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SUMMARY
(9% 8 oHF)

The ginger has stored in cave or trench all over the world because the
storage technology could be used in ginger producing districts and
overcomed the tight storage condition of ginger was not developed so far.
And so, this study was carried out to develop the modern storage facility
and technology similar to those used in storage of general fruits and
vegetable. The storage facility established the soil-wall absorbable to
water in storerbom to control the constant relative humidity made ginger
prolong the freshness enough to control the spoilage ratio of 10% and
less during 240days. Prestorage treatments such a curing and
disinfections was also developed to contol the contamination of
microorganism from soil, resulted in decrease the spoilage ratio 50% and
more than nontreatments. Processing technology of ginger was carried
out to increase the vield of ginger extract with minimum flavor loss.
Ginger extracts was made to liquefied the pomace enzymatically after
filter pressing of crushed ginger, extract the oleoresin from pomace
resided after liquefaction and combined all the extracts. This process
increased the yield by 276% on the solid base of the fresh ginger extract.
RO concentration and freeze drying methods among concentration and
drying methods to impart storability to ginger extract could be used to
produce ginger powder with good ginger flavor quality which was similar

to that of fresh juice and superior to that of the fresh ginger pulp

-7 —
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49 F7IES BTl st $5A AE5E 10% 84 4%

580 ARsstac
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1% £7](300m X 400m X 4m)s] 23 -20TAAN au]PEA
7|(FDS512, IL-SHIN, Korea)3 ol &3te] nzagith. 452
%719 chamber 4# & 04 torrolst 2 trap =¥ -50T ot oH, 714
A 2EF 0CTR Z2AHSY chamberd] &%, HAUEE AE2%7F A%
2EE FX5/] AAE B8 2] AW AFAA AxsAT 3F A=
= 9Y Y 12kgt] B2 SR F o Axde A5AY Auy

o2 YH 4% =7 500mm 4 X520mm Lt}

s

o,

e
N
2
BN
2
o,
N

29 ERAZXE feeding pumpE o] &3l AIRE
AASA EF7ZE7](Bowen Engineering, USA)S] FYdte] AZRsHow,
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Table 2. Operating conditions for spray drying ginger juice

Pump cohtrol - 20 rpm

Air control : 1.5kg/cr
Aspirator control : 10.5psig- '
Inlet temperature : 130 £ 5TC
Outlet temperature : 120 = 5T

@ WeR vuult, Fes g g ¥
g ves EAstgon, wolge Wkl A% 4o U 27 A% £

Ao sk ul g2 EAsch

7o) %9 4¢ Chroma meter(CR-200, Minolta, Japan)E& AM&3te] L

(B=), a(HAE), b(BAE)Y goez SAste vehlgon, S color

difference, AE)E A AE = V (4AL? + 4d® + A2 ol &ste] ANEE
o] W 2UIHE EF WARE oj&sgden], I ke “L"#o] 69.89,
“DRE 400 2B “a”FHE -0.78° Utk

3) A=
7o) A% Texture Analyzer(Stable Micro System, Model TA-XT2)

E AbR3e] EASRY. o w9 =71 L sample rate = 400.00 pps, force

o

threshold = 200 g, dist. threshold = 0.50 mm, sample area = 7.06 mm?2,
contact force = 50 g, test speed = 05 mm/s, trigger type = auto @10g,

distance = 20 mmelgt. A7} ABE =97t lemAE HA ZFHow



curing Zdo) W 22 gAA SRS,

4 5&5&

Couture$} Makhloufq] #(65)2 ol &3t SAHsA, F, oladz A
g dAEIA 78 AT ARS dAF 2 d9F ARGz ¥
A% gAabrt2 9l %S GC(Shimadzu GC-14 APT, Shimadzu Co., Japan)2
ZR3% o, 2719 AFG AgFd ugd 2Fd TEFES 53 A o
39 linear regressiondt A9 7] &712%H dYANF zFEETE Fay
o GCY EAMzAL Column : Carbosieve S-II(80~100mesh), column
temp. : 35C/6min-32C/min-225C/6min, carrier gas : helium, detector :
TCD, injector temp. : 230TC, detector temp. : 250C& &t}

A% 5g& FHRTE 2MT T FEFIL lead acetate® ATHA|Z F
7

NaxC:04E 7Fste] AAES AAAA AX3 FEAE SomogylHH(66)0

FEL 105CAXRY, ZA %L Soxhlet:E4, Zg¥WAL micro
Kjeldahl¥, B&2 3P FHE o]l &t on(67), 2PF+ AT 3%
] (Fibertech system, Tecator, Sweden)Z ©]-83l] Weende®(68)9] what
AN, AETFL 80% ethyl alcohol® BHFFEs sty gL

A7 ve 20% HCLE 9oz A74EA7- F Somogyi#l(66) 0.2 27

o

ddon 7144 :BES Digital Refractometer (Atago PR-1, Japan)Z,



pH= pH meter(Corning 150, Sweden)2 &334t}

7 FNEE

7h FRE =3 &% £4

7|29 ¥HL dynamic headspace™ o] wWel Purge and Trap
system¢] Tekmar LSC 2000 (Tekmer, U.S.A)S Al4sdd. A2 A%
AEAR(7H84 2P E 65 Brix)d 7I€o2 A 05gH WHEE E2E
% 25mge A% (55mm OD.X120mm)e] A3t F4Z purgingd A &
1RES &89, l9 mount, bottom, valve & line 5 ZF &9 &
100C2 2RSS on stand-by temperatwre® 30To|3tZ St
Purge gast 24 E AME3I9 3 puginge 30psid) 24E 9 10mi&E
2 3087 A3t 60~80mesh®] Tenax GC (polymer of 2,6-diphenyl- o
-phenyl oxide)”} 239 FZA12+ X1/8 stainless steeDd] 7] A& &
FEAANAD. & 3 £EE AAS7] #H6t dry purgeE 383 AAGA
o FEE )RR S 27NN A EFHRE S0CTE qH)7Hd st
80CAA 387 7AAd 22-& AASYY. Puget €59 F trap WH
ol 9l uEFR BA2 AASY] #5e] 250Te A 3083t conditioningAl
Atk B3 A AR5 ZH t5AE FAG] Astd ANEVH FY4

N

i

Dynamic headspace® 2 F23 AZ FAFdA7 229 3wy 3714
& Table 33 22 %79 GCE o143 2ARAT. 4% 7] 49
FH9 Wg viaE GCHEVIZ AH§d FIDS responselarea count)&

A=
A7) (HP3396A, Hewlett-Packard, USA)E &4 YRET 529

a0



‘Table 3. Operating conditions of GC for flavor analysis

Instrument Hewlett — Packard 5830
Column DB-5 fused silica capillary coloumn
(60m X 0.32mnl.D.)

Oven temp. 40C (3min) : 220°C(10min)
2.0C/min

Injector temp. 180T

Detector temp. 250TC

Detector FID

Carrier gas 128 He / min

Split ratio 1:20

Make-up gas  He, 25ml/min

He AA AP U AU goz et AR Y

AL
ZXRZZL zero =5, attenuation = 7, chart speed = 05 cm/min, area

)

rejection = 50,000, threshold=5, peak width = 0.04 2 3t}

W) ¥4 E9 T3

Dynamic headspace 22 33 F7|PJ&E TA37] H8d gas
chromatograph/mass spectrometer(GC/MS)& AHg-ste] ®A At GCAA
mass spectrometer(MS)2 A8 E =957l #3% interface =& 200C =
3o olw ARgSE MS9 2ZxH(69)2 Table 49 2t GCHEVIZE A}
43 FIDAA <LolA  chromatogram¥ MS°]V~1 dojA  total ion
chromatogram (TIC)E 4% vl2d}7] 98 EL indexEZ2ZA n-alkaned:

AHEELH Y, WA n-alkane 2 GCol FY3d9 Ao)X= chromatogram© &



Table 4. Operating conditions of mass spectrometer used for the
identification of flavor compounds

l—a

Instrument : HP 5972 mass selective detector
. Setup source
1) Electron voltage : 70 eV
2) Resolution : 0.05amu
. Setup scan
1) Mass range : 50 - 300 m/e
2) Scan speed : 1 second per decade

