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" Principal Component Analysxs of Effects of Dropping Impact

“and Vibration on Volatlles of Satsuma Mandarin Frul’c1
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Summary

. Effects :of ‘dropping and vibration received :during - distribution process on the

volatlles accumulated in satsuma mandarin fruit were.studied: -

Gas chromatograms

of volatlles from extracted fruit juice were analyzed by principal component

'ana]ysm (PCA).

"Results obtamed are as follows :

“.(1) Gas chromatography gave ten major peaks of volatile components within

30 minutes . of retention time.

Of these, ethanol is the most": predommant,

ac-

counting for 80% of the total peak area, followed by acetaldehyde. .

(2) In dropped fruit,
others are accumulated.

volatile components such as ethanol, acetaldehyde, and
The same tendency is also observed in vibrated fruit.

However, the accumulation in the fruit is not so appreciable as that in dropped

fruit.

(38) Gas chromatograms were analyzed by.the PCA,
1 to 6 on the gas chromatogram were used as independent variables.

inwhich  peaks from
. Consequently

80% of total information of the gas chromatogram data can be mterpreted by
the first (Z1) and the second (Z'2) principal component. '

(4) The first principal -component indicates the amount4of'uvolatiles -while
the second.one shows the relative contribution of each component..

(5) Dropped and non-dropped fruits are clearly discriminated between in the

plane with axis of Z1 and Z 2.
from fruit dropped

between vibrated and non-vibrated fruits.
(6) The effect of droppmg on the volatiles”of fruit juice is more  significant

than the effect of vibration.

m,

EX o ; ;
WBRR TR SRS, ERARM v ORRRE
CRIETE %L%qu % OBfEN B B ERb
E, %%i%&(ﬁ) &U% ARk O B (11, 12) DY IRREE
Bz, WROFHKA, ), MEROETE), €23

AG oML, = {—wogﬁkﬁi®%ﬂﬁﬁu:
B

DRI & L zbhy e, BRIEHK

H%%Tﬁ%##%ﬁkﬂLT@&Tk?&%@%&&

V1986 466 H 2E

101

Also, fruit dropped 30 times can be distinguished
less than 20 times.

However, there were no differences
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(i v —e ) T, BBRE0EIZAIZHEBIEL b
HRLE-boRER L.

2. ERHAFE \

IEBVLBE R UE TR LB ELER (10~15°C) ©
BERTCARTF L, RT3 HRU' 7T AR OB OEREYE
BHAra< 757 (B8, GC-TAG) THHL
To. B, BEOKY DEZERIMHT B, SO
TIARFy 7 a VT A BN RER, HEE 5.5
mm O/ E 8K Lic BV =F v v (EX : 40 pm,
KEX:80cmx90cm) AR, FOBOAKRT— 7T
Eic.

() FEHLE RBLE I BERHERIETRER
B (B=8, EVH-20) fui.. BA-1% (5kg
) KEDTRELVERASEE L, RBEE X bR
Lic. iRl oiRE)S EORBIMEE DX & 1% 0.5,
1.0, 1.5G D 3L L, 5~10Hz DIEEROMMEY
FEES0R CIRE | X 2 7228 30 EIIEMEE L. B

DREIBEA-AFEOTHRCER L, REMEPIEL

T b DILERD BRI L.

(2) H#TRE LATLEIFEEL vz )-8

DRIEIZ 30cm OEINLHABETERZIEL I D
Tot., RECHEEIFERNE L, FEMEEr—1
w¥ite D Lo L. TTFERLLO0, 20, 30E 0 3 By fE &
Lz, .
(3) BRMEHHEOHSNT HEMEYE O
3, &7 EEEOFTEERERR L. BIEFIEOB
BERLTOLE ) THD. OREOEMAEA Lic X
STHERBES D WI3EDORELL L 5D5%5~6
AT/, Thah—E¥TEATHA Y N o — W T
5. @Bbhiy . —2 50ml ZRBEC LY, NITE
#¥e & LT n-hexanol (0.01%) % 0.5ml M+ 5. @
30°C o ERAECIOSHTFERL %, ZEHRryr2%x 20
ml/min O E THIONEEKT5. @0.3g © Tenax
TA 2FTA LI-RBEEY B3mm¢x17cm) ZREB
BEDWE, ~y VAR 2OBREMMEHET 5.
®FEFOERE Y AREIL 20 ml/min, FHERLNL 55
Mledsn @FA7r< 7T 7 ~OEATILINFEAN
B (BEsl, FLS-3%) %A L, HAKRRMIL2HH
L35,

s, WAIZR= L5 7 OBEREIUTOEED
THoTe.

