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Comparative DPPH and ABTS Radical Scavenging Activity Assays
for Evaluating Natural Antioxidants as Food Additives
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To assess the quality of natural antioxidants used as food additives, it is important to establish
method for evaluating antioxidant activity. In this study, the DPPH and ABTS radical scavenging
methods were evaluated. The antioxidant activities of 21 reference antioxidants, including flavonoids,
polyphenols, vitamins, amino acids, and peptides, were determined by these methods. In both assays, a
catechol and a pyrogallol moiety contributed to antioxidant activity. In addition, a 3-hydroxyl group in
the C-ring of the flavonoids and the gallic acid ester moiety of the catechins were also important for
activity. The antioxidant activities determined by DPPH and ABTS were similar with the exception of
catechol compounds, for which values were~1.3 gmol TE/zmol higher in the DPPH assay than in the
ABTS assay. We conclude that DPPH reflects reactivation of the catechol moiety of the antioxidants.
A correlation study of DPPH and ABTS with the FRAP method showed that the DPPH method
reflected ferric-reducing ability more precisely than did the ABTS assay. We conclude that the DPPH
assay would be suitable as a standard method for evaluating natural antioxidants as food additives.
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BE, HARENTHEHSA TV S ESENwE, £
FAEBICBWTRENRTH 2ILEZEEW - Rk &,
FRENRINT D 5 RIREERL - —BEREAMPIT RGN 2
NTw5s, 2517, MENRTD 5 EmRMwIE, B
W & BEAEAS M s s, SR 3 254E
8 H 6 HHTE436im H, BEFEINWIIFER254E2H 7 H
BAE365Mm H BB SN TV B, IRERMY & 1%,
e, AR LRI ThY, KoE
i 7T 3RO B R RS E S T\ b,
=%, BAARIMWE, RRBEROBHLZREN TH S D
D% L, EDOHRIED RO ESHEETH %,
BEAM OB HIE, FK 7 £ AT ORIk
FBEEMICEDONTWED, RS ERED 5V
AR 2 R & L 7o B ZRHE O B g A5 oD THE L W IR
MRIZHDHZEDND, FHio b ABEEERDORENET L
ToTwh, BALBIEFICBWTY, 2o TH S
PURRALREIZ 25D < #7220 SV ATl 2R #E O SR e ASEH B 2o i
D D L 2o T,

PRILREIC 3D B FHNICIE, DU LREREM O A%
BREDVPLEATTRTH Y, ZTO72DITFREEEHD
EIE L TORUMEOFMi AR EERE & 72 5, PilR{LhE
Ak L LT, IhE CIOEERRERoR L 54 H%
Feze ks’ ShTB Y, ZoEPUIMD TH L v,
PUBRALRE D FFM: 1L, 2 ol 5B 12 35D X Hydrogen
Atom Transfer (HAT) ##% & Single Electron Transfer
(SET) ¥t oI nsd, HATHRE X, PUR LW
T IHNIIKERT2AE-3 5 2 & TIRE DML % Hil
FTHRBIZESCDDOTH Y, fHFEH ZHE D zoxygen
radical absorbance capacity (ORAC) #:"%low density
lipoprotein (LDL) BALEF R LB hICBET 5, — 4,
SETHME X, PURLWENT VAN R R &I 18
FEMETLZETHRELHETT A RBIIESLDT
» U, 1,1-diphenyl-2-picrylhydrazyl (DPPH) %",
2,2’ -azinobis (3-ethylbenzothiazoline - 6-sulfonic acid
(ABTS) ", ferric reducing antioxidant potential
(FRAP) B ENHIFoNb, ToOMIZ, STV VE
AV NIy THIOMFIZ XL Y WET HET A Y V3L
(ESR) #"REER S 2 FIH L7 iGmEE (A —23—
X F) HEEEWEDTH S 2- (4-iodophenyl) -3-
(4 - nitrophenyl ) - 5 - (2,4 - disulfophenyl) - 2 H -
tetrazolium,monosodium salt (WST-1) #'97% &k 4 7%
WEEPFIET b,

B7-biE, ThETOMRICENT, BRI O
LB AR RER T (B EABRT) el o & Z 4 1k
FHili 2 D T E 72", BARRIZIE, B RBREL R o0 %
Eitt, OBEOHRICBTHHE SN TE 9K
BhoHIl, QENMTOMENTHETHLIE, @
ek R E R 7 B E LR WA O B 7R
EETHAHLZEDIHEEEL, 7V NEEELENEE
Td 5DPPHE: & ABTSH:, G PEMRHIHE 2GR E T

HHWST- 1 h:xfEfie LTEZE L. 2o 32w
T, BAFRM o 5 B ¥B—AbEW D S 7% 2 WAtk #l B
ORI 2 6 72 B RIRWHRIR GRS IR A O 5 % 17
W, BONRERE R L, FHEEO T FavE
oAl LI % 550 L7268, W hofllEidh: b ifseE
M TORBALEIE N L AMER S N/5S, WST- 11
MLl 2 3 L i3 5 L B E TS5 2 &,
F 72 BORMERRALBE IE R~ OB S22 & & 722 A S
PR o7ze SO X IIT, PLRRALIEPEETAMhE: o o i
e LT, BIRTIIDPPHE & ABTSEAH N 2R T
H DD, BMEHERLEZRET 5 720OIIETE O % B
LML, Il RPiBR bl EE T 5 2 ERHK
E o TWh,