[}

w

4, Data handling system
1) Computer system - Sun operating system Ver. 3.60
2) Library : Wileynbs(National Bureau of Standard, USA)

¥H 729 n-alkaned] MTE A2S FHAL(FEg. ), E olF GC-M
systeme] F4ste] PojAE TICZ ¥H 279 n-alkaned] M FE AL
4% vlEste] 2 gAY 4AH ARE NS TG

w3

il

WEZ A7te] wel GCY MS chromatogram 49 I7|4% dag 44
FHsigon, FrAREY 4L Wileynbs library® spectrum ¥ d}o]
st Rqt

8) frel%

FRAAY. 018 7000 gl A 10%7& 24
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Table 5. Operating conditions of ion chromatography for free sugar

analysis
Instrument Dionex Bio LC (Dionex, Sunnyvale, CA 94086)
Column Carbopac PA 1 (40 X 250mm)
Eluant #1 100mM NaOH |
Eluant #2 100mM + 1M Sodium acetate ’
Gradient Eluent #1 from 0 to 6min, ramp to 100%
eluant #2 at 46min '
Flow rate 1.0 ml/min
Chart speed 1.0 -cn/min
Detector PAD (3K)
El ' 0.1 volts tl : 2 (300msec)
E2 0.6 volts t2 : 2 (120msec)
E3 0.8 volts t3 : 5 (300msec)

membrane filter(pore size 02mmZ o #stx o]F Table 58 #& =49
L2 zanteagge FY3te EASAY FY AFS A ALE E
FEAL azntead g EFA2(Sigma, US.A)E AHE3E3TH

O

9) g ofrxit
A7y A=A 1g8& 5% ethanol 100mes] ¥ 31 30E7H 2E3 T 7000X gl

A 1587 QAR st AR Hatgoh Fe Fabel] oAl 238]¢] Az

r

75% ethanol 50mE B3 YAEso] Fd9e At FA4e 25
&alel 45Tl 2= 4 AgAzd F 2R42 107t 9EE 343

2
31 membrane filter(pore size O.Zum)i AFsaY. 49 10wE HF AZF



Table 6. Operating conditions of HPLC for amino acid analysis

Instrument Jasco HPLC System(PU-980, Jasco, Japan)
Column Pico - Tag(3.9x 150z, 4zm)

Column temp. 40T

Eluent Pico Tag Eluent A, B

Flow rate 1.0 ml/min

Chart speed 1.0 cn/min

Detector UV (254nm)

Injection volume  10uf

G2 Wi fEA At (methanol @ water @ triethyamine ‘phenylisothio-
1:1 E#8AY VV) 30usE  Z71ste 2438
ol IPAXIFHIY. AFXES AE A A (Waters, P/N 88119, U.S.A)
wE Fste] Table 67 22 =A4 uwel HPLCE &4

A7 £ < 3gd] & 15mE 7betn chioroform methanol®] 5% &g
Hol e & 0mE 7et T ENZ Y7 oA liquid-liquid fractiontd
g2t A& chloroform3T o2 o]8A)7 2FS 23] wHE A s de
chloroform% o] 4 %9 anhydrous sodium sulfate2% FE & AT T o
et 2 AGE 0THA 2 589t 38 44 A% < 05
of 3me2] benzene® 7.5m09) 05 N NaOH/methanole 7hshe] 3032 HHEA]
7 methyl esterS Az ch Ay EHLS 93 GCY 2AL Table 7

3+ 2o,

=}



Table 7. Operating conditions of GC for fatty acid analysis

Instrument - Hewlett Packard 5890A

Column Supelcowax 10 capillary column(30m X 0.32mn)
Carrier gas Helium(30m#/min)

Injector Temp. 250TC
Detector Temp. 270T

Oven Temp. 180C (1min) 220°C (5min)
_ 2C/min
Detector FID
11) ¥712

AZEZE 02gS 334 =74 Astel 500CoA 247 33 A Wz
g F ol gol FHe 109 T AAGA(HNO3 : H20 =1:1 34
4) 3mE ZA2YA et 10T daoq BFe A4S A A
°l& tAl 500TEERAA 1A T 332 o4& ddEd (HC :
H20 =11 8492 07t HA BEate A5z A4a9d. ANgF
o] F71ZEML Table 8% #& =49 w33 ZTakart 547](Inductively
Coupled Plasma Atomic Emission Spectrometer, Jovin Yvon JY38 Plus,
France)& °]&atth.

12) 29 %

AEE 10%9] AZEE §9S Az o]F 7000x golA 2083 ¢
Aresta oo EFEE 420nmolH E748+9] optical density (O.D.)Z
HEHA ATHT0).



Table 8. Operating conditions of ICP for inorganic compounds

analysis

Instrument Jovin Yvon 38 plus
1m Czerny-Tumer monochromator
Grating : 2,400 grooves/mm
Reciprocal linear dispersion : 0.33 nm/mm
Slit width : entrance 20um, exit 40um

Nebulizer Glass concentric

Frequency 40.68 MHz

Power 12 KW

Plasma gas (Ar) 12 L/min
Carrier gas (Ar) 0.3 L/min
Auxiliary gas (Ar) 0.3 L/min
Observation height 10mm

ARETe S5 A¥L Andersond W7D wg AARILY F,

25TCe ZFT IE 718 oS 7MY E89 FUA 2
5CHA 3087 A& o8 7,000Xgoll A 2087 QARAZ & 459
IYPE FE ot FEEGAE AFE et

14) Gingerol

A7 gingerol 24 & X(63)9] & 4% WA A% F, 4
X AAEE o 5g& 70TCAM acetonel 2 e FE8 o&
60CA ZAEHstd 0251~0271gR %9 oleoresing  A|xstAth o]
oleoresing ‘methanol 100mlE2 €A §3A17] T 02um syringe filter2 o3}



Table 9. HPLC conditions for gingerol analysis

Instrument ‘Jasco Model PU-980 Intelligent HPLC Pump
" with Reodyne 7125-099 injector

Detector Jasco UV-975 Intelligent UV/VIS detector

-(Wavelength = 280 nm)

Column YMC-Pack ODS-A (250X 10mm LD.)

Mobile Phase ‘Methanol/Distilled Water = 80/20

Analysis time 120 min

Flow rate 1 ml/min

Chart speed 2 mm/min

NA crude gingerol 890 A2 TS Table 99 7E =AM HPLCE
gingerol$ #@stgomn, £2d 6-gingerol® peak heights A3t A
Fo] B2 AgRe Foz H @ |

15) #5371

B oste] AZETY A, WA R FEHFAC sl 5 Aol
AN 2 71ZE ANE ANSET. BEAALY AES At 9A 4
ANY oz ArEe A, d4 L e gl dF FoAd Fde] $5%
£4 169 Agstgd. A € WAy F5AAE 93 HA-GT)A 93,
Z98 EAL 9975 o3 AN 54 AolhAst 7]
3% ZAAb] AFLS HrEE Table 10 2 113 2oh #%57AA 29§24t
2Agel gate] f94e AARReM NEne FoA dE A9E
Fisher's LSD(least significant difference) W3 (73)o 93le] tdFunE 3t
el =Y BEAAS olEEA FAWLETRY  dFEHARA (multiple



regression)2 EAZ 213 SAS 6118 o] &3,
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Table 10. Scoresheet for scoring test of ginger powder

Name Date
Type of sample
Characteristics studied

Instructions

Taste the samples from left to right and note the intensity of the
characteristics studied. Rate each sample on the following scale :

0
. Imperceptible
2
‘ , Slightly perceptible
4
Moderately perceptible
5
6 -
Strong perceptible
7
8
o Extremely perceptible
Sample code
Rating
Comments :




Table 11. Questionnaire for sensory evaluation of ginger powder

Name Date
Type of sample
Characteristics studied

Instructions
Evaluate the ginger powder for color, flavor and overall acceptances
by placing a mark in the box which you feel best describes how you
like the products "

