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Abstract

The research studied evaluative method of physiological properties of three stages of fresh gingers including
immature stage, early mature stage and mature stage to be alternative for quality checking of maturity fresh
ginger. The classification models were built based on both destructive method and non-destructive methods.
The destructive variables were texture parameters, crude fiber and moisture content and the non-destructive
variables were specific gravity, color (L*, a*, b*), gloss and light reflection in range 400-700 nm.
The results showed that increasing of ginger harvesting date significantly affected physiological properties. The
partial least squares discriminant analysis (PLS-DA) was performed to create a classifying model for harvesting
date of fresh ginger. The 55.56% and 100% best accuracy of classification into three stages of maturity could
be achieved by the destructive model and the non-destructive model, respectively. The best applicable variables
in building the non-destructive model were light reflection at 420, 450, 490, 530, 570, 590, 680 nm and the
specific gravity

Keywords : Ginger, Maturity, Non-destructive method, Destructive method
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2.2 35n195AANIWINAAULLYIIAE
2.2.1 NMIANANTRTNNG

AN seiiiedufaLLLEoud eI
Texture Analyzer (LLOYD Instument, LR5K, UK)
TatiAnes load cell 500 N tfaen T auAazidas ANy
ANEILINLRNZNINTZUAN (corer) TUNUAN UL e
(8] WaiRausatngldiduiansanazuen fauna
WukuAugNa1e 10.5 mm 819 3 cm 39698819
1 lufauuy Warner Bratzler $9A74NQ141AN
ugildag (v) (ﬁqgﬂ‘ﬁ' 1) AR LLE U e AReAaHLTY
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20974 L ANATTUNIANATLIURBUGIFA (F N Ay
(Work, J) kazA1maNL UL (Stiffness, KN/m) [10]
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ANNITRZANLN

NARALANNLANANSANIRALT89AILLIITSR
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ANOVA #ngltlsinsu SPSS 11.5 (SPSS Inc., Chicago,
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randomized design)
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(Validation set) A1U431 36 AR8ENY A5194NNNTRNUNE
mg'mimlﬁl’ﬁdﬁ Partail Least Squares Discriminant
Analysis (PLS-DA) saelsunsn Unscrambler v.9.8
(Camo, Oslo, Norway) @uiilunisataszsfuuniny
. 4 oo v o .
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FOULTNIAUUNNANATH s221ZT988Y = 1 92aZTNNAN
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ineins 1 score plot 9NN score plot Llungw
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Faazinlirlansnnuanaliiunelanseasiafiaasing

1
a
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3. NAWAEIATO]
3.1 wan1saAmTIziAN IWINaAU UL Laivina g

3.1.1 nan13AzRAMANTAN1NEN N
219979 AATRNY

AINUANITIATIEWAANTANINILAN
ANAINTA TNz TesLda T lusra vdaulaumansing
ANTITELENAN Lm'%mmmﬂLmnm'wmmwum
a8l 9TUEdATY (p<0.05) G1NAITUIAMULANFN
@wdmﬁwzl,mﬁmwzﬁluj ANAITUIN[UNIZAY
sz1/léFRan (F=416.44) Siripanich (1995) [14] nan
31 mawsry v lnvesinualdiinGusudaanisens
guaad auszazviledeBuiinisazanainis
Tugtlsing nagzanfiunduiliAAu sz
m@ud@ﬁuﬁam F angnsfl 1
As1eR 1 dayansaifAiauia Izl
81¢] 4-6 19U 7-9 1A9L LAY10-12 LAau

Value Stage Mean SD F

immature 0.98° 0.00

Specific
early mature  0.98° 0.01 416.44

gravity
mature 1.02° 0.01

Different superscripts in the same column mean that the values

are significantly different (p<0.05) by Duncan’s method.

3.1.2 HANTIATIEVIADUANEOULITIL AIURITY
wraTang
= ' % a
AINA1919N 2 WUIIAITeYad L* a* b*
LAY gloss 184ud9T9TLEZERY NANY WAZILA HANN
uAnANauaeNaNed1AtUN19aDs anuan1sInAa
wazAn gloss aiilunisdiAszinmunInaINanE Uy
1 A a 1 aal =
AN8Uan [14] wuanlaanuaniseasaauasiaiiany
wWudaulvg lasainaAAdaiavuanudn Jan
ANAIN (L) WinrTL 72.20 HAN a* 111 0.96 LA
=KX a A 1 1 o =S Al A
NAYY LAZAN b* WAL 26.17 LAANDINANALIASN
Tuszezdag auinantaanuinndnluscasaanany
wazTewn taeiaTadiangnisiufaaN I NTUAN Y
= U 421 | al %’ 1 al A
wasnuenaziduawiuatiinna TnaAdlmgaazanad
Funmlaannan L way b* Nanadiili 68.36 way 18.86
ANNANAY wazAn a* WiNAuy 4.58 Tuszazlawn



KKU ENGINEERING JOURNAL October-December 2014;41(4)