—J7, EMOBALKISIZBWT, &|A1 + VI3RS
ERFLLTHONTBLY, &EA I ¥ O b T~
DTV ANVEEDE & &% A HEEIE V. Lzt
T, BALBhIEAIE L TR A A 213 2 b Rh 5
ThiHEITHEDEELREIED DL E 2 55, DPPH
3L ABTSHEIZWI N D SETHEIC D L G-l TH 5
25, BRA AV OFEITEEIHIE b FEHEICE O 20,
DPPH#E S X (FABTSETOMEMICITEIE A 4 2k
T HEITCREDSI M S N TV AR E V. ZDEEA
F AT HFEICEEDO LS, B AL O#EEICS
FALEELHMEREEZ SN 5,

ARFZETIE, BRALBG RIS ABLEOEEZ L L
T, FI2MEE O PRI = H v TDPPHiE B L O
ABTSHC & 2 iR ILREREAN % 17>, DPPHEB & UFABTS
T T WA B S EHURRALY O BOUBFEE 0 3E\ s % HGE
L7zo 512, DPPHIEEABTSHE# 84 4+ Y I2HT 5
FRICHERHII I CTH HFRAPE L LB L, W ¥ h VigEk
RN 3 28R/ A 4 VRITHE D ML 2 Mat L 726

EBR A&

1. 8 %

WaEEdee LT, EfR, TV, Yk Fr, &
YE—N, trans-7 = VT REILKTIE), =57
B, (-)-T¥An7%>, (-)-ZEATFUHL—},
(=)-z¥fahrsr*xFL—»bF rv7za—J, 3
VeFr kv 7<), 7, (-)-¥rahsr
U, LVARTAY BEFHTATARY), FuvtkTF
Y3-rnvavF (CEBERWEENGEE), SV y T,
L-7TAINVE U, Vit v, ¥abhsra—), LVF
v, (+/=)-a-ba7zua— (PLEFDGHEE T
FHW B, v 7zu—BIOLVTFY idH
FE90% DRI & vy, 2 Ol e ARHI B LTI
5% LD OEMH L7z, B, WEHARIEREICIZ
K RIEMEE 2 JE IR E 2 U U e 72, BREH
& LT (£)-6-hydroxy-2,5,7, 8-tetramethylchromane
- 2 -carboxylic acid (buaa vy 27 2) (SIGMA) #=fHH
L 7zo # B 30 % 1%, 1, 1-diphenyl- 2 -picrylhydrazyl
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(DPPH) (FIt#i3E 1T.3%), 2,2 -azino-bis (3-ethylben-
zothiazoline - 6 - sulphonic asid) ( ABTS) ( Roche
Diagnostics), “XNVFAF YV ZEEA Y v 4 FDOBHE T
%), 2,4,6-Tri (2-pyridyl) -1, 3,5-triazine (TPTZ)
CREbER T3, #ifbgk () AAAM (FH54 7 A
7) 2R L7z. 3, FER ORI VIR D Ok
& 7o WO BEMIE 12IE, U-20014 D6k BEE &
(BiinA5z7ay—xX) #Hwi,

2. AMBIROFAR

ARAEHATIE, FIEREN S ngxk PRD9. 5% Ty )
— ) (BT 2 WIEMIlIQK (FuvyF+ v,
VATAYDOR) BEML, BLEGEFEANR (Y= b
) R CERRHOBERLE 110W, 15~30%
H) 247w, ERICARE BRI, 20k, =¥/
— VAR R W CERRER 2 ER L 72,

3. DPPHZ Y HIVEEMRIEZ (DPPHE)

DPPHEC & 2%, BEf & FBkICAT - 72", DPPH
B, 99.5% T % J — VISR L7, WiIRRGETIC 2
RERTHCE U 720 RBRAE [ BURHA 200 ¢, 100mM Tris-
HClNy 7 7 — (pH7.4) 80048, 0.20mM DPPHIAWE
ITmeZdmL, 10FHE L L2, HiREFT T30
SrBEEE L7z BOREE, I O517nmlC BT 5 WO
(As) 2 L7z MAHEROMRDbYIZTY J — V2R
MLZSEOWmEEa >y ra—v (Ac) & L7 %
7z, 0.20mM DPPHAEW DD D ICZ ¥ J — V@
L7 EDRNEZ TSy 7Lz, 2V a— VO
JGEE (Ac) 1Zxt3 2 BRHA IR O WG BE 0 3 A # &
(Ac-As) b &1, LFoX () 12Xk o> THER
(%) ERKD7=

22 (%) = (Ac-As)/Ac X< 100

BoNHEREZ HENIMRE IS LTy M5
Xy, BMELEERE (tooy 2 X) OIC
(umol/mé) # ZFNZFNRDIzo Few T, UTOR (2
FHWT, FRo rewy 7 2EMEYE (TEAC) 14
(umol TE/umol) ZHH L7,

TEAC (umol TE/mmol) = (Fa & v 7 ZDICs
(umol/mé) ) /HLIEALH DICs, (umol/me) +-+++++++++ 2