1 5 9
Color O OO O O O O O O O
Dislike Neither Like
extre- like extre—
mely nor mely
dislike
1 5 9
Favor [1 0O O O 0O 0O O O O
Dislike Neither Like
extre~ like extre-
mely nor mely
dislike
1 5 9
Overall ] O 0O O O O 0O O O
Dislike Neither Like
extre- like extre-
mely nor mely
dislike
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o mjE w3t 7 F2 FAEFY stoln.

oj¢} & AL 719A 3AZIFEEE oln FNEEM AMEHY godH
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Table 12. Proximate composition depending on different ginger

habitats (unit :% dry basis)

Composition Korean A Korean B China
Moisturex 84.0 82.81 86.98
Crude protein 10.9 12.16 10.99
Crude lipid 3.4 2.38 3.64
Crude ash 5.6 5.42 6.09
Crude fiber 6.0 3.77 7.21
Gingerol#x 1.4 1.49 -

* wet basis

%% Million peak area



6~TNETE 3E&Ho] v i, Yolxglote Yellow ginger(10) Xt}
T AE, @A 3E o] uis ¥ dkd A I3 2 [9 e
S AFE HAFa YTt

2) w893

Ao a9 FFHS HPLCE AHE3sle 2483 e v A58 2 74
@& Table 137 2t FuUl4te] 3o & sucrosed o] 713 =A vehdt

o] S48 Aol = glucose, fructose, sucrose2E glucosed #o|
P EA dEsT ol e @ F(R)Y dFZAFe dAET e
g, o]Eo 9sd Fike A$olE sucrosedFo] FF Egow ol&=
fructose$} glucosed] &3 4rRt =4 veEvdz o

Il
B FEBE PATA Bt Aol QE Aoz muHD YEd, 32

Table 13. Free sugar of ginger produced at different habitats
(unit:%, dry basis)

Habitat Fructose Glucose Sucrose
Korean A 1.83 2.12 9.05
Korean B 1.54 0.50 2.94

China 2.67 2.94 1.37
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bt

o2 yegen, Ami ARTNIME  glucosedFo] 7HF Eo

fructose®} sucroseT HS FUF Ao Z BAFHI YA

3) A

oo AEE 38 &2 A4 AR linoleic acid7t 7P A AAS
I Qe ARERE A 476%, T4 A 39.9%, =4t B 39.3% =2
F3bo]l U B 8% A E E& Hl&S YEUdY. I teoE T
2 palmitic acid24] =4 A 39.0%, =4t B 385%, =
216% 24 Fujate] F3ake] Hlat] ¢ 11%A % & HE&S UBEYIG

Palmitic acid ©H& 2. 2% linolenic acid, oleic acid, stearic acid&XZE &#

g0} 22+, linolenic acide ZWAto]l ¢F 14%¢1 W F A2 85% 2 A]

e

YA Bt AL e e oY oleic acid 2 stearic acid® FF4¢
o] ZWAl Bt 247 6%, 3% AL ol dFHo] I ol¢ £ HAA{e

ZUaF A7l A & Linoleic acid, palmitic acid, linolenic acid’} o= ¥

o] glon, ¥gAWatnrt BXxsAAto]l Bol FfrHe] Utk BARFS
BAAIG])Y dAst= Ao o1}, palmitic acid, oleic acid, linolenic
acid’} 24zt 23% EE82 A8t 19 A% caprylic 1.4%, capric 4.1%,
lauric 7.6%, myristic 3.5%, pentadecanoic 0.4%, hetadecanoic 1.3%, stearic
3.3%, linolenic 6.6%, arachidic 1.1%= ¥t JYohe Salzerd d--(80)%k

E g Aol YAk olg 2 AARRE A A 24 R FF



Table 14. Fatty acid of ginger produced at different habitats

(unit : %, dry basis)

Fatty acid Korean A Korean B China
Palmitic acid 39.0 38.5 27.6
Stearic acid 2.3 3.1 5.7
Oleic acid 6.7 4.1 10.7
Linoleic acid 38.3 39.3 47.6
Linolenic acid 13.6 14.9 8.5

4) opv:

Table 155 A7 AAE & ofriAl

uck

&

tlo

H] 3L

r

Astolth, AAY T

A oluxA FHE= =4l AVl glutamic acid, aspartic acid, threonine,

e

arginine, glycin, serine, tyrosin, ¥+=r4F BE aspartic acid, glutamic acid,
arginine, threonine, glycin, serine, leucine, % =4F2 aspartic acid, glutamic
acid, arginine, serine, threonines ol H¥ A o]49 S Yello], o]50]
AAE F2 T4 o eAYdE & F AT wEtA AR E dAFHe
2 o] =A YEld aspartic acid, glutamic acid$} arginine, threonine,

serine% o] HlmA Fo] Ff{Ho glof o]Eo] A F& FAoln wAlo]

F obvlicbold T4 oflwte] AN WL vy AAHoz B



Table 15. Amino acid of ginger produced at different habitats

(unit :mg% dry basis)

Amino acid . . Korean A Korean B China
Aspartic acid 728.1 1073.6 1325.1
Glutamic acid 756.9 997.8 982. 4
Serine 378.3 458.8 587.1
Glycine 411.2 506. 4 395. 8
Histidine 107.6 134.8 124.6
Arginine 526.9 660. 6 589. 4
Threonine 543.9 534.5 473.0
Alanine 151.6 143.9 144.5
Proline 317.6 344.8 261.9
Tyrosine 370.8 402.5 337.9
Valine 319.3 366.1 309.5
Methionine 195.8 211.1 159.6
Cystine 102.1 89.1 83.6
Isoleucine 220.9 275.8 218.5
Leucine 352.0 446.1 315.7
Phenylalanine 326.2 409.7 287. 4
Lysine 225.6 243.3 187.6
Total amino acid 6034.9 7299.2 6783. 8
e,
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SnE A FAE §FE RYgoy 2I2ATRE e Zo|st 7k g
Wtk FFA A7l el A9 riboflavingt ol A FuUjA B 948}
et e, 53] HER A9 B

7ol wety gFe vl Autdgog 43 e Jgugod, <y

o HEH C$} riboflavin® Fol A ot Ael7h ggout vmx dREL
2% -3¢ ed, £ niacin® thiamin® 7Z-$%-dlE 108 o4 5ol o
ATHSL). 2y Mkl A7 vE FEE HElY AE AYnEe o
FEo] B2 FEFS HEdET, ole A%l FE A 8o] old xg ¥
7bege FURE ol&H v #HAA EW vgde At 54 U
S EHFE AN & & g

Table 16. Vitamine of ginger produced at different habitats

(dry basis)

Vitamine Korean A Korean B China
Vit. A (IU/g) 207 201 510
Thiamine (mg%) 11 9.3 10
Riboflavin (mg%) 3.9 4.0 5.3
Pyridoxine (mg%) 0.4 | 0.4 0.6
Niacin (mg%) 12 12 13
Vit. C (mg%) 0.6 0.6 0.6

—49—



6) 7712

Table 17¢ 4% 4x8 717 §2& WILe Aotk ¥ TabledH 2
W A7l E K7b b ®ol #450] 93, o199 P, Mg, Na, CaSo] 0y
5ol o Zn, Cu, Fe, Mn5 9 94t 10ms%0lat2 1 go] ek

AAE 2+ Fr1A FFRolE FroAAE gou, K, PE 934k

e

2612.9, 321.0mg%= 7H¢ Ehew, Ca, Mg, Natx F3Ate] ztzh 1958
3300, 461.8mg%=A =2t Boh €53 & & Ho Fu Yoy, P
o FF AoiMe IR Eo BE @2 FFE YeEddih olg 22
A AAE B71E FEY Zole A Edzd € AuBas AAY 9
gF2 odF F K&

K
O dfote dEAQU AEQ "X 1468me%, o 1611mg% (82)o] H]3)

Table 17. Mineral content of ginger produced at different habitats

(unit:mg%, dry basis)