32 : FID

“AFA:3mm¢ (HE)X3m, ¥TAHF A

FTCAF : A » v 260~80D Uniport B w42 X%

7= PEG-6000 (15%)

75 LRE  BKWO 4 5% 60°C, LItk 165°C ¥ T
5°C/min DO E THIE

AERILERE : 200°C

F 4 V7 H A EFHE 35ml/min

(4) B¥HF Av52rv—x (YHP %, 3380A) I©
HEIN - 7 HEET AFEERE D n-hexanol THHIE
L, ZOfE%Rd R ERSAV Tk SR B
MARERRIE € v 5 — ok B i B (BABESHE,
ACOS 800II) 5475V « 7rm 5 ud LCEES
T BERS AT AT

BRRUEE

. BEMIARAOERMERS

REZROCTEH RN @ 5 v B OERWERT O ¥
A7 w= b7 AORE L RCGRT. BN 2 v R
DI & A E ORI RRHEA RIS LR A 7
r= b5 abkicBhg. N, G KEVE—2712P5
T, TOMKIY — 7 &OEE D 80% §itk & Gtz
KT, P1, P4, P6 OJAT, ThFhov— 7HEED
ElEL, 10%, 1%, 1%WETH -1 ¥k, PILIR
e & LCH\ /o n-hexanol O — 2 TH 5.

I 7 Y RHOBREMER SO R E BT 54 F
LMo#HEL, BIRNO WA/ T A ta—Y
BROGRERM Y IR, ¥—2705% PLP5, PY,
P10z ouwTix, P1: Acetaldehyde, P5: Ethanol,
P9: d-Limonene, P10: y-Terpinene & ¥|Mr X h
5.
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Fig. 1. Gas Chromatogram of Volatiles captured from

extracted fruit juice.
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Table 1. Peak area of ethanol on gas chromatogram.
(x10%)

Storage period (days)

Treatment

0 3 7
Control 3.15 3.78 (100) 4.08 (100)
0.5 G, Vibrated 5.19 (137) 3.12 (76)
1.0 G, Vibrated 4,48 (119) 4.57 (112)
1.5 G, Vibrated 4.31 (114) 4.37 (107)
Control 4. 39 3.60 (100) 4,18 (100)
10 times, Dropped 6.28 (174) 6.72 (161)
20 times, Dropped 6.02 (167) 4.72 (113)
30 times, Dropped 4.13 (115) 4.18 (100)

Table 3. Peak area of P2, P3, P4 and P6 on gas

Table 2. Peak area of acetaldehyde on gas chromato-

gram. (x10%

- Storage ‘period (days)

Treatment -

0 3 7
Control ) 3.43 3.77 (100) 3.85 (100)
0.5 G, Vibrated 4.62 (123) 4. 87 (126)
1.0 G, Vibrated 4.64 (123) 4.45 (116)
1.5 G, Vibrated 4.64 (123) 4.49 (116)
Control 3.74 3.57 (100) 4,28 (100)
10 times, Dropped 8.81 (247) 8.76 (205)
20 times, Dropped 9.72 (273) 9.66 (226)
30 times, Dropped 7.90 (221) 8.85 (207)

X > CELLHEINT 3. HTAED S BI0MAAIEK T
tr, 3 HRERE LD O THBEOLTAEEL, % T
[ AEMT 5 & X DEMET ORI 2R, RELE
IR \WTHEVEMOER AR bhicd, % FAEX
13 ERBX & DOZELBERE TR, )
HTHER S OWBENRBC XY, Biihe=x/—
ANERT LIRS LERFMCET LR b hig
WA, ETLELGIRETHRE LS RETE, HRO
ERICHECRERZERFOBRBESBREL, coZ &
Lo TESTFRIAE D, TORR=2 —~ARER
FTHEEBELTCNS. Eh, HHRALELOETEHEY
FrHE=g s —ADOWIMAMSZ LiX, EBEHOTE
By 7Y v 7 L REOSFRERG)PETLH G0
Fotevriav—yva VERE—FKTS.