4. ABTSZ Y HIVHEEMRIEE (ABTSE)

ABTSEEIC X 2 S, ML FERICAT- 72" ABTS
working solutionld, 7mM ABTSIAE 5m¢, 140mM-X
WVE XY ZHEES ) 7 LRSS w & X IRFIL, FiR
BT IC12~16RERIIGE L 720 S 512, Z OB D734nm
ZBTHWIEREN0.7+0.028 % 5 £ H1299.5% % /
—VTHMRLZb0%2MHEHL 72, B4 ICABTS
working solutionz 1 méJill ., 100 w€ O FEHE T % G
%, 10BMHHE Lz ZOEHE30CTL 54 ~F 2
NR—3 gy L7z, 734nmiZ B 5W8E (As) Zil
E L7z REHBROR DY IZT Y /= VEHEIM L2

OWHEEZ I fa—)v (Ac) & L7z, £72, ABTS
BWORDLYICZY ) =V ERMLIZGEOBRLEY T
F v 7k L7, DPPHEE L MERICEK£ESE (%) % Lid
A (1) Lo TERD, X5 IZTEACHE (umol TE/um
o) 23 (2) WCXYHEH LA,

5. FRAP:%

FRAP#:IZ X AMIE 1%, Duponng H D FEIZHE L THT
o 729 B ER I 100 10 & 8 K K300 ¢ ZFRAP
(0. SMPEMERB M 7 (pH3. 6) : 10mM TPTZi#R# : 20 mM
FeCL##E=10: 1 : 1) 3mlc®EMmL, 37CT30%5
£ v F2XR=bML72HE, 593nmTOY ¥ T IVIESEEE 2 #l
E L7z MEHERE (x) ISR L Txind 2 Wb o
(y) #7av bL, BEUREBZRD 72, FARICEEY
HTHhHsbrany 7 ZORIREMROEE %R 7214, &
BEORREROEE OfELZ bu o v 7 A NYFEROME
EOMETH: L, TEACHE (ymol TE/pmol) Z#HHM L 72,

RBRERBLUVEE

DPPH3 & ONABTS#: % W T, &2l oL
W (Table1) OHiERALAEZ &M L, 155N 7=TEACH
ZTable2 IZ/R L7260 BB, H7Ab&Wix, 75K
4 FRILEWME LTI IR — IVE L ZDOEBEHA 6
(rrrvzza—=), FrvtFr, IYkFr, £V,
FNVEeFUI-INVAVER, VFY), 79 KRVELE
WFF1)¥), 79N -3-F—VE4H ((-)-= ¢
A#5¥F v (EC), (-)-z¥Fubsxr (EGC), (-)
-TEATFF A L—F (ECG), (-)-Z¥FuapsF
vHL—1b+ (EGCG)) DENULE&, B L UZofift
EWEN0RE (rans-7 = VS, ¥uahsya—)i, h7
o, BETEE, EYE—, TSV, L-TAINE
VW, LV ATFA Y, FVEFAF Y, (+/-)-a- b2
Jxzua—)l) Thhb,

9, ML EYOREME K L. 79K
J—=IVHEIZBWT, BROKBIEOBNRL L7y 7 =
a—J, rkFr, IYtFrODPPHETOIGHAE
R LIZEZA, HHEEX I VEF =3I EF 0>
70— VoML R ol BWEERRED SN0
X, ¥ICBRICHTa— VB I alo—vigEz A
TEEBETHoTze —FH, 798/ —VOBR2, 4 fiL
KR EZET L) Y oEMEMIZ, 0.97 zmol TE/
umold 2D v 7 2 ua— )V IRIEFRETH- 72
5, DPPHETOIGHEIZ IZBEROKBRIEDOKIZTF TX
<, KBIEONEIEEZGEHRBERTH 5 Z LAVR
INniz, 61T, HHERBICEEELEZEZOLNTNE Y
TR —VOCER IMDKBIEDLELMRT 5720,
CHRIfMICHESES LI VEF3- 7 Vvay B L
CNVF v DGR Ve F v L L7z, Z OB
Iz & FNnFh0.968 X 0. 78 umol TE/xmol® i
P T 25HERE S, CBR 3 ML D/KEEHE 50, 8~1. 0 #mol
TE/pmol BEDOHBALICH S L TWb I EARB IR
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Table 1 Reference compounds
Sample Substituent Structures
Flavonols
Kaempferol 3, 4-OH
Quercetin 3,3, 4-0OH
Myricetin 3, 3, 4, 5-OH
Morin 3, 2, 4-OH

Quercetin 3-glucoside

3-rahamnose, 3°, 4-OH

Rutin 3-rutinose, 3’, 4-OH
Flavons

Luteolin 3", 4-0OH
Flavan-3-ols

(=) -Epicatechin (EC) 3,3, 4-0H

(—) -Epigallocatechin (EGC) 3,3, 4, 5-0H

(—) -Epicatechin gallate (ECG)
(—) -Epigallocatechin gallate (EGCG)

