7FA 29
Ao Zt2BAAAEHI S5 T oojde FHE HIMA G FHIT Aol
7t 2x gomz ZWHARAEAI & L-cystein®] AFFEZ 02%2 AT 2
Byt Zh=d A AE AHATE ] FFE EA FktH(Table 27).



Table 26. Changes in color of minced ginger with food additives during storage
for 6 days at 30T

Storage time(days)

Additives treatment 0 1 2 3 4 5 6
67.09 6668 66.19 6680 6426 6283 6263
214 247 262 272 308 332 400
2377 23772 2388 2362 2358 23.74 23.39
6449 6366 6320 6474 63.72 6357 6291
110 181 170 307 317 343 374
2285 2210 2150 2281 2093 20.10 19.71
6452 6448 6367 6424 6424 6355 63.23
157 168 176 323 364 348 364
2305 2219 2125 2270 2287 22738 23.30
65.18 6551 6511 6545 66.10 6665 66.27
187 147 169 324 330 330 380
2314 2238 21.70 23.09 2301 2320 2323

Control

NaCl{2%)+sodium benzoate(0.19%5)+
L-cystein(0.1%5)+Xanthan gum(0.1%)

NaCl{(226)+sodium benzoate(0.196)+
L-cystein(0.2%)+Xanthan gum(0.1%6)

NaCl(2%)+sodium benzoate(0.1%)+
L-cystein(0.3%)+Xanthan gum(0.1%%)

o Hloy MiTee Mo O

Table 27. Changes in gas volume with food additives during storage for 6 days at
30T

Storage time(days)
Additives treatment 0 1 2 3 4 5 6

Control - - 40 78 60 58 60

NaCl(2%5)+sodium benzoate(0.195)+
L-cystein(0.196)+ Xanthan gum(0.1%)

NaCl{(2%)+sodium benzoate(0.196)+
L-cystein{0.2%)+Xanthan gum(0.1%)

NaCl{2%)+sodium benzoate(0.195)+
L-cystein(0.3%)+Xanthan gum(0.1%6)




2. 3R F A% dd7] AxA 49, a3 g adqEd] A7 e A

do

3

>

7t 47 B7le 9wy 24 9@ pH

X

B A7o) A8 A% torle AugdEe 2@ AsE Table 2879 23k &
Z izl S8 81.11%, Z3E 088%, =v¥WA 176%, =A% 0.77%, =H+
1.04%, 532 1544%2 FAH] AAH

A7 vyl AEL 5CTAHAM 1209 5 AFsHA pHY WE Z3F Adge
Table 209} Z3dth RE A FEo AF 719 Musdtd A3 FASA3L, 01%
sodium benzoate® HA7}e¢ VEAEF Brt 713 @& pHE vehigch a8y, $
FAET Ax A 12090) AAs9 = pH7 59322 pHol ¢H3H A B el
A3, ATt wzsge W UMz ¢EHeTEL A% F pHe WAste] st
Aeze] foAdo] AAERN gkrH(p<0.05).

Table 28. Proximate composition of minced ginger after frozen storage at -20C

Minced ginger(95)

Moisture 80.11
Crude ash 0.88
Crude protein 1.76
Crude fat 0.77
Crude fiber 1.04
Carbohydrate 15.44




Table 29. Changes in pH of minced ginger during storage at 5C

Storage time pH
(days) Control LC BN X A
0 6.57 6.36 6.48 6.62 6.61
30 541 5.88 5.46 6.00 6.35
60 5.01 4.80 5.23 5.90 6.24
90 4.79 4.62 512 5.43 6.07
120 453 458 4.86 5.08 5.93

LC ! control+L-cysteine 0.2%

BN : control+sodium benzoate 0.196+NaCl 2%

X : control+xanthan gum 0.19%

A : control+L-cysteine0.2%+sodium benzoate0.1%26+NaCl 2%+xanthan gum0.1%

. 28 Mo W

A7 gi7] AFE 5TAA 1209 Bt AFstdA 29 N Hustg FH3F 4
= Table 303 Zvt. B2E A7 A% 279 vlidte] 12090 A3}etd 4E
&) F7tske dFe Ui, FAT e5AATEL A 120¢ FoE B
T 400189 @& YeEdlen FEAYT A A 12090 AHAFAE 1.87414
29941012 A %719 & RolE HolA &urh

Table 30: Changes in 4E values of minced ginger during storage at 5C

‘Storage time 4E”
(days) Control LC BN X A
30 2.63 3.28 3.86- 2.64 1.87
60 4.03 4.64 4.10 4.12 241
90 492 4.46 4.28 4.48 2.99
120 4.77 4.66 6.29 6.74 2.86

Y4E= V 4 a®+ 4 b>+ 4 L?

LC  : control+L-cysteine 0.2%

BN ! control+sodium benzoate 0.1%+NaCl 2%

X - ! control+xanthan gum 0.194

A . control+L-cysteine0.2%+sodium benzoate0.1%6+NaCl 2% +xanthan gum0.1%%
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A7 g7l AFS 5CA 1208 < AFeAA 7h2 EAFe ARE FAY
A3 Fig. 69 WeEbd vie} Tt FAG T AG700] AojASFF M2V 53
Al 718 3t 1209 F 2766.5ml/100g7t FA& 3% 3L, sodium benzoate®t NaCl
g A7 BN2 A 6094%"H 7h=7t A7) A AEo 120901 AURA
355ml/100g7F LA AA 2 wig violdrt. FEAT A AT 120¢] A3t
A% 7t27F AF HASFA Fgrr AZ Goirie sh2 #A AL A EAE)
€ MABEEC AAFsAA TEAUE CO0 2% o= AZo] HY, o]RAE A3
st W o2 BEAQ sodium benzoates] H7F7 vl EL A&KE AFe=zHA 7
29 $AE JANE F d2, 97l NaCl& o A7 AY <8 714 JA7MEES
T FTHAYTE Ttz BALS GAAR 5 v dIEEHA
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0 — 53— n—A |
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Fig. 6. Changes in gas development of minced ginger during storage at 5C
€-¢ Con ' control
IB-B BN : control+sodium benzoate 0.1%6+NaCl 2%
A-A A . control+L-cysteine 0.226+sodium benzoate 0.1%%

+NaCl 2%+xanthan gum 0.1%
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2}, 319482 (solids~liquid separation)2] ¥ 3

A7 o7l AFES 5TAA 1209 ¢ AFINEA 298 A= SHFE 2H
= Fig. 79 Yebd vio} 2o} FAETE AF 270 75%0A4 304 AF F 1
AEH7F F43] F7HE g 120980 ABASA BS5%E F7HE FA Y xanthan
gum< HZFE X9 ZHEAHTF A AS$dE 03~64%, 1.1~46%=2 v AsA F7}
E AT mqEe] uie dAFAPE YetlAct @A xanthan gumo] FHAZ
A A% gazld EAste B 49 2T A¢E std 1A4RIHE AT 5 A
ATk A=A

40.000

30.000 [

20.000 +

LSD(%)

10.000 |

0.000 — '
0 30 60 90 120

Storage time(days)

Fig. 7. Changes in solids-liquid separation degree of minced ginger during
storage for 4 months at -5TC

€ -@ Con : control

®-@® X : control+xanthan gum 0.19%%

A-A A : control+L-cysteine 0.2%+sodium benzoate 0.12%5

+NaCl 2% +xanthan gum 0.1%
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dEFe A x7)9 vasPe @ AZrIe] AL S st AFS el
. &, A4 12040°] BAsHE FAHIATE 401%, L-cysteine2 Ztzt 7 9d5H
PTEL 423%7F oty od, FEAGYT A AR 12090 AU /7 o}
Alicate] g 23 £EL HAMAY. olge] AF 2R B 9, 7 oHlx=
Aol Zae A% Gyl AFY AF T LASRE ZAZ P BE Ao
AuEe, oA d BAFFL AAs7] A8l F7HE L-cysteined @502 A
ART EFANE & FRADTI F5FLol o8] gl AEHE {3 oprlx
Ao] FFtrs aRHos AT £ AQCh

Table 31. Changes in free amino acid contents of minced gingerl) during storage

at 5C

Free amino acid Storage time(days)

(mg?s) 0 30 60 90 120
Aspartic acid 28.18 3.15 0.93 0.46 0.11
Asparagine 82.03 73.52 72.08 68.37 66.89
Glutamic acid 26.34 6.32 535 459 4.39
Serine 16.29 2.55 1.19 0.54 0.46
Glutamine 44,15 14.80 14.21 12.92 11.79
Histidine 21.10 7.15 1.38 0.78 0.58
Glycine 21.76 25.54 19.93 18.44 17.49
Threonine 9.78 972 9.23 5.68 527
Arginine 12.69 2.34 1.96 1.87 1.03
Alanine 74.56 64.42 64.24 58.40 48.09
Tyrosine 48.65 40.39 34.98 3943 30.14
Methionine 412 4.32 5.23 5.36 6.09
Valine 80.79 68.85 58.72 49.83 46.83
Tryptophan 8.29 7.37 6.42 593 3.92
Phenylalanine 1591 1825 18.62 20.71 12.30
Isoleucine 9.95 14.44 16.45 15.98 18.54
Leucine 20.53 29.75 35.26 35.61 40.84

Total 525.12 392.88 366.18 344.90 314.65

Pminced ginger : control
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Table 32. Changes in free amino acid contents of minced ginger’'s combined

treatment product” during storage at 5C

Free amino acid Storage time(days)

(mg%) 0 30 60 90 120
Aspartic acid 15.05 31.11 39.75 39.29 4455
Asparagine 40.91 25.37 17.25 1159 869
Glutamic acid 21.06 34.47 39.60 39.24 42.30
Serine 20.04 24.63 26.18 26.24 26.20
Glutamine 64.52 41.19 31.50 24.06 18.59
Histidine 11.09 11.62 12.71 16.23 13.41
Glycine 14.28 24.04 26.86 27.00 28.15
Threonine 11.43 15.29 16.02 16.42 15.94
Arginine 29.00 0.71 0.70 0.68 0.68
Alanine 46.44 51.23 51.91 51.47 50.64
Tyrosine 39.15 49.69 49.89 48.75 48.32
Methionine 3.93 6.26 6.89 7.04 7.15
Valine 56.44 58.92 62.84 62.61 61.13
Tryptophan 5.30 7.93 8.16 8.44 8.25
Phenylalanine ‘ 16.38 2091 20.17 20.16 20.00
Isoleucine 11.10 15.568 16.07 16.27 16.00
Leucine 27.56 36.75 37.81 37.61 37.06

Total 433.68 455.70 464.31 453.10 447 .06

YCombined treatment product @ control+L-cysteine 0.2%t+sodium benzoate

0.1%6+NaCl 2%+xanthan gum 0.1%%



Table 33. Changes in free amino acid contents of minced ginger’s browning

inhibition treatment product” during storage at 5C

Free amino acid Storage time(days)

(mg%) 0 30 60 20 120
Aspartic acid 1551 trace trace trace trace
Asparagine 62.94 59.46 58.57 56.08 55.24
Glutamic acid 16.76 11.68 6.71 4.96 4.65
Serine 27.33 16.28 12.22 10.78 10.53
Glutamine 4854 16.05 15.59 14.05 13.61
Histidine 8.64 2.61 261 2.49 2.51
Glycine 31.20 32.96 36.11 32.21 23.27
Threonine 9.37 8.70 8.43 8.02 7.54
Arginine 28.90 3.64 2.47 1.37 1.35
Alanine 45.08 34.44 31.65 30.37 29.15
Tyrosine 29.93 29.24 21.79 12.46 10.73
Methionine 5.44 5.98 554 5.48 5.34
Valine 56.09 55.64 35.85 35.56 34.98
Tryptophan 6.00 6.03 555 5.45 4.48
Phenylalanine 12.61 13.40 14.43 13.93 13.59
Isoleucine 8.39 10.07 1091 10.31 9.68
Leucine 20.24 24.41 26.22 25.15 23.22

Total 432.97 330.59 294.65 263.67 249.87

1)Browning inhibition treatment product : control+L-cysteine 0.226
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F= Table 349 vebd vk} Zpeh doiz] AFe & F9F FFE A7 2719
Alastge o Agrizte) 2AFS Fasde AP Uehitth F A 120980)
AstdA FA2 = 3.77%, L-cysteine® ZrZt H713 S4EXIAFES 1.84%7F g4
AR, FFAHETE 297%7F ZAFReH, Hgad F KU FF FLE&E2 F
AT > FZAHT > L-cysteine A7 €02 F7istd @S5AZTEH THH
A7t FAHFRG F F8F FF A2 A olHE FEd FFe] FLE
AqAstd AWe FAS7] AdAME o8 7R AVMEES EFALAE FEALHFVE
A2 4sAE4S doA AdNEE £9 A4AY 5= JdeE dadrh
Table 34. Changes in free sugar contents of minced ginger during storage for 120

days at 5T

Free sugar Storage time(days)
Treatment (%) 0 30 60 90 120
Fructose 2.55 1.29 1.16 1.14 0.97
Control Glucose 2.45 2.24 1.27 1.45 1.38
Sucrose 1.85 1.14 1.03 1.07 0.73
Total 6.85 4.67 3.46 3.66 3.08
Fructose 2.09 1.72 1.70 1.47 172
LCY Glucose 2.62 1.78 1.55 1.09 1.14
Sucrose 1.28 0.96 0.63 0.63 0.61
Total 5.99 4.46 3.93 3.19 3.47
Fructose 2.71 1.44 1.33 1.30 1.34
AY Glucose 2.45 1.93 1.65 1.70 1.62
Sucrose 1.47 1.01 1.04 0.88 0.70
Total 6.63 4.383 4.02 3.88 3.66

LC : control+L-cysteine 0.2%5
A ! control+L-cysteine 0.2%-+sodium benzoate 0.196+NaCl 2%+xanthan gum 0.1%2%
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A7 Tzl AES Az g B%F 54 Y/IE AFE Table 3500 vhehd
ulo} Zsioh. BXRIATFE A% 12090 AFHEA Ao 2F AeA =AA AF X
719 freldQd o2 vegew, AT A 2RAAAE FANE E=5AHLT
LCE A% 120¥0] A#stads M7@e| ztolr}h vhehiA fgieh e, @EHIYT
BN A% 3080l A gAML =77 AlFste] 120U0] Afstd dajo] 43
3 ZsA #A7 GQAc olEd A AR 7 W gyl AES ANH
ol 2x}e) AEFH A GAsEo). o)H HF BFH SHL TFAITF A= F
A7} e JATEH vastd AF 12080 AT AR7|H BE F-9
2l o)t YENIA @ttt zahd, FAE T aEAFEL Aol 2R
48 olfe #Es A FAEYR, 2 FAME 53 LCA o1F4 st 3 F
X &L FrE BAFAD oz ARE B o, TEAAT AV 4F ddizie F
AWt Z o|HE AdAStT A 1A Y7E 2 JIN FASS F ¢ Aok #
G5t AAHA HEEE 2AF AAE tuly] AF AL NaxE AF
71zto] AolAFE A gA HAHAD, B3 LC/ AAFez 3 FX GA
ARQ 3, A 12040 AFSA FHF, BNol 7HF 2e FFE BAFAYT. 2
AU, FEAYT AL A7) AHSEAN FHA o)Ft JEIRAL A A
Aol A4E RAFAAN T HAIYTEY feldel AFIATHP<0.05). olFe] 2
Az A F A% iyl A4 BEA 242 39 o FEAYTFI A7
gzl AFel A e fAsed g 2ol BAARS.
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Table 35. Sensory color, off-odor and overall preference of ginger during storage at
5T

A. Color
Storage days  Control A 1.C BN X
0 6.10° 6.85 575" 6.05* 7.05°
30 6.80° 6.40° 7.40% 4.15° 7.25%
60 6.35° 6.20% 7.85° 3.95" 7.65°
90 6.65° 6.30% 7.452 4.10° 7.65
120 4.05° 6.30° 8.20° 3.35° 5.55°
B. Off-odor
Storage days Control A 1.C BN X
0 5.75° 5.70% 5.30% 5.60° 565
30 495 5.35° 2.95° 5,60 4.95%°
60 4.35™ 5.60% 3.10° 5.20° 430"
90 3.80°¢ 5.25 3.20° 4.75° 4.45°
120 3.05° 5.25 3.55° 2.75° 4.00°
C. Overall preference
Storage days Control A 1C BN X
0 5.90% 5.48%° 5.08% 6.20° 5.80°
30 5.38% 578% 3.28° 5.25° 5.03%°
60 4.65° 5.48%° 3.50° 5.13%¢ 4.85°
90 4.33° 5.252" 3.83° 4.43° 4.65°
120 2.73° 5.00° 3.93° 3.13¢ 3.83°

A control+l.—cysteine 0.2%+sodium benzoate 0.1%6+Na(Cl 2%+xanthan gum 0.1%6
LC : control+L-cysteine 0.2%

BN : control+sodium benzoate 0.126+NaCl 2%

X I control+xanthan gum 0.1%4

**b°Means with the same letter in the same column are significantly different as

determined by Duncan’s Multiple Range test(p<0.05)
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3. A7 du7l Ax F Y5 AZF(-5T) 7142 2 29, 7p2d g4 2 a9y
g BAJE AL

7t. A7 Tzl e pHe| W

A7 7] AES 5T 419 B¢ AFsEA pHe WstE AT s
Table 3651 el whol el AA7|zke] AAAFE BE AT EL pHIF A4
e, eEAITF F LC, BN pHyF 843 Zastdth 22iu, FAIT <
EAXT X a2lxn FFAT Ae FHI 2olE YEriA 3t

Table 36. Changes in pH of minced ginger during storage at -5T

Storage time pH
(months) Control LC BN X A
0 6.77 6.42 6.59 6.67 6.57
1 6.34 5.88 6.38 6.48 6.43
2 6.16 477 5.69 6.45 6.29
3 6.08 4.66 5.36 6.39 5.97
4 5.88 4.58 5.04 6.25 5.80

LC : control+l-cysteine 0.2%

BN . control+sodium benzoate 0.196+NaCl 2%

X . control+xanthan gum 0.1%

A . control+L-cysteine0.2%+sodium benzoate0.196+NaCl 2%+xanthan gum0.1%6

g g Axel Wl

-5CAA 4701Q B AAstEA B Mz AstE 23T I3+ Table 371
B vte} Zsith £ T dSAYTES A 12080 BHASA AEFK] 3.0~
602 JeEYg oy AT AR A 4/lgol AHsAE 1.33914 223Al012 A
A x7Iek & Abelg BoOjA kT



Table 37. Changes in 4E values of minced ginger during storage at -5TC

Storage time 4B
(months) Control LC BN X A
1 1.04 0.86 293 1.04 1.33
2 338 2.68 392 3.01 1.40
3 551 3.29 3.78 5.11 2.23
4 537 3.30 579 5.93 1.59

AE"=V 4 a*+ 4 b2+ 4 L?

LC : control+L-cysteine 0.2%

BN : control+sodium benzoate 0.1%+NaCl 2%

X . control+xanthan gum 0.12%

A . control+L—-cysteine0.2%+sodium benzoate0.1%6+NaCl 2%+xanthan gum0.1%6

th 7k A A

5T 49 B¢ AFSEA A2 SgFe] WHE F4F FHE Fig. 89 1
el upsl gkt FAETE A 40¥ T 18935mi/100ge] Fh=rh LA,
BN A% 3719 38 %A ARl 105m/100gTo] BAFRE Woln], Ax
A7 4aMDo] AR sh2art Ad wrstx ggvh A7 thizle] sh= 2y A
A Ao EANE HARTo] AFSHHUM BEUE COl 9 Rew Ao
Hol, ojRe AHsts BEow REAAYYG TR Fol MAET YKL A
gozy slxe WAL JAAY & AL Ao sHAT
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Fig. 8. Changes in gas formation in bags of minced ginger during
storage at 5T

€-¢ Con : control

Il-H BN : control+sodium benzoate 0.1%+NaCl 2%

A-A A : control+L-cysteine 0.2%+sodium benzoate 0.1%5

+NaCl 2%+xanthan gum 0.12%

2}. 3o 22 (liquid separation degree)®] W3}

A7 7] AEFS -5CHA 4719 B¢ AFSAAM ndReE F=E HFHZT 2
¥ Fig. 99 JEbd nie} zorr) FAEFE A 2719 56%04 47480l B Hs
W 303%E mARd Axr A3 Z7pstg ey, xanthan gume #A7HgE XeoF T3
)7 Aol AgdE 0~21%, 1.7~76%= nRRI ) sty FAFAAS HAFAH
xanthan gum< pH, €%, ¢, 52 a2z 3 Ed disty dFPel vk IHA
Ao
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Fig. 9. Changes in solids-liquid separation of minced ginger during
storage for at -5TC

€ -9 Con : control

@®-® X : control+xanthan gum 0.1%

A-A A : control+L-cysteine 0.2%+sodium benzoate 0.1%6

+NaCl 2%+xanthan gum 0.1%%
vt f-8 ol =ik W3l

A7 GOzl AEFSE B5CTAA 4719 <t ARZIEA 78 opm =it FF HIE
=43 A3 Table 38-409 Jtebd wie} 2ot vidiz] AFe F 43 ofbnix4t
e A 2719 vlasAd S W AG7Ze] HolFAFE FAde FFS HHES
o FAETE 438%, ZWAAAQA L-cysteineS ZZ FHI3 dEXHIHFLES
409%7t #Aadtg ey FEAEgTE AF 120d0] A= FFRSrE el R &gk
t}(Table 38) o4 A7 AA{Z & o), § orixite FaeE A ddr] AF
o AF FTo wAASE ZASe JFL WE Re2 AEHW, T BAILE
AA 7] A&l A7 L-cysteined @522 s ARt TFAYE 3 A
77 A8l o A AL EE {3 olv|x=4te] FHFHLE AHFHOE

WA 7 AU
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Table 38. Changes in free amino acid contents of minced ginger}) during storage

at -5C

Free amino acid Storage time(months)