WaRansanAn F lum19199 2 wuqiAn b* dquen
@ A A - 2 ¥ 1
ANMHLTIUAAIeIRa Kl EA A NI U TG
FLUTEIQN FDINTAD a* WAT L* FAINAIAL wanani
A a ' X a = a g
WWaTANNTUEUANUeNe9TIR s NAN AN N1
TuNgIuAINsrazaeuieszazunlauien gloss
WiNiL 3.66, 4.43 LAY 5.57 ANNANAL TaRnveaEnNa bl
a o . = [y
ynainardduaes cuticle Tetlsznausaela (wax)
GearaNagy NN TUNANARINEATT 98w [14]
TpeRaN1IMATAARITATNNTATIRda L LU L Nane
Mdraula anunmldidanunina g auwn a9
winlans [4] wazazaiag [5] 14
a - a a ' =

nani1satAszwilTauinauA1Laas
NNIAZTOULAINANNEIIARY (T99 400-700 nm)
WLI1D1Y AN NTBNTINBNENATIN TR NNsAs o WA
UNAMNENIAALLANGANST U 9T d ATy (p<0.05)
#A F aglugag 8.11-68.90 (lulauaninisns

- oy = 5 4

nan13Aey) asnglafinnsuunltinnnsdasundag
ANNNTAZT A ULAIANNANNLNT9T9a bl iR auiy
TULAaZANINENIAAYN LaztiasanniAnsaunlls
AnuauNn Agldinatia PLS-DA undszgneildlunig
AAANIRLUNNENTIA N WsD 11

v

A1519% 2 Ameaiadeyad L* a* b* uaz gloss
209U9T981¢] 4-6 1ADU 7-9 1ADL WA 10-12 LAau

Value Stage Mean SD F
immature 72.20° 2.38

L* early mature  68.01° 1.78 50.92
mature 68.36" 1.70
immature 0.96° 1.52

a* early mature  3.28" 0.86 112.43
mature 4.58° 0.54
immature 26.17° 1.47

b* early mature  21.66° 2.72 141.35
mature 18.86° 1.08
immature 3.66° 0.80

gloss early mature  4.43° 1.02 26.35
mature 5.57° 1.48

Different superscripts in the same column mean that the values

are significantly different (p<0.05) by Duncan’s method.
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AT 3 AN NATAANANTRTINATBILI9T98E 4-6
\AaY 7-9 1ha1 UAY10-12 LHDU

Value Stage Mean  SD F

immature 38.49° 17.46

Maximun load

) early mature  56.03° 19.13 24.85

mature 72.61°  25.1

immature 0.20° 0.15

Work to maxi- .
early mature  0.34 0.19 13.86
mum load (J)

mature 0.43° 0.23

immature 13.38°  9.19
Cutting ener-

early mature  15.03"° 4.64 2.41
gy (KN/m)

16.89° 5.97

Different superscripts in the same column mean that the values

mature

are significantly different (p<0.05) by Duncan’s method.
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wrazany
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ANNANINT 3 waadliiu ALINDDUGIAN F )
A uNHATe uazAeY (Work) ?{meﬁqmmﬂizﬁﬁ
AMNNTnLLNTTaTAINNLNIeILI 9Tl usTa e AU
sraznany wazsvasunlaeg19ldad1Aynig
A0R (p<0.05) @9uANAINLULLTY (Stiffness)
Haouuanseiuluseasdegon wariun mﬂgﬂ‘ﬁ' 2
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Fuviia b 4@NEELT 2 wazsuile ¢ sandnEui
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Windy LL@&L‘?NM&Jmmsmmﬁ'@ﬁwwﬁmmq

a) immature ginger

b) early mature ginger
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LAININ178zaNe1usFelllusresTann Ay

Aarnaulalunisaanansud
4 -

Feprafldandinelulng Aeeiuszaslge oy

(c) Tuszazaanany

Tun398NAaALT 1 (a) AN score plot Tugilil 4

c) mature ginger

a0 o a_ a P ° \ o o A o , o o o ° , o o o
3‘]]10 3 mmumamm&lLmuimmﬂlummm TAEIALTUN @ SANAIALN 1 ALV b 9NAAUN 2 WATAILYUN ¢ 9ana1aun 3

3.2.2 HANNTIAIITIAIANTANILAR LD
WAATaNE

ANHANNTILATZHENTTAN AT FaRN319T 4
WU A1BRNANNTUARAY LazABINM Crude
Fiber Lﬁlu%umumgmﬂﬁmﬁm felaFuananaan
TEUTANMNLATRILINT U HEaaY  F2aZNAS
uazszazunasn ldadAnun1saa (p<0.05) aAanAAad
ﬁun'ﬁﬁﬂmmméammmﬁqLﬁm[ﬁ]’uﬁfauﬂmmagﬂ
wWumenalne Sertwasana (2008) [15] AnAanNLL9Ls91
sruInarrarANLd WiuiauiuA Ll sson
AeluszazANLA WU ﬂ?mmmm%u (F =62.20)
ﬁm'mz%']ﬁmiumsa:qmmumnﬁm%\a 3 szazNINNdY
15104 Crude fiber (F = 31.45)