3-gallic acid, 3°, 4°-OH
3-gallic acid, 3°, 4°, 5°-OH

Others
OH
trans-Ferulic Acid HO\A/\VCEO/CHS
OH
Pyrocatechol Cﬁ
OH

Caffeic Acid

Gallic Acid

o OH Glutathione
Sesamol %j@/

(+/-)-o-Tocopherol

Ellagic Acid

L-Ascorbic Acid

L-Cysteine

720 WD Z EBCERSMICKEEFZAS RV T TR Y
FTHHLVTAY) VOGEICDHERINI I L0, 7
SR A4 FHETIE, CH 3 MLOKEEIOEEMEAETEC
BEETHHLIENHLNE RS T2e 7K 4 NEOR
EEPBALTEOBMMEICOWTIE, EHSICL-oTOHH
HEINTWEY, iiiCHwWSLNLTWDLEDIE, g-HaTF
V) = VEBROKIETH Y, DPPHEE & Kt A 7 =
ALNREDH, 79K 4 FBEA T a— Vi EC
B 3 ALK D BRI S N T 5 HTIEAR
WFERER L~ LTz E5IZ, in vivoPUH LGP
B cd B MRt LA e E (CAAY) w7
WEIZBVWTD, 79K /4 FBRATI—-VHEEOK

ISHEDEWZ EARM I N THB Y, 77 a— VIR
e LPBLUC R CTEWHI 2 BT 2 R AT
b ENRIBINT,
TINY-3-F—NVEHTHDLH 7 F VETIE, Sh
RL7ATFFVEHIBLETEWIEE (3.12~4. 86 #mol
TE/pmol) #x L7z TNHDZ LN, W T X UH
ZBWTH ERd 75K — VEORE L FREICBER S
Ta—V - ¥uhu— VEEISERT % LRI .
SHICCRIMICHEETImRIHBE LA L— M T F
¥ DECGH & CEGCGO i M 1% & L Z 14.86, 4.83
umol TE/umolTHh V), oA 5 F e L T1.47
~1.74 pgmol TE/pmoliEWMEZ /R L7z, ZORERIL, C
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Table 2 Antioxidant activity of compounds as determined by DPPH and ABTS

Sample

DPPH
(¢mol TE / ymol)

ABTS
(¢mol TE / ymol)

Flavonols
Kaempferol ¢

Quercetin ®

c

Myricetin
Morin ©

Quercetin 3-glucoside °

Rutin *
Flavon

Luteolin *
Flavan-3-ols

(=) -Epicatechin (EC) °®

(=) -Epigallocatechin (EGC) ©

(—)-Epicatechin gallate (ECG)®

(—) -Epigallocatechin gallate (EGCG) ©
Others

trans-Ferulic Acid ¢

Pyrocatechol °

Caffeic Acid *

Gallic Acid ©

Sesamol *

Ellagic Acid ®

L-Ascorbic Acid ¢

L-Cysteine *
Glutathione ©
(+/-)-a-Tocopherol ¢

1.01+0.01 1.00+0.01
3.18+0.03 2.01+0.09
3.09=0.11 3.11=0.19
0.97=0.01 0.86+0.12
222%0.11 0.96 +0.04
240%0.11 0.98+0.04
2.22+0.07 1.04+0.26
2.73+0.08 1.57+0.08
3.12x0.05 2.98=0.06
4.86+0.21 311=0.13
483%0.18 4.67%+0.08
0.71£0.04 0.64 £0.06
2.73+0.09 1.08 +0.03
246+0.01 1.08 =0.04
2.52+0.06 249+0.20
0.78 =0.02 2.03=0.09
3.84=0.30 2.74=0.32
0.87=0.00 1.06 £0.04
0.55%0.01 1.37£0.07
0.70£0.00 0.80£0.04
0.90 £0.05 0.94 £0.01

Data are expressed as the mean = SD (n=3),

*:DPPH < ABTS, " : DPPH = ABTS, © : DPPH > ABTS

BRIMOBEEFBRIAT VIEEDN T F VHIZBWTKR
ELRWHHEBERE o TWALI ERRIBLTVS, &
R L7h 7 VHIETRTREICE TN I T X~
HThy, BILBIEAE LTHH IR TWSF il
DERITTH Do F iz, 7v—r8A 7%
v, FRIZEGCGHZ &b LEZONL I LN D,
F v A IO THR BB EAITH 5 2 & 254
EPL HSNTR 572,

7 7K A4 FEUANDLEWIZOWT, 2 pmol TE/
pmollh OB WTEACEA /R LD, Yah 73—
WV, 7 W, RETER, TI7BTHY, wIhdy
FHICHTFa—VhHrwidv¥uoro— ViEEz2H3 51k
EWTH o7z, FEIZ, FHNIC2MOS Ta— ks
BT DT 7EETIE3.84 pmol TE/umol & & T W
fEZRL7Z0 SORRERNPS, 7584 FUSMNOILEY
ThH, PFHCHTFaI—VhHisrnwiivaro— k%
AIEE etz 83345 2 LRI Nz —
W, VB LREZ DO L THISLNTWAL-TAINE ¥
B, ZVyFF v, (+/—)-o-ha7za—N7 D
WHEEIZH U C 1 pmol TE/umoll L FTOETH Y, I