(mg%) 0 1 2 3 4
Aspartic acid 457  trace trace trace trace
Asparagine 46.43 44.25 43.94 42.80 40.80
Glutamic acid 1469 151 0.95 0.45 0.36
Serine 14.40 0.54 0.50 0.32 0.24
Glutamine 35.68 4.15 4.01 3.42 3.36
Histidine 5.16 0.89 0.49 0.46 0.34
Glycine 12.77 14.58 12.03 10.54 10.03
Threonine 6.59 6.47 1.44 0.21 trace
Arginine 13.78 1.01 0.84 0.57 0.43
Alanine 37.61 37.10 35.45 34.28 32.12
Tyrosine 24.53 22.19 19.37 18.59 2.43
Methionine 270 2.97 3.14 3.23 3.09
Valine 26.35 2451 23.92 23.26 21.25
Trvptophan 3.98 3.86 3.52 3.13 2.33
Phenylalanine 9.28 10.01 10.53 10.68 8.97
Isoleucine 7.19 847 9.27 9.90 9.96
Leucine 16.71 18.50 20.84 21.57 22.91

Total 282.42 200.99 190.22 183.40 158.62

minced ginger :

control



Table 39. Changes in free amino acid contents of minced ginger's combined

treatment product” during storage at -5T

Free amino acid Storage time(months)

(mg%) 0 1 2 3 4
Aspartic acid 11.22 21.76 28.19 29.65 3451
Asparagine 1551 14.72 4.96 217 2.15
Glutamic acid 1.98 10.75 16.13 16.78 19.32
Serine 5.63 15.70 16.41 17.28 14.98
Glutamine 24.84 1154 8.31 7.82 6.97
Histidine 3.81 5.09 9.78 9.74 842
Glycine 721 1557 24.02 28.32 25.79
Threonine 6.67 9.53 10.09 11.34 10.44
Arginine 13.65 0.46 0.45 0.34 0.31
Alanine 31.69 33.05 35.71 31.61 30.76
Tyrosine 2850 29.02 29.35 3191 29.21
Methionine 2.33 3.84 4.07 4.44 432
Valine ’ 33.08 31.63 16.52 16.25 15.07
Tryptophan 3.70 550 5.53 5.36 5.28
Phenylalanine 11.76 13.30 13.97 14.10 13.50
Isoleucine 693 - 9.74 10.35 10.90 10.55
Leucine 17.46 23.86 25.61 27.15 23.05

Total 225.97 255.08 259.44 265.16 254.64

YCombined treatment product : control+L-cysteine 0.2%-+sodium benzoate

0.126+NaCl 2%+xanthan gum 0.1%%
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Table 40. Changes in free amino acid contents of minced ginger’'s browning

inhibition treatment product” during storage at 5T

Free amino acid . Storage time(months)

(mg%) 0 1 2 3 4
Aspartic acid 2.71 0.38 0.15 0.13 trace
Asparagine 30.86 29.30 29.23 28.16 24.84
Glutamic acid 6.78 4.75 1.52 1.31 0.66
Serine 11.59 3.89 1.24 1.07 0.54
Glutamine 22.26 2.78 2.37 2.45 1.85
Histidine 3.17 0.68 0.65 0.42 0.37
Glycine 1861 18.70 17.49 17.21 7.06
Threonine 5.88 5.39 3.94 3.82 253
Arginine 13.59 0.51 0.49 0.46 0.39
Alanine 29.90 28.19 23.29 22.98 21.24
Tyrosine 21.34 20.59 17.31 16.09 13.98
Methionine 2.36 3.06 2.97 2.45 2.06
Valine 2855 25.31 24.76 24.43 23.45
Tryptophan 3.72 331 3.07 2.31 1.79
Phenylalanine 7.19 7.26 827 9.78 9.66
Isoleucine 4.65 492 791 8.09 5.97
Leucine 12.59 14.68 20.19 20.24 16.95

Total 225.74 173.70 164.85 161.40 133.33

1)Brownjng inhibition treatment product : control+L-cysteine 0.2%
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Table 41. Changes in free sugar contents of minced ginger during storage at -5TC

Treatment Free( V:,;1gar - 1Storafze tlréle(months)3 -
Fructose 1.98 1.47 1.13 1.04 0.75
Control Glucose 1.48 1.24 1.35 1.55 1.82
Sucrose 1.46 1.18 1.33 1.06 1.01
Total 4.92 3.89 3.81 3.65 3.58
Fructose 1.86 1.57 1.40 1.11 1.27
LC Glucose 1.60 1.77 1.71 1.58 1.47
Sucrose 2.43 1.86 1.89 1.650 0.98
Total 5.89 5.20 5.00 4.19 3.72
Fructose 2.03 1.44 1.76 1.93 164
A Glucose 1.30 1.62 1.54 1.72 1.60
Sucrose 1.88 1.15 1.34 1.17 0.89
Total 5.21 4.21 4.64 4.82 4.13

LC : control+L-cysteine 0.2%6
A : control+L-cysteine 0.2%+sodium benzoate 0.196+NaCl 2%+xanthan gum 0.12%
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Table 42. Sensory color, off-odor and overall preference of ginger during storage at -

5C

A, Colf»r
Storage time A LC BN X
{(months)
0 6.70° 755 7.40° 6.00° 7.25%
1 6.15% 7.75° 7.95° 5.70 6.20™
2 5.65" 7.60° 8.40° 465> 6.60™°
3 5.85" 7.60° 855 4.80™° 5.40°
4 5.70° 7.70° 8.50° 4.15° 5.30°
B. Off-odor
Storage tme ) A LC BN X
{(months) _
0 565 5.307 5.30° 5.95" 550"
1 5.30%" 5.75° 3.40" 5.75° 5.35%°
2 4.85° 5.70% 3.55° 5.60° 455>
3 470" 5.70* 3.80° 455° 4.40°
4 4.05° 5.35 3.90° 435" 3.90°

C. Overall preference

St?rffnihtsne Control A LC BN X
0 6.08° 5.157 5.45° 5937 5.78°
1 493° 5.63° 3.43° 485 5.05%°
2 473° 5.75° 3.65° 4.00° 5.03%°
3 4.70° 5.08° 3.55° 447> 5.18"
4 4.43° 5.25% 3.70° 3.65° 4,90°

A control+L-cysteine 0.2%+sodium benzoate 0.1%6+NaCl 2%+xanthan gum 0.19%
LC : control+L-cysteine 0.2%

BN : confrol+sodium benzoate 0.126+NaCl 2%

X . control+xanthan gum 0.1%%

**P‘Means with the same letter in the same column are significantly different as

determined by Duncan’s Multiple Range test(p<0.05)
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Table 43. Changes in pH of minced ginger during storage for 15 months at -20T

Storage time pH
(weeks) Control LC BN X A
0 6.53 6.51 6.62 6.55 6.65
15 6.22 5.92 6.40 6.43 6.56
30 6.15 4.86 5.73 6.24 6.34
a5 5.83 474 5.40 6.20 6.05
60 5.88 4.60 5.10 6.10 5.92

LC : control+L-cysteine 0.296
BN ! control+sodium benzoate 0.126+NaCl 2%

X ! control+xanthan gum 0.1%%
A . control+L—cysteine0.2%+sodium benzoate0.196+NaCl 2% +xanthan gum0.1%
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Table 44. Changes in A4E values of minced ginger during storage for 15 months
at -20TC

Storage time 4E”
(weeks) Control LC BN X A
15 1.01 0.94 282 1.11 '1.25
30 324 2.51 3.46 352 1.36
45 517 3.16 377 542 2.11
60 545 3.22 542 5.80 1.90

AE”=V 4 a®+ 4 b%+ 4 L?

LC ! control+L-cysteine 0.2%

BN ' control+sodium benzoate 0.126+NaCl 2%

X ! control+xanthan gum 0.1%

A . control+L-cysteine0.2%+sodium benzoate0.1%6+NaCl 2% +xanthan gum0.1%

1= 4 B g e S

20Tl A 15719 B AFAEA sha LAFe WEE I AE Fig. 100
Gebd wpsh 2otk RAYTE A% 44Y T 1640m/100g9) 7harh SR,
BNE A% 45FHE A5y AFste] 305m/100gwe] WA S Bolp, AL
Mg 474ho) BASAE hxst WS WASA Ltk 4F DS s 24 g
A& Aol EARE MPB SOl HFAAA wEAUE COol A& Roz LelA
gov oA AdMse YHes BEARPEY Fo TS WAEY WSS A
HFo2HM st wAE JAND + A RolF RV
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Fig. 10. Changes in gas development of minced ginger during storage for 4
months at -5TC

&-¢ Con : control

I-E BN : control+sodium benzoate 0.1%+NaCl 2%

A-A A : control+L-cysteine 0.2%+sodium benzoate 0.1%5

+NaCl 2%+xanthan gum 0.1%
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Fig. 11. Changes in liquid separation of minced ginger during storage for 15
months at -20C

€ -9 Con : control

@®-® X : control+xanthan gum 0.1%

A-A A controltL-cysteine 0.2%+sodium benzoate 0.1%4

+NaCl 2%+xanthan gum 0.124
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Table 45. Changes in free amino acid contents of minced gingerl) during storage
at ~20TC

Free amino acid Storage time(weeks)

(mg?%) 0 15 30 45 60
Aspartic acid 5.36 4,34 4.25 3.55 2.52
Asparagine 45.24 43.11 40.54 41.02 37.25
Glutamic acid 7.31 4.25 2.17 1.06 1.72
Serine 5.25 1.72 1.26 1.00 0.76
Glutamine 9.28 6.34 5.74 4.36 4.05
Histidine 7.36 2.72 1.87 1.52 1.45
Glycine 10.36 10.96 11.75 9.54 8.36
Threonine 8.65 722 5.36 2.74 1.11
Arginine 12.63 7.54 2.65 2.44 1.27
Alanine 39.32 35.47 30.41 31.65 30.77
Tyrosine 20.75 20.11 15.63 14.05 10.75
Methionine 4.63 4.12 3.25 3.10 2.54
Valine 22.66 20.35 20.85 18.22 16.20
Tryptophan 541 5.63 4.22 3.85 3.14
Phenylalanine 12.65 10.20 11.63 14.25 9.44
Isoleucine 6.32 5.10 4.22 4.85 3.47
Leucine 14.01 13.56 10.77 12.47 14.36

Total 237.19 202.74 176.57 169.67 149.16

Yminced ginger : control
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Table 46. Changes in free amino acid contents of minced ginger’'s mixed

treatment product” during storage at -20C

- Free amino acid Storage time(weeks)

(mg%) 0 15 30 45 60
Aspartic acid 10.75 15.63 17.20 18.36 19.33
Asparagine 14.82 13.55 11.32 9.64 10.37
Glutamic acid 8.63 7.25 10.72 12.47 11.56
Serine 12.25 1425 13.04 12.07 10.45
Glutamine 15.63 12.71 11.41 12.64 13.22
Histidine 5.63 411 3.44 3.85 2.74
Glycine 10.85 11.55 14.20 13.64 15.74
Threonine 10.65 12.85 11.75 12.30 12.71
Arginine 10.63 864 6.67 6.82 721
Alanine 35.63 34.72 38.21 36.02 35.75
Tyrosine 25.47 26.69 28.74 24.74 25.10
Methionine 517 6.32 4.07 3.42 3.46
Valine 35.71 27.33 25.41 2754 29.22
Tryptophan 5.10 465 1.25 2.33 3.22
Phenylalanine 10.54 10.75 11.45 13.11 15.58
Isoleucine 3.45 2.74 1.44 1.65 1.75
Leucine 10.36 9.64 7.54 6.58 4.82

Total 231.27 223.38 217.86 217.18 222.23

YMixed treatment product : control+L-cysteine 0.2%+sodium benzoate 0.1%+NaCl
2%+xanthan gum 0.19%6
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Table 47. Changes in free amino acid contents of minced ginger’'s browning

inhibition treatment productl) during storage at -20T

Free amino acid Storage time(weeks)

(mg2) 0 15 30 45 60
Aspartic acid 5.36 4.20 3.52 2.22 3.21
Asparagine 28.41 26.32 24.22 25.36 2354
Glutamic acid 463 3.52 3.14 2.74 1.85
Serine 8.36 457 5.14 5.23 3.74
Glutamine 12.82 10.35 7.45 7.58 8.36
Histidine 6.72 5.41 5.01 4.36 3.55
Glycine 2547 21.36 18.14 19.27 15.02
Threonine 9.34 7.25 7.63 4.25 4.00
Arginine 12.72 7.66 6.48 6.31 7.25
Alanine 25.36 21.54 22.36 20.07 22.05
Tyrosine 25.14 24.57 20.41 21.64 20.82
Methionine 3.62 2.54 3.11 2.72 2.59
Valine 23.17 24.68 22.22 20.46 18,75
Tryptophan 8.69 547 5.28 5.10 5.55
Phenylalanine 15.85 13.41 10.75 10.63 9.36
Isoleucine 534 5.78 4.36 4.08 3.57
Leucine 14.36 11.85 12.69 15.47 14.36

Total 235.36 200.48 181.91 177.49 167.57

1)Browm'ng inhibition treatment product : control+L-cysteine 0.2%%
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Table 48. Changes in free sugar contents of minced ginger during storage at
-20TC

Free sugar Storage time(weeks)
Treatment (%) 0 15 30 45 &0
Fructose 1.82 156 1.06 1.01 0.75
Control Glucose 1.59 1.46 1.30 1.33 1.27
Sucrose 1.83 1.46 1.30 1.12 1.10
Total 5.24 4.48 3.66 3.46 3.12
Fructose 1.97 1.62 157 1.34 1.31
L.C Glucose 1.43 1.40 1.38 1.27 1.22
Sucrose 1.97 1.63 1.58 1.47 1.23
Total 5.37 4,65 4,53 4.08 3.76
Fructose 212 1.52 1.63 1.45 1.52
A Glucose 1.28 1.59 153 1.67 1.65
Sucrose 1.72 1.43 1.44 1.30 1.06
Total 512 454 4.6 4.42 4,23

LC : control+L-cysteine 0.2%
A ! control+L-cysteine 0.2%+sodium benzoate 0.19%6+NaCl 2%+xanthan gum 0.1%
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Table 49. Sensory color off-odor and overall of ginger during storage for 15 months at
-20C

A. Color
Storage time . ) A LC BN X
(months)
0 6.62° 7.60° 7.35° 6.05° 7.20°
15 6.04%* 763 7.43° 5.75% 6.12%
30 5.54° 7.55° 7.25° 470 6.54"
45 5.76° 758 7.10° 485" 5.30°
60 5.60" 7.44° 7.22° 4.20° 5.24°
B. Off-odor
Storage time o) A LC BN X
(months)
0 555" 5.26% 5,207 5.80° 5.45"
15 5.25%° 5.55 3.46° 5.62° 5.20°°
30 473" 5.65" 3.50° 5.54 4.60™
45 460" 554 3.70° 4.43° 4.45°
60 4,04° 5.30% 3.75° 4.20° 3.98°

C. Overall preference

Stf’:og:tht:)ne Control A LC BN X
0 6.10° 5.05° 556° 5747 5.64°
15 4.95° 5.34° 4.36° 5.00° 526
30 4.80° 5.50° 4.42° 422" 5.13%°
45 4.65° 5.02% 4.22° 456 5.10%
60 4.32° 5.30" 4.10° 3.38" 4.75°

A  : control+L-cysteine 0.2%+sodium benzoate 0.1%6+NaCl 2%+xanthan gum 0.1%6
LC : control+L-cysteine 0.2%

BN ! control+sodium benzoate 0.1%+NaCl 2%

X ! control+xanthan gum 0.1%

*2b“Means with the same letter in the same column are significantly different as

determined by Duncan’s Multiple Range test(p<0.05)
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Table 50. Changes in Hunter’s color values of ginger powder prepared by hot air
drying during storage at 5T

Storage time Color
(weeks) L a b
0 65.03 2.52 22.45
10 66.64 3.27 22.35
20 67.78 3.38 2251
30 67.50 3.47 23.67
40 67.92 3.95 23.72

Table 51. Sensory color, off-odor and overall preference of ginger powder prepared

by hot air drying during storage at 5C

Storage time

Color Off-odor Overall preference
(weeks)
0 5.55° 5.25° - 5707
10 5.20° 5.10% 5.60°
20 5.30% 5.15" 5.63°
30 5.25° 5.03* 5.65"
40 5.05" 4.85° 5.35°
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Table 52. Changes in volatile compounds of ginger powder prepared by hot air
drying during storage at 5C

) Peak area
Reg;r:;on Flavor compound Storage time(weeks) ,
0 10 20 30 40

1554 Unknown 1,501 1,498 1,222 1,108 1,104
1597 a -Pinene 3,774 3,598 3,614 3341 3,258
16.73 Unknown 4,889 4,805 4712 4,864 4775
17.85 Unknown 32,321 31,785 31,456 31,002 30,658
18.17 Camphene 102,587 102,518 102,997 110,583 101,254
20.52 B —pinene 7,245 7,318, 7.297 7157 6,956
20.76 Myrcene 19,258 18,697 18,120 17,658 17,854
21.21 a —terpinene 1,559 1,426 1,410 1,309 1,348
22.18 Limonene 10,125 10,118 16,348 10,654 10,782
23.81 B -phellandrene 106,657 105,854 105,454 99,237 99,528
24.28 1,8-Cineole 5,789 5,785 5,564 5,258 5,426
24.59 Unknown 4,396 4,364 4,259 4,221 4,109
27.80 p-cymene 1.841 1,715 1,841 1.648 1,540
28.01 Terpinolene 10,785 16,514 10,655 10,354 9875
28.56 2-Nonanone 12,528 11,126 10,939 10,254 10,122
29.22 a —cubebene 13,587 13,125 11,987 11,025 10,678
31.02 a —~copaene 27,658 25,185 25,785 24527 23,716
31.38 Camphor 17,259 16574 16,810 16,721 13,544
31.67 cis— @ ~bergamotene 12,789 10,655 9,872 10,158 11,027
31.87 Sabinene 77,259 77,546 76,851 75,354 74,551
32.24 Linalool 91.975 90,413 89,751 88,972 87,997
32.29 A —elemene 16,128 16,026 15,721 14,313 15,235
33.55 B —caryophyllene 25,582 24,846 23,692 22,067 21,782
3472 Selinadiene 13,975 13,245 13,274 13,755 12,423
35.03 elemene 1,393 1,348 1,497 1,218 1111
35.59 Farnesene 12,716 11,679 10,942 9,988 8,655
36.13 neral 1679 1,79 1,824 2,029 2,497
3725 Gurjunene 49,998 50,123 49,128 48578 47452
3821 Zingiberene 145,986 138,851 137,723 136,521 129,174
38.54 7 —bisabolene 63,521 62,452 62,215 61,213 60,258
39.57 Geranial 84,257 82,121 83,678 80,456 79,265
39.68 Citronellol+ 75,231 73,002 72,105 71,067 70,297
39.84 8 ~bisabolene 90,097 89,546 89,215 88,552 87,462
40.02 Calamenene 8,885 9,231 8,854 7,345 7,675
40.41 Pentyl curcumene 2,674 2,077 1,846 1,715 1,505
41.23 Caryophyllene oxid 1,852 1,754 1,546 1,212 1,178
41.64 Sesquisabinene hydrate 3.668 3453 3,352 3,219 3,123
4227 Unknown 1,342 1,294 1,345 1,684 1,120
Total 1,164,766 1,137,462 1,134,951 1,110,837 1,080,314
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Table 53. Changes in Hunter color values of ginger slices and ginger paste during
storage at -20TC
A. Ginger slices

Storage time Color
(weeks) L a b
0 65.95 1.34 20.72
15 65.64 1.56 20.96
30 64.85 1.68 21.76
45 64.56 1.85 22.34
60 63.03 2.16 22.83

B. Ginger paste

Storage time Color
(weeks) L a ; b
0 67.24 2.64 25.65
15 67.29 3.89 25.78
30 66.45 375 25.95
45 65.23 4.02 26.16
60 64.86 415 26.54

Table 54. Changes in Hunter color values of freeze dryed ginger powder during
storage at bC

Storage time Color
(weeks) L - a b
0 63.15 2.45 20.65
10 63.65 2.86 21.75
20 62.34 2.93 21.96
30 61.25 3.01 22.94
40 61.36 3.28 22.75

- 118 -



Table 55. Sensory color, off-odor and overall preference of ginger slice and ginger

paste during storage at -20TC
A. Ginger slice

Storage time

(weeks) Color Off-odor Overall preference

0 6.52° 5.50* 5.90°

15 6.35° 4'8()b 5. 45D

30 6.20° 4.62° 5.15°

45 6.12° 4.20° 5.05°

60 5.10° 4.15° 465°

B. Ginger paste

St?l;li:kg;ne Color Off-odor Overall preference

0 5.43° 5.25° 585"

15 5.20° 450° 5.63°

30 5.10° 435> 5 550

45 4.15° 423> 5.05°

60 413° 4.02° 4.85°

Table 56. Sensory color, off-odor
powder during storage at 5C

and overall preference of freeze dryed ginger

Storage time

Color Off-odor Overall preference
(weeks)
0 5.65% 5.35% 5.60°
10 5.30% 5.20° 5.50°
20 5.40% 5.25° 5.51%
30 5.35° 5.13° 555%
40 5.15" 495" 5.25°

- 119 -



Table 57. Changes in volatile compounds of ginger slices during storage at -20C

Retention Peaif area

time Flavor compound Storage time(weeks)
0 15 30 45 60

15.01 Unknown 1,385 1,226 1,207 1,163 1,127
16.40 a ~Pinene 5,846 5,568 5812 4346 4,765
18.75 Unknown 4,137 4,175 4,106 3627 3,248
1975 Unknown 29,135 28,531 29,687 27,135 27,021
20.26 Camphene 103,645 103,984 104,241 105,768 101,984
21.29 A —pinene 5,765 6,258 6,447 5576 5317
21.61 Myrcene 19,648 19,542 19,071 18,841 18,654
22.00 a@ —-terpinene 1,651 1,542 1,631 1,472 1,446
2220 Limonene 10,814 10,482 11,342 10,914 10,847
2357 B —phellandrene 141,342 149,684 144,615 132,324 140,315
24.14 1,8-Cineole 4,998 4,745 4,634 4,345 4,779
2512 Unknown 3561 2,354 2654 2,023 1,564
26.31 p-cymene 1,97 1,843 1,914 1,624 1,520
23.64 Terpinolene 12,684 11,519 12,248 11,132 10,543
28.85 2-Nonanone 11,846 10,654 11,365 10,678 10,102
20.34 a —cubebene 12,682 11,415 11,345 9,863 9,486
30.73 @ —copaene 25,163 24,324 23,653 22,154 20,465
31.05 Camphor 18,651 14,398 15,984 17,917 10,353
31.24 cis— @ ~bergamotene 13,942 9,421 8,178 11,152 12,784
3163 Sabinene 75,153 76,731 74,711 69,338 63,687
3181 Linalool 93,849 87,468 87,745 81,331 80,844
32.11 8 ~elemene 16,751 16,846 15,513 15,342 15,429
34.75 B —caryophyllene 25,135 24,553 23,224 21,456 19,765
35.64 Selinadiene 13,411 12,135 12,412 13,684 10,713
35.72 elemene 1,348 1,483 1,578 1,112 1,244
35.91 Farnesene 12,531 10,451 9,987 9,644 8,765
37.30 neral 1,571 1,827 1,925 2,172 2,436
38.28 Gurjunene 99,687 100,168 98,774 94,298 91,342
3864 Zingiberene 308,618 308,354 299,356 281,313 265,083
3891 ¥ —bisabolene 31,159 29,564 28,985 27,165 26876
39.71 Geranial 83,325 81,735 82,864 77,987 78,354
39.77 Citronellol+ 75,298 73,487 72,981 71,768 68,984
39.84 B —bisabolene 113,689 112,764 111,744 101,484 99,463
40.31 Calamenene 8,789 9,343 8,310 5324 -~ 5,651
40.58 Pentyl curcumene 2,451 2,243 2,121 1,934 1,716
40.67 Caryophyllene oxid 1,623 1,443 1,343 1,064 1,151
4112 Sesquisabinene hydrate 5,341 5,152 5,421 5,078 4,546
42,25 Unknown 8,321 8,271 7,741 7,528 7,931
Total 1,406,806 1,385,698 1,366,899 1,291,611 1,255,365
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Table 58. Changes in volatile compounds of ginger paste during storage at -207T