(2) TEFT7TLFEEF

HAZB=T 7T ADE— 7 RERRED HEED,
T xR ) = VIERNTRENWT L P 7 AT e FELZNEX
ORFREE 2R KT, RifFDo7 2 b 747 Fig,
=g —NERKE BHETAETAZ LI hELIEM
T4, BTFRBELUCRECET 272t 7AF e KO
mE, =x27—-r0fxhXbhELL, HTFEEHI0E,

chromatogram. (3 day-storage)

Treatment P2 P3 P4 P6

Control 173 1,454 2, 858 5, 893
( 1000 ( 1000 (¢ 100) ( 100)

0.5 G; Vibrated 294 1,857 3,002 6,717
C 170) ( 128) ( 106) ( 114)

1.0 G, Vibrated 352 1, 962 2, 888 7,111
( 203) ( 135 ( 101) ( 121)

1.5 G, Vibrated 214 1,316 3,071 5, 655
(129 ( 9 ( 107 ( - 96)

Control 120 1,415 3, 082 5,315

( 1000 ( 1000 ( 100> ( 100)

10 times, Dropped 1,000 1,099 7,117 9,411
C 1000 (¢ 78 ( 231) ( 17D

20 times, Dropped 1,582 1,504 8,139 8,887
(1,318) ( 106) ( 264) ( 167)

30 times, Dropped 602 676 7,110 5, 847
( 501) ( 48 ( 231) ( 110)

20| T B oONTHA L, 20@AE TiisBE o
2.73f% Lish. LaL, 0EMEDT £ F 7 AF L Fik
0EDFENRL YL, =27 —A LR TEFTAL
Te FO@EOETHRTETT5. REUMIC L - T
L7 b7 AFe FIIEINT 5, HKL23METH-T
T ORB LT THERIT K HE TR,

—fBE, EEPETCX 7 FUESEEE LTHE L
n, CLEVYBNLT LT AT e FERRE TR
=R =N LRI AN ERENB(B). CA FFETIC
KFBAVVOORERBMOTEC LY, =&/ —4E
REFERAIhSEHICNEVEETH B LWL
Ih(2), ErevB K TERSZTREN: »vo
B, BEERCI Y S P yENLAR IS DT
<, BilhoBo%EL %405 7= vEEMLAEREIRD
ELTW2G). wWIFhiels, RELEIFRICHE -
TBAE, ERMRSE LT=% — L EROBRICE
WT7E 7 AFe FHERIND

(3) TZOoHOERHEKR S

=x) =N, TEFTAFEe FUSOERE— 27 L&
WMEXOBFREE 3 ERT. P2, P3, P4, P6LH4L
B X - CTEEAENL, LToMER%E FTABREST
X 0PHETHD. HRETAEXDOP2 1, 20E0EO
BAMBR OIS LET S, P2, P3, P4, P6DKH
Eov— 7 BEECT 28185 RERE /R\A,
REE, BTARCE - TEIEHTHZ 00, B

BEEFIH X B REOEBIER DL 5 DB %

HFoTwibhntEZLDRIS.

—75, P7, P8, P9, P10/ & 2R 7x < AR AI
BB ERT. ThLDOHEFD5 B P7, P8ORS
B ThHBED, EEZELNERT-> LTFHERORER, BE
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Table 4, Summary of the data. Table 6. - Eigen value and cumulative contribution. .
Varjable Pi - Si C.v. 9] P.C. E. V. C.C.
P1 57, 808 24,177 4.8 1 313 0.52
P2 . | 450 . 576 127.7 o2 167 080
P3 1,663 788 47.4 .3 0.67 0.91 -
P4 4,753° 2,573 56. 3 4 034 0,96
. P5 " 464,049 139,165 ' - -30.0 5 .. 012 0.99 ¥
“P6 6,747 2,101 311 6 e 0,07 - L00 -

'Pi : Mean.
Si ; Standard deviation. . v
C. V.: Coefficient of variation.