HNVHEHEROETIE 7 IR A4 FRIEEW I D LRHED
INEVH D LIS N7z,

ABTSE:Z v/l Tix, DPPH& Bl L 7245 1A
RO SNTD, —EBTHS P RMESAED BN F
Z%“bbH, DPPHETIE A F I — V& & Y a b o — vl
WO OISR IZIZFREETH > 72Dk LT, ABTSHE
TOWEMMEIZ A 72— VRS iR LT u i — kg
ED FUSTEDSE Ao 720 BARMIZIE, ABTSEETIE, 7
VtF >3 +kF v, EGC>EC, EGCG>ECG, #E
FE>Yarsra—) - 77 ik EOBEAHER SN
Too 72, WTA-NEEEETATINEF V3TN
avr, vFr, vii+yr, ¥ahyra—i, 7=z
7 EDLEW AT D 1 umol TE/pmolf DG
ELDRE LoD BB TH 72,

DPPHi#k: & ABTSHHE, W UMEEBICESTTh
WAHZEVERE R T 5o WiE 3B L 706 M) %2 7R
THLOEEZ SN THY, 30RO KETER DY %
Fw - Pi L 2 3Bk Tk, DPPH#: & ABTSH: 0 il
ERBRIIEVHESH LI EHRENTWEY, LAL
LS, H—mahs sty HuizdBERc
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&, —EBR 7 AT bz,

DPPH: & ABTSIEE O I 5 Tl — 3 2 2 AEH ) 2572
DHNZZ LS, WE SO WM B E 1 2
Meat L7ze REC21HEEH O BRI DT, DPPHEE &
ABTSZEO M (TEACHH) OB A MET LR E, W
HOMBRENZ0.779TH b, UL -EmIZEO S
5300, EERHIZTEY PHFESDOVIRRE Lo
(KIZEW) . 2T, Table 2 OFEH 2 FHMICHGE L,
DPPH#: & ABTSHE: O {f i & K L 720 2 DR,
DPPH#: TOMEEASABTSE DG M X D & 7L —
7 (DPPH>ABTS), DPPH: & ABTSHE: il MEAE A [H
BETH B 7 V—7 (DPPH=ABTS), DPPHIE:TOIE
PEAE ASABTSHE DG HEME & ) v 7 v — 7 (DPPH<
ABTS) @37 V—TIZRNSNBZ LML 720 21
L&D 7 NV — T T iERIE, Table 2 DILEMHICT
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Fig.2 The effect of catechol on the correlation between
DPPH and ABTS

O : without catechol structure (DPPH=ABTS),
@ : with catechol structure (DPPH > ABTS)
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Table 3 Antioxidant activity as determined by FRAP

Sample FRAP
(zmol TE / gmol)
Flavonols
Kaempferol 2.05%0.04
Quercetin 401=0.11
Myricetin 3.02%+0.12
Morin 1.63+0.02
Quercetin 3-glucoside 2.35*0.01
Rutin 223+0.11
Flavon
Luteolin 2.17x0.02
Flavan-3-ols
(—) -Epicatechin (EC) 2.44+0.05
(—) -Epigallocatechin (EGC) 2.76 £0.07
(—) -Epicatechin gallate (ECG) 4.30%0.08
(—) -Epigallocatechin gallate (EGCG) 467+0.17
Others
trans-Ferulic Acid 1.06 £0.04
Pyrocatechol 2.22+0.09
Caffeic Acid 2.39=0.05
Gallic Acid 1.66 £0.10
Sesamol 2.45%0.04
Ellagic Acid 4.08+£0.01
L-Ascorbic Acid 1.00£0.00
L-Cysteine 0.26 =0.00
Glutathione 0.36 £0.12
(+/-) -0-Tocopherol 0.75+0.00
Data are expressed as the mean = SD (n=3)
5
v = 1.007x - 0.072 ®
r =0.939
4 |
E
E
5 3
E
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Qg 5 |
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=
= 1
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Fig. 3 Correlation between DPPH and FRAP
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Fig. 4 Antioxidants and the correlation between ABTS
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O : without catechol structure, @ : with catechol structure
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Secondary Metabolites in the Rhizomes of Diploid
and Tetraploid Gingers (Zingiber officinale Roscoe)
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The rhizomes of diploid and tetraploid gingers (Zingiber officinale Roscoe) were studied for their
composition of volatile and pungent compounds. The tetraploid ginger was derived from the diploid
ginger by in vitro colchicine techniques. GC and GC-MS analyses revealed that the volatile compounds
in the diploid and tetraploid gingers exhibited a similar compositional pattern. The pungent compounds
were also isolated from the tetraploid ginger rhizomes and their structures were identified as [6]-
gingerol and [6]-dehydroparadol by chemical and spectroscopic evidence. The HPLC analysis showed
that the composition of pungent compounds in tetraploid ginger was not so different from that of
diploid ginger. Therefore, tetraploid ginger showed a potential alternative to diploid ginger, since
tetraploid ginger has several advantages over diploid ginger such as pollen fertility, germinability, and
larger size.