Retention Pealf area
time Flavor compound Storage time(weeks)
0 15 30 45 60

1483 Unknown 1,514 1.457 1,387 1,141 1,049
14.99 a -Pinene 4,697 4,665 4,548 4312 4,097
1557 Unknown 4,887 4,746 4,648 4,7001 4684
18.65 Unknown 32,554 31,552 31,518 31,021 30,878
18.99 Camphene 103,158 102,778 102,582 101,997 101,542
19.28 B -pinene 7.243 7,345 7578 7,142 6,912
20.43 Myrcene 18,579 18,021 17,978 17,546 17,018
21.23 a —terpinene 1,554 1,501 1,497 1,421 1,387
22.19 Limonene 10,821 10574 10,005 10,127 10,064
2254 £ -phellandrene 114,879 115,241 126,997 113472 112,852
23.46 1,8-Cineole 5,784 5,687 5,648 5,519 5,405
25.09 Unknown 4,348 4,299 4174 4,098 4,016
25.13 p-cymene 1,909 1,872 1,718 1,701 1,519
27.76 Terpinolene 10,874 10,612 10,678 10,615 10,854
28.37 2-Nonanone 11,554 10,821 10420 10,128 10,011
28.84 a —cubebene 13,586 12,874 12,774 10,333 10,125
2947 @ —copaene 21542 27219 25,097 24,548 23,618
30.72 Camphor 17,529 16,275 15972 16,241 15,414
31.22 cis— @ ~bergamotene 12,715 10,645 9,852 10,485 11,854
31.87 Sabinene 67,432 67,248 66,789 62,753 61,245
3221 Linalool 81,801 79,657 79,652 71,254 78,530
32.34 B —elemene 17,011 16,582 15,450 14,998 15,888
33.45 B —caryophyliene 24,856 24,452 22,159 21,024 20,101
34.78 Selinadiene 14,541 12,854 12,455 13,321 12,846
35.45 elemene 1,357 1,399 1,894 1,258 1,255
36.18 Farnesene 12,541 11,426 11,001 10,897 9,978
36.56 neral 1,697 1,781 1,882 2,210 4,248
3741 Gurjunene 90,127 90,102 89,785 85,542 84,725
38.43 Zingiberene 143,485 134,482 131,425 130,851 129,015
39.50 y —-bisabolene 44,125 43,754 44,884 40,451 39,998
39.74 Geranial 63,854 60,657 63,221 44,802 59,881
39.86 Citronellol+ 55,415 54,752 53,256 51,257 50,987
40.01 B —bisabolene 120,654 118,581 117,527 114,758 113,410
40.26 Calamenene 6,568 7,658 6,128 4521 3,920
40.66 Pentyl curcumene 2,348 2,284 1,951 1,598 1,499
40.74 Caryophyllene oxid 1,819 1,715 1,321 1,134 1,298
41.42 Sesquisabinene hydrate 4512 4,955 4,430 4,218 4,197
41.86 Unknown 5,045 4,791 4,501 4,384 4,102
Total 1,164965 1,137,214 1,134,782 1,110,079 1,080,422
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Table 59. Changes in volatile compounds of freeze dryed ginger powder during
storage at 5C

Retention Pealf arsd
time Flavor compound Storage time(weeks)
0 10 20 30 40

13.64 Unknown 1,502 1,438 1,308 1,237 1,119
1527 a —Pinene 3,821 3,701 3,699 3,387 3,093
1654 Unknown 4918 4,834 4618 4,590 4,392
17.95 Unknown 32,836 31,936 31,783 30,998 30,329
18.44 Camphene 102,810 102,665 103,132 103,631 101,419
19.73 B —pinene 7,201 7112, 7,121 7,092 6,905
20.78 Myrcene 18,527 18,262 18,132 17,952 17,672
2153 a -terpinene 1,556 1,509 1,517 1,458 1,399
21.81 Limonene 10,772 10,561 11,093 10,998 10,761
2253 B8 —phellandrene 115,869 117,281 117,018 106,466 109,483
23.98 1,8-Cineole 5,882 5,878 5672 5,729 5,772
24.42 Unknown 4,198 4,229 4,278 4,193 4,092
26.53 p-cymene 1,848 1,779 1,792 1,665 1,594
27.19 Terpinolene 10,867 10,730 10,694 10,554 10,092
28.28 2-Nonanone 11,213 10,419 11,003 10,767 10,529
20.73 @ —cubebene 13,092 12,850 12,782 11,529 10,789
30.01 « —copaene 27,497 26,873 25,994 24,843 23,928
30.60 Camphor 17,648 16,789 16,103 17,008 15,813
31.42 cis- @ ~bergamotene 12915 10,386 9,371 10,383 10,243
31.84 Sabinene 77,320 77,229 76,759 73521 71,542
32.37 Linalool 92,219 88,589 83,129 83,209 82,351
32.72 A —elemene 16,754 16,554 15,821 15,558 15,237
3353 B ~caryophyllene 25,002 24,675 23,975 22,958 21,562
34.67 Selinadiene 14,335 13,864 13,528 13,815 12,506
35.39 elemene 1,297 1,355 1,471 1,218 1,241
36.33 Farnesene 12,867 12,182 11,229 10,579 9,813
36.57 neral 1,678 1,705 1,846 2,002 2,120
37.82 Gurjunene 78,982 78,798 78,128 72,452 71,752
3852 Zingiberene 316,026 310,542 299,216 290,261 286,667
39.77 7 —bisabolene 74,564 74,421 74,878 71,526 69522
39.82 Geranial 82,785 84,754 82,564 79,245 78,152
39.94 Citronellol+ 74,569 74,021 72542 71,125 68,578
40.22 B —bisabolene 111,874 110,124 109,278 107,152 92,254
40.39 Calamenene 8,987 9,124 8,845 6,875 6,245
4057 Pentyl curcumene 2,345 2,211 1,812 1,597 1,506
4123 Carvophyllene oxid 1,854 1,778 1,548 1,317 1,197
41.49 Sesquisabinene hydrate 4,599 4,485 4412 4,045 4,001
42.20 Unknown : 5,097 4,782 4,654 4,483 4,159
Total 1,408,126 1,390,425 1,367,745 1,317,418 1,280,329
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Table 60. Changes in pH of minced ginger packed in 3 types of containers during
storage at 5C

Storage time pH
(days) -Film Bottle Tube
0 6.67 6.56 6.60
30 5.41 5.88 554
60 5.01 4.80 498
S0 4.99 4.62 4.82

120 4.73 458 4.76
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Table 61. Changes in pH of minced ginger’'s combined treatment product“ packed

in 3 types of containers during storage at 5T

Storage time pH
(days) Film Bottle Tube
0 6.55 6.51 6.61
30 6.37 6.34 6.35
60 6.34 ‘ 6.28 6.24
a0 6.20 6.29 6.17
120 6.17 6.11 6.01

YCombined treatment product @ control + L-cysteine 0.2% + sodium benzoate 0.1%
+ NaCl 2% + xanthan gum 0.1%%

Table 62. Changes in color value of minced ginger packed in 3 types of containers

during storage at 5C

Color value

Stol(“zagl;erst)lme Film Bottle Tube
L a b L a b L a b
0 65.03 252 2245 65.18 268 22.71 65.75 235 2238
30 6664 327 2235 6550 338 2324 65.34 339 2325
60 67.78 3.38 2251 66.32 355 2267 66.27 328 2264
90 6750 347 23.67 6714 362 2382 66.19 346 2251
120 6792 395 23.72 6883 387 2462 6343 337 2276

Table 63. Changes in color value of minced ginger’'s combined treatment productl)

packed in 3 types of containers during storage at 5C

Color value

Storage time

(days) Film Bottle _ Tube
L a b L a b L a b
0 65.96 255 22.00 6476 271 2273 6556 240 2202
30 66.72 251 2291 6450 214 2217 6475 213 2223
60 6549 299 2278 65.32 225 2297 64.77 294 2221
90 64.48 2,66 21.86 6414 229 2325 6464 297 2289
120 63.91 270 22.20 64.83 324 2473 6451 341 23.45

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%

+ NaCl 2% + xanthan gum 0.1%
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Table 64. Changes in free sugar contents of minced ginger packed in 3 types of

containers during storage at 5T

Free sugar Storage time(days)
Treatment (%) 0 30 60 90 120
Fructose 251 1.29 1.16 1.14 1.08
Bottle Glucose 2.45 2.24 1.27 1.45 1.38
Sucrose 1.85 1.14 1.03 1.07 0.85
Total 6.81 4.67 3.46 3.66 3.31
Fructose 2.61 1.08 1.09 1.01 1.08
Film Glucose 2.42 1.86 1.45 1.63 1.11
Sucrose 1.68 1.42 1.22 1.19 1.38
Total 6.71 4.36 3.76 3.83 357
Fructose 2.49 1.72 1.70 1.47 1.72
Tube Glucose 2.52 1.78 1.55 1.09 1.04
Sucrose 1.78 1.46 1.08 1.03 1.11
Total 6.79 4.96 4.33 3.59 3.87
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Table 65. Changes in free sugar of minced ginger’s combined treatment product”

packed in 3 types of containers during storage at 5T

Free sugar Storage time(days)
Treatment oy 0 30 60 % 120
Fructose 272 1.43 1.35 1.34 1.31
Bottle Glucose 2.35 2.38 2.31 2.28 2.16
Sucrose 1.68 1.32 1.35 1.32 1.30
Total 6.75 5.13 5.01 494 4.77
Fructose 2.70 1.01 1.12 1.07 1.05
Film Glucose 2.28 2.21 2.19 2.14 2.07
Sucrose 1.72 1.41 1.29 1.24 1.28
Total 6.7 4.63 4.6 4.45 4.4
Fructose 2.69 1.47 1.47 1.45 1.43
Tube Glucose 2.48 2.42 2.45 2.27 2.14
Sucrose 1.60 1.42 1.43 1.45 1.46
Total 6.77 5.31 5.35 5.17 5.03

DCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%
+ NaCl 2% + xanthan gum 0.1%
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Table 66. Changes in free amino acid contents of minced ginger packed in bottles

film bags and tubes during storage at 5T

A. Bottles
Free amino acid Storage time(days)

{mg%s) 0 30 60 20 120
Aspartic acid 1469 9,72 1118 1045 11.37
Asparagine 72.52 7352 72.08 68.37 66.89
Glutamic acid 25.72 25.43 23.14 26.15 21.86
Serine 15.36 15.42 14.72 15.43 14.93
Glutamine 43.63 13.15 15.11 11.63 10.82
Histidine 20.63 942 6.25 741 5.29
Glycine 20.15 22.82 2381 21.15 16.72
Threonine 8.05 9.36 8.24 7.36 6.11
Arginine 11.23 5.15 463 4.72 3.05
Alanine 36.05 60.72 62.14 59.42 57.15
Tyrosine 47.36 41.82 36.46 3835 31.63
Methionine 573 6.05 721 421 5.25
Valine 53.25 65.46 54.72 47.36 47.05
Tryptophan 942 6.15 5.05 434 277
Phenylalanine 14.36 17.06 16.42 21.73 16.25
Isoleucine 1045 13.72 15.66 16.82 17.14
Leucine 25.75 28.63 35.42 35.63 37.63

Total 434.35 423.59 412.24 400.53 37191

B. Film bags
Free amino acid Storage time(days)

(mg%) 0 30 60 90 120
Aspartic acid 14.72 12.35 12.41 13.28 12.82
Asparagine 78.84 76.33 75.11 73.83 70.81
Glutamic acid 29.21 28.43 27.15 27.49 25.05
Serine 16.97 15.18 15.32 14.25 13.61
Glutamine 4537 4417 4510 4227 40.61
Histidine 1.71 0.79 0.78 0.74 0.34
Glycine 19.01 19.32 16.06 14.02 13.76
Threonine 12.04 11.69 10.82 9.98 961
Arginine 11.71 10.37 10.52 9.81 8.46
Alanine 60.44 57.77 53.65 52.38 49.50
Tyrosine 47.98 45.82 4422 4527 43.84
Methionine 467 4.84 511 5.93 5.67
Valine 37.38 36.44 34.01 28.24 24.81
Tryptophan 6.86 6.89 553 5.38 4.06
Phenylalanine 14.44 14.96 17.33 1541 13.13
Isoleucine 1097 14.38 14.49 16.64 15.65
Leucine 2194 26.84 28.49 32.87 32.54

Total 434.26 426.57 416.1 407.79 384.27
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C. Tubes

Free amino acid Storage time(days)

{mg2%) 0 30 60 9% 120
Aspartic acid 1542 15.46 15.26 14.71 1532
Asparagine 61.43 60.42 5857 56.08 55.24
Glutamic acid 1752 17.86 16.22 17.82 16.36
Serine 26.82 26.33 2570 25.04 24.30
Glutamine 50.67 46.13 4481 43.20 43.63
Histidine 872 7.34 7.01 7.24 6.82
Glycine 30.76 31.52 36.11 32.21 23.27
‘Threonine 9.41 364 843 3.02 754
Arginine 2764 26.21 25.64 26.51 23.45
Alanine 4691 45.32 40.84 41.05 37.35
Tyrosine 31.37 30.93 3115 2916 3058
Methionine 5.38 5.98 554 5.48 5.34
Valine 55.81 56.72 55.20 50.72 51.39
Tryptophan 6.05 6.08 555 5.45 5.11
Phenylalanine 1143 12.40 14.43 13.93 13.59
Isoleucine 8.29 10.01 10.91 10.31 9.68
Leucine 22.24 24.17 26.22 25.15 23.22

Total 435.87 43152 42759 412.08 392.19

Table 67. Changes in free amino acid contents of minced ginger’'s combined
treatment product” packed in bottles, film bags and tubes during storage at 5T
A. Bottles

Free amino acid ' Storage time{days)

(mg%) 0 30 60 90 120
Aspartic acid 15.05 18.34 16.06 14.15 15.28
Asparagine 4091 25.37 17.25 16.34 1595
Glutamic acid 22.36 2251 16.25 16.31 15.82
Serine 21.35 24.72 2451 25,74 26.64
Glutamine 63.26 45.44 41.68 35.15 3843
Histidine 10.36 10.72 11.65 15.14 14.36
Glycine 15.36 25.47 27.63 2841 2755
Threonine 10.86 14.56 1514 17.63 14.06
Arginine 25.36 10.45 11.35 12.82 15.63
Alanine 4572 46.36 44.82 41.63 39.45
Tyrosine 3863 48.45 48.15 47.63 47.25
Methionine 395 6.36 6.78 7.11 7.14
Valine 5563 57.14 63.15 61.51 56.65
Tryptophan 8.16 6.72 7.05 7.13 6.25
Phenylalanine 17.36 17.14 21.65 22.87 21.06
Isoleucine 10.60 14.26 17.16 13.82 15.05
Leucine 28.75 35.63 35.14 34.72 38.63

Total 433.67 429.64 425.42, 418.16 415.19
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B. Film bags

Free amino acid

Storage time(days)

(mg%) 0 60 90 120
Aspartic acid 15.28 1257 12.37 10.25 10.04
Asparagine 60.83 57.27 56.38 58.21 50.64
Glutamic acid 28.04 25.37 23.17 2255 23.30
Serine 22.25 18.18 1641 15.28 15.37
Glutamine 53.72 55.40 55.28 52.56 51.38
Histidine 13.48 12.56 12.72 10.68 10.59
Glycine 13.77 1251 13.66 11.83 11.00
Threonine 13.20 10.71 13.61 11.72 10.44
Arginine 8.42 9.22 817 1.25 9.44
Alanine 59.30 60.11 55.07 56.24 59.15
Tyrosine 4856 47.28 4834 4450 45.66
Methionine 5.72 5.42 6.27 5.38 582
Valine 3527 38.15 43.75 48.56 44.08
Tryptophan 7.06 6.24 517 5.04 4.01
Phenylalanine 15.07 13.19 15.22 14.34 18.21
Isoleucine 9.27 10.07 10.26 11.37 1261
Leucine 24.82 30.82 27.36 25.97 27.38

Total 434.06 42507 423.21 411.73 409.12

C. Tubes
Free amino acid Storage time(days)

(mg%) 0 30 60 50 120
Aspartic acid 1458 16.45 14.82 13.46 14.82
Asparagine 60.46 57.72 57.15 57.12 56.74
Glutamic acid 18.65 17.11 17.46 16.84 17.15
Serine 25.16 27.46 2472 24.24 25.92
Glutamine 51.46 47.21 45.82 44.17 44.35
Histidine 9.42 7.68 722 717 6.46
Glycine 31.24 32,43 3768 3313 30.81
Threonine 9.65 8.32 3.16 8.35 7.44
Arginine 28.16 27.87 26.46 27.45 26.21
Alanine 47.15 43.35 41.16 42.36 41.42
Tyrosine 32.15 31.46 32.82 30.15 31.24
Methionine 5.65 5.74 5.20 522 516
Valine 54.35 55.19 52.46 53.87 52.63
Tryptophan 6.82 6.45 572 516 5.23
Phenylalanine 10.52 11.67 15.25 14.46 14.01
Isoleucine 8.65 10.47 10.52 10.41 9.77
Leucine 23.82 23.15 24.63 27.15 26.84

Total 437.89 430.23 - 427.25 420.71 416.2

YCombined treatment product :

control + L-cysteine 0.2% + sodium benzoate 0.1%

+ NaCl 2% + xanthan gum 0.1%
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Table 68. Changes in volatile compounds of minced ginger packed in bottles, film

bags and tubes during storage at 5T

A. Bottles
. Peak area
Rett;err:lt;lon Flavor compound storage time(days)
0 30 60 90 120

13.83 Unknown 1,375 1,214 1,126 1,325 1,152
16.45 a —Pinene 5,524 5,635 5,524 4,365 4,254
18.17 Unknown 4,415 4,256 4,216 4175 3825
19.83 Unknown 31,253 30,352 30,644 31,521 30,325
20.34 Camphene 101,525 102,415 102,635 101,425 100,254
21.36 B -pinene 7,362 7,251, 7,106 7011 6,563
21.64 Myrcene 18,145 16,264 16,211 15,752 14,425
22.05 a —terpinene 1,836 1,716 1,524 1,362 1,215
22.24 Limonene 12,145 11,362 11,425 10,852 10,452
2365 B —phellandrene 147,362 145,145 145,215 113,214 110,632
2418 1,8-Cineole 6,715 6,214 6,025 5,452 5,306
25,74 Unknown 7,362 7,207 6,152 6,326 5,458
26.34 p-cymene 3.352 3,526 3,125 2715 2,224
28.72 Terpinolene 13,214 11,568 10415 10,365 11,725
28.90 2-Nonanone 10,457 9,125 9,115 10,362 11,025
2940 a —cubebene 13,475 12,165 11,852 9,452 10,103
30.79 @ —copaene 28,152 27,463 25,725 26,725 24,365
3115 Camphor 22,632 22,145 21,852 20,425 20,026
31.30 cis— a —~bergamotene 10,725 9,363 9,415 9,222 9,004
3154 Sabinene 82,415 81,362 79,414 80,725 79,452
31.88 Linalool 95,145 92,632 93,425 93,715 92,415
32.15 B —elemene 15,145 13,825 13,452 12,721 12,622
34.87 B —caryophyllene 24,452 23,777 22,425 20,255 21472
35.68 Selinadiene 13,145 12,725 10,625 11,415 9,658
3575 elemene 1,452 1,144 1,385 2,726 3524
35.94 Farnesene 15,458 13,714 12,563 12,145 11,566
37.32 neral 3,625 2,455 2,325 2,152 2,112
33.33 Gurjunene 98,152 96,120 94,362 93,425 89,254
38.72 Zingiberene 331,452 329,256 326415 312,526 305,526
39.71 7 —bisabolene 75,263 73,477 72,254 70,725 70,695
39.76 Geranial 82,725 81,254 80,452 76,144 70,726
39.84 Citronellol+ 76,254 73475 71,362 68,145 62,425
39.89 B —bisabolene 123,256 122562 129,254 115,252 105,145
40.42 Calamenene 8,263 7415 6,825 6,125 6,015
40.65 Pentyl curcumene 2,945 2,715 1,652 1,241 1,726
40.76 Caryophyllene oxid 1,726 1,415 1,236 1,152 1,122
40.94 Sesquisabinene hydrate 4,145 3,263 3,214 3,100 3,142
42.86 Unknown 5,725 5,425 5,401 5,256 4,724
Total 1,508,269 1,472,896 1,457,242 1,380,991 1,335,654
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B. Film bags