Table 5. Matrix of correlation ‘among peak areas on’
gas (_:hrométogram. o
P1 P2 P3 ° P4 P5 P6
P 100 o
P2 0.61 1. 00
P3 —0.39 —0:17 - 1.00

. P4 0.8 057 —0.45 100 ‘
P5 0.42 0.24 022 039 100
P6 043 031 015 0.40 0.92 100

IRFR8: 8~19. 52 > WA AR O iR H RO v = 2
REhBC LR, BIKERLEFA a2t 25 AL
CULIHE T e\ A8 P TR O P 8D ICH B DRI
ICh D a-Pinene, B-Pinene; “Myrcene 73 7% 783
BT ERDL, HEHRACEERD F A2 vRRIEK
FLWESRD. L OB REOBMBRA2EA L
b O rEL SR, APEO Bi EEEEGEN LS &
B, UHBOEBRERWLTERED Y = 7125 L.
BB, FHEROER, MRS CHET 28RS
&ﬁﬁﬂ@%%?ﬂﬁ&@ﬁk%&%%%%uwb%n
IS/ o '
3 ERD AN
ﬁ%ﬁmﬁkmfaukoﬁ%&o%ﬁxo ETL
EOIRBILE A 2 5 R F O R RS, AR S
POBE LN OERT A ERHLA TS &
S OB BT T 51, SMADREDT — 5 kb
ERERDHFEF -, RS/ 2 - e OFR
B (@) PRI ORI (D IR L OB R bR, B
BisFEE S TWBL ERODY OF BEIIAEEIFTF
MERBEIFHEE, D8, EORETINSRDBHEL
2B 5ALA, FEH OWEHNTFH LS LROARB DM
BT ABESTIHTE D Z Enb,? *ﬁ%fumﬁ
FFIhbRD B ERRALLE.
$ART — X ON, ERIEE LBHRKY, $5
AR OHBREETT. EHERETHED]
T PCR VT EL R WVIBYOMERY RL, Zhic

P.C.: Principal component, E.V.: Eigen value(=4), ,
C. C.: Cumulative contribution. . )

) Téble 7. Eigen vector and factor loéding.
Variable Z1 Z2

“P1 0.505 ( 0.89)  —0.213 (<0:27)
P2 0.392 ( 0.69)  —0.165 (—0.21)
P3 .—0.160 (—0.28) 0.614 ( 0.79)
P4 0.494 ( 0.87) —0.254 (—0.33)
P5 0.394( 0.70) 0.511 ( 0.66)
P6 . ©-.0.409 ( 0.72) 0.475 ( 0.61)

Z1: First principal compont
Z2- Second principal component.
* Numbers in parenthesis are factor loadings:

B, =57 =0 (P 5 RUT2F7AFE ¥ V(’Pki) '
BT ERFNIOL TR O42% LN W, ERFEHTEIIL
RHEBIR A Y, i P1, P2, P40 ZRAHBIKO
P5, P6DRARICE W EDHE.RSS. ¥, P3OK
MME Pl P2 P4&ﬁ@$ﬁ§§75= P5, Pﬁ&ﬂ-:maﬁéz»
Bh. . :

%6%&7Lt@ﬁﬁ&?ﬁ%5$# LEbMRL S
K, B2ERDE TTF — 2 DEEOBFRO0YNEHT
&5, FHIEWHEAFMELLLTRRD, F2EHKD
DEFBEEKREREND DD, kOB, %zi
By ¥ TOBERES LICED B, ~

%7§Lf%1£mﬁ(mJ&%2imﬁ(ﬂD®E
BR7 P (BEERHHBHEE) ROS 0B LD
HERE CTHBRETFARMBER L. BERS VAR
WZBEZY, 223k D L5 EERIRG. s

Z1=0.505 P.1'40.392 P2'—0.160 P 3"

40,494 P% 40,394 P5'+0.409 P 6 1) -

Z2=—0.213 P1'=0.165 P 2'+0.614 -P.3'

—0.254 P4'+0.511 P5'4-0.475 P &'~ *

o oGPl =(Pi—PD[SiVA, THB. .
CEYERSOEESR s Y AERBE; P LUAOERSE
3 FXTET, 0.39~0.500HFHIcH 5. AOEHES
P3' OFBEEOBIEN NEWZ EvEETSE, Z10
iz, P1, P2, P4, P5 P6DRWANKEL BT
DRTHKT LI Lbh b, 2D &b, B1ER
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Scatter diagrérﬁ" of éémplésﬁ)n"thépléné with
axis of the first (Z1) and sedond (Z2) princi-
pal component.
%1 Control, A: 0.5 G, Vibrated, O:
O: 1.5 G, Vibrated, A: 10 times, Dropped,
times, Dropped, @: 30 times, Dropped, x:
retail.