(Received Sep. 18, 2013 ; Accepted Feb. 17, 2014)
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Ginger (Zingiber officinale Roscoe, 2n=22) is a tetraploid ginger demonstrates enhanced pollen
monocotyledonous herbaceous plant belonging to the fertility and germinability, and tends to grow
family Zingiberaceae. It is an important commercial substantially larger than the diploids in both plant

9)~11)

species, and has been used as a source of spice and and rhizome size However, there is little

medicine in Africa, Asia, and America since ancient information about the secondary metabolites in the

V2 The rhizomes of ginger contain both the rhizomes of tetraploid ginger. As part of the search

times
characteristic flavor and pungency of the spice. The for natural food and medicine sources, the present
volatile compounds of ginger have been found to study investigated the secondary metabolites, i e.
possess various pharmacological properties, including volatile and pungent compounds, of tetraploid ginger.

antioxidant, anti-inflammatory, and antimicrobial

3)~5)

Materials and Methods

activities” ™. What gives ginger its pungency are
gingerols and shogaols, which consist of a 1. Plant materials
homologous series of aldols, each containing a The Koganenosato ginger strain was used in this

phenolic group. Additional studies have identified experiment. The tetraploid ginger was derived from
ginger’s antioxidation, antiulcer, and antiallergic the diploid ginger by in vitro colchicine treatment

effects”™. On the other hand, ApANIYA et al. and the chromosome number was checked
succeeded in inducing tetraploid ginger (2n=44) according to the methods of Apantya er al” ™",
using in  vitro colchicine techniques”™ . This

§ Corresponding author, E-mail : nishikw@naruto-u.ac.jp
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2. Quantitative determination of volatile compounds

by GC and GC-MS

The fresh rhizomes were washed to remove any
soil, peeled, and sliced. The sliced rhizomes were
grated with a food cutter and filtered with gauze.
The slurry (9mé) was extracted with 1mé of n-
hexane with stirring at 3,000rpm for 15min. After
the extract (hexane fraction) was filtered and dried

over anhydrous sodium sulfate, the solvent was

removed by rotary vacuum evaporator at 40C™?".
The each sample was subjected to GC (Shimadzu
GC-14A, FID) analysis; column: DB-1 capillary
column (0.25mm id. X 30m, 0.25xm film thickness, J &
W Folsom. CA, USA), carrier gas:
flow rate of 1.8m¢/min, column temperature: 50T
(2min) = 3C /min—230C
detector temp.: 250C. GC-MS was carried out on a
Shimadzu GC-17A coupled with a Shimadzu QP-5000
under the same GC conditions. Identification of the
based on GC

retention index (RI), co-injection with authentic

nitrogen at a

(10min), injector and

volatile compounds was relative
compounds, and computer matching of the mass
spectra against a library of spectra built up from
comparison of

authentic compounds, by

fragmentation patterns of the mass spectra with
likely authentic compounds".
3. Extraction and isolation of pungent compounds

The lyophilized rhizomes (37.47g) of tetraploid
ginger were mashed and extracted at room
temperature with CH.Cl: (400m¢ X 4) and MeOH
(400m¢ x4) (Fig. 1). The extract, after concentration
under reduced pressure, was subjected to Sephadex
LH-20 (4.5cm id.*23cm)column chromatography and
eluted by H,O increasing amount of MeOH and
then by CHCI; to afford four fractions (Frs. 1-4). Fr.
3 was applied on Preparative C18 125 A (H,O-MeOH ;
1:0—0:1 and MeOH-CHCL,; 1:0—~0:1) and
Sephadex LH-20 (H,O-MeOH; 1:0—0:1 and MeOH-
CHCL; 1:0—0:1) column chromatography to
produce Compound 1 (196.5mg). Fr. 4 was purified
by Sephadex LH-20 (MeOH-CHCL; 1:0—0:1)
column chromatography to give Compound 2 (32.2
mg). Compounds 1 and 2 were identified as [6]-
gingerol and [6]-dehydroparadol, respectively, by
comparison of the spectroscopic data (‘H- and “C-
NMR) with those in the references” ™™ (Fig. 2).
4. Quantitative determination of pungent compounds

by HPLC

The lyophilized rhizomes (approximately 20mg) of
both diploid and tetraploid ginger were mashed and

Zingiber officinale Roscoe (the tetraploid ginger rhizomes)
(3747g, dry weight)

100% CH.Cl, (400m¢ x4)
100% MeOH (400m¢ x 4)

Extract
‘ Sephadex LH-20 (H.O—~MeOH—CHCl,)

Fr.1 Fr.2 Fr.3 Fr.4

Preparative C18 125A

(H,O—~MeOH—CHCL) Sephadex LH-20
Sephadex LH-20 (MeOH—CHCl,)
(H,O—=MeOH—CHCl,)

1 (196.5mg) 2 (32.2mg)

Fig.1 Isolation of 1 and 2 from tetrapoid ginger rhizomes

MGW MEOW
HO HO

[6]-dehydroparadol (2)
(0]

[6]-gingerol (1)

MeO« ~
HO Y
zingerone (3)

Fig. 2 Chemical structures of the ginger compounds
tested in this study

extracted with EtOH-H,O (1 :1) for 16 h at room
temperature. After filtration through a filter (0.22m,
Millipore, USA), each extract was subjected to
HPLC analysis”. The HPLC analytical conditions
were as follows; column: TSK-gel ODS 80Ts (4.6mm
id. x 250mm), mobile phase: MeOH-H.O (9:1, in 40
min), flow rate: 0.4m¢/min, column temperature :
40C, detection: 280nm, Rt (min) : [6]-gingerol (1)
(8.79) and [6]-dehydroparadol (2) (9.46), and
zingerone (3) (7.55). Zingerone (3) was purchased
from Sigma-Aldrich Co., Ltd. Analytical HPLC was
performed on the instrument equipped with a
photodiode array UV-VIS detector (Gulliver, Jasco,
Japan).