Retention Peak‘ area

time Flavor compound storage time(days)
0 30 60 20 120

12.95 Unknown 1,286 1,222 1,106 991 973
16.40 a ~Pinene 5,668 5548 5617 4,538 4,462
18.12 Unknown 4,423 4,371 4,355 4416 4471
18.75 Unknown 31,715 30,478 31,687 29,275 29,057
20.26 Camphene 103,245 103,756 104,058 105,539 101,755
21.29 B -pinene 6,957 7.178, 7371 6,846 6411
2161 Myrcene 18,567 18,276 18,071 17,455 17,338
22.00 a —terpineng 1,621 1,617 1,609 1,418 1,404
22.20 Limonene 10,725 10,352 11,284 10,811 10,627
2357 B —phellandrene 144,245 146,377 145,899 135,621 140,711
2414 1,8-Cineole 5,937 5,722 5614 5,344 5,769
25.71 Unknown 5,234 5,347 5,317 5,258 5,103
26.31 p-cymene 1,854 1,724 1,813 1,571 1,488
28.64 Terpinolene 11,371 10910 11,185 10527 9,853
28.85 2-Nonanone 11,324 10,261 11,174 10,316 9,769
29.34 a —cubebene 13,321 12,617 12944 10543 10,215
30.73 @ —copaene 26,055 25711 24856 23631 21,072
31.05 Camphor 19,524 15,342 16,721 18,058 10,645
3124 cis— @ —bergamotene 12,724 8472 7,264 10,254 10,512
3163 Sabinene 76,245 77,345 75,861 70,317 70549
3181 Linalool 91,721 88,541 88,675 82,341 81,694
32.11 A —elemene 15417 15,671 14,824 14,220 14,415
3475 B -caryophyllene 26,248 25,222 24,310 22,788 20,169
35.64 Selinadiene 14,269 13,784 13,869 14,625 11,927
35.72 elemene 1,211 1,371 1,514 1,061 1,183
3591 Farnesene 13,725 11,605 10,754 10,689 9,711
37.30 neral 1,671 1,827 1,925 2,172 2,436
38.28 Gurjunene 99,211 100,354 98,471 93475 90,825
3864 Zingiberene 347,138 336,240 331,830 296,715 291,463
39.64 7 ~bisabolene 73578 72,413 74,176 69,826 66,416
3971 Geranial 82,715 80,654 81,308 76,469 77,184
39.77 Citroneliol+ 74548 72546 71,927 70,053 68,866
39.84 8 -bisaholene 122,712 120,671 119,417 112,675 101,622
40.31 Calamenene 8475 8,721 7,925 5413 5,712
40,58 Pentyl curcumene 2,540 2,248 1,934 1,715 1,543
40.67 Caryophyllene oxid 1,711 1,631 1,243 1075 1,163
40.84 Sesquisabinene hydrate 4,533 4,432 4,347 4,045 3,957
4281 Unknown 5,477 4,836 4520 4512 4,058
Total 1,465,343 1,456,775 1,366,508  1,326528

1,498,831
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C. Tubes

. Peak area
Reﬁbe;l:on Flavor compound storage time(days)
0 30 60 90 120
12.37 Unknown 1,164 1,153 1,022 1,013 995
16.28 a -Pinene 4,628 4,348 4217 4,738 4,256
18.32 Unknown 42141 4,321 4,425 4624 4,715
19.37 Unknown 31,315 30,725 31,416 29,248 28,305
19.72 Camphene 102,485 102,205 103,715 104,307 104,156
20.17 8 —pinene 6,452 7,715, 7,624 6,152 6,365
20.52 Myrcene 17,325 17,158 17,156 16,725 16,150
21.72 a —terpinene 1,645 1,572 1,521 1,485 1,381
22.34 Limonene 10,265 10,284 11,273 10,485 10,692
23.56 B ~phellandrene 143,247 145411 144,735 134,927 149,284
24.42 1,8-Cineole 5,715 5,463 5,625 5,274 5,715
26.34 Unknown 5,756 5,318 5,258 5,715 5110
26.79 p-cymene 1,715 1,614 1,822 1,547 1,423
27.28 Terpinolene 11,384 10,845 11,125 11,142 9,702
2864 2-Nonanone 11,025 10,415 11,436 10,715 10,352
20.23 a ~cubebene 13,478 12,201 12,436 10,762 10,105
2067 @ —copaene 26,203 25,756 24415 23,410 21,569
31.67 Camphor 19,268 15,715 16,458 18,025 10,305
31.8 cis— a —bergamotene 12,415 8,715 7,265 10,108 10,420
32.17 Sabinene 76,410 77,715 75,436 70,205 70,369
3483 Linalool 90,723 88,150 88,622 82,154 81,105
35.69 B —elemene 16,478 16,416 15,715 15,365 15,715
3BI7 B —caryophyllene 26,256 25,478 24,345 22,568 20415
35.97 Selinadiene 14,246 13,725 13,814 14,635 11,715
3731 elemene 1,352 1,314 1,257 1,415 1,173
38.36 Farnesene 12,652 11,725 10,135 10,963 9,715
38.69 neral 1,463 1,627 1,325 1,825 1,456
39.70 Gurjunene 100,635 100,284 98,463 95,572 90,698
39.78 Zingiberene 354,463 330,415 329,146 325,732 320,168
39.84 7 —bisabolene 73,715 72,341 74,241 69,715 67,137
39.89 Geranial 81,635 81,415 80,725 77,304 75,715
40.39 Citronellol+ 73,715 71,726 70,254 71,485 69,420
4061 B —bisabolene 123,725 121,814 119,715 113,469 113,044 )
40.75 Calamenene 7.546 7.412 7,725 6,365 6,245
40.90 Pentyvl curcumene 2,044 2,034 1,814 1.465 1,302
40.27 Caryophyliene oxid 1,756 1,611 1,058 1,147 1,265
40.44 Sesquisabinene hydrate 4,325 4,415 4,256 4,077 3,815
42.41 Unknown 4,265 4,015 4,147 4,365 4,246
Total 1,497,135 1,454,566 1,445,137 1,400,228 1,375,718

- 133 -



Table 69. Changes in volatile compounds of minced ginger’s combined treatment

productl) packed in bottles, film bags and tubes during storage at 5C

A. Bottles
. Peak area
Rettie'r;telon Flavor compound storage time(days)
0 30 60 20 120
14.82 Unknown 1,408 1,346 1,317 1,270 1,211
16.43 a -Pinene 5574 5,844 5,211 4,811 5,004
18.08 Unknown 4,066 4,147 4587 3,087 3,161
1991 Unknown 30,099 30,334 29,521 29,570 28,092
20,61 Camphene 103,875 104,541 106,217 106,258 105,714
21.38 B ~pinene 6,177 6,412, 5,984 5,247 5879
21.67 Myrtcene 19,338 20,814 21,222 18,684 20,275
22.06 a —terpinene 1,844 1,785 1,872 1,412 1511
2253 Limonene 12,448 11445 13,147 11,351 11,547
23.61 B -phellandrene 143,274 140,417 151,375 153,027 158,647
2418 1,8-Cineole 7238 7,047 6,341 6,184 5,284
25.74 Unknown 6,457 5,247 5376 5114 4,272
26.35 p-cymene 1,915 1,345 1,437 1,384 1,866
288 Terpinolene 10,190 12,221 11,078 10,145 9,924
28.99 2~-Nonanone 11,852 10,937 10,548 10,384 12,845
29.34 a -cubebene 11,561 10,384 10,254 9,218 10,248
30.73 a ~copaene 26,747 25,724 22,347 20,048 22,648
31.09 Camphor 22,831 23,691 21,741 21,663 22,841
31.24 cis— a ~bergamotene 12,891 10,278 9,217 9,108 8917
31.62 Sabinene 81,695 84217 71,258 81,284 71,207
31.81 Linalool 95,715 94,247 97,216 96,845 98,327
3214 A ~elemene 14,350 11,207 10,247 16,217 15,110
34.82 B —caryophyllene 26,688 25,147 22,087 24,284 21,344
B84 Selinadiense 12,477 12,278 11,712 10,087 10,219
35.73 elemene 1,284 1,262 1,452 1,325 1,035
35.96 Farnesene 14,897 13,241 18,081 14,196 12,185
37.29 neral 2,384 2,741 2,864 2,147 2,675
38.34 Gurjunene 98,735 97,210 105,107 94,206 94,005
3875 Zingiberene 336,416 332,456 305,416 299,456 300,276
39.67 7 —bisabolene 75,690 71,047 77,207 77448 74,108
39.75 Geranial 82671 82,469 84,274 85,741 81,671
39.80 Citronellol+ 73,209 71,067 74,234 68,047 65915
39.84 B ~bisabolene 120,951 119,204 118,487 118,084 116,872
40.32 Calamenene 5512 5,111 5,247 4,118 5,043
40.58 Pentyl curcumene 3.740 4,024 4,158 3,170 3,087
40.7 Caryophyllene oxid 2,001 2,742 2,087 1,932 1,457
40.88 Sesquisabinene hydrate 5,581 5,493 5,248 5176 5,276
42.48 Unknown 6,550 6,478 5,847 5,187 4128
Total 1,500,231 1,475,650 1,461 521 1,436,915 1423826
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B. Film bags

. Peak area
Retention -
time Flavor compound storage time(days)
0 30 60 20 120
12.34 Unknown 1,38 1,226 1,207 1,163 1,127
1572 a —Pinene 5432 5,428 5,386 4954 4,922
17.44 Unknown 4137 4175 4,106 3,627 3,248
18.30 Unknown 30,235 30,047 29427 29,442 28,138
20.14 Camphene 102,534 103,672 105,327 105,116 104,255
20.65 B -pinene 6,037 6,007, 5,834 5,768 5771
20,91 Mpyrcene 20,384 19,638 20,254 19,735 19,332
21.49 a —terpinene 1,712 1,705 1,627 1,523 1,375
21.84 Limonene 11,721 10,465 10,338 9,721 10,071
22.73 B —phellandrene 145474 140,658 141,332 140,752 142,824
23.26 1.8-Cinecle 7371 7145 6,724 6,548 5,866
24.84 Unknown 6,374 5,424 5724 5,138 4,765
25,31 p-cymene 1,724 1,568 1,417 1,322 1,524
27.65 Terpinolene 10,417 11,557 10,139 11,225 9,766
27.81 2-Nonanone 10,724 11,632 11,77 12541 12,38
28.37 e ~cubebene 10,324 11,725 9,724 9,825 10,037
30.05 a —copaene 29,321 26,715 23,456 22,782 21,632
30.35 Camphor 20,245 20,726 20,365 21,715 21,685
30.48 cis~ a ~bergamotene 10,715 10,063 9,427 9,325 8,744
30.71 Sabinene 83,241 82,721 80,416 80,072 78415
3098 Linalool 95,142 94,352 96,721 96,326 97,108
3157 B —elemene 18,165 12,715 11,341 12,714 12,336
3364 B ~caryophyllene 25,207 25,462 23,715 22,788 21,365
3442 Selinadiene 10,625 11,841 11,411 10,320 10,214
34834 elemnene 1,371 1,165 1,142 1,035 1,077
35.04 Farnesene 13.268 12,415 11,468 10,695 10,744
36.46 neral 2,568 2,417 2333 2,357 2,263
3744 Gurjunene 85,247 94,681 95,126 94,207 94,135
3773 Zingiberene 340,384 338,425 327,416 316,725 309,413
3837 7 —bisabolene 77,305 75,145 74,026 72,415 73715
3895 Geranial 80,374 78,374 75,145 75,362 75,268
39.88 Citronellol+ 76,716 74,381 70,711 66,168 64,354
4037 8 —bisabolene 122,674 120,714 117,625 116,648 115,305
40.81 Calamenene 6,721 6,482 5671 5120 5,112
11.27 Pentyl curcumene 4,374 4,174 4,065 3,715 3.624
4163 Caryophyllene oxid 2372 2,140 2,162 2,007 1,832
4198 Sesquisabinene hydrate 5,438 5,271 5,462 5,068 4214
42.17 Unknown 6,416 6,271 5,741 5,528 4,931
Total 1,504,274 1,478,722 1,445,286 1,421,492 1,402,891
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C. Tubes

Retention Peak' arsa
time Flavor compound storage time(days)
0 30 60 90 120

125 Unknown 1,168 1,120 1,158 1,134 1,222
16.00 a -Pinene 5624 5607 5548 4927 4,826
17.95 Unknown 4134 4,076 4,009 3924 3,276
19.35 Unknown 31,374 31527 29,3561 29,200 27,634
19.96 Camphene 101,547 103,628 105,416 103,415 103,354
20.29 B -pinene 6,251 5,942, 5614 5118 5,067
2141 Myrcene 20,724 20,047 19,117 17,447 16,258
21.80 a —terpinene 1,724 1,631 1,672 1,507 1,422
2200 Limonene 12377 10,824 10,244 10,226 10,724
23.17 B —phellandrene 145,322 140,412 145,277 142,621 141,545
2334 1,3-Cineole 7,507 7422 6,928 6,714 5,583
2541 Unknown 6,824 6,354 5711 5,318 4,688
2601 p-cymene 1,534 1,167 1,160 1,274 1,137
28.24 Terpinolene 11,311 11,824 10,716 9,644 9,724
2845 2-Nonanone 12,824 11,633 10,714 10,024 9,820
29.04 a —cubebene 10,714 10,362 10,110 9,755 10,924
3033 2 —copaene 25,317 25,384 24,674 23477 24,582
30.85 Camphor 21,715 20,682 22,641 22,700 21,314
3104 cis— @ ~bergamotene 10,672 11,352 9,715 9,372 10,224
31.23 Sabinene 80,382 83,211 81,328 80,426 81,341
31.41 Linalool 96,320 93,554 93,341 98,466 96,259
31.81 B —elemene 13.822 12,824 11,624 14,824 17,368
34.35 B —caryophyllene 25,324 26,824 25,634 25,264 24,382
35.24 Selinadiene 11,372 10,826 10,634 10,722 11,414
3532 elemene 1,372 1,211 1,147 1,152 1,007
3651 Farnesene 16,825 15,724 16,163 15,714 18,053
37.10 neral 2,324 2,152 1,627 1,328 1,222
38.08 Gurjunene 100,824 99,205 101,833 104,307 101,822
3824 Zingiberene 348,465 336,415 327,365 300,425 297,687
394 7 —bisabolene 74,634 73321 75,417 75,386 71,758
39.31 Geranial 80,336 80,475 78,268 77,054 76,341
39.40 Citronellol+ 70,821 69,321 68,145 66,715 63,721
3944 A -bisabolene 118,318 115,167 117,322 112,715 111,315
4011 Calamenene 6,317 6,107 5116 4,859 4934
40.18 Pentyl curcumene 4,251 4,634 4,621 3,574 3,211
40.30 Caryophyllene oxid 2,824 2,653 2,227 1,816 1,558
40.62 Sesquisabinene hydrate 5,371 5175 4747 4652 4,223
42.34 Unknown 8,524 7,898 6,714 5,644 5,725
Total 1,507,083 1,478,191 1,468,548 1,422,740 1,406,665

DCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%

+ NaCl 2% + xanthan gum 0.1%%
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Table 70. Sensory color, off-odor and overall preference of minced ginger packed

in 3 types of containers during storage at 5°C{(Control).

A. Color
Storage days Film Bottle Tube
0 6.70° 6.70° 6.65"
30 6.35° 6.60° 6.65"
60 6.65 6.50" 6.05°
90 6.10 6.40° 6.25°
120 4.05° 5.30° 5.55°
B. Off-odor
Storage days Film Bottle Tube
0 5.75° 5.65° 5.60°
30 495" 495 - 4.90™
60 435 4.30" 4.85"°
90 3.80% 4.45% 460™®
120 3.05° 4.00° 4.20°

C. Overall preference

Storage davs Film Bottle Tube
: 0 5.90° 5.90°% 6.08
30 5.38 5.13% 5.35%
60 4,65° 4.95° 4.95°
90 4.33° 4.75° 4.65°

120 3.73° 3.93° 4.38"
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Table 71. Sensory color, off-odor and overall preference of minced ginger’'s
combined treatment productl) packed in 3 types of containers during storage at 5T
A. Color

Storage days Film Bottle Tube
0 6.85% 6.80° 6.75%
30 6.60° 6.50" 6.65°
60 6.40° 6.35" 6.50%
0 6.45% 6.30% 6.30%
120 6.20% 6.15" 6.10%
B. Off-odor
Storage days Film Bottle Tube
0 5.70% 5.60° 5.65%
30 5.35% 5.60° 5.55%
60 5.60% 5.20° 5.30°
90 5.25° 515% 5.25%
120 4.85° 4.80° 4.75°

C. Overall preference

Storage days Film Bottle Tube
0 5.78° 5.50° 5.60°

30 5.48%° 5.35%° 5.30°%°

60 5.40* 5.25% 5.25%°

90 5.25% 5.20%° 5.35*

120 5.00" 5.05° 5.00°

YUCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.19%
+ NaCl 29 + xanthan gum 0.1%
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Table 72. Changes in pH of minced ginger packed in 3 types of containers during
storage at -207C

Storage time pH
(weeks) Film Bottle Tube
0 6.58 6.62 6.67
15 6.41 6.37 6.42
30 5.35 5.83 5.82
45 5.15 5.43 5.34

60 5.04 5.10 5.16
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Table 73. Changes in pH of minced ginger's combined treatment productl) packed

in 3 types of containers during storage at -20T

Storage time pH
(weeks) Film Bottle Tube
0 6.57 6.51 6.60
15 6.46 6.43 6.47
30 6.13 6.23 6.27
45 6.10 6.15 6.19
60 6.03 6.04 6.10

PCombined treatment product : control + L-cysteine 0.2% + sodium benzoate

0.126 + NaCl 2% + xanthan gum 0.1%%

Table 74. Changes in color values of minced ginger packed in 3 types of

containers during storage at —20T

Color value
Film Bottle Tube

Storage time

(weeks) L a b L a b L a b
0 6625 247 2138 6437 252 2037 6354 233 2037
15 6563 328 2275 6543 297 2137 6425 285 2238
30 66.25 348 2343 6582 328 2191 6568 313 2247
45 6842 367 2395 6837 343 2364 6566 352 22.86
60 6946 393 2516 7037 382 2477 6843 374 2347

Table 75. Changes in color values of minced ginger’'s combined treatment product”

packed in 3 types of containers during storage at 20T

Color value

Storage time

(weeks) Film Bottle ‘ Tube
L a b L a b L a b
0 6735 239 2325 66.82 222 21.37 66.47 233 2137
15 6724 246 2348 66.14 229 2152 66.37 242 21.42
30 66.69 243 23.69 63.37 2.30 2177 66.65 244 21.28
45 68.24 255 24.82 6892 233 2236 6722 252 2254
60 6852 282 2488 69.45 245 23.42 6743 2.63 23.16

YCombined treatment product : control + L-cysteine 0.22 + sodium benzoate 0.126
+ NaCl 2% + xanthan gum 0.1%%
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Table 76. Changes in free sugar contents of minced ginger packed in 3 types of

containers during storage at -207TC

T Free sugar Storage time(weeks)
reatment
(%) 0 15 30 45 60
Fructose 2.43 2.15 2.05 1.24 1.10
Botile Glucose 2.62 237 2.22 1.76 1.45
Sucrose 171 1.66 161 1.40 1.43
Total 6.66 6.18 5.88 4.4 3.98
Fructose 2.44 2.20 1.93 1.14 1.05
Film Glucose 2.54 2.22 2.40 1.53 1.40
Sucrose 1.78 1.70 155 1.35 1.35
Total 6.76 6.12 5.88 4.02 3.8
Fructose 2.47 2.25 211 1.35 1.24
Tube Glucose 2.41 2.30 2.05 1.34 153
Sucrose 1.80 1.74 1.57 1.61 1.30

Total 6.63 6.29 5.73 4.8 4.07
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Table 77. Changes in free sugar of minced ginger’'s combined treatment product”

packed in 3 types of containers during storage at -20TC

Free sugar Storage time(weeks)
Treatment (%) 0 I 30 5 0
Fructose 2.35 2.35 2.22 1.85 165
Bottle Glucose 2.56 242 2.40 1.80 1.74
Sucrose 1.66 1.64 1.60 1.52 1.55
Total 6.57 6.41 6.22 5.17 4.94
Fructose 2.40 2.24 2.08 1.74 1.66
Film Glucose 250 251 243 1.68 1.57
Sucrose 1.62 157 1.50 1.46 1.36
Total 6.52 6.32 6.01 4.88 459
Fructose 2.53 2.48 244 1.86 1.68
Tube Glucose 2.37 2.33 2.27 2.01 1.72
Sucrose 1.68 1.64 1.60 154 154
Total 6.58 6.45 6.31 5.41 494

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%
+ NaCl 2% + xanthan gum 0.19%
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Table 78. Changes in free amino acid contents of minced ginger packed in bottles

film bags and tubes during storage at -207C

A. bottle
Free amino acid Storage time{weeks)

(mg2) 0 15 30 45 60
Aspartic acid 13.75 10.25 1022 842 7.46
Asparagine 70.36 70.16 65.82 62.18 55.46
Glutamic acid 26.34 27.11 24.82 27.19 22.7
Serine 16.29 16.23 15.73 16.13 13.73
Glutamine 44.15 14.80 14.21 12.92 11.79
Histidine 21.10 7.15 514 6.17 407
Glycine 21.76 25.54 27 2043 17.49
Threonine 9.78 9.72 9.23 5.68 5.27
Arginine 12.69 2.34 1.96 1.87 1.03
Alanine 35.26 64.42 64.24 58.40 58.54
Tyrosine 4865 40.39 3729 39.43 30.14
Methionine 412 432 5.23 5.36 6.09
Valine 52.87 68.85 o8.72 49.83 46.83
Tryptophan 8.29 7.37 6.42 5.93 392
Phenylalanine 15.91 18.25 1862 2071 12.30
Isoleucine 9.95 14.44 16.45 15.98 1854
Leucine 2053 20.75 36.26 35.61 40.84

Total 431.8 431.09 413.07 392.24 356.25

B. Film bags
Free amino acid Storage time(weeks)

(mg2%) 0 15 30 45 60
Aspartic acid 12.37 10.43 8.30 7.46 7.25
Asparagine 77.16 72.34 65.08 64.42 59.37
Glutamic acid 28.25 27.15 26.35 26.36 24.25
Serine 156.21 14.82 14.46 13.25 12.73
Glutamine 4463 45.72 43.63 41.25 44.63
Histidine 475 4.36 5.72 5,45 4.36
Glycine 18.28 15.14 1763 15.04 12.38
Threonine 11.63 10.72 963 10.25 8.62
Arginine 10.64 9.25 9.72 827 758
Alanine 5945 57.36 55.72 53.58 48.14
Tyrosine 46.36 45.71 43.81 44.45 42.25
Methionine 454 442 517 5.45 5.36
Valine 3845 39.31 37.15 28.72 23.96
Tryptophan 6.28 6.45 5.25 5.63 4.15
Phenylalanine 13.82 13.45 15.72 14.631 14.82
Isoleucine 11.63 13.82 13.42 1463 13.82
Lencine 26.63 25.71 2463 28,63 29.72