Mineral Seosan Wanju China
K 2383.8 2612.9 2593.9
Zn 0.4 0.2 0.1
Cu 0.4 4.0 0.7
Fe 14.2 5.1 11.1
Mn 1.2 1.1 1.3
P - 290.6 321.0 198.4
Ca 81.4 104.9 195.8
Mg 180.3 232.2 . 330.0
Na 309.9 216.7 461.8
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& A8l A e dynamic headspace® o] 47 Lf9 F71EA e o AFsich
o3
A% 29 F8F AR He AR 2AE AAEE HwE)
st GCE #83§ gas chromatograme Fig. 3~59 zZow, GCfMS‘°1‘,
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Fig. 5. GC chromatogram of volitile flvour in Chinese ginger
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Table 18. Volatile compounds of ginger produced at different
habitats

Peak Area
tR Compound ,
Seosan Wanju China
2.523 Pentane 83 179
3.420 Ethane, 1,1-oxybis- 140 607
4,000 Hexane, 2,2,5,5-tetramethyl 72 -
8.478 Hexane 110 88
10.290 Hexane 75 59
15.800 unknown - 662 - -
16.595 2-Heptanone 248 211 174
17.667 2-Heptanol 2096 669 1191
20.090 «-pinene 2266 2111 4092
21.331 Camphene 7905 8421 13511
23.445  unknown 192 244 599
24,399  6-methyl-5-hepten-2-one 1230 13555 7309
24.619 B -pinene/ Smyrcene ‘ 956 - 1947
24.992  unknown 96 279 16
25.643 1-phellandrene 1471 1126 2313
26.703 " 259 168 250
28.006 Sabinene/ B -phellandrene 15314 12737 23272
28.257 Sabiene 6476 6413 18057
28.899 1,8-Cineole 144 62 64
30.085 Acetic acid, 1-methylpropyl 284 209 547
ester

32,472  a-terpinolene 396 321 717
32.852 2-Nonaone 391 130 79
33.310 1-cyclopenta 191 213 381
33.609 Linalool 1410 1016 2147
34.705  2-Nonanol 119 115 240
37.007 §.3-Carene 331 300 547
37.353 Camphor 186 159 200
37.624  Camphene hydrate 176 111 1530
38.041  unknown 153 102 226




(Table 18. continued)

Peak Areahty'

tR Compound

Seosan Wanju China
39.055 1-Borneol/endo-borneol 3942 2961 5574
39.690 1-4-Terpineol 233 253 663
39.956  unknown 133 112 684
40.820 Linalyl propionate 1014 982 2034
41.078  unknown 109 94 295
41.234  unknown 164 114 142
43,732 B -Citronellol 852 522 487
44.131 1-Nonene 127 49 -
44 641 z-Citral 2350 2101 12167
45.652  trans-Geraniol 174 61 197
45,882 2-Cyclohexen-1-ol 172 109 199
46.940 Citral 4260 2726 19145
47.889  a-Fenchyl acetate 481 482 474
48.319 2-Undecanone 916 224 111
52.419 Citronellyl acetate 209 146 171
53.560  unknown 122 94 159
54.244 @ -Cubebene 247 206 - 373
54.541 Geranyl acetate 286 317 104
55,311  unknown 165 85 177
56.133  unknown 95 95 129
59.452  unknown 133 87 103
60.060  unknown 114 97 99
61.065 7 -Selinene 413 181 56
61.318 (-)-AR-Curcumene 544 337 71
62.368 Zingiberene 5041 2030 538
62.555 Farnesene 396 229 138
62.849 B -Bisabolene 316 111 19
63.041 B -sesquiphellandrene 530 206 54
64.030 Germacrene B 812 249 67

79.385 n-propyl benzenesulfoamind 49 119 132
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Statistical values:68...3963
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Fig. 12. Changes in respiration rates of gingers by temperatures
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Fig. 13. Changes in weight loss of gingers during storage at
different temperatures and humidities
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Table 22. Changes in sprouting ratio of gingers during storage

Treat- Storage period (days)
mentsl) 0 30 60 90 120 150
775 SR” - - - - -
SLB) _ _ _ - _
7-85 SR - - - - -
SL - - - - -
7-95 SR - - - - -
SL - - - - -
12-75 SR - - - - + ++
SL - - - - 1.0 2.0
12-85 SR - - - + ++ i
SL - - - 1.0 1.8 2.7
12-95 SR - - v + + +4++
SL - - - 0.9 1.9 3.0
20-75 SR - ++ ++++
SL - 8.4 23.7
20-85 SR - S
SL - 9.5 21.6
20-95 SR - +H+4 +H+4+
SL - 13.3 24.0

1) Temperature-Relative humidity
2) SR : sprout ratio, +:<10%, ++:<20%, +++;<30%, ++++; >30%
3) SL : length of sprout(mm)

AHRen, Lopdele 27~30m=E 75%RHY Aa A73w Ao zjo)st
g3l
Fig. 4= A% Fod&e AT AF2H, 7T 12THA 247 4o
= Bk AFE BFe FALs A Aot o7jeA 20T oA
A AL FFold 4 RAEYEGE Fold g o7 AEHS &
dstr] wEol 20T Fog AAe A=Y 7CH 12T 22 A4
_81—
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Fig. 14. Changes in decay rates of gingers during storage
at different temperatures and humidities
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Fig. 15. Changes in Hunter b-value of ginger surface during
storage at different temperatures and humidities
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Fig. 16. Changes in firmness of gingers during storage at
different temperatures and humidities
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Table 23. Changes in free amino acids of gingers after 90 days

of storage
(unit : mg%, dry basis)
Amino acid Initial 7C, 95%RH 12°C, 95%RH
Aspartic acid 112.9 201.2 143.1
Glutamic acid 46.9 174.5 45,7
Serine 30.8 92.9 97.9
Glycine 0.0 41.7 11.8
Histidine 12,1 61.4 23.5
Arginine 90.7 618.9 166.8
Threonine 19.9 65.1 33.6
Alanine 31.7 263.5 38.3
Proline 1.5 57.2 7.3
Tyrosine 2.3 53.8 17.7
Valine 8.8 71,7 25.0
Methionine 2.3 14.5 4.4
Cystine 2.4 8.9 2.8
Isoleucine 3.5 40.7 11.5
Leucine 5.6 58.1 11.3
Phenylalanine 4.3 28.1 5.4
Lysine 13.9 51.7 13.6
Total amino acid 389.7 1904, 2 659.9
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Table 25. Changes in sprouting ratio during storage of ginger with

different methods (%1 %)

Storage days | 0 30 60 90 | 120 | 150 | 180 | 210 | 240
ABW 00 | 00 | 100 | 300 | 700 | 720 | 75.0 | 750 | 80.0
WAW 00100 | 0000|0000 ] 00/ 58 | 123
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Fig. 22. Changes in hardness of ginger surface during storage
with different methods
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AW E 102w
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- 4593 132

o A% 59
1) 2088¥ Room
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A 2.4% 12T, RH 95%
3). 40838 Room
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o Z7|FE& 26T
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2 :
D BAMde] 9% ¥A2E (T)

&

jo 3

Q2

o AAA
-680 x 09195 x (25 - 12 )/ 24 = 33868
¥ g : 09195 keal/kg T (A&: ASHRAE Handbook, 1989)

1165 x 80 x 0185 x (40 - 12)
:65x (165 +80)x018 x (33-12) =52350

2t
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o A4 : =GC
714 Q2 :
G: 9%
C:
tl :
t2
_T:

AQLF ( kealh )

25 7& (keal/m' hT )
dwe) ¥WA ()

A71eE (T )

A4 €5 (T)

=

= 683.76

165 x 80 x 0247 x (20 - 12 )»= 260.83

EF :56x(165+80)x037x(25-12) =64815

: 683.76 + 52350 + 260.83 + 648.15 = 2116.24
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T: w7 £2 A (hr)
o AR |
- 335x22x 0107 x (20 - 12) / 24 = 2629
uh) 2] 24 A% : Q6 = 13125 kealh
o AN Q5=WnK/T
714 Q5 AR ELF ( kealh )
W: & (kw)

o

A% 1 ( Fan motor )
-02x2x 860 =344
AR 2 ( AAZ)
-5x1x80=x(3/24)=5375
AR 3 (RATF)
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ARA 4 ( FHU4 )
- 190 x 180 x (3/24) =225
AR 5 ( 7HF71 )
- 04 x1x860 =234
A2 3HA
- 344 + 6375 + 645 + 225 + 344 = 13125
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7hH YA AYLHF 1 Ql= 164343 kcal/h
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4714 Ql : AYEHF ( keal/h )