Results and Discussion

The total peak area of the gas chromatograph of
diploid and tetraploid gingers was almost the same.
The aroma of ginger is characteristic,c, and many
such as terpenoids and
identified
'. In this experiment, seventeen

volatile  compounds

sesquiterpenoids have been in various

, 20

samples of ginger'
volatile compounds were positively identified in both
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diploid and
Monoterpenoids found

(Table 1).
included five monoterpene

tetraploid gingers

hydrocarbons ( a-pinene, camphene, myrcene, p-

pinene, and terpinolene) and seven oxygenated
monoterpenes (linalool, citronellal, borneol, decanal,
neral, geranial, and geranyl acetate). Sesquiterpenoids
included three sesquiterpene hydrocarbons ( o-
zingiberene, o-farnesene, and B-bisabolene) and two
oxygenated sesquiterpenes (nerolidol and farnesol).
A number of volatile compounds identified from the
diploid and tetraploid gingers were nearly the same
as those of the most recent reports™'¥*. As can
be seen in Table 1, the total peak area (54~59%)
of sesquiterpenoids was greater than that (ca. 21%)
of monoterpenoids. This result corresponded with
the results of ConneEL and Jorpan'. In both diploid
and tetraploid gingers, the major compounds were
three sesquiterpene hydrocarbons. In particular, the
peak area of o-zingiberene, which has an odor
unique to ginger, was the most pervasive (32~
34%).

Furthermore, ConnNeL and JorDAN reported that
freshly cut rhizomes possessed a ‘citruslike’ aroma,
and identified compounds producing this ‘citrus-like’

odor as geranial (citral a)and neral (citral »)"?. In

Table 1 Composition of volatile compounds from diploid
and tetraploid ginger rhizomes (peak area, %)
Compounds Rt (min) Diploid Tetraploid

a-Pinene (7.35) 1.34+0.10a 1.28%0.07a
Camphene ( 7.75) 5.74+0.382a 4.96 +0.29a
Myrcene ( 9.40) 0.60 £ 0.04a 0.51£0.03a
B-Pinene (10.78) 6.49 £ 0.64a 7.27+1.40a
Terpinolene (13.55) tr tr

Linalool (13.97) 0.07x0.01a 0.06 =0.01a
Citronellal (15.98) tr tr

Borneol (16.39) 0.54+0.06a 0.15%0.03b
Decanal (18.39) 0.81+0.20b 1.95*0.17a
Neral (19.71) 0.26 = 0.05a 0.26 * 0.06a
Geranial (21.10) 417*041a 3.67+0.49a
Geranyl acetate  (26.58) 0.87+0.19a 0.90 +0.28a
a-Zingiberene (32.03)  3440%086a 31.71%142a
a-Farnesene (32.58) 11.77+051a  10.59+0.42a
B-Bisabolene (33.38) 1257+026a 11.34*0.62a
Nerolidol (34.39) 0.33%+0.04a 0.42+0.02a
Farnesol (40.82) 0.14+0.01b 0.20 +0.02a

tr: peak area less than 0.005% (almost undetected).

Each value is the mean =SE for 5 samples.

Values in the the table not showing different superscript
letters are significantly different at p<0.05 by Student’s -
test by using the statistical analysis system.

this study, the ‘citrus-like’ odor compounds geranial
and neral were also detected (a total citral content;
3.9~4.4%), but none of the samples exhibited a
‘citrus-like’ aroma. It seemed that geranial and neral
were present in lower concentrations due to
differences in the storage and cultivation of the
rhizomes. Linalool (a floral and rosy odor ),
camphene (a camphoraceous odor), and geranyl
acetate in fresh ginger

(a unique compound

,13)

rhizomes) were also identified”*. In both gingers,
the content of geranial was higher than that of
geranyl acetate, probably due to the oxidation of
ginger rhizomes during storage. A comparison of
the volatile compounds of the two gingers showed
specifically in the

few quantitative differences,

content of borneol, decanal, and farnesol
Furthermore, no difference in volatile flavors was
sensed through direct odor or taste observations.
Therefore, it was considered that the composition of
volatile compounds in diploid and tetraploid gingers
exhibited a similar compositional pattern.

Ginger rhizomes also contain such pungent
substances as gingerols and shogaols”. Since there
have been few reports concerning the pungent
compounds found in the rhizomes of tetraploid
ginger, the pungent compounds in the rhizomes of
tetraploid ginger were investigated here. As
illustrated (Fig. 1), the extracts of the rhizomes
were applied to Sephadex LH-20 and Preparative
C18 columns to give rise to two compounds.
Compounds 1 and 2 were identified as [6]-gingerol
and [6]-dehydroparadol, respectively, by comparison
with reference compounds™ ™™ (Fig. 2). The main
pungent compound, [6]-gingerol (1), was contained
in both diploid and tetraploid gingers. [6]-
Dehydroparadol (2), related to the

gingerols and the shogaols, was also isolated and

structurally

identified in the tetraploid ginger for the first time.