Total 430.08 420.16 401.39 388.471 363.39
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C. Tube

Free amino acid Storage time(weeks)

(mg%) 0 15 30 45 60
Aspartic acid 1425 11.32 7.65 6.82 6.21
Asparagine 57.15 54.21 51.85 51.25 50.21
Glutamic acid 18.15 16.43 1521 16.15 17.89
Serine 26.36 25.21 24.25 24.82 23.74
Glutamine 51.35 47.11 4565 44.72 4411
Histidine 893 745 725 7.11 6.14
Glycine 31.64 30.24 37.24 35.44 26.07
Threonine 854 7.16 746 7.06 6.25
Arginine 26.82 27.24 2463 25.14 24.21
Alanine 4775 47.63 41.25 4246 38.15
Tyrosine 3234 31.82 32.46 28.76 31.25
Methionine 5.56 578 5.45 531 527
Valine 54.25 57.05 54.63 51.82 52.06
Tryptophan 6.15 6.11 556 5.73 524
Phenylalanine 1167 11.15 12.76 11.18 11.83
Isoleucine 852 11.16 10.84 11.63 9.08
Leucine 24.36 24.72 2582 24.16 22.95

Total 432.79 421.79 409.96 400.56 380.66

Table 79. Changes in free amino acid contents of minced ginger’'s combined
treatment product” packed in bottles, film bags and tubes during storage at -20TC
A. Bottles

Free amino acid Storage time(weeks)

(mg2%) 0 15 30 45 60
Aspartic acid 1416 13.43 12.42 12.56 11.43
Asparagine 4241 22.48 20.73 18.46 16.47
Glutamic acid 21.06 21.82 15.74 15.26 1487
Serine 20.04 24.63 25.18 26.24 27.14
Glutamine 6452 41.19 4273 40.72 39.37
Histidine 11.09 11.62 12.71 16.23 15.82
Glycine 14.28 24.04 26.86 27.00 28.15
Threonine 11.43 15.29 16.02 16.42 15.94
Arginine 29.00 9.71 9.70 6.68 3.68
Alanine 4644 4523 4391 4047 38.64
Tyrosine 39.15 49.69 47.89 48.75 48.32
Methionine 3.93 6.26 6.89 7.04 7.15
Valine 56.44 56.92 62.84 60.61 61.13
Tryptophan 5.30 7.93 8.16 8.44 8.25
Phenylalanine 16.38 18.91 20.17 20.16 22.33
Iscleucine 11.10 14.58 16.07 14.27 16.42
Leucine 2756 36.75 37.81 36.61 37.06

Total 434.29 420.48 425.83 41592 412.17
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B. Film bags

Free amino acid Storage time(weeks)

(mg%8) 0 15 30 45 60
Aspartic acid 12.75 10.29 8.43 5.48 473
Asparagine 58.16 56.17 54.19 5534 50.79
Glutamic acid 2954 26.82 24.87 23.65 21.82
Serine 2342 19.75 1763 14.18 16.23
Glutamine 54534 56.71 56.37 53.82 52.46
Histidine 13.32 11.70 11.63 12.82 12.16
Glycine 13.73 11.68 12.15 12.70 12.83
Threonine 12.63 13.54 14.17 12.63 11.82
Arginine 9.14 9.05 8.63 7.15 972
Alanine 58.15 5547 5463 55.08 b8.15
Tyrosine 47.16 46.05 47.36 45.17 47.13
Methionine 5.25 5.36 6.46 572 411
Valine 34.06 37.46 4282 45.42 45.26
Tryptophan 7.05 6.37 525 582 411
Phenylalanine 14.63 11.82 14.63 12.72 17.06
Isoleucine 9.63 11.73 12.82 12.16 11.05
Leucine 25.36 3172 25.46 2482 26.05

Total 428.52 421.69 4175 404.68 405.48

C. Tubes
Free amino acid Storage time(weeks)

(mng%6) 0 15 30 45 60
Aspartic acid 12.45 11.23 821 8.45 6.43
Asparagine 5954 57.45 56.05 58.34 55.15
Glutamic acid 18.63 18.15 17.16 18.14 17.36
Serine 27.68 27.15 26.04 26.46 25.11
Glutamine 4957 43.16 45.43 40.05 4251
Histidine 8.45 7.14 7.72 7.64 6.89
Glycine 3161 32.45 3463 32.21 34.75
Threonine 9.85 8.42 8.76 3.89 7.20
Arginine 25.83 27.45 26.15 23.65 24.25
Alanine 4764 46.02 41.76 42.63 38.44
Tyrosine 31.68 30.71 32.15 28.06 27.26
Methionine 5.54 5.77 512 5.65 502
Valine 54.37 5586 54.05 53.68 52.45
Tryptophan 6.03 6.04 5.43 5.14 568
Phenylalanine 12.63 12.75 1521 14.64 14.15
Isoleucine 8.38 10.65 1051 10.13 978
Leucine 23.62 2271 25.02 24.21 28.25

Total 4335 42311 4194 407.97 400.68

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%

+ NaCl 2% + xanthan gum 0.1%
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Table 80. Changes in volatile compounds of minced ginger packed in bottles, film
bags and tubes during storage at -20TC

A. Bottles
Retention Pealj: arsa
time Flavor compound storage time(weeks)
0 15 30 45 60

13.85 Unknown 1,357 1,247 1175 1,064 1,047
1647 a ~Pinene 5,428 5,785 5711 4,247 4,938
18.18 Unknown 4472 4,307 4,275 4,138 3,996
19.81 Unknown 32,817 31,756 31,418 30,715 31,647
20.31 Camphene 102,729 104,067 104,711 102,075 100,984

2134 8 ~pinene 7,282 7512, 7175 7055 6,248
21.66 Myrcene 19,478 17,071 17,715 17,324 16,755
22.07 a ~terpinene 1,715 1,628 1,624 1,417 1,375
22.23 Limonene 11,892 10,227 12,724 12568 12,072
23.64 B —phellandrene 145,384 147,469 147478 105,381 105,138
2419 1,8-Cineole 6,806 - 6,687 6,281 5675 5,288
25.77 Unknown 6,438 6,047 6,082 6,124 5,869
26.36 p-cymene 2,075 2413 2,274 2,045 1.817
28.7 Terpinolene 12574 10,781 11,247 11,365 10,798
28.89 2-Nonanone 10,847 9,729 10,208 11,410 10,324
29.37 a ~cubebene 12,410 11,716 10,827 9,715 10,486
30.78 a ~copaene 27,092 26578 24,725 25415 23421
31.10 Camphor 20,294 21472 21,715 21,468 20,315
31.29 cis—- @ —~bergamotene 10,815 89572 9,371 9,427 9,049
31.67 Sabinene 79,384 80,476 79,412 81,045 77,167
318 Linalool 94,719 91,473 92,410 92,715 93,627
3217 B ~elemene : 16,257 14,812 14,710 13,268 13,102
34.83 B ~caryophyllene 23,478 22,724 22,172 22,463 20,175
3569 Selinadiene 12,076 11,381 11,624 10,714 10,541
35.77 elemene 1,317 1,048 1,452 8425 7,991
3597 Farnesene 13,128 14,678 13,471 13,045 12,785
3731 neral 1,716 2,487 2,284 2,410 2,430
38.36 Gurjunenpe 97,713 95,627 95,6527 92,415 88,09
38.69 Zingiberene 342,785 336,542 327,159 315,713 307,044
3970 7 ~bisabolene 74,384 74,245 73,104 72,703 73.384
39.78 Geranial 80,718 81,856 82,432 75,062 71,552
39.84 Citronellol+ 75,074 73,245 72,421 67,237 60,406
39.85 B ~bisabolene 124,721 124,842 118,220 116,441 107,726
40.39 Calamenene 8,005 7.657 6,478 6,384 6,011
40.61 Pentyl curcumene 2910 2,846 1,578 1,147 1,854
40.75 Caryophyliene oxid 1,648 1,987 2,145 1,857 2,004
40.90 Sesquisabinene hydrate 4,890 4,342, 4,075 3527 3,200
42.85 Unknown 5,929 5,081 5,247 5374 4,685
Total 1,502,757 1,483,413 1,462,657 1,390,573 1,345,346
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B. Film bags

. Peak area
Reg:on Flavor compound storage time(weeks)
0 15 30 45 60

12.95 Unknown 1,546 1,684 1,434 1,245 1,351
16.40 a ~Pinene 4612 4565 4601 3521 3432
18.12 Unknown 5,453 4,798 4,847 5413 5,646
19.75 Unknown 32,356 31,465 32,156 30,815 30,347
20.26 Camphene 102,462 102,875 103,613 104,165 100,131
21.29 8 —pinene 7,021 7432, 7651 6,911 6,654
21.61 Myrcene 19,235 19,102 18,945 18,486 17,987
22.00 a —terpinene 1,681 1598 1621 1512 1,489
22.20 Limonene 10,982 10,453 11,687 11,020 10,782
2357 B —phellandrene 142,468 144,122 143,492 133,684 138,587
24.14 1,8-Cineole 6,132 5,972 5814 5551 5842
25.71 Unknown 5485 5,513 5,492 5412 5,301
26.31 p-cymene 1,874 1,789 1,824 1,671 1512
28.64 Terpinolene 11,461 11,012 11,256 10,987 9,894
28.85 2-Nonanone 12,846 11,165 12,542 11,354 10,852
29.34 « —cubebene 12,165 11,342 - 11684 9,645 9,567
30.73 a —copaene 26,055 25,711 24,356 23,631 21,072
31.05 Camphor 21,524 17,435 18,615 20,435 12,648
31.24 cis— @ ~bergamotene 13,133 9434 8,125 11,21t 11,344
31.63 Sabinene 73,654 74,513 72,432 67,231 67,604
3181 Linalool 90,765 87,165 87,546 81,614 80,799
32.11 B —elemene 13,764 13,987 12,718 12411 12,647
34.75 B ~carvophyllene 27628 26,547 25,451 23,662 21,425
35.64 Selinadiene 15,513 14,435 14,755 15,867 12,883
35.72 elemene 1,235 1,384 1,532 1,108 1,201
35.91 Farnesene 12,845 10,866 10,153 10,014 9,612
37.30 neral 1,448 1,745 1,841 2,110 2,312
38.28 Gurjunene 99,298 101,441 98,752 93,984 90,947
3364 Zingiberene 348,943 347,451 334,756 309,983 301,948
30.64 7 —bisabolene 72,879 71,432 73,751 70,265 67,489
39.71 Geranial 83,264 81,211 82,451 77,482 78,948
39.77 Citronellol+ 74,684 73,196 72,677 71,819 69,768
39.84 B -bisabolene 122,984 121,987 120,845 108,751 101,859
40.31 Calamenene 7816 7,971 6,835 4,351 4479
40.58 Pentyl curcumene 3,007 2,789 2,021 1,987 1,784
40.67 Caryophyllene oxid 2,984 2,765 2654 2,248 2,354
40.84 Sesquisabinene hydrate 5,453 5,315 5211 5,045 4,032
42.81 Unknown 4477 4321 4,102 4107 3,458
Total 1,501,122 1,477,988 1,460,738 1,380,708 1,340,437
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C. Tubes

Retention Pea}_: area
time Flavor compound storage time(weeks)
0 15 30 145 60

13.01 Unknown 1,245 1,159 1,294 1,284 1,254
15.89 a —Pinene 5,655 5,599 5521 4,997 4,876
17.02 Unknown 4,206 4,106 4,113 3,997 3,348
1895 Unknown 31,297 31,527 29412 29,128 27558
19.24 Camphene 101,485 102,975 104,954 103,675 103,268
21.21 B —pinene 6,257 5,965 5,607 5,203 5,160
21.45 Myrcene 20,731 20,120 19,067 17512 16,342
21.65 a —terpinene 1,719 1,612 1,642 1,512 1,438
22.07 Limonene 12,321 10,845 10,110 10,197 10,668
2321 B —phellandrene 145,324 140,854 145,637 122,527 125512
23.42 1,8-Cineole 7,501 7412 6,997 6,695 5,592
2531 Unknown 6,822 6,645 5,821 5,491 4571
25.98 p-cymene 1,512 1,17 1,154 1,174 1,124
2728 Terpinolene 11,659 11,882 10,720 9,705 9,709
28.55 2-Nonanone 12,945 11,256 10,546 10,128 9,998
29.11 a —cubebene 10,694 10,545 10,137 9,394 10,932
30.01 @ —copaene 25,229 25,668 24584 23578 24,621
30.64 Camphor 21,645 20,302 22,551 22195 21,294
31.20 cis— @ ~bergamotene 10,648 11,451 9,728 9,645 10,128
31.29 Sabinene 80,323 83,264 81,219 80,441 81,331
31.56 Linalool 96,326 93,455 98,357 98,761 96,375
32.87 B —elemene 13,987 12,775 11,658 14,697 17,394
3331 B —caryophyllene 25,542 26,525 25,654 25,251 24,401
34.56 Selinadiene 11,372 10,326 10,634 10,522 11,409
35.43 elemene 1,354 1,228 1,151 1,197 1,037
3557 Farnesene 16,741 15,189 16,515 15,774 18,654
36.15 neral 2,452 2,215 1,684 1,374 1,297
37.02 Gurjunene 101,857 103,064 101,615 104,745 101,994
3759 Zingiberene 342,465 338,210 320,812 306,541 280,674
38.12 7 —bisabolene 74,715 73,832 75,467 75,215 71,762
33.34 Geranial 80,435 79,468 78,295 77067 76,445
39.30 Citronellol+ 70,975 70,624 67,952 66,734 61.642
39.48 B -bisaholene 118,234 115,424 117,659 112,278 105,258
40.05 Calamenene 6,335 6,003 5,166 4,752 4912
40.17 Pentyl curcumene 4,231 4,578 4,451 3,412 3,197
41.26 Caryophyllene oxid 2,768 2,596 2,317 1,736 1,602
41.98 Sesquisabinene hydrate 5,206 5,154 4,697 4,599 4,210
42.11 Unknown 8,511 7,796 6,692 5,513 5,726
Total 1,502,824 1,432,814 1,461,590 1,408646 1,366,713
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Table 81. Changes in volatile compounds of minced ginger’s combined treatment
productl) packed in bottles, film bags and tubes during storage at -20T
A. Bottles

Retention Peal:t area
time Flavor compound storage time(weeks)
0 15 30 45 60

1255 Unknown 1,421 1,299 1,404 1,307 1,283
16.00 a -Pinene 5813 5,753 5578 4,965 4,879
1795 Unknown 4,095 4,021 3,987 3814 3,203
19.35 Unknown 31,404 31,435 29,253 29,078 21575
19.96 Camphene 101,713 103,768 105,563 103,565 103,478
20.29 B -pinene 6513 5,089, 5713 5321 5125
21.41 Myrcene 20,534 20,002 19,014 17,214 16,156
21.80 a -terpinene 1,751 1,657 1,689 1,545 1,478
22.00 Limonene 12,546 10,987 10,443 10,345 10,778
23.17 A -phellandrene 145,668 140,213 145,494 142,765 141,998
23.84 1,8~Cineole 7,384 7,648 7125 6,994 5873
2541 Unknown 6,745 6,456 5,368 5,544 4,788
26.01 p-cymene 1,654 1,251 1,233 1,354 1,189
28.24 Ferpinolene 12,235 12,664 11,315 10,348 10,465
2845 2-Nonanone 11,425 10,455 9,651 9,101 8,320
29.04 @ —cubebene 11,653 11,336 11,220 10,123 12,021
30.33 a —copaene 24,117 24,432 23454 22,878 23,332
30.86 Camphor 23,613 22,155 24,998 24,651 23,328
31.04 cis— a ~bergamotene 10515 11,645 10,105 9,877 10415
3123 Sabinene 86,165 89,351 87,754 86,426 87,374
3141 Linalool 94,435 91,153 96,785 96,741 94,384
3181 B ~elemene 12,765 11,846 10,163 13,674 15,981
34.35 A —carvophyllene 24,474 25,948 24,674 24,336 23,978
3524 Selinadiene 11,982 11,015 10,689 10,875 12,095
3532 elemene 1,785 1,450 1,214 1,244 1,102
3551 Farnesene 15,865 14,984 15,135 14,817 17,165
37.10 neral 2,684 2,286 1,364 1,651 1,435
33.08 Gurjunene 101,064 100,135 102,351 104,876 102,152
38.24 Zingiberene 349,546 339,687 331,168 300,678 322,684
3944 ¥ —bisabolene 73,354 72,165 74,768 74,683 70,468
3931 Geranial 79,468 79,768 77,165 76,678 75,312
35.40 Citronellol+ 70,864 70,161 68,498 67,134 64,356
39.44 A -bisabolene 117,845 114,318 116,211 111,451 110,454
40.11 Calamenene 5,104 5,003 4,451 3,844 4,017
40.18 Pentyl curcumene 4,384 4,689 4,648 3.654 3,278
40.30 Caryophyllene oxid 2,614 2,455 2,015 1,657 1512
40.62 Sesquisabinene hydrate 5,221 5,051 4,698 4,584 4,187
42.34 Unknown 8,354 7.687 6,457 5,356 5,486
Total 1,509,172 1,482,308 1,473,810 1,434,147 1,434,104
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B. Film bags

. Peak area
Re:zl}:on Flavor compound storage time(weeks)
0 15 30 45 60

14.82 Unknown 1,684 1,565 1,478 1,465 1,446
16.43 a ~Pinene 6,165 6,687 6,152 5,465 5,987
18.08 Unknown 4,132 4,655 4,846 3645 3,987
19.91 Unknown 32,168 32,684 31,315 31,340 30513
2061 Camphene 104,135 105,153 106,515 106,642 105,864
21.38 B -pinene 7,241 7435 6,864 6,267 6,754
2167 Myrcene 20,483 21,648 22,816 16,684 21,132
22.06 a ~terpinene 1,768 1,684 1,821 1315 1,445
2253 Limonene 12,436 11,645 13,468 11,451 11,786
2361 B ~phellandrene 141,789 135,813 149,186 150,315 152,314
24.18 1,8-Cinecle 7,684 7153 6,343 6,513 6,025
2574 Unknown 7,135 6,684 6,876 6,312 5,315
26.36 p-cymene 1,846 1,327 1,421 1,338 1,824
288 Terpinolene 10,190 12,221 11,078 10,145 9,924
28.99 2-Nonanone 12,312 11513 11,432 11,125 13321
29.34 @ ~cubebene 11,987 11,031 10,987 8,985 10,952
30.73 a —copaene 25,351 24,654 21,156 17861 21,651
31.09 Camphor 23,684 24,381 22,786 20,651 23,584
31.24 cis~ a ~bergamotene 13,816 11,846 10,168 10,082 9,935
31.62 Sabinene 80,468 83,846 70,212 80,321 70,137
31.81 Linalool 94,351 93,894 96,813 95,381 97,135
32.14 A -elemene 13,121 10,185 9,885 15,817 14513
3482 A ~caryophyllene 23,135 22,486 19,815 21,862 18,354
35.64 Selinadiene 12,123 11,846 11,432 9,842 10,021
35.73 elemene 1,251 1,240 1,421 1,308 1,054
35.96 Farnesene 15,516 13,987 17,385 14,987 13,651
37.29 neral 3,351 3,681 3,748 3,032 3,699
3834 Guriunene 96,165 95,680 103,738 52,861 92,645
3875 Zingiberene 346,168 339,351 315,351 312,351 312,312
39.67 7 ~hisabolene 74,135 70,384 76,318 74,865 73,681
39.75 Geranial 81,681 81,313 83,135 84,183 80,158
39.80 Citronellol+ 74,135 72,854 75,135 67,872 66,849
39.84 £ ~bisabolene 121,165 117,156 116,351 114,434 113,254
40.32 Calamenene 6,318 5425 5131 4,110 5,351
40.58 Pentyl curcumene 3,468 3,841 4,012 3,554 3351

40.7 Caryophyllene oxid 2,012 2,651 2132 1,847 1,321
40.88 Sesquisabinene hydrate 6,024 5,912 5,674 5412 5,571
4248 Unknowit 6,781 6,152 5,621 5,051 4079
Total 1507424 1,481,663 1,470,517 1,437,601 1,430,855
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C. Tubes

. Peak area
Ret{te;:on Flavor compound storage time(weeks)
0 15 30 45 60

12.34 Unknown 1,486 1,346 1,410 1,248 1,298
1572 a -Pinene 6,132 6,120 6,055 5954 5914
17.44 Unknown 4,168 4,214 4132 3,987 3,562
18.30 Unknown 31,651 31,432 30,462 30,486 29,425
20.14 Camphene 102,468 103,752 118,895 110,674 109,765
20656 B -pinene 7,156 7,058, 6,644 6,234 6,239
2091 Myrcene 21,845 20,678 21,746 20,984 20,253
21.49 a —terpinene 1,861 1,799 1,684 1,595 1,402
21.84 Limonene 11,354 10,687 10,432 9,843 10,273
2273 B -phellandrene 143,861 138,453 139,451 138,651 147,424
23.26 1,8-Cineole 6,348 6215 5,789 5,651 4946
2484 Unknown 7135 6,431 6.712 6,318 5542
25.31 p-cymene 1,684 1,524 1,478 1,388 1532
27.69 Terpinolene 10,648 11,765 10,163 11,464 9,984
27381 2-Nonanone 11,351 12,342 12,754 13,725 13412