A15197 4 ANATRAUANTRIELANTEILI9T
1] 4-6 LABU 7-9 1ABY LAz 10-12 LAaU

Value Stage Mean SD F

immature 92.86° 0.86

Moisture b
early mature  91.61 1.77 62.20

content (%)

mature 88.80° 1.96

immature 1.22*  0.16
Crude Fiber

early mature 1.35°  0.17 31.45
(9/1009)

mature 1.52°  0.16

Different superscripts in the same column mean that the values

are significantly different (p<0.05) by Duncan’s method.

3.3 NANIFIATISYN NADARTNANNITIUNNGN

annmsideyasauilssing fldainizniein
wunnane T AnBanneenadu A Texture waz
ANLSuNW Crude Fiber uazaanisdauuulaivinany
TAun A1AINENRIINIY ANR T991EAe 400-700 nm
NTLATITHATINANNITITUUNDIYTIE DY TINAIY
WAZTIUN AR PLS-DA WUINANNITNITANUUN
mmmiﬁmfamgﬂﬁmﬁquﬁ 55.56%-100% A9611314
iis

I@ﬂwudﬁﬂﬁiﬁﬂ%’ﬂwﬂ@ﬁqLLﬂi%ﬂﬂNmNﬁ@%’N
ANNTTITUUN lﬁ’ﬂqwugﬂﬁ@qsl,umafﬁmuﬂ%wum
94.44% TpgausnuenszayTaunlagnsies 100% was
ANNNIDAMUNITEENANLATERUlADNFas 91.67%
AwFunslddayasoutlsunuvinany (Faulssiu e
U3anmumanay WINAAGIAA ANANNLUBLTY LAY
UFunnndule) wngdreannisanwunlidinisniung
Wiee 55.56% faufdanimanauniiadndani
Duncan AzdlAMNLANG1 U995 ez aaULNBEN9E
ﬁmﬁﬂﬁtyﬁ\imiwﬁl 5

Lﬁdj'ﬂﬁ@’]iﬁlmLﬂW’]Z@NﬂWﬁ‘%@Nﬂ@ﬁQLLﬂ?LLUU
lainanawudn nsldendeyad Lr, a*, b*, gloss azli
ANGNA a3l UNITIINUN 75% Lﬁ@ﬁﬁﬂ'ﬁ@ﬁg@ﬁ
Apzvidaniudn SG azlvirnnugnsiaslunisiwun
@a%mﬂu 91.67% Aoudayan19arinuladT9a visible
194 400-700 nm Wud1 TimanugnseslunisdLungs
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4 100% (7 PC) azifutag visible EQLﬂu@;m‘ﬁ'mmuﬂh
flaziinunanduauiiudlsdssyaaiialiinasanisin
Tugnenisuan viieldWamnirieciieliisangnas
Tunrstszyneldluatani1snann1AaAaIuN T
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ﬁmﬁuyicﬁﬁummﬁuﬂixﬁw%(mmmm@ﬁ (Regression
Coefficient) [16] figandn 0.5 §19u 7 ATINENIARY
16un 420, 450, 490, 530, 570, 590 LA 680 nm
unafreaunsinnedeaziiuinlfrnugnies

A9 5 uaANgnseslunIIALuneNg el dilingiinmaseunuyliinans uaznmegeLLLILINATY

Accuracy (%)

Variables PC
immature  Early mature  mature total

All variables

SG, L*, a*, b*, gloss, %MC, Fmax, Stiffness, 91.67 91.67 100 94.44
Crude fiber, 400-700 nm.

Destructive variables

%MC, Fmax, Stiffness, Crude fiber 58.33 75 33.33 55.56
Non-destructive variables

L*, a* b* gloss 58.33 83.33 83.33 75
SG, L*, a*, b*, gloss 83.33 91.67 100 91.67
400-700 100 100 100 100
420, 450, 490, 530, 570, 590, 680 83.33 91.67 100 91.67
SG, 420, 450, 490, 530, 570, 590, 680 100 100 100 100

Tunns9un 91.67% uazidiatidieya 7 Anuenapdn
una¥19aun9saNiuAn SG Tuntmmeaesiinudn
ANNNIRLUNANNNTDVINUNL LTAINYNFIIg9EA 100%
(5 PC) Tntfiasnnsduunnguisldainas Regression
coefficient FaguNIT (3)

Group=-20.03+0.415(SG)+0.784(R420)-
1.410(R450)+1.466(R490)+0.501(R530)-
0.867(R570)-0.669(R590)+0.352(R680) (3)

~ Lo o P A
1aed R() A8 N1942T1RULAINAMNENIARK | nm

UNAATUININ score plot &T\igﬂﬁ' 47ilgan
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