Fig; 2.

1.0 G, Vibrated,
m: 20
sold at

SIIHEREERS ORBEYETRT LELOND. —7F,
o EEATIE, PU, P2, P4 EEN LT, PI,
P5,P6 OREMNETHSHZ E0b, P3, P5 Péiik
&<, P1, P2, P4 &b &, Z2XETKEL Iz

b, Wz P1l, P2 P4nikx<{, P3, P5 P6ruhX
WEEIX Z2XARIS. DT Db, FE2ERML
HRERS OHBEETHTFEELLNS.

HoRT B 1 TR & B2ERI L5 HHRE T
7. 3 BMGEFERERG 7 BREEE ORI B e 20 8
BIxhnahotcled, BF—2% RA—1 F—x& R
LR 2 ERL Lic. SHRIX R OYRE) L8 A O
CRELTHMALTE D, MEXRFIHERKR. 10H,
20l D FALE CUk, BRAAALEL SR A 2> B S B ~B
B5. 3bk, HTEBIHEL 0B &, B
CABETHEALRDLND.

B ES IR A S SRS B~BEIT 5 2 L1, HFE
WD ORENSE D bk, ERFEEB»LEHEC
~BEIT 5 Lk, RS ORENEIEEEHEML
b D0, HRCERRDHAHZ EEERL TS,

Doz Ehb, 156G, 300RE OIRELE T, &
MsHvoORHORBWX HE DALV, 30cm
DOEINHI0E, 0| OB TUELYZTH &, READR
HeEZbh? P, P2, P4, P5, PRy EMNT
BB NG, ¥7e, S0EMEOBE, HEEERS D

BEREIE EHEIN LAV, JRcEbrigs b, M
ia‘ﬁ@v: P1, P'z; P47b‘ii§ju L, P3, P 5, iP‘s'zf;ﬁ/yvy
% _
$ﬁ%f¥ﬁbt%ﬁﬂﬁuﬂmbﬁbbfﬁ%ﬁk
HT 575, RIFORB\LIIZ LA L HERYRIT ST
Dyt =0, TR T AERE B O Z R ST I\ TREH
ﬁmxwéﬁﬁo%OT WISIRE) X 0 LATE T EER
HEM 3 7) /%%@nnﬁﬁﬂ‘ %kﬁieﬁﬁkko T
m%%@&%x%h% _—

s, WIS TWBEM T » v ORI OIS
FRBCAHT L, P1~P6nERELED, (1) REH
T Z1, Z2DME% 5 LR 28 2 e BT, i
Wik SIS BROE 0 Lo e BT . Tiob
B, F oA BEEIC 220 E0RMCBET AHEEC
By, ERERSORELS, =57 —LOHEAK
ERILwRLTOE.
B E

BRIEPRZT 5% THEE LS ORE RN
v RItOrE - (RE) CRIETHECOW TR L
Jo. HAIZR<NIT 7LD ERERS O OWER
%, ERSOWEZRGTERITL, ROBELER

1 B3 vRHOEREERST, FRHEARKSNS
PR AZe< 75 ACFEERIOEOE— 27 & LT
Bho, RESOPT, =&/ - LOND5HEENED
K ¥ S REROYCRE. KT, 71 TAF
b FHPAEL £EEDI0S EED 5.

2. HFABIhRETL, RINc=x/ -2,
7 b T AT e FALCICE D i DR 5
BT 5 EHLEOHRALARERZRTS, HEO
B AL T AR S BARE TR\,

3. #rzmw=trrs5abkor—-27 P1~P6% CTO
6 D% B (EBEME) & LTERLILSWE T i
B OE2XRS T CTOLDEREYENTE .

4. B1ERML, ERERSORELR, Tk, F2
ERNE, B OEREETEREEZLND.

5, BI1ERD EF2ERDIT I HHMARICE VT,
ETAEEZ Ry, SRR, IRBX O 0 &R
R TED. Fi, HTAEYZFRED S H30E
MO L DU, 10[E, 20EDH DB LT, ERER
FOBBIEA TS, HEE LT, M =57 —
AERFLTE 7 AFe FRAENT 5

6. M 3 YR OBEEEYE T THENRED
ME XD LETREOTHKE .

5| A X &

L % B3R HE - Mm% 1967. 8M < A
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