. 2837 a ~cubebene 10,652 11,844 9815 10,045 10,348
30.06 @ —copaene 29,321 26,715 23,456 22,782 22,632
30.35 Camphor 22,351 22,643 22510 23,931 23,816
30.48 cis— a ~bergamotene 10,684 10,042 9,341 9,019 8672
30.71 Sabinene 82,681 81,165 79,132 79,633 77621
30.98 Linalool 95,142 94,352 96,721 96,326 97,108
3157 8 —elemene 13,615 12,465 11,855 12,846 12,264
33.64 B —caryophyllene 26,183 26,342 24,816 23,254 22,681
34.42 Selinadiene 10,648 11,347 11,160 10,422 10,278
34.84 elemene 1,389 1,115 1,101 1,012 1,240
35.04 Farnesene 12,615 11,435 10,480 10,051 10,072
36.46 neral 1,523 1,407 1,323 1,354 1,262
37.44 Gurjunene 94,813 93,661 94,165 93,657 93,123
3773 Zingiberene 345513 343514 340,736 325,132 324,422
38.37 ¥ ~bisabolene 68,513 66,318 65,183 63,846 64,815
3R9% Geranial 80,798 78,165 75,312 75,845 75,456
39.88 Citronellol+ 79,651 77,625 76,443 69,452 67,932
40.37 8 -bisabolene 125,162 123,453 120,152 119,324 118,652
40.81 Calamenene 5,631 5312 4,684 4,135 4,130
41.27 Pentyl curcumene 6,651 6,457 6,082 5,996 5,784
41.63 Caryophyllene oxid 3,648 3,251 3,265 3,017 2,867
41.98 Sesquisabinene hydrate 5,435 5,249 5475 5,184 4,942
42,17 Unknown 6,615 6,425 5,741 5,528 4931
Total 1,508,282 1,484,108 1,476,763 1,439,993 1,436,018

DCombined treatment product : control + L-cysteine 0.22% + sodium benzoate 0.1%

+ NaCl 2% + xanthan gum 0.1%%
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Table 82. Sensory color, off-odor and overall preference of minced ginger packed

in 3 types of containers during storage at -20T.(Control)

A. Color
Sto(:sg:kzl)me Film Bottle Tube
0 6.50° 6.55% 6.45°
15 6.30° 6.45° 6.40°
30 T 6.40° 6.50° 6.35°
45 6.25° 6.40° 6.10°
60 5.75° 5.70° 5.70°
B. Off-odor
Storage tme Film Bottle Tube
0 5.522 547° 5.40°
15 475° 475° 4.70°
30 4.30° 4.25° 4.60°
45 3.75° 4.40 4.45°
60 3.03¢ 3.95° 4.20°
C Overall preference
Storage tme Film Bottle Tube
0 5.80° 5.72° 5.82°
15 5.26° 5.01° 5.25°
30 4.47° 4.78° 4.85°
45 413° 463" 473
60 3.58° 3.85° 4.45°
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Table 83. Sensory color, off-odor and overall preference of minced ginger’s
combined treatment product” packed in 3 types of containers during storage at
-20C

A. Color
Storage time Film Bottle Tube
(weeks)
0 6.60° 6.62% 6.65°
15 6.43% 6.35%" 6.45""
30 6.22*° 6.20%° 6.30°°
45 6.15° 6.13° 6.20°
60 6.05" 6.10° 6.15°
B. Off-odor
Storage time Film Bottle Tube
(weeks)
0 5.65° 543 5.45%
15 5.30™ 5.32% 5.35
30 5.22%° 5.25% 5.20%"
45 5.15° 5.20%° 5.23°
60 473 4.90° 4.95°
C. Overall preference
Storage time Film Bottle Tube
{(weeks)
0 565" 570" 5.73%
15 5.55% 5.62° 5.65°
30 5.45% 550 5.53*
45 523" 5.35% 5.40%°
60 4.95° 5.10° 5.13°

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%

+ NaCl 2% + xanthan gum 0.196
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Table 84. Changes in pH of minced ginger packed in 3 types of containers during

storage at BT

Storage time pH
(days) Film Bottle Tube
0 6.64 6.54 6.58
30 5.62 5.87 5.68
60 513 492 521
a0 5.06 4.73 5.13
120 492 477 4.82
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Table 85. Changes in pH of minced ginger's combined treatment product” packed

in 3 types of containers during storage at 5C

Storage time pH
(days) Film Bottle Tube
0 6.60 6.57 6.43
30 6.48 6.42 6.34
60 6.39 6.21 6.32
90 6.35 6.41 6.11
120 6.37 6.15 6.04

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%5
+ NaCl 2% + xanthan gum 0.1%

Table 86. Changes in color values of minced ginger packed in 3 types of

containers during storage at 5T

Color value

St(’ﬁi;;;‘me Fim Bottle Tube
L. a ©® L _a b L a b
0 6648 971 2273 6607 247 2364 6577 269 2227
30 6753 364 2272 6515 324 2382 6596 296 2269
60 6752 384 2240 6581 361 2399 6477 341 2317
90 6628 362 2408 6572 388 2418 6412 346 2384
120 6639 389 2395 6481 390 2422 6506 358 2368

Table 87. Changes in color values of minced ginger's combined treatment productl)

packed in 3 types of containers during storage at 5TC

Storage time : Color value
(days) Film Bottle Tube
L a b L a b L a b
0 6551 267 2272 65.07 286 2217 6642 204 21.73
30 65.17 262 2237 6475 284 22.62 6654 224 2151
60 65.27 281 2241 6567 295 2288 6582 277 2133
90 65.27 294 2317 64.30 299 23.37 6577 263 2254
120 63.72 3.07 2257 64.71 3.08 24.05 65.63 298 23.66

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%

+ NaCl 22 + xanthan gum 0.1%%
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Table 83. Changes in free sugar contents of minced ginger packed in 3 types of

containers during storage at 5T

Treatment Free Osugar Storage time(days)
(%) 0 30 60 90 120
Fructose 2.48 1.32 1.23 1.16 1.03
Bottle Glucose 2.39 2.25 1.30 1.40 1.41
Sucrose 1.92 1.17 1.07 1.13 0.92
Total 6.79 4.74 36 3.69 3.36
Fructose 2.562 1.07 1.10 1.01 1.04
Film Glucose 2.37 1.79 1.37 1.65 1.12
Sucrose 1.67 1.40 1.18 1.20 1.29
Total 6.56 4.26 3.65 3.86 3.45
Fructose 2.56 1.65 1.60 151 1.77
Tube Glucose 2.47 1.82 164 1.11 1.00
Sucrose 1.80 1.41 1.06 1.06 1.01
Total 6.83 4.83 4.3 3.68 3.78
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Table 89. Changes in free sugar of minced ginger’'s combined treatment productl)

packed in 3 types of containers during storage at 5T

Free sugar Storage time(days)
Treatment (%) 0 30 60 90 120
Fructose 2.64 141 1.38 1.34 1.40
Bottle Glucose 2.35 2.37 2.28 2.21 2.16
Sucrose 1.62 1.42 1.34 1.30 1.32
Total 6.61 5.2 5 4.85 4.88
Fructose 2.59 1.10 1.02 0.94 1.10
Film Glucose 2.36 2.21 2.07 2.04 1.93
Sucrose 1.72 1.27 1.15 1.17 1.06
Total 6.67 4.58 424 4.15 4.09
Fructose 253 1.62 152 1.57 1.46
Tube Glucose 2.60 2.36 2.31 2.33 2.38
Sucrose 1.72 1.75 1.60 1.61 1556
Total 6.85 5.73 5.43 5.51 5.39

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%

+ NaCl 2% + xanthan gum 0.1%6
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Table 90. Changes in free amino acid contents of minced ginger packed in bottles

film bags and tubes during storage at 5C

A. Bottles
Free amino acid Storage time(days)

{mg%) 0 30 60 30 120
Aspartic acid 13.02 19.34 14.28 1145 11.71
Asparagine 4251 22.41 1571 12.36 10.41
Glutamic acid 19.24 21.22 18.15 1911 12.10
Serine 22,00 25.01 24.36 21.71 25.44
Glutamine 53.21 35.25 3241 20.77 18.52
Histidine 12.14 10.34 10.67 1541 12.44
Glycine 16.85 20.75 2264 2271 21.66
Threonine 1547 12.74 13.44 1518 16.43
Arginine 18.14 1.42 1.72 1.66 156
Alanine 57.08 61.23 6191 61.47 60.64
Tyrosine 43.85 46.81 4724 4952 43.27
Methionine 4.07 571 535 5.47 6.82
Valine 54.39 58.62 60.74 55.52 50.72
Tryptophan 6.11 7.22 8.64 8.72 8.20
Phenylalanine 1257 15.42 21.85 2264 20.72
Isoleucine 16.71 14.72 13.82 15.77 18.52
Leucine 26.71 40.35 4282 46.51 47.27

Total 434.07 418.56 415.75 405,98 386.43

B. Film bags
Free amino acid Storage time(days)

(mg2%) 0 30 60 90 120
Aspartic acid 12.72 17.42 13.72 1051 10.66
Asparagine 43.72 20.22 14.30 10.72 11.44
Ghatamic acid 2082 19.47 16.44 1872 14.18
Serine 2075 21.72 20.75 15,63 17.62
Glutamine 45.51 33.50 27.67 1841 16.11
Histidine 15.73 11.67 14.82 16.72 10.71
Glycine 18.24 18.72 20.45 19.71 22.77
Threonine 16.24 16.14 15.82 14.63 18.41
Arginine 19.23 1.20 1.81 1.50 1.46
Alanine 56.72 5167 59.72 60.27 60.66
Tyrosine 4154 50.28 51.63 5277 49.23
Methionine 5.35 451 473 4.69 4.08
Valine 55.20 65.72 62.24 67.32 58.42
Tryptophan 5.42 8.27 3.14 861 724
Phenylalanine 16.43 19.44 22.51 2868 27.26
Isoleucine 18.63 18.22 10.75 9.43 11.30
Leucine 25.11 35.41 38.26 39.14 38.27

Total 437 .46 41958 403.76 397.46 379.82
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C. Tubes

Free amino acid Storage time(days)

(mg%) 0 30 60 90 120
Aspartic acid 15.82 20.82 15.67 14.62 12.45
Asparagine 40.73 2564 16.72 1471 12.14
Glutamic acid 1862 23.07 17.14 15.45 18.17
Serine 24.28 27.47 2042 25.16 24.20
Glutamine 50.62 31.42 34.21 23.08 20.44
Histidine 1762 12.34 16.27 12.64 13.14
Glycine 14.34 15.30 20.14 19.72 18.34
Threonine 16.82 18.27 10.62 17.04 12.42
Arginine 14.28 2.24 2.76 2.08 2.37
Alanine 55.92 61.23 61.91 61.47 60.64
Tyrosine 46.72 49.38 49.42 50.37 49.33
Methionine 4.38 5.38 5.27 4728 5.18
Valine 55.82 59.27 5941 56.08 43.38
Tryptophan 7.62 8.39 814 879 8.81
Phenylalanine 10.67 11.37 15.37 16.74 18.4
Isoleucine 1482 13.76 14.67 13.08 15.40
Leucine 2737 39.24 40.57 4841 50.71

Total 436.45 42459 417.71 403.72 391.06

Table 91. Changes in free amino acid contents of minced ginger’'s combined
treatment productl) packed in bottles, film bags and tubes during storage at 5C
A. Bottles

Free amino acid Storage time(days)

(mg2%) 0 30 60 90 120
Aspartic acid 1263 11.85 12.45 9.64 8.45
Asparagine 43.47 20.85 25.74 26.44 24.10
Glutamic acid 1741 13.58 11.47 9.65 10.41
Serine 21.52 20.45 21.85 21.63 18345
Glutamine 68.45 56.25 53.71 57.25 59.15
Histidine 11.25 11.85 9.63 9.44 11.45
Glycine 10.72 15.42 13.48 14.82 15.26
Threonine 18.36 16.45 15.02 17.69 18.25
Arginine 15.42 15.48 16.58 10.54 14.38
Alanine 4852 50.45 51.36 53.52 47.25
Tyrosine 37.04 49.39 48.11 47.23 46.28
Methionine 7.42 7.26 7.24 7.10 8.24
Valine 54.26 52.63 51.42 57.05 56.58
Tryptophan 4.36 6.41 5.25 8.00 832
Phenylalanine 24.28 24.32 21.44 19.28 16.02
Isoleucine 7.26 12.45 11.64 10.82 14.32
Leucine 3272 32.34 44,56 35.36 33.22

Total 435.09 426.43 420.95 415.46 410.13
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B. Film bags

Free amino acid

Storage time(days)

(mg%) 0 30 60 20 120
Aspartic acid 14.38 15.75 14.28 1274 10.67
Asparagine 40.65 28.74 26.11 2792 25.63
Glutamic acid 18.34 16.42 15.44 12.34 11.72
Serine 24,62 22.35 23.71 20.73 18.68
Glutamine 68.06 57.34 57.81 54.34 53.72
Histidine 13.45 11.76 10.43 11.62 10.18
Glycine 9.62 15.82 16.18 15.15 17.34
Threonine 17.34 18.81 15.61 17.35 14.73
Arginine 1862 1821 17.18 1543 16.78
Alanine 4534 49.24 46.34 47.08 46.35
Tyrosine 31.37 4276 49.82 52.67 55.64
Methionine 10.82 11.48 12.42 8.65 9.26
Valine 56.82 51.44 50.72 57.15 55.37
Tryptophan 6.56 7.06 6.31 7.00 818
Phenylalanine 2273 20.62 20.37 13.05 15.92
Isoleucine 8.34 13.35 12.42 14.82 16.40
Leucine 30.29 22.15 26.24 20.94 24.73

Total 437.35 423.3 421.39 413.98 411.3

C. Tubes
Free amino acid Storage time(days)

(mg2%) 0 30 60 90 120
Aspartic acid 1482 12.18 13.34 11.28 11.46
Asparagine 3856 30.84 28.20 26.72 25.37
Glutamic acid 15.38 11.70 9.58 8.34 8.17
Serine 2273 20.81 2274 21.83 20.90
Glutamine 70.69 51.73 52.10 5044 55.72
Histidine 8.16 7.08 6.72 817 9.35
Glycine 12.82 20.73 16.81 24.46 20.81
Threonine 15.78 18.17 11.37 19.11 14.05
Arginine 1041 8.37 511 5.71 572
Alanine 55.71 53.17 57.08 50.64 50.17
Tyrosine 40.82 51.78 52.15 50.91 49.25
Methionine 5.41 6.28 537 5.18 505
Valine 59.05 65,42 57.04 58.34 60.11
Tryptophan 3.17 3.28 7.36 4.05 7.34
Phenylalanine 20.72 15.64 18.37 19.25 20.44
Isoleucine 3.64 10.47 11.64 13.72 15.11
Leucine 3355 3452 48.73 41.24 35.21

Total 436.42 42717 42371 419.39 414.23

YCombined treatment product :

control + L-cysteine 0.2% + sodium benzoate 0.1%%

+ NaCl 2% + xanthan gum 0.1%%
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Table 92. Changes in volatile compounds of minced ginger packed in bottles, film
bags and tubes during storage at 5T

A. Bottles
Retention Peak area
Flavor compound storage time{days)

time 0 30 60 0 120
13.12 Unknown 1517 1,481 1,269 1,191 1,031
16.51 a ~Pinene 5,631 5,841 5,792 4,362 4977
18.29 Unknown 4510 4,487 4,398 4,231 4,087
19.87 Unknown 32,991 32,059 31,723 30,920 31,940
20.58 Camphene 103,335 104,477 104,816 102,381 100,239
21.48 B -pinene 7277 7,508, 7,169 7,061 6,241
21.77 Myrcene 19,439 17,080 17,725 17,333 16,761
2223 a —terpinene 1,711 1,623 1,620 1,411 1,369
2259 Limonene 11,887 10,222 12,719 12,562 12,067
23.77 8 -phellandrene 145,383 147,461 147,475 105,384 105,144
24.30 1,8-Cineole 6311 6,689 6,287 5,684 5,298
25.90 Unknown 6,447 6,063 6,088 6,121 5873
26.45 p-cymene 2,088 2,420 2282 2,055 1,823
28.80 Terpinolene 12,583 10,787 11,253 11,371 10,802
28.97 2-Nonanone 10,851 9,733 10,217 11,475 10,389
20.45 a —cubebene 12,380 12,412 11,275 9,998 10514
30.81 @ —copaene 27,792 26,178 25,025 25,715 23,814
31.22 Camphor 20,349 21,784 21,985 21,843 20,743
3142 cis— @ —bergamotene 11,834 9,885 9,468 9,689 9,123
31.83 Sabinene 79,765 80,987 79,886 81,336 77,067
31.9% Linalool 95,116 91,744 92,657 92,847 93,888
32.29 A —elemene 16,662 15,329 15,013 14,713 13,983
35.03 B ~caryophyllene 24,085 23,178 22,906 22,881 21,004
36.78 Selinadiene 13,145 13,776 12,985 11,211 10,948
35.99 elemene 1,222 1,010 1,513 7,166 6,647
36.07 Farnesene 15,667 16,951 16,214 14,889 13,015
37.45 neral 2,104 2,882 2,695 2,874 2,697
3844 Gurjunene 96,113 95,121 94 466 01,014 87,745
38.78 Zingiberene 340,116 320,649 314,781 308,917 296,718
39.45 7 —bisabolene 73,787 73,987 72,781 71,985 72,669
39.62 Geranial 78,156 81,651 81,675 75,165 71,654
39.77 Citronellol+ 77,684 76,168 73,479 67,151 60,568
40.12 B ~bisabolene 123,729 123,106 118,745 116,887 110,841
4051 Calamenene 9,151 8,467 7,118 7,322 7020
40.77 Pentyl curcumene 3,105 3,066 2,124 1,574 2,457
40,89 Caryophyllene oxid 1,871 2,016 2,284 1,985 2,187
40.93 Sesquisabinene hydrate 4778 4,468 4,213 3,362 3,108
4317 Unknown 5,874 4,988 5,136 5271 4471
Total 1,507,001 1,477,724 1,459,257 1,339,332 1,340,922
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B. Film bags

Retention Peak area
Flavor compound storage time{days)

time 1] 30 60 90 120
1295 Unknown 1,334 1.278 1,212 1,124 1,178
16.40 a —Pinene 4,768 4554 4,679 4,024 3,975
18.12 Unknown 5,684 5513 5,502 5,677 5,712
1875 Unknown 30,987 29,322 30,815 28,345 28,023
20.26 Camphene 103,615 103,453 104,152 105,311 101,214
21.29 A -pinene 6,029 6,121, 6,318 6,003 5,788
2161 Myrcene 17,343 17,238 17,014 16,578 16,652
22.00 a —terpinene 1,702 1,615 1,698 1,621 1,542
22.20 Limonene 10,541 10,212 11,482 10,685 10,627
2357 B —phellandrene 143,486 145,681 144,466 134,182 139,641
2414 1,8-Cineole 5,984 5,715 5,656 5,368 5,765
2571 Unknown 5,223 5,356 5,344 5,243 5112
26.31 p-cymene 1,314 1,701 1,802 1,515 1,421
2864 Terpinolene 11,486 10,984 11,345 10,343 9,844
28.85 2-Nonanone 11,874 10,456 11,453 10,578 9,981
2934  —cubebene 12918 11,765 11,841 9543 9,342
30.73 a@ —copaene 25,135 24,253 23475 22,215 20,879
31.05 Camphor 19,681 14,162 15,752 17,189 10,656
3124 cis— @ —~bergamotene 12,468 8,156 7,688 10,687 11,123
3163 Sabinene 75,846 76,186 74567 69,615 69,768
3181 Linalool 90,682 87,432 87,963 81,421 80315
32.11 B —elemene 14,484 14,762 13,756 13,135 13,665
34 B —caryophyllene 25,768 24,163 23,765 23,452 21,241
35.64 Selinadiene 15,102 14,648 14,889 15,674 12,156
35.72 elemene 2,342 2,465 2,864 2,122 2,212
359 Farnesene 14,156 12,766 11,861 11,672 10,489
37.30 neral 1,742 1,981 2,165 2,246 2,864
38.28 Gurjunene 99,651 100,798 98,351 93,573 90,548
3364 Zingiberene 350,359 343,348 334,712 306,668 301,451
39.64 ¥ —bisabolene 72,468 71,868 73,672 68,984 66,427
3971 Geranial 83,154 81,352 82,848 78,715 79,278
39.77 Citronellol+ 76,487 75,947 73,422 71,021 68,341
39.84 A -bisabolene 123,713 121,985 120,665 113,156 102,415
40.31 Calamenene 9,132 9412 6,817 4,468 4,769
4058 Pentyl curcumene 3,451 3223 2,712 2,651 2,456
40.67 Caryophyllene oxid 1,613 1,528 1,227 1,098 1,142
40.84 Sesquisabinene hydrate 3,448 3312 3,184 3,125 3,024
42,81 Unknown 5,949 523 4,397 4,308 4,213
Total 1,501,619 1,469,945 1,455,431 1,372,335 1,335,249
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C. Tubes

Retention Peak area
Flavor compound storage time(days)

time 0 30 60 90 120
14.03 Unknown 1,394 1,401 1,126 1,14 1,002
16.52 a —Pinene 5112 5,687 5,667 4747 4,864
18.12 Unknown 4,742 4,329 4,286 4,203 4,012
18.86 Unknown 30,642 31,562 31,559 30,785 31,138
21.02 Camphene 112,664 103,997 104,675 101,957 101,037
21.86 A —pinene 7187 7,499, 7,201 7,101 6,180
22.16 Myrcene 20,071 16,873 17,168 17,972 17,023
22.28 a —terpinene 1,805 1,706 1,597 1,421 1,405
2297 Limonene 12,772 10,067 13,012 12,772 11,991
23.93 A —phellandrene 150,843 144554 146,167 104,973 114,984
24.25 1,8-Cineole 7.065 6,712 6,199 5,508 5,185
2494 Unknown 6,588 6,051 6,102 6,094 5,909
25.66 p-cymene 2,147 2,393 2,178 2,001 1,904
26.73 Terpinolene 11,982 10,804 10,954 11,321 11,028
28.12 2-Nonanone 11,045 8,648 10,109 10,914 10,970
20.76 a —-cubehene 11,971 11,618 11,027 9,727 10,327
30.04 a —copaene 26,972 26,397 24,7% 25,680 22,725
30.86 Camphor 21,656 21,751 22,012 21577 20,097
31.25 cis— @ ~bergamotene 11,725 9,753 9,972 9,264 9,128
31.76 Sabinene 80,011 80,529 79,672 80,867 79,052
32.24 Linalool 93,257 85,876 82,391 82,571 83,725
32.59 B —elemene 15,796 15,017 14,699 13,514 12,647
33.27 B —caryophyllene 23,365 22,724 22,172 22,463 20,175
34.38 Selinadiene 11,809 11,264 11,576 10,973 10,340
35.55 elemene 1,346 1,129 1,542 8,607 8,027
3585 Farnesene 13,229 14,167 13523 13,167 12,559
36.91 neral 1,697 2,425 2,295 2,394 2,394
3754 Gurjunene 98,013 95,497 95,437 91,672 89,986
3856 Zingiberene 331,886 321,247 323,963 324,248 321,169
39.02 ¥ —bisabolene 71,648 74,592 72,904 72,864 72,957
39.88 Geranial 81,021 81597 81,009 80,151 79,012
39.97 Citronellol+ 74,994 72,901 72,237 68,597 61,025
40.12 B -hisabolene 121,964 123,941 121,018 115,947 113,064
40.26 Calamenene 8,165 7576 6,768 6,404 6,197
40.78 Pentyl curcumene 2,964 2,822 1,648 1,221 1,882
4094 Caryophyllene oxid 1,593 1,945 2,067 1,897 2,015
41.01 Sesquisabinene hydrate 4512 4,297 4,106 3672 3,112
42,24 Unknown 5,328 5,105 5,397 5,416 4559
Total 1,501,071 1,456,543 1,450,235 1,395,756 1,374,315
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Table 93. Changes in volatile compounds of minced ginger’s combined treatment
productl) packed in bottles, film bags and tubes during storage at 5C
A. Bottles