K: 9%34€ ( kea/w’ hC )
A SERY E¥F ()
tl @ Y71 &= ( C)
2:AZE L= (T)
t3 1 BAlde] 9% Rrtex ( C)

o AR
- AAAYLTF : 165 x 80 x 0185 x (40 - 12) = 49728
- EAAEF 155 x (120 + 80 ) x 0.185 x (33 - 12 ) = 427.35
- ubeEEF 0 120 x 80 x 0247 x (20 - 12) = 189770
- Aol EARAF 155 x (120 + 80 ) x 037 x (25 - 12) = 501
- WYY B 49728 + 427.35 + 18970 + 5291 = 1643.43

W) 42FY 3L Q2 = 22413 kealh
o AMA: @=GC(H-12)/T
A7]A4 Q2 PYuE BZAF ( kealh )
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o A4kA
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# W 1 0919 keal/kg T (r%: ASHRAE Handbook, 1989)
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T:¥Z 428 A7 (hr)
o AIA
- 528 x 1262 x 3/ 24 = 83292
-2 Z2E A % 1 Q4 = 780.19 keal/h
o A Q4=Gq/T
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G: A% AZF (kg )
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oh ¥AA W7 4T 0 Q5 = 1672 kealh
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- 03 x1x860 =258
o AR A
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o AAA : Q5=Pn Kp (t1 -t2)/T
3714 Q3 : ¥AA ¥ZEF (kealh )

P: 5¥xAe dH95F (kglea)
n: AN FF
Kp : #2A1e] #HE ( keal/kgC )
tl: YRRy 2% ( T)
2 1 4% 49 2=(T)
T:9¥Z4 22 A2 (hr)

-335x10x 0107 x(20-12) /24 = 1495
uh) 3y 94 4F - Q6 = 947.0 keal/h
o A Q=WnK/T
71 Q5 A SAELF (kealh )
W:&F (kw)

o A4A 1 ( Fan motor )
- 01 x 2 x 860 = 172
o AR 2 ( AAA)
-5x1x80x(3/24)=5375
o A4A 3 (AF)
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-02x2x80x(3/24) =430

o AA 4 ( FAgAd )
- 190 x 180 x (3/24) =225

o AXA 5 ( 7FE71)
-02x1x860=172

o AxtA FA
- 172 + 5375 + 430 + 225 + 172 = 9470

A B A ( £Q1~Q6 ) x 1.15 = 3544.28 x 1.15 = 407592 kcal/h
( %AW E& : 16% )

3. F8 7171 A ¥

(B!
1) 40%3 Room : 2.12RT ( 7026.36 kcal/h )
2) 30%3 Room : 1.63RT ( 5407.75 kcal/h )
3) 2083 Room : 1.23RT ( 4075.92 kcal/h )

Y. Condensing unit
o ¢F7
Model : HG4-310-4S (BockAl, Germany)
21543kcal/hr 2.12RT_( 7026.36 kcal/h )
o Condenser ( Air cooled type )
- HYE 94 - 110m’

- B wE : 7500 x 0.70kw x lset

-113-



o High receiver : ©2163 x 860L
0 Qil separator © S-5587 (AC&RA}, USA)
o FF29A |
- 1% 2HA : 2ea
- At 29A] : 2ea
- T 29A  lea

o A n FY, A% 7 U

o}. Unit cooler
1) 40838 Room : T030kcal/hold ~ - - 1set
o ¥ : 4000 x 2ea
o EH : 02kw x 6P x 2set

o A8%%  112CMM
o A¥ ©H : 64n
2) 3083 Room : 5410kcal/h®}d - - - lset

o & : 4000 x 2ea
o XH ! 0.2kw x 6P x Zset
0 £2F% 1 100CMM
o A9 97 : 503w
3) 2083 Room : 4180kcal/hel’d - - ~ Iset -
o 4 : 300 x Zea _
o ZH : 0.lkw x 6P x Zset
o A28%%F  76CMM
o A¥ HA : 389w’
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4) AA 2920 kal/h o} ------ - 1set
o # : 4000 x lea

o ZH @ 02kw x 6P x lset
o £8%F% ' bB3CMM
o A¥ W4 272w’
2. 71g 7171
1) Brine chiller
o 9% : ¥3185 x 1350EL
o yztzy :

o 28%% : 112CMM
o AY WA : fan
92) Suction accumulators & Heat exchanger
o 919 : P1398 x 350H '
3) Brine Holding Tank
o &% : 800L
o 98 : 900W x 900L x 1000H
4) Brine Pump
o 43 : 12000L/hr
o %% : 15kw x 6P x 20m
5) 7h47]
o &% : 3kg/h

o W4 2% 7

>
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Table 26. Weight changes of fresh ginger during curing period

Weight loss at different curing temps. (%)
RH Curing time
(%) (days) 25T 30T 35T
1 0.6 0.3 0.9
83 3 1.6 1.3 2.6
5 2.1 4,0 4.1
7 2.6 3.1 5.4
1 0.4 0.2 0.7
93 3 1.0 0.8 1.7
5 1.9 3.1 2.6
7 2.2 3.0 3.4

note : weight loss of control was 0.6% after 7 days of storage.
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Table 27. Changes of physical chracteristics of ginger at different
curing condifions

Physical changes at different curing temperatures

RH | Curing
period 25T 30C 35T

(%) (days) SPR | MOL | ROT | SPR | MOL | ROT | SPR | MOL | ROT
1 - - - - - - - - -

83 3 S R N N B B A R B
5 + + - + - - + ++ -
7 ++ + - ++ - - - + -
1 - - - - - - - - -

93 3 S R N N B R B B
5 + + - ++ - - + + -
7 ++ + - +++ ++ - - +4+ -

note ! SPR = Sprout, MOL = Mold growing, ROT = Rotten

- : no change

+ ! trace

++ : a couple of spots
+++ . a several spots

++4t L xj_]any spots
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53] 35CellA curingZ|Zto] ZojA Ffof Hri ez Wso] wgich
AHe2 & w Uob W FHolo] YAS - 5= 2o FHY A 2o

o2 $8¥ curing 2| A7 #He|7t Fosicia ek

), £7] 94 FIHEe YA g2 AV curing ® A 2HEA I
E233E FAY3IEE olo] tiyt #HE Texture AnalyzerE AME3F A F
48] Z = (hardness)®] &3 3to] ZAFSHACY

Table 282 Z}7] TS curing 2 oA curing® 78] A EHe 7

EE 8718 &A3}o] Chauvent’'s criteriong o]-&38}o] outlierE A Y A1

Table 28. Hardness of wound surface of ginger for different curing
conditions

Hardness at different curing temp.{(g/cm’)

RH Curing time
(%) (days) 25T 30C 35T
1 623.5 609. 8 660. 8
83 3 599. 8 527.2 609. 4
5 586. 8 637.0 633.0
7 468.0 569.9 670.6
1 726.8 674.1 672.5
93 3 566. 4 756.6 669. 2
5 562.9 620.1 705.9
7 481.6 720.0 567.2

note : aVerage hardness of control ginger(without curing) was 598.3 g/cm2,
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Fig. 34. Weight changes of stored gingers cured at 83% RH
and 25T for different curing period
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Fig. 35. Weight changes of stored gingers cured at 83% RH
and 30T for different curing period
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Fig. 36. Weight changes of stored gingers cured at 83% RH
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Fig. 37. Weight changes of stored gingers cured at 93% RH
and 25T for different curing period
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Fig. 38. Weight changes of stored gingers cured at 93% RH
and 30T for different curing period
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Table 29. Changes of physical chracteristics of stored ginger
for 60 days after curing process

Physical changes at different curing temperatures

RH | curing
period 25T 30C 35C
(%) (days) SPR | MOL | ROT | SPR | MOL | ROT | SPR | MOL | ROT
1 - - - - + - - + +
83 3 - - - + - - - 4 +
5 + + - ++ - - + ++++ +
7 +++ + - 4+ - - - ++ +
1 - - - - - - - ++ +
g3 3 - - - + - - + ++ +
5 + - - ++ - - + + +
7 +++ - - ++++| 4+ - - +++ +

SPR : Sprout, MOL : Mold growing, ROT : Rotten

- ! no change

+ ! trace

++ ! a couple of spots
+++ ! a several spots

++++ | many spots

FUH 2 F screeningsPH 93% RH, 25TollA 3¥7t curingA]d)= Zeo] A
37135 FEHEHE HAA AREE FAANZE 4 dE= b apAs
WHOE UEhsith deiu AdAos RAH A7 FE ALE 120¢
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U AZE T 9 5%l U
Table 302 oi8] 7}x] Wyoz AAH AZE A¥L AAAF(1

2°C, >92% RH)ollM AARSHAA UAH Fel® A7 & 275 i

Table 30. Spoilage rate of gingers pre-treated by

different methods during being stored in the lab scale

storage.