As the natural pungency of ginger is known to
be derived from mixtures of gingerols, we
investigated the relative contributions of compounds
1, 2 and the related paradol, zingerone (3) (Fig. 2),
in the rhizomes of diploid and tetraploid gingers.
Among the three compounds examined, [6]-gingerol
(1) was the major compound in both diploid and
tetraploid gingers (diploid, 0.74% DW ; tetraploid, 0.
64% DW) (Table 2). [6]-Dehydroparadol (2) was
detected at a scant 0.07~0.09% DW, and zingerone
(3) was hardly detected. This result is consistent

with the report that zingerone (3) is not a natural
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Table 2 Concentrations of pungent compounds extracted
from diploid and tetraploid ginger rhizomes (% as dry
weight of the ginger)

Compounds Diploid Tetraploid
[6]-Gingerol 0.74+0.07 0.64 =0.03
[6]-Dehydroparadol 0.07 =0.01 0.09=0.01
Zingerone tr tr

tr: peak area less than 0.005% (almost undetected).
Each value is the mean=SE for 5 samples.

compound of ginger rhizomes but an artifact
derived from gingerols. The content of pungent
compounds in diploid ginger was not significantly
different from that in tetraploid ginger. In direct
taste and scent observations, we did not sense any
difference in pungency.

In this study, the volatile and pungent compounds
from rhizomes of tetraploid ginger were investigated
for the first time. In a review article, DuawanN and
Lavania showed that the productivity of secondary
metabolites was enhanced in many cases of induced
polyploids®. However, our results indicated that the
secondary metabolites in the rhizomes of tetraploid
gingers were quite similar to those of diploid
gingers, presenting only some minor quantitative
tetraploid ginger has

differences. The induced

several advantages over diploid ginger, such as
enhanced pollen fertility, germinability and size” ™.
In terms of supplementing human diets with these
secondary metabolites, the rhizomes of tetraploid
should be wuseful for the field of

pharmaceutics, as well as foods. Further studies are

ginger

required regarding the secondary metabolites of
tetraploid ginger.
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Changes in Vitamin C Content of Different Parts
of Broccoli (Brassica oleracea var. italica) After Cooking

NAKASHIMA Nana*®, HIRATA Saki*, SHIRATSUCHI Hideki*,
KITANO Naoko* and MATSUZOE Naotaka*

*  Prefectural University of Kumamoto, 3—1-100 Tsukide, Higashi-ku, Kumamoto-shi, Kumamoto 862-8502

Broccoli (Brassica oleracea var. italica) has a high vitamin C (VC) content, which can be reduced
during the cooking process. We therefore compared two methods, vacuum cooking and boiling, with
respect to changes in VC content. We cut the broccoli, and divided it into 4 edible parts: the florets,
branches, and inner and outer parts of the stalk. Thereafter, we applied the two cooking methods to
the prepared broccoli samples, and analyzed the VC content using the post-column derivatization
method. Samples were analyzed for total VC content/100g fresh weight. For raw samples, the VC
content was greatest in the branches, followed by the inner stalk, florets, and outer stalk. Significantly
more VC remained after vacuum cooking than boiling in all 4 parts based on the reduced VC content
eluted out under vacuum cooking (p<<0.01). T he sterilization process before vacuum-sealed packaging
reduced the VC content in florets, whereas sterilization of the other 3 parts (branches, inner stalk,
and outer stalk) showed minimal reduction of VC content (p<0.05). W e concluded that the major
factors maintaining VC content during vacuum cooking are control of the outflow of VC in the
cooking water and deactivation of enzyme decomposition of VC by sterilization.

(Received Aug. 21, 2013 ; Accepted Jan. 30, 2014)

Key words : broccoli, stalk, vacuum cooking, sterilization, vitamin C
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Broccoli (Brassica olencea var. italica) is a bright- for immediate re-heating as needed ;

hence, it is

green colored vegetable belonging to the Cruciferae

family  and originates  from the eastern

Mediterranean area. It is high in vitamins and
minerals, and in particular, contains high levels of
vitamin C (VC), carotene, calcium, and iron”. The
stalk of the broccoli, which also contains abundant
nutrients, can be eaten as well as the florets, thus
waste? . vegetables

reducing  kitchen Cooking

changes, often detrimentally, the nutrient
composition depending on the cooking procedure
used, such as washing, cutting, boiling, exposure to

$~9  Studies on cooking

air, heating, and others
methods have shown that the method influences
nutritive values and functional ingredients of food
items differently®. For example, vacuum cooking has
several merits compared to boiling : the nutrient
loss is lower, and less seasoning is necessary” .
Additionally, vacuum cooking allows food items to
retain more water, resulting in softened food items
without becoming mushy through boil-collapse”? .

Refrigerating the products of vacuum cooking allows

hygienic, preserves the food, and is suitable for pre-
prepared cooking.

MikaAEL” studied the maintenance of vitamins and
sensory evaluation after cooking of broccoli, and
showed that both functional and color characteristics
were better maintained by vacuum cooking than by
boiling, but the results of this study were not
conclusive. Thus, in this study we observed the
VC, and
compared vacuum cooking and boiling for each

effects of vacuum cooking on broccoli

edible