Retention Peak area
Flavor compound storage time(days)
time it 30 60 20 120
14.82 Unknown 1,484 1,368 1,404 1,354 1,389
16.43 a —Pinene 5621 5719 5516 4984 5123
18.08 Unknown 5,120 5,167 5845 4513 4,684
19.91 Unknown 29,135 29,465 28,654 28,687 27,165
20.61 Camphene 105,165 106,468 107,648 107,864 107,120
21.38 8 -pinene 7214 7323 7021 6,247 6,879
21.67 Myrcene 20,462 21,433 22,648 19,746 21,032
22.06 a —terpinene 2,135 2,015 2,213 1,882 1,964
2253 Limonene 13,489 12,648 14,634 12,465 11,984
2361 A —phellandrene 141,165 139,432 149,315 151,651 156,351
24.18 1,8-Cineole 6,989 6,712 6,135 6,021 5,864
2574 Unknown 6,654 5,849 6,012 5,675 5,027
2635 p-cymene 2125 1,678 1,824 1,716 2,023
28.8 Terpinolene 11,165 13,468 12,585 11,122 10,785
28.99 2-Nonanone 12,213 11,432 11,315 11,554 13,531
29.34 a —cubebene 10,912 9,435 9,335 8,987 9,312
30.73 @ —copaene 25,165 24,751 21,843 19,867 21,615
31.09 Camphor 21,764 22918 20,768 20,568 21,671
31.24 cis— o —“bergamotene 13,846 11,473 10,468 10,152 9,186
31.62 Sabinene 80,648 83,343 70,818 80,161 70,684
31.81 Linalool 94,162 93,776 96,616 95,798 97,135
32.14 A —elemene 13,064 10,468 9,498 15,132 14,712
34.832 B —caryophyllene 256,351 24,789 21,974 23,486 20,984
35.64 Selinadiene 13987 13,788 12,429 11,187 11,486
35.73 elemene 1,301 1,284 1,468 1,354 1,125
35.96 Farnesene 13,478 12,782 17412 13,654 11,246
37.29 neral 1,486 1,765 1,816 1,264 1,684
3834 Gurjunene 99,513 95,316 101,488 94,648 94,354
3875 Zingiberene 343,742 329,314 307,618 207,147 301,144
3967 7 —bisabolene 76,987 72,084 78,783 78,847 75,244
39.75 Geranial 83,482 83,452 85,004 86,315 82,992
39.80 Citronellol+ 71,961 69,765 72453 66,834 64,601
39.84 B —bisabolene 119,165 118,752 117,552 117,082 115,381
40.32 Calamenene 5,684 5213 5,445 4,684 5872
40.58 Pentyl curcumene 4,186 4876 4,987 3,482 3.256
407 Caryophyllene oxid 2,151 2,798 2,325 2,011 1,351
40.88 Sesquisabinene hydrate 5,241 5,213 5,120 5,016 5,147
42 48 Unknown 6,739 6,101 5,227 4,967 4,021
Total 1,504,151 1,473,633 1,463,327 1,438,124 1,425,124
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B. Film bags

Retention Peak area
Flavor compound storage time(days)

time 0 30 60 86 120
12.34 Unknown 1,367 1,298 1,256 1,349 1211
15.72 a -Pinene 6,324 6,215 6,151 5948 5,841
17.44 Unknown 5,345 5,452 5,124 4,347 4,102
18.30 Unknown 32,195 32,025 31432 31488 30,167
20.14 Camphene 101,435 102,768 104,852 104,742 103,451
20.65 B8 -pinene 5,798 5152, 4,984 4,854 4821
2091 Myrcene 21,819 20,654 22,348 20,788 20,348
21.49 a -terpinene 1,798 1,714 1,684 1556 1,401
21.84 Lirnonene 11,542 10,246 10,125 9,614 10,014
2273 - B —phellandrene 144,198 139,677 140,782 139,798 141,965
23.26 1,8-Cineole 8,315 8,102 7,651 7,351 6,983
24.84 Unknown 6.684 5,984 6.051 5,752 4,657
25.31 p-cymene 1,841 1,612 1,518 1,387 1,565
2769  Terpinolene 10,984 11,984 10637 11,543 9978
2781 2-Nonanone 11,335 12,493 12,763 13,398 13,238
28.37 a —cubebene 10,488 11,874 9,804 9911 10,124
30.05 @ —copaene 31,183 28,672 25,386 24478 23,751
30.35 Camphor 20,465 20,816 20,754 22,051 21.897
30.48 cis— @ -bergamotene 11,468 11,113 10,644 10,345 9,849
30.71 Sabinene 82,465 81,861 79,765 79,045 71517
30.98 Linalool 96,816 95,742 97,755 97.326 98,810
31.57 B -elemene 17,485 11,466 10,864 11,469 11,215
33.64 B —caryophyllene 24,463 24,782 22,382 21,765 20,765
34.42 Selinadiene 11,871 12,651 12471 11,450 11,233
34.834 elemene 1,315 1,198 1,149 1,078 1,104
35.04 Farmesene 12,013 11,104 10,324 9,768 9,789
36.46 neral 1,598 1,487 1,398 1,312 1,234
37.44 Gurjunene 96,437 95,486 96,211 95,311 95,141
3773 Zingiberene 342,825 338,665 324,145 316,425 307,971
38.37 7 -bisabolene 76,186 74,340 73,684 71,782 72,354
38.95 Geranial 79,468 77632 74.676 74,846 74,729
39.88 Citronellol+ 73,182 72,765 68,684 64,844 62,482
40.37 B -bisabelene 121,102 120,453 116,341 115,342 114,465
40.81 Calamenene 5,624 5,343 4,462 4,112 4,086
41.27 Pentyl curcumene 5,464 5,345 5,018 4,846 4,654
4163 Caryophyllene oxid 2,118 2,021 2,043 1,980 1,812
41.98 Sesquisabinene hydrate 6,234 6138 6,684 6,048 5,948
4217 Unknown 5,541 5,271 4,984 4715 4,327
Total 1,606,791 1,481,558 1,447,076 1,424,164 1,404,999
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C. Tubes

Retention Peak area
Flavor compound storage time(days)

time 0 30 60 iy 120
12.55 Unknown 1,346 1,234 1,378 1,351 1,320
16.00 a -Pinene 5,657 5632 5578 4978 4,896
17.95 Unknown 4,354 4,215 4,154 3,987 3,301
19.35 Unknown 32,654 32,867 30,561 30,153 28,325
19.96 Camphene 100,651 102,768 104,465 102,654 102,254
20.29 B —pinene 6,055 5,786, 5,655 5,245 5,156
21.41 Myrcene 19,435 19,213 18,237 16,353 15,135
21.80 a —terpinene 1,828 1,715 1775 1,622 1,574
22.00 Limonene 11,789 11,031 10,654 10,612 10,987
23.17 B —phellandrene 144,846 140,684 144,765 141,345 140,864
23.84 1,8-Cineole 6,799 6,465 5,989 5,864 5,084
25.41 Unknown 6,131 6,054 5,453 5,122 4,413
26.01 p-cymene 2,256 2,063 2,040 2,111 2,007
28.24 Terpinolene 10,152 10,846 9,918 9,015 8,724
28.45 2-Nonanone 12,513 11,123 10,312 9,844 9,130
29.04 a —cubebene 11,435 11,137 11,006 10,775 11,798
30.33 @ —copaene 26,576 26,684 25,846 24,866 25,862
30.85 Camphor 20,198 19,765 21,684 21,751 20,021
31.04 cis— @ -bergamotene 10,977 11,812 9,786 9475 10,657
31.23 Sabinene 80,165 83,648 81,354 80,684 81,398
3141 Linalool 97,168 94,918 98,768 99,651 97,655
31.81 £ —elemene 12,687 11,789 11,151 13,361 16,816
34.35 A —caryophyllene 25,214 26,675 25,655 25,744 24,684
35.24 Selinadiene 12516 11,135 11,021 9,541 12,676
35.32 elemene 1,541 1,455 1,353 1,375 1,155
3551 Farnesene 15,962 14534 15,734 14,315 17,351
37.10 neral 2,864 . 2615 1,878 1,615 1,465
38.08 Gurjunene 99,123 98,751 100,833 102,351 100,159
38.24 Zingiberene 349,513 333,278 325,484 304,757 314,687
39.44 y —bisabolene 73,487 72,784 74,887 74,154 70,675
39.31 Geranial 79,132 79,756 77,765 76,186 75,687
39.40 Citronellol+ 73,979 71,684 70,459 68,733 66,348
39.44 B -bisabolene 116,874 113,765 116,313 111,987 111,315
40.11 Calamenene 8,684 8,165 7,687 6,264 6,486
40.18 Pentyl curcumene 6,253 . 6,354 6,813 5773 5,168
40.30 Caryophyllene oxid 3,615 3,454 3,212 2,756 2,453
40.62 Sesquisabinene hydrate 7535 7.215 6,678 6,456 6,155
42.34 Unknown 8,251 6,733 5,768 5,465 5,725
Total 1,510,215 1,479,802 1,472,074 1,428,701 1,429,566

DCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.12%
+ NaCl 2% + xanthan gum 0.1%%
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Table 94. Sensory color, off-odor and overall preference of minced ginger packed

in 3 types of containers during storage at 5C.(Control)

A. Color
Storage days Film Bottle Tube
0 658 6.52° 6.55"
30 6.45 6.40° 6.50*
60 6.22% 6.30° 6.48"
90 6.10™ 6.15*° 6.20°
120 5.86" 5.90° 5.97°
B. Off-odor
Storage days Film Bottle Tube
0 5.45% 5.40° 5.52°
30 497 495 495"
60 4.45% 452% A4.75°
90 3.82° 437" 4.55°
120 3.35° 3.70° 4.15°

C. Overall preference

Storage davs Film Bottle Tube
0 5.94* 5.94* 6.03*

30 5.58* 533" 5.65

60 4.75° 4.90° '4.92°

90 4.03° 4.62° 4.70°

120 3.85° 3.80° 4.25°
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Table 95. Sensory color, off-odor and overall preference of minced ginger’s

combined treatment productl) packed in 3 types of containers during storage at 5T

A. Color
Storage days - Film Bottle Tube
0 6.75" 6.70° 6.80%
30 6.55" 6.45° 6.78*
60 6.50* 6.40° 6.60%
90 6.43° 6.43% 6.45%
120 6.15° 6.10° 6.50°
B. Off-odor
Storage days ‘ Film Bottle Tube
0 5.65° 5.50% 5.60%
30 5.45° 5.40° 5.58%
60 5.50° 5.35% 5.50%
90 5.35° 5.38% 5.40%
120 4.50° 4.72° 4.85°

C. Overall preference

Storage days Film Bottle Tube
0 5.70° 5.75% 5.64°
30 5.55% 5.40%° 5.35%

60 550 5.35% 5.45%"

90 5.25° 5.10° 5.30%°

120 5.15° 5.02° 5.10°

UCombined treatment product : control + L-cysteine 0.2%% + sodium benzoate 0.1%
+ NaCl 2% + xanthan gum 0.19%

- 170 -



2 YFAZ(-200) 547 o x ddiy] A= F -20CAZA F3A3}

1DpH R AT Az

WEAF(-200)F 48 ARz gur] Ax F -20TAZL) 6075 AFA
pHe Ao WM3E ZA4F @I Table 96-979 ek wio} oot 23 o
ME=2 BE A7t AR70e] AAAFF pHYl #AAEE AHES Jehden
HzFAAE 53] 23gdel #4110 A 27IFEH AR 15579 pHY FA
o] A 30¢ °olF9 AFrINY AAEZ R AFov FEEFAITAAE pH
Bl e xZAAYT Bo g9 Ak FEAHTE dE2F R pHY 605
7v B3 x pHel ZAaFo] g9ttt FHMEE Table 98-99¢] Yeld vl
Zol, AF7Izke] AFEASE XY A@gle] REAZ TN a, batel F7HeA
o gizFoME HEXTFATAAN 155 AAEE agtel A4 U7 AFRSHA
X FEEGAIFAANE FIHEe] At FHAIATFINE =T Rt 60F
7} Aistd e 493t 714 &2 el At

Table 96. Changes in pH of minced ginger packed in 3 types of containers during
storage at -20C

Storage time pH
(weeks) Film Bottle Tube
0 6.50 6.52 6.65
15 6.38 6.28 6.44
30 5.22 5.16 5.76
45 5.06 511 5.43

60 5.01 5.03 5.20
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Table 97. Changes in pH of minced ginger’'s combined treatment productn packed
in 3 types of containers during storage at -20TC

Storage time pH
(weeks) Film Bottle Tube
0 6.65 6.63 6.67
15 ’ 6.52 6.46 6.56
30 6.33 6.34 6.40
45 6.16 6.20 6.28
60 6.10 6.16 6.24

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate
0.12% + NaCl 2% + xanthan gum 0.1%

Table 98. Changes in color values of minced ginger packed in 3 types of

containers during storage at -20T

Storage time Color value
Film Bottle Tube
(weeks) L a b L a b L a b
0 6346 229 23.73 63.37 213 2245 64.85 2.17 23.46
15 6572 331 2525 65.20 286 24.27 65.31 226 24.75
30 67.15 354 27.36 68.16 3.07 2643 65.06 225 2543
45 67.18 359 2799 6795 313 2617 66.75 230 2731
60 69.37 3.83 3057 69.75 3.27 29.46 67.06 281 27.38

Table 99. Changes in color values of minced ginger’'s combined treatment productl)

packed in 3 types of containers during storage at -20C

Storage time Color value
Film Bottle Tube
(weeks) L a b L a b L a b
0 64.25 215 2346 65.16 207 2327 65.37 206 22.37
15 65.46 234 23.89 65.27 216 238 65.68 2.13 22.82
30 65.37 237 23.85 65.16 213 24.46 66.25 2.08 2313
45 67.16 231 2443 67.68 228 2347 6735 220 23.20
60 6745 249 2567 6794 248 24.86 6767 232 2413

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%%

+ NaCl 2% + xanthan gum 0.1%%
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Table 100. Changes in free sugar contents of minced ginger packed in 3 types of

containers during storage at -20°C

Treatment Free sugar Storage time(weeks)
(%) 0 15 30 45 60
Fructose 2.38 2.10 2.01 1.13 1.06
Bottle Glucose 2.41 2.22 2.10 1.65 1.33
Sucrose 1.64 1.57 1.49 1.28 1.32
Total 6.43 5.89 5.6 4.06 3.71
Fructose 2.30 2.14 1.81 1.07 1.01
Film Glucose 2.43 2.10 2.05 1.37 131
Sucrose 1.62 1.55 1.51 1.24 1.17
Total 6.35 5.79 5.37 3.68 3.49
Fructose 2.39 2.15 2.06 1.20 1.08
Tube Glucose 2.35 2.26 2.13 1.70 145
Sucrose 1.66 1.60 153 1.30 1.32
Total 6.4 6.01 5.72 4.2 3.85
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Table 101. Changes in free sugar of minced ginger’'s combined treatment producti)
packed in 3 types of containers during storage at -20T

Treatment Free sugar Storage time(weeks)
(%) 0 15 30 45 60
Fructose 2.45 243 2.45 1.72 1.70
Bottle . Glucose 2.37 2.35 222 1.63 162
Sucrose 1.60 1.52 1.46 1.34 1.38-
Total 6.49 6.12 6.03 4.96 472
Fructose 2.32 222 2.24 1.80 1.60
Film Glucose 2.47 2.36 2.28 1.73 1.75
Sucrose 1.70 1.54 151 1.43 1.37
Total 6.42 6.3 6.13 469 4.7
Fructose 2.46 247 2.32 1.77 171
Tube Glucose 2.39 2.39 2.30 1.75 1.78
Sucrose 1.63 1.56 1.55 1.50 1.43
Total 6.48 6.42 6.17 5.02 4.92

YCombined treatment product : control + L-cysteine 0.2% + sodium benzoate 0.1%6
+ NaCl 2% + xanthan gum 0.1%%
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Table 102. Changes in free amino acid contents of minced ginger packed in

bottles, film bags and tubes during storage at —20TC

A. Bottle
Free amino acid Storage time(weeks)

(mg%) 0 15 30 45 60
Aspartic acid 12.12 1825 15.21 10.27 5.74
Asparagine 41.21 21.21 16.26 11.25 1057
Glutamic acid 18.54 20.23 17.22 189 136
Serine 2361 24.87 22.83 22.22 21.26
Glutamine 51.31 33.26 33.25 21.98 15.12
Histidine 11.25 11.71 12.72 16.26 13.17
Glycine 17.81 21.22 23.57 23.28 20.78
Threonine 14.25 1357 14.12 16.92 17.6
Arginine 19.77 1.35 1.62 1.45 1.36
Alanine 56.21 60.61 60.24 628 58.25
Tyrosine 44.26 45.21 46.21 4721 42.32
Methionine 411 545 5.25 5.41 6.75
Valine 55.21 59.57 56.76 54.65 52.54
Tryptophan 6.11 722 8.64 8.72 8.20
Phenylalanine 13.64 16.34 20.36 18.34 21.57
Isoleucine 15.46 13.36 12.71 16.48 19.46
Leucine 27.48 41.67 43.15 4515 46.45

Total 432.35 415.1 410.12 401.29 374.74

B. Film bags
Free amino acid Storage time(weeks)

(mg%) 0 15 30 45 60
Aspartic acid 11.25 16.45 12.47 11.62 1151
Asparagine 42.34 21.31 13.31 12.31 10.31
Glutamic acid 21.31 18.21 15.21 17.31 13.21
Serine 21.21 20.14 21.21 16.21 16.22
Glutamine 4451 36.40 36.14 23.21 17.21
Histidine 14.21 10.21 13.21 15.21 11.21
Glycine 17.21 17.21 21.21 18.21 21.21
Threonine 1521 15.21 14.21 1321 17.21
Arginine 18.21 1.21 141 1.12 1.21
Alanine 55.21 56.21 58.21 61.21 61.24
Tyrosine 48.20 51.21 55.54 h3.24 48.21
Methionine 521 4.62 425 4.15 4.12
Valine 54.21 64.21 61.21 66.21 57.21
Tryptophan 5.35 8.18 8.44 851 7.28
Phenylalanine 15.21 18.21 21.21 27.21 26.21
Isoleucine 17.21 16.21 11.21 9.32 10.44
Ieucine 24.21 35.21 37.21 38.21 37.21

Total 430.27 410.41 405.66 396.47 371.22
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C. Tubes

Free amino acid Storage time(weeks)

(mg%) 0 15 30 45 60
Aspartic acid 13.85 11.45 1468 10.18 6.62
Asparagine 37.25 31.45 27.82 25.15 20.05
Glutamic acid 14.15 10.72 9.42 8.37 8.24
Serine 21.42 22.84 20.46 20.25 21.46
Glutamine 7137 50.21 51.16 51.65 4511
Histidine 8.24 717 6.36 824 821
Glycine 11.68 21.24 15.28 21.76 21.35
Threonine 14.28 17.41 10.62 10.48 13.24
Arginine 11.72 8.21 545 5.76 5.0
Alanine 5468 52.28 56.45 51.28 51.82
Tyrosine 41.34 50.81 51.35 51.28 4245
Methionine 5.25 6.38 517 5.24 5.09
Valine 58.38 59.57 55.82 57.34 56.82
Tryptochan 465 7.15 6.28 518 6.23
Phenylalanine 23.73 14.82 17.16 18.27 17.63
Isoleucine 8.52 11.73 10.82 12.62 14.18
Leucine 32.46 33.82 47.16 42.25 3683

Total 432.97 417.26 411.46 405.3 380.38

Table 103. Changes in free amino acid contents of minced ginger's combined
treatment product“ packed in bottles, film bags and tubes during storage at -20C
A. Bottles

Storage time(weeks)

Free amino acid

0 15 30 45 60

Aspartic acid 11.41 10.65 11.55 9.34 884
Asparagine 42,15 25.64 24.45 25.34 23.28
Glutamic acid 16.27 12.41 10.34 924 10.55
Serine 20.34 18.22 20.34 22.55 1754
Glutamine 67.31 55.71 54.21 56.44 58.10
Histidine 12.32 10.42 934 9.25 1054
Glycine 11.24 16.35 14,72 1555 16.08
Threcnine 17.06 17.35 16.74 18.16 19.45
Arginine 16.28 14.72 15,35 11.82 16.52
Alanine 4938 51.75 50.62 52.41 46.82
Tyrosine 33.45 50.74 49.62 48.22 47.36
Methionine 7.34 7.05 7.34 7.04 814
Valine 55.47 58.34 52.69 5871 57.07
Tryptophan 481 6.34 517 3.11 8.64
Phenylalanine 2464 2541 2247 1847 1755
Isoleucine 7.34 12.71 10.65 10.75 13.24
Leucine 31.38 3461 45.25 3472 30.52

Total 433.19 428.42 420.95 416.12 410.24
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B. Film bags

Free amino acid

Storage time(weeks)