Storage Spoilage rate of different treatments (%)
time

(days) CTL! CUR? wac® 7\e

0 0.0 0.0 0.0 0.0

27 0.0 0.0 0.0 0.0
41 0.0 0.0 1.0 1.0
54 0.0 0.0 1.5 1.7
75 0.0 0.0 2.6 3.1
88 7.3 3.7 5.3 4.3

103 5.1 2.0 5.7 5.1

118 8.2 5.0 6.0 2.9

132 3.6 3.9 5.6 3.9

1 CIL : Control

2 CUR : Curing at 25 and 93% RH for 3 days

3 WAC : Washed and pasteurized by Sodium hypochlorite,
and dried by cool air for 12 hours

4 WAV : Washed and pasteurized by electrolyzed water,
and dried by cool air for 12 hours
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Fig. 41. Total spoilage rate of gingers pre-treated by

different methods after being stored in the lab scale storage
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Table 31. Mold growing on gingers pre-treated by

different methods during being stored in the lab scale

storage.
Storage Mold growing of different treatments
time
(days) cTL! CUR? wAC® WAW!
0 - - - -
27 - - + +
41; + + B ++
54 + + ++ ++
75 + o ++ ++
88 + + + +
103 + + { S +
118 + . + + +
132 T + +

1 CTL : Control

2 CUR : Curing at 25C and 93% RH for 3 days

3 WAC ' Washed and pasteurized by Sodium hypochlorite,
and dried by cool air for 12 hours

4 WAW : Washed and pasteurized by electrolyzed water,
and dried by cool air for 12 hours

- no mold

+ % trace

++ . a couple of mold.

Aol Tt vlE2H Uehd Zolth o] Holx & 4 gl&e] A%
do] A F ofhe] rote] 2Fo] BE AlROM UElRtew, 1 Fof

BEE A RA ot AL Ao ol 22] Zo]7} 3mm Fx=
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Table 32. Sprout rate of gingers pre-treated by
different methods during being stored in the lab scale

storage.

Storage Sprout rate of different treatments (%)
time

(days) CTL! CUR? waC® AW
0 0.0 0.0 . 0.0 0.0
27 0.0 0.0 0.0 0.0
41 1.9 0.9 0.9 1.0
54 5.6 3.8 5.6 6.00
75 13.1 7.5 11.1 11.6
88 13.5 10.3 11.5 12.2
103 13.8 11.3 12.3 12.8
118 14.1 12.2 13.1 13.2
132 15.0 13.1 13.7 13.5

1 CTL : Control

2 CUR : Curing at 25C and 93% RH for 3 days

3 WAC : Washed and pasteurized by Sodium hypochlorite,
and dried by cool air for 12 hours

4 WAW @ Washed and pasteurized by electrolyzed water,
and dried by cool air for 12 hours

AEE 0P T 2E 7t el olFA AA wol&o] AHzhHd A
of B~1BER A Uehd A AF 27 AA4A4
of IAHSE A A THEL 2271 18~20TE X HIYH
of 7]gt Zeg stetdrt. dejut AF Jlzto] Zox|dA wold A7

o A4t 200 Hlste] ol LoluAli otAT, AR wold 2kl 7
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Fig. 42. Hardness changes of ginger pre-treated by different

Storage time (days)

methods during being stored in the lab scale storage
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Table 33. Reduced sugar changes of gingers pre—treated
by different methods during being stored in the lab scale

storage.

Storage Changes of reduced sugars (%)
time

(days) CTL! CUR® WAC wAW!
0 1.733 1.733 1.733 1.733
27 2.796 1.735 2.910 2.645
41 3. 256 2.323 3.555 2.667
54 2.735 2.119 4,027 4,910
75 2.380 2.706 3.264 2. 440
88 2.319 2.880 3.412 3. 001

103 2.675 2.176 - -

118 3.379 - 3.443 2.235

132 2.320 - - -

1 CTL : Control

2 CUR : Curing at 25C and 93% RH for 3 days

3 WAC : Washed and pasteurized by Sodium hypochlorite,
and dried by cool air for 12 hours

4 WAV : Washed and pasteurized by electrolyzed water,
and dried by cool air for 12 hours

ol7t A FUHEYH 4 Zojx| FYE Rl IHER A
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Fig. 43. Changes in CO,content during MA storage of ginger

with different film thickness and packaging methods
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Fig. 44. Changes in O, content during MA storage of ginger
with different film thickness and packaging methods
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Fig. 45. Changes in weight loss during MA storage of ginger
with different film thickness and packaging methods

—154—



g}, 0.06mm

Ly

AA

sl

F

A7t g4
[+

2=

H

R

|

ohd el U] Az

24

b MAP 31 ¥
3) wobge] wal

3

oot A2 A AZY FHEEt mEA Jehdy) g2 37 &

So ofglg AAolth Gehy 47

el

[¢)

< 0.08mme =

3K

I

&

a

=357} u)

150
++

120
Fhtt | At

90
+++

60
++

Storage days

45
++

30

—185-

15

(mm)
0.04
0.06
0.08
0.06
0.08
0.10
0.06
0.08
0.10

Pack’ng | Thickness

methods
LDPE+
WAM

Table 34. Sprout ratio of ginger during MA storage with different
LDPE

packaging methods and film thickness

LDPE+W




‘Table 35. Spoilage ratio of ginger during MA storage with

different packaging methods and film thickness (unit : %)
Pack’ng | Thickness Storage days

methods | (mm) 0| 15| 30 | 4 | 60 | 90 | 120 | 150

0.04 - - - - - - - 20.7

LDPE 0.06 - - - - - - - 10.1

0.08 - - - - - - 5.7 1100.0

0.06 - - - - - - 32 | 125

EDPESW) o8 | =] = | = | - | = | = | 97| 249

AS 0.10 - - - - - - 10.1 | 535

0.06 - - - - - - - 11.3

EDPES oo - - | -l - - - - 186

WaM 0.10 - - - - - - 325 | 75.1
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Table 36. Changes in Hunter color of ginger surface during MA

storage with different packaging methods and film thickness

o Film Storage days
Color | T hick-

0 | 15 | 30 | 4 75 120 | 150
vness

0.04mm | 64.59 | 68.08 | 62.72 | 66.33 | 66.74 | 62.75 | 58.06
1 0.06mm | 6459 | 6423 | 62.75 | 6354 | 6325 | 6208 | 65.11
0.08mm | 64.59 | 63.97 | 65.60 | 64.76 | 66.42 | 61.43 -

0.06mm(S) | 64.59 | 65.89 | 64.80 | 65.13 | 6627 | 6521 | 63.75
0.08mm(S) | 6459 | 66.68 | 67.11 | 6541 | 66.66 | 63.18 -

0.10mm(S) | 6459 | 64.62 | 60.95 | 66.61 | 6646 | 6059 | 57.87
0.06mm(A)| 64.59 | 66.40 | 65.23 | 65.77 | 65.87 | 62.75 | 60.71
0.08mm(A)| 64.59 | 6648 | 62.71 | 64.69 | 6436 | 6258 | 6459
0.10mm(A)| 64.59 | 67.97 | 67.09 | 62.84 | 6553 | 60.09- | 59.19
control | 64.59 | 6351 | 63.37 | 64.60 | 65.03 | 60.37 -

0.04mm 426 | 414 | 446 | 403 | 397 3.64 442
0.06mm 426 | 421 | 402 | 445 | 456 3.35 3.78
0.08mm 426 | 430 | 405 | 399 | 3.74 - -
control 426 | 398 | 464 | 448 | 409 - -
0.04nm | 17.98 | 1840 | 17.80 | 1661 | 17.79 | 20.39 19.10
0.06mm | 17.98 | 19.38 | 1565 | 19.01 | 1754 | 19.44 1941
0.08mm | 17.98 | 1899 | 1695 | 1763 | 1674 | 19.49 -
control | 17.98 | 1648 | 17.09 | 17.92 | 17.79 | 18.99 -

L-value

a-value

b-value

& 9% BHA UEuA gud Qudem
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Fig. 46. Changes in hardness during MA storage of ginger with
different film thickness and packaging methods
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Table 37. Changes in Reducing sugar of ginger during MA storage’
with different packaging methods and film thickness

(unit @ %, dry basis)

Film ‘ | “ Storage days
Thickness | jnitial 15 30 45 60 105 150

0.04mm 2599 | 3581 | 3434 | 3699 | 3610 | 4.082 | 3492

0.06mm 20599 | 3032 | 286 | 3914 | 4829 | 5359 | 7.711

0.08mm 2099 | 3415 | 3.004 | 4004 | 4681 | 5302 -
0.06mm(A) | 2599 | 2149 | 287 | 3976 | 2709 | 2739 | 2974
0.06mm(S) | 2599 | 2709 | 3268 | 4448 | 4918 | 4.182 | 5432
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Liquefaction enzymes

Fig. 47. Yield increase of ginger juice by hydrolyzing ginger pulp
with various enzymes at 50C for 2hrs. Glu '@ Glucanase, Pro :

Protease, Cel : Cellulase, Pec : Pectinase, Amy '« —amylase
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Fig. 48. Yield increase of ginger juice by hydrolyzing ginger pulp
with various multiple enzymes at 50T for 2hrs. G: Glucanase, P:

Protease, C: Cellulase, Pe: Pectinase, A! @ —amylase
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Table. 40. Efects of concentration and dehydration methods on
flavor compounds of ginger juice powders
(Area count/10%)

Peak Retention Flavor Roverse Osmosis Rotary Evaporation
No, Time Compound
| FD SD FD SD
Terpenes
11 23.835 a-Pinene 1403.3  1135.9 445.1 293.0
12 25.156 Camphene 4584.2  3697.9 1128.0  1348.4
13 26.866 Sabinene 67.1 47.4 14.6 15.0
14 27.185 1-B-Pinene 125.8 97.3 32.6 38.6
15 28.253 B -Myrcene 584.2 . 393.3 126.1 151.9
16 29.315 1-Phellandrene 398.1  599.9 90.6  103.1
17 29.805 & 3-Carene 20.3 15.9 6.2 7.4
18 30.32 a -Terpinene 37.6 22.1 9.3 9.1
19 31.525 B -Phellandrene 5325.8 3765.0 1498.4 1576.7
20 31.877 1,8-Cinecle 1679.4 599.9 - 60.5
21 33.726 7y -Terpinene 33.1 19.3 7.8 6.7
22 36.122 @ -Terpinolene 130.1 90.6 30.6 35.2
Aldehydes
11 20.580 Hexanal 9.9 - - -
Ketones
10 22.896 2-Heptanone 125.9 83.9 219.4 123.3
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Peak Retention Flavor ~ Roverse Osmosis Rotary Evaporation

No. Time  Compound FD SD FD SD
Esters
2 6.105 Acetic acid, ethyl 102.4 v 147.2 - 268.4
ester
25 32.444 2-Heptanol acetate 18.0 tr - -
The others
4 7.548 Chloroform ©97.7 80.1 299.9 60.9
10 14,450 Methyl benzene = - 19.5 19.3 10.8 14.0
15 26.200 p-Mentha-1,5,8-triene 9.1 5.5 : - -
1 5,606 Unknown : 43.8 33.4 35.4 tr
3 6.403 Unknown : 120.4 162.2 - -
4 7.233 Unknown ‘ 1127 - - 152.0
6 7.787 Unknown 4 tr 39.6 102.7 -
7 8.435 Unknown 17.2 129.2 8.7 99.9
8 8.687 Unknown 14.8 106. 1 9.3 74.6
9 9.711 Unknown 11.8 - - -
22 31.003 Unknown tr 12.5 - -
28 38.285 Unknown 20.7 11.7 - -
15,153 11,756 4,529 4,565

FD : Freeze Drying, SD: Spray Drying
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Table. 41. Efects of concentration and dehydration methvods on
flavor compounds of liquefied ginger juice powders
' (Area count/10%)

Peak Retention Flavor Roverse Osmosis Rotary Evaporation
No. Time Compound
FD SD FD- SD
Terpenes
13 23.835 @-Pinene 1035. 4 841.8 213.3 220.1
14 25.156 Camphene 3522.4 2649 5 453.3 447.9
16 26.866 Sabinene 47.4 23.7 6.3 6.2
17 27.185 1-B-Pinene 93.9 70.1 14.0 13.7
18 28.253 B -Myrcene 424.6 284.1 59, 4 57.4
19 29.315 1-Phellandrene 275.3  136.8 37.4  35.2
20 29.805 §3-Carene 15.1 12.0 tr tr
21 30.32 a -Terpinene 26.3 19.3 tr tr
23 31.525 B -Phellandrene 3928.8  2915.8 586.6 593.8
24 31.877 1,8-Cineole 1423.5 301.3 102.7 24.2
26 33.726  y-Terpinene 21.8 14.1 tr tr
27 36.122 @ -Terpinolene 94.2 67.0 12.7 13.3
Aldehyde
11 20.580 Hexnal 7.5 - - -
Ketones
12 22.896 2-Heptanone 77.1 121.2 349.4 399.9
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Peak Retention Flavor = Roverse Osmosis Rotary Evaporation

No.. .. Time Compound
| FD SD FD SD
Ester"
2 6.105 Acetic acid, ethyl 59.1 73.8 180.5 58.4
ester
25 32.444 2-Heptanol acetate 10.5 tr - -
The others
5 7.’548 Chloroform - 80.5 43.3 8.2
10 14.450 Methyl benzene 8.4 8.4 tr 8.1
15 26.200 p-Mentha-1,5,8-trien 6.0 tr - - ’
1 5. 606 Unknown 6.6 36.7 - 6.9
3 6. 403 Unknown 242.2 36.9 - -
4 7,233 Unknown 83.3 63.7 100.7 39.7
6 7.787 Unknown - - - -
7 8.435 Unknown 7.2 23.6 tr 39.6
8 8.687 Unknown 10.5 20.4 tr 19.6
9 9,711 Unknown 9.2 tr - 16.4
22 31.003 Unknown 24.0 12.5 - -
28 38.285  Unknown 16.7 9.5 - -
11,685 7,885 2,160 2,040

FD : Freeze Drying, SD : Spray Drying

—192—



d FF

Az o

A re W

s

=)
¥
e
£
m
o,
=
O
o
e
X
ok
ofil
™

He
o

A
3 trace?t AT AEZ 2AHE AFHE EJY 22y RO 5534 ¥ %
ZAZ Ao & hexanal, acetic acid, heptanol acetate, RT 7.787%2] v]&<l &
A9 A%l A et Atk 53] hexanal 3 heptanol acetates

ROS %7 WSAZZ AZE BLAT 1 FFo| B9 B UnA e

ol
o
_OL
rir
o
o
o
fz
r [
(T
g
g
=
21
(@]
b7}
(¢
rlr
%)
[Ne]
<
{
(@]
B
[{w]
X
oxl
k1