0 15 30 45 60
Aspartic acid 15.25 14.36 13.28 11.85 11.72
Asparagine 41.58 29.45 2763 28.10 28.72
Glutamic acid 17652 16.14 14.72 11.63 10.72
Serine 23.15 21.72 2245 21.36 19.15
Glutamine 67.21 56.47 56.25 54.14 52.82
Histidine 1247 10.83 11.55 10.63 9.25
Glycine 825 14.15 15.20 14.08 16.58
Threonine 16.47 17.25 16.05 16.22 15.41
Arginine 17.14 17.25 16.42 14.02 15.85
Alanine 4421 48.45 45.38 4647 45.02
Tyrosine 3454 41.96 4845 51.36 54.56
Methionine 11.85 1275 11.63 9.42 825
Valine 5763 56.41 55.28 56.52 54.25
Tryptophan 5.47 6.39 572 6.47 7.14
Phenylalanine 23.54 21.68 21.04 19.36 14.06
Isoleucine 8.36 13.42 11.85 1375 15.22
Leucine 31.63 23.72 27.25 24.83 25.63
Total 436.27 422.4 420.15 410.21 404.34
C. Tubes
Free amino acid - Storage time(weeks)
0 i5 30 45 60
Aspartic acid 13.67 12.41 1154 10.72 10.74
Asparagine 39.68 31.72 26.45 24.37 23.55
Glutamic acid 16.24 12.34 9.88 8.04 8.22
Serine 20.37 19.72 20.64 20.72 1843
Glutamine 72.82 54.64 50.74 46.83 47.22
Histidine 9.33 8.07 6.55 7.05 7.41
Glycine 1037 17.62 18.11 22.24 18.81
Threonine 16.34 19.27 1721 15.72 12.63
Arginine 10.72 8.82 5.46 5.82 537
Alanine 54.74 52.17 51.63 49.26 47.54
Tyrosine 42.34 55.37 54.74 55.04 53.62
Methionine 6.27 544 473 3.25 4.27
Valine 59.05 60.67 58.27 59.46 59.62
Tryptophan 7.37 5.06 6.18 5.84 542
Phenylalanine 19.34 18.82 16.24 18.66 18.37
Iscleucine 10.27 11.42 12.44 11.37 13.08
Leucine 31.38 34.34 36.27 3852 37.66
- Total 436.30 432.47 426.44 417.91 41396

YCombined treatment product :

control + L—-cysteine 0.2% + sodium benzoate 0.1%

+ Na(Cl 2% + xanthan gum 0.1%6
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Table 104. Changes in volatile compounds of minced ginger packed in bottles, film

bags and tubes during storage at -20TC

A. Bottles
. Peak area
Re:;:::;on Flavor compound Storage time(weeks)
0 15 30 45 60

13.85 Unknown 1,267 1,234 1,221 1,107 1,004
1647 a -Pinene 4,362 4,165 4,231 3.924 4,006
18.18 Unknown 4,246 4,162 4,113 4,072 3,724
19.81 Unknown 30,416 30,362 29415 29374 28,644
20.31 Camphene 100,762 99,224 98,754 95,314 92,632
21.34 8 -pinene 6,307 6,271 6,171 6,327 6,067
21.66 Myrcene 18,714 16,165 16,118 15,416 15,163
22.07 a —-terpinene 1,671 1,574 1,428 1,414 1,247
22.23 Limonene 12,416 11,624 13,184 12,274 10,654
23.64 A -phellandrene 149,463 149,632 145,671 131,154 128,457
2419 1,8-Cinecle 6,641 6,472 6,371 5,754 5,824
2577 Unknown 7318 7425 7,225 6,421 5,714
26.36 p-cymene 2,375 2,244 2,074 2,141 1,715
28.7 Terpinolene 13,426 12,246 10,456 10,271 9,416
28.89 2-Nonanone 12,714 10,562 11,478 12,528 11,418
29.37 a —cubebene 13,462 12,154 11,256 10,414 9,747
30.78 a —copaene 25,164 24,215 22628 22874 21,627
31.10 Camphor 20,732 21,348 21,168 21,220 20,714
3120 cis~ @ ~bergamotene 10,041 9,627 9,408 9,307 9,116
31.67 Sabinene 76,175 77,168 75,145 77,165 76,185
31.85 Linalool 95,365 90,165 85,177 82,824 80,468
32.17 B —elemene 15,371 12,462 12,225 11,147 10,564
34.83 A ~caryophyllene 25,062 25,715 23,242 20,375 18,365
35.69 Selinadiene 13,175 12,413 10,175 8,146 8,411
3B.77 elemene 1,507 1,264 1,201 945 921
35.97 Farnesene 17,362 15,074 12,426 10,452 10,147
3731 neral 2,358 2,168 1,817 1,522 1,635
38.36 Gurjunene 99,685 94,735 92,166 90,824 89,625
38.69 Zingiberene 346,138 337,162 312,724 310,415 308,825
39.70 7 —bisabolene 76,285 74,477 71,568 70,165 70,888
39.78 Geranial 85,736 80,585 80,475 77,186 73,468
35.84 Citronellol+ 74625 72,265 70,175 66,185 62,462
39.89 B -bisabolene 126,324 125,478 120,635 118,165 110,265
40.39 Calamenene 8,824 7,921 6,635 6,247 - 6,113
40.61 Pentyl curcumene 3,426 3,165 2,562 1,747 1,462
40.75 Caryophyllene oxid 1,716 1,841 2,235 2,314 2,286
40.90 Sesquisabinene hydrate 4,425 4,214 4,332 3,742 3.825
42.85 Unknown 5,715 5,362 5,441 4,778 4,645
Total 1,504,671 1,484,340 1,462,726 1,385650 1,337,449
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B. Film bags

Retention Peal‘& area
time Flavor compound Storage time(weeks)
0 15 30 45 60

12.95 Unknown 1,243 1,106 1,111 1,005 1,113
16.40 @ ~Pinene 4,541 4265 4,162 3841 3627
18.12 Unknown 4,162 4075 3,758 3.562 3548
19.75 Unknown 33,245 31,462 28,162 27,623 25,475
20.26 Camphene 105,325 101,352 97,625 94,156 93.744
21.29 B ~pinene 6,685 6,132 5,745 5,466 5512
21.61 Myrcene 19,325 17,145 17,632 14,075 15,221
22.00 a —terpinene 1,428 1,417 1,325 1,162 1,117
22.20 Limonene 11,478 10,745 10,314 10,166 11,425
23.57 B ~phellandrene 145,265 144,825 142,632 135,175 130,254
24.14 1,8-Cineole 6,714 6,238 6,214 5624 5545
25.71 Unknown 7.824 7,765 7.136 6,652 5,711
26.31 p-cymene 2,528 2412 2,172 2,206 1,941
28.64 Terpinolene 14,638 13,627 12,478 11,526 10,165
28.85 2-Nonanone 12,265 11,524 10,174 9,462 9,288
29.34 a —cubebene 12,628 11,475 10,317 9,254 10,047
30.73 a —copaene 24,320 22,856 20,462 20,756 18,465
31.06 Camphor 22,285 20,466 18,284 16,574 15,632
31.24 cis— @ —bergamotene 9,716 9,416 9,272 9,344 9,041
31.63 Sabinene 78,362 76,254 71,415 67,147 72,416
3181 Linalool 94,284 92,165 83,125 83,852 80,162
3211 B —elemene 15274 10,635 10,714 10,074 9,675
34.75 B —caryophyliene 24,185 22,725 21,325 21,141 19474
35.64 Selinadiene 14,755 13,414 11,632 9,268 9,186
35.72 elemene 1,403 1,328 1,125 1,045 1,003
3591 Farnesene 16,174 14,526 13,756 11,824 10,635
37.30 neral 2,241 2,117 1,945 1,763 1,465
3828 Gurjunene 96,274 93,185 90,412 89,635 87,462
38.64 Zingiberene 342,362 334,625 327,365 307,625 302,714
39.64 7 ~bisabolene 75,204 73415 70635 71,824 68,715
39.71 Geranial 87,415 82,741 81,625 79,416 70,756
39.77 Citronellol+ 72,736 70,628 68,321 65,685 61548
39.84 A -bisabolene 126,417 125,685 121,385 119,625 115,776
40.31 Calamenene 8,763 7562 6,274 6,120 6,121
40.58 Pentyl curcumene 3,534 3,632 2,715 1,468 1,247
40.67 Caryophyllene oxid 1,941 1,625 1,584 1,268 1,254
40.84 Sesquisabinene hydrate 4,672 4,347 4,112 3,832 3,627
42.81 Unknown 5,628 5,463 5,271 4,843 4,568
Total 1,503,239 1,482,375 1,460,711 1,381,084 1,334,665
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C. Tubes

Retention Peal\? area

time Flavor compound Storage time{weeks)
0 15 30 45 60

12.37 Unknown 1,246 1,237 1,216 1,104 1,001
16.28 a —~Pinene 4427 4,316 4,207 3,843 3,972
1832 Unknown 4,386 4,725 4,627 4173 3.836
19.37 Unknown 31,462 30,825 29,321 29,154 28,065
18.72 Camphene 102,685 98,478 95528 94,156 90,935
20.17 B -pinene 6,725 6,563 6,347 6,158 6,127
2052 Myrcene 17,265 15,715 14,632 13,152 12,625
2172 a —terpinene 1574 1,622 1,377 1,312 1,162
2234 Limonene 12,314 11,274 13652 12,147 10452
23.56 B ~phellandrene 153,147 150,136 148,532 134,456 129,853
24.42 1,8-Cineole 6,432 6,753 6,154 5,657 5,358
26.34 Unknown 7,182 7174 7,034 6,652 5758
26.79 p-cymene 2,432 2,287 2,032 2,007 1,854
27.28 Terpinolene 13,652 12,741 10,963 10,852 9,951
2864 2-Nonanone 12,357 10,653 11,847 11,062 10,861
29.23 a —cubebene 13,341 12,685 11,758 10,375 9,821
20.67 @ —copaene 25,365 24,254 22,562 22,142 - 21632
31.67 Camphor 20,725 20,415 20,325 21,147 20,456.
31.85 cis— @ ~bergamotene 10,485 9487 9,826 9,507 9,347
32.17 Sabinene 76,163 77152 75,741 77,256 76,414
3483 Linalool 93,562 91,736 87,254 84,580 81,321
35.69 B —elemene 16,305 11,725 13,166 12,415 11,725
35.77 B ~caryophyllene 22478 21,247 20,695 18,354 15,165
35.97 Selinadiene 10,235 11,851 10,241 8,685 8,032
37.31 elemene 1,721 1,452 1,322 1.352 1,110
38.36 Farnesene 18,632 16,045 13,741 11,632 11,056
38.69 neral 2,365 2,088 1,721 1,625 1,664
39.70 Gurjunene 103,125 100,265 96,478 92,254 90,258
39.78 Zingiberene 344,065 338,125 310,624 305,163 305,065
32.84 7 —bisabolene 74,135 72,138 70,652 71,725 65,165
39.89 Geranial 86,135 82,214 81,635 75,136 72,824
40.39 Citronellol+ 74,625 72,265 70,175 66,185 62,462
4061 £ -bisabolene 126,425 120,752 115358 112,465 110,525
40.75 Calamenene 8,936 7152 6,468 6,158 6,125
40.90 Pentyl curcumene 3.637 3414 2,986 1,721 1,766
40.27 Caryophyllene oxid 1,823 1,415 2,163 2,075 2,146
40.44 Sesquisabinene hydrate 4235 4,107 4,036 3,485 3,546
42,41 Unknown 5,627 5478 5,265 4,315 4532
Total 1,504,431 1,482,561 1,463,711 1,386,786 1,337,967
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Table 105. Changes in volatile compounds of minced ginger’'s combined treatment
productl) packed in bottles, film bags and tubes during storage at —20C
A. Bottles

Retention Pealf area

time Flavor compound Storage time(weeks)
0 15 30 45 60

1255 Unknown 1,435 1,352 1,341 1,316 1,287
16.00 a —Pinene 5,721 5,707 5,648 5,432 5,365
17.95 Unknown 4,251 4,247 4,163 3,824 3,547
19.35 Unknown 30,125 30,032 29,563 29,175 28,647
19.96 Camphene 103,753 101,625 102,721 100,632 100,385
2029 B -pinene 5,152 5,063 4,864 4,714 4325
2141 Myrcene 22,365 20,562 19175 18,685 15,245
21.80 a ~terpinene 1,825 1,541 1417 1,224 1,175
22.00 Limonene 13,365 12,174 10,635 10,721 11,063
23.17 8 ~phellandrene 149,362 145,417 143,486 140,925 141,725
23.84 1,8-Cinecle 8,063 7826 7634 7,185 6,364
2541 Unknown 5,352 5,163 5,054 5118 4,988
26.01 p-cymene 1,836 1,727 1,644 1,704 1,537
28.24 Terpinolene 10,321 10,185 9,562 9,414 9,424
2845 2-Nonanone 10,362 10,136 10,175 9,847 9,620
29.04 a —cubebene 13,302 12,754 10,632 9,824 10,063
30.33 @ —copaene 22,7152 21,152 21,674 20,632 20,763
30.8 Camphor 21,528 20,146 22,820 22473 21632
31.04 cis— @ —~bergamotene 11,214 10,352 10,715 10,372 8,224
31.23 Sabinene 75,382 73,211 73,328 70,426 71,341
31.41 Linalool 95,175 94,632 97,341 96,466 95,259
31.81 8 —elemene 12,715 11,634 10,821 10,354 10,334
34.35 B —caryophyllene 27,485 27,302 24,254 23,744 22,782
35.24 Selinadiene 10,568 10,441 9,236 9,722 9,414
3532 elemene 1,638 1,715 1,621 1452 1,307
3551 Farnesene 20,362 18,587 16,156 15,364 12,733
37.10 neral 2,568 2,574 2,163 2,244 2,025
38.08 Gurjunene 95,365 94,285 93,364 90,257 90,412
38.24 Zingiberene 355,715 350,275 333,105 327,636 322,714
3944 7 —bisabolene 70,365 70,342 67,105 65,8256 63,768
39.31 Geranial 77,365 74,362 2215 - 712075 70,341
39.40 Citronellol+ 70,256 71,458 70,545 69,645 64,061
39.44 B -bisabolene 110,468 105,635 107,874 102,455 101,265
40.11 Calamenene 6,245 6,205 5,741 4958 4,856
40.18 Pentyl curcumene 4,675 4611 4572 3,722 3,315
40.30 Caryophyllene oxid 2,382 2,165 2,175 1,856 1,674
4062 Sesquisabinene hydrate 5,825 5415 4,987 4,925 4,753
4234 Unknown 7426 7.356 6,924 6,415 6,135
Total 1,504,064 1,485,366 1,466,450 1,425,089 1,424,368
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B. Film bags

Retention Peal:: area
time Flavor compound Storage time{weeks)
0 15 30 45 60
14.82 Unknown 1,285 1,214 1,115 1,107 1,052
16.43 a -Pinene 5035 4,632 4415 4521 4,410
18.08 Unknown 4132 4525 4421 3,365 3,254
1991 Unknown 30,352 3027 29,854 29,714 28,246
2061 Camphene 100,375 101,785 102,415 101,852 100,324
21.38 B —pinene 6625 6,542, 5874 5,766 5,625
21.67 Myrcene 17,153 15,524 15,732 14,254 13,275
22.06 a —terpinene 1,734 1,715 1,662 1,432 1,371
2253 Limonene 10,448 10,445 11,147 10,351 10,547
2361 B -phellandrene 148274 146,417 150,375 151,027 150,647
24.18 1,8-Cineole 8,158 7947 7421 7.164 6,414
2574 Unknown 5,367 5477 5,636 5624 5,352
26.35 p-cymene 2,065 1,855 1,737 1,674 1,516
2838 Terpinolene 13,190 11,221 10,078 11,145 9,924
28.99 2-Nonanone 12,852 11,937 11,548 9,384 10,845
29.34 @ —cubebene 11,352 9,384 9,254 9,218 9,248
30.73 @ —copaene 26,747 25,724 22,347 20,048 22,648
31.09 Camphor 22,831 23,691 21,741 21,663 22841
3124 cis— a ~bergamotene 11,831 9,278 9,217 9,108 8917
31.62 Sabinene 85,695 84,217 71.258 81,284 71,207
3181 Linaleol 96,715 94,247 97,216 96,845 98,327
32.14 B —elemene 16,350 15,207 15,247 14,217 13,110
34.82 B -carvophyllene 24,638 22,147 20,087 20,284 20,344
35.64 Selinadiene 11,637 10,758 10,452 10,157 10,109
35.73 elemene 1,825 1,762 1,622 1,545 1,285
35.96 Farnesene 16,157 15,241 14,081 13,196 11,185
37.29 neral 2,532 2,418 2,414 2,287 2,175
38.34 Gurjunene 100,735 98,210 99,107 94,206 94,005
3875 Zingiberene 345,825 342,475 334,629 327,178 310,184
39.67 7 —bisabolene 77,725 75,047 76,207 75,448 74,108
39.75 Geranial 83,821 82,475 84,355 84,741 82,671
39.80 Citronellol+ 75,209 73,0687 74,234 68,047 65915
39.84 B -bisabolene 122,951 119,204 118487 118,084 116,872
40.32 Calamenene 5,362 5,281 5,167 4,768 5,005
40.58 Pentyl curcumene 3,324 3,724 3,568 3,440 3,287
40.7 Caryophyllene oxid 2,836 2,763 2,524 2352 2,157
40.88 Sesquisabinene hydrate 6,251 5,753 5,678 5526 5,586
4248 Unknown 6,432 6,385 5,745 5,524 5,152
Total 1,503,886 1,484,969 1,465,957 1,421,546 1,420,140
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C. Tubes

Retention ’ Peal:x ared

time Flavor compound Storage time(weeks)
0 15 30 415 60

12.34 Unknown 1,536 1,482 1,401 1,286 1,187
15.72 a —Pinene 5,632 5577 5415 5,362 5,165
17.44 Unknown 4,186 4,057 3,853 3,714 3467
18.30 Unknown 33,355 32,722 30,563 29,465 28,827
20.14 Camphene 105,638 104,155 10163 100,541 100,245
20.65 B —~pinene 5,365 5,214 5,163 4,854 4615
2091 Mpyrcene 23,425 21,682 20,175 18415 16,355
21.49 a ~terpinene 1524 1,241 1,227 1,164 1,135
21.84 Limonene 15,755 11,364 11,475 11,631 10,063
2273 8 ~phellandrene 143,752 140,427 138,636 . 138,415 136,725
23.26 1,8-Cineole 8,415 7.684 7,547 7,405 6,864
2484 Unknown 5,562 5413 5434 5,288 5135
25.31 p-cymene 1685 1457 1,524 1,410 1,403
27.69 Terpinolene 12,714 12,185 10,562 10414 9,724
27.81 2-Nonanone 10,524 10,425 9,535 9,457 9,330
28.37 a —cubebene 15,632 14,854 12,412 10,824 9,753
30.05 a —copaene 23,632 22,712 20,352 19,635 19,735
3035 Camphor 20,258 19,365 18,456 16,152 16,068
30.48 cis— @ ~bergamotene 10,254 9,365 9,242 8,362 7415
30.71 Sabinene 77,152 76,211 75,328 72,426 70,341
30.98 Linalool 96,210 93,365 92,415 91,378 90,639
3157 B ~elemene 10,365 10,152 9,362 10,024 9,365
33.64 B —~carvophyllene 28,145 26,253 24,367 21,384 20,452
34.42 Selinadiene 11,415 11,136 9,714 9,365 9,244
34.84 elemene 1,715 1,524 1,585 1,385 1,347
35.04 Farnesene 19,565 17587 14,156 13,364 10,733
36.46 neral 2478 2,365 2,075 2,044 2,002
37.44 Gurjunene 93,635 91,558 90,632 88,257 88,112
37.73 Zingiberene 358,142 351,365 334,745 329,636 320,744
38.37 7 ~bisabolene 68,152 68,025 66,415 63,365 61,258
389 Geranial 79,365 76,742 74,455 74,615 72,745
39.88 Citronellol+ 72,636 70,375 68,065 65,633 62,354
40.37 A —bisabolene 111,358 107,415 102,254 100,455 98,265
40.81 Calamenene 6,425 6,321 5,658 4,568 4,416
41.27 Pentyl curcumene 4,726 4614 4452 4,138 4,005
41.63 Caryophyllene oxid 2,425 2,245 2,057 1,716 1,564
41 98 Sesquisabinene hydrate 5524 5,302 4,757 4,625 4,375
4217 Unknown 6,825 6,425 6,134 5,825 5,755
Total 1,505,102 1,486,361 1,469,751 1,428,497 1,425,927

DCombined treatment product : control + L-cysteine 0.2%6 + sodium benzoate 0.12%
+ NaCl 2% + xanthan gum 0.1%%

_184_



Table 106. Sensory color, off-odor and overall preference of minced ginger packed

in 3 types of containers during storage at -20C.(Control)

A. Color
St??i:k:;ne Film Bottle Tube
0 6.50° 6.52° 6.56°
15 6.24° 6.35° 6.34°
30 6.20° 6.20° 6.25°
45 6.10° 6.12% 6.15°
60 410° 5.10° 5.13°
B. Off-odor
Sto(f;“;:kgme Film Bottle Tube
0 5.45% 5.55° 5.50°
15 483° ' 4.85° - 480°
30 4.40° 4.46° 4.62°
45 3.90° 4.03° 4.20°
60 3.65° 4.00° 4.15°
C. Overall preference
St‘i‘;g:kgme Film Bottle Tube
0 5.84° 5.86% 5.90*
15 5.41° 5.40° 5.45°
30 5.10° 5.13° 5.15°
45 4.90° 5.00° 5.05°
60 452° 4.63° 4.65°
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Table 107. Sensory color, off-odor and overall preference of minced ginger’s

combined treatment productl) packed in 3 types of containers during storage at

-20T
A. Color
Storage time Film Bottle Tube
(weeks)
0 6.85° 6.80° 6.75%
15 6.60% 6.50° 6.65"
30 6.40% 6.35" 6.50%°
45 6.45% 6.30° 6.30*"
60 6.20° 6.15° 6.10°
B. Off-odor
Storage time
Film Bottle Tube
{weeks)
0 5.70% 5.60° 5.65°
15 5.35% 5.60" 5.55°
30 5.60° 5.20% 5.30°
45 5.25° 5.15" 5.25%
60 _ 4.85° 4.80° 4.75"
C. Overall preference
Storage time
Film Bottle Tube
(weeks)
0 5.78a 5.b0a 5.60a
15 5.48ab 5.35ab 5.30ab
30 5.40ab 5.25ab 542a
45 5.25b 5.20ab 5.35ab
60 5.00b 5.05h 5.00b

YCombined treatment product : control + L-cysteine 0.2% + sodium bhenzoate 0.1%

+ NaCl 2% + xanthan gum 0.1%6
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