A& glucose”} =]

TollAl F7FEEH I sucrose® 63.6%~805% AE AL YRy
DP2~DP47}+A 9] oligosaccharides® AAH+ Z2HE 2. 435 %!
2o &= glucose} fructose?t Zt7Z 11.5~22.6%, 444~830%H = F7tgt gt
M sucrose’t 33.7~805% 7A #AidE AFRE Y. olg e B

% % Az% 499 A YA AGDe] BtE FFR WF 2

i

[>
lo

ZAl glucoser 4~64), fructose® 17~22¥}, sucroses 1.4¥} *
7td 238 23 v gtk =g AR MRS & ANE 7Y S50

=
Aee AR FEARANA FHFY v o] A

o Aoz Z713 Ao
2 Z25d, F718o BA vehd AL 2UAY il FuHe=m o

—193-



Table 42. Effects of concentration and dehydration methods on free °
sugars of enzymatically liquefied ginger juice powders

(unit: %, dry basis)

Freeze dry Spray dry
Juice Liq, juice Juice Liq. juice
Reverse Osmosis
Glucose 5.47 6. 86 3.05 6. 49
Fructose 4.48 3.09 4,47 3.19
Sucrose 5.94 2.07 6.14 2.52
DP2 0.28 17.62 0.25 18.15
- DP3 0.12 15. 44 0.12 16.02
DP4 11.41 0.14 12.23
DP5 8.33 9.22
DP6 4,66 5.01
DP7 2.20 2.38
Rotary Evaporation
Glucose 5.88 7.14 4.01 6.67
Fructose 5.13 3.59 5.24 4,03
Sucrose 4.90 1.49 4.29 0.74
DP2 0.28 18.96 0.28 18.05
DP3 0.10 16. 42 0.12 15.56
DP4 0.18 13.56 0.19 13.02
DP5 8.03 6. 66
DP6 4,73 3.97
DP7 2.27 1.75
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Table 43. Effects of concentration and dehydration methods on free
amino acids of enzymatically liquefied ginger juice powders
(unit:mg/100g sample, dry basis)

Freeze dry Spray dry
Juice Lig. juice Juice Liq, juice
Reverse Osmosis

Aspartic acid 195.0 124.7 . 299.0 145.2
Glutamic acid 371.1 188.2 357.5 182.1
Serine 1285.1 683.8 863.2 611.1
Glycine 461.4 242.8 295.2 211.2
Histidine 76.6 45.0 67.0 42.9
Arginine 507.3 273.1 - 296.6 232.4
Threonine 152.6 81.8 101.5 74.6
Alanine 166.8 105.0 120.2 - 95,7
Proline 75.4 4.4 73.8 44.3
Tyrosine 65.8 43.0 . 55.3 39.6
Valine 116.1 64.5 78.8 57.0
Methionine 46.3 26.2 50.7 27.7
Cysteine 0 10.8 0 11.3
Isoleucine 70.1 37.2 42.1 32.6
Leucine 98.0 - 5l1.6 54.8 44.3
Phenylalanine 74.0 47.6 52.7 43.4
Lysine 66.5 48.2 - 25.8 36.8
Total 3827.9 2118.0 2834.3 1932.3

—197-



(continued )

Freeze dry Spray dry
Juice Liq. juice Juice Liq. juice
Rotary evaporation
Aspartic acid 172. 4 190. 4 226.7 248.9
Glutamic acid 352.5 202.2 279.4 182.9
Serine 1268.0 640.0 690.6 427.8
Glycine 461.2 232.9 237.1 159.8
Histidine . 72.7 46.1 56.1 39.1
Arginine 496.2 257.4 239.0 161.7
Threonine 145.0 81.1 80.2 55.8
Alanine 158.9 - 102.3 102.6 85.1
Proline 72.0 45,0 62.6 41.4
Tyrosine 59.5 43.2 45.3 37.1
Valine 106. 3 64.8 56.2 48.8
Methionine 43.4 26.9 54.1 25.9
Cysteine 0 0 37.0 11.9
Iscleucine 63.1 37.4 31.8 26.8
Leucine 87.6 51.9 41.9 36.6
Phenylalanine - 67.1 48.1 44,7 38.8
Lysine 96.8 48.9 30.9 31.1
Total 3722.8 2118.6 2316.6 1659.6
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Table 44. Effects of concentration and dehydration methods on color

of enzymatically liquefied ginger juice powders

Freeze dry v Spray dry

Juice Liq. juice Juice Lig. juice
Reverse Osmosis
 Hunter L °= 76.12 76.93 81.50 82.22
- Hunter a -0.68 -0.41 -0.04 -0.55
- Hunter b 23.96 21.29 24,93 19.58
~ Browning index 0. 61 0.46 0.41 0.38
Rotary Evaporation
Hunter L 79.02 78.37 80.72 83. 40
Hunter a -0.58 0.45 0.41 -0.36
Hunter b 23.27 20.43 24.69 19.13
Browning index 0.51 0.32 0.39 0. 30
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Table 45. Effects of concentration and dehydration methods on
physico—chemical properties of enzymatically liquefied ginger juice

powders

Freeze dry Spray dry
Juice Liq. juice Juice Liq. juice
Reverse Osmosis
Crude Protein®(%) 23.24  12.48 23.58 12.55
Crude fat®(%) 1.42 1.68 1.50 1.57
Crude ash*(%) 10.99 6.40 12.05 6.60
Solubility 3.30 5.26 3.42 5.63
Rotary Evaporation
Crude Protein®(%) 21.44  12.72 22.15 12.42
Crude fat®(%) 1.21 1.37 1.20 1.25
Crude ash®(%) 10.16 6.53 11.88 6.93
Solubility 3.27 5. 58 3.21 5.49

* . dry basis
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46. Effects of concentration and dehydration methods on

Table.

flavor intensity of enzymatically liquefied ginger juice powders

Spray dry

Freeze dry

Liqg. juice

Juice

Liq. juice

Juice

4‘ 8cd)
4.09

6. 4>
5 5cd)

7.9%)
4,7

8. 2%
7.1%

Reverse Osmosis

Rotary Evaporation

Significant at p < 0.001

ab,c,d : Means with the same letter are not significantly different(p<0.05)
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‘Table 47. Effects of concentration and dehydration methods on sen-
sory quality .of enzymatically liquefied ginger juice powders

Freeze dry Spray dry
Juice - Liq. juice Juice Liq. juice

Reverse Osmosis

Color 8.0% 7.4% 7.8% 6.4°

Flavor® 7.5% 8.2° 7.2 5.0°

Overall® 7.5% 8.2 7.8 5.3°
Rotary Evaporation

Color 8.0% 6.5 8.2° 7.3

Flavor® 7.5% 6.3* 6.6™° 5.0°

Overall® 7.6% 6.6> 7.5% 5.7°

* | Significant at p < 0.001

a,b,c : Means with the same letter are not significantly different(p<0.05)
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Table 48. Regression model for effect of independent variables on

sensory characteristics

No. in Model Variables R-square Index
1 X7 0.58006214 X7 = Hunter b-
2 XXy 087887813 | value
: X4 = Crude ash
3 X1X4X7 090375085 Xl = moisture
4 X10X1XaX7 092212343 | Xw = GC-flavor
Xg = browning
5 XX 10X 1 X4X7 0.99619556 )
index

Table 49. Multiple regression between sensory characteristics and
quality variables

P Stand for H
Variables | oometer | Standard ) Tfor HO |y b 11 Tndex
Estimate Error Parameter=(
Constant |-11.629748 0.99553607 | -11.682 0.0072 |
: F value
Moisture |- 1.187640 (0.15519281 | - 7.653 0.0167 - 104740
Crude Ash |- 1.331629 |0.10177560 | -13.084 0.0058
Prob > F
Hunter-b | 1821371 1012205969 | 14.922 00045 | = 0.0095
Browning | o 2a1150 1170769953 | - 6.240 0.0247
Index R-square
GC-flavor | 0.000317 [0.00004589 | 6.912 0.0203 = 0.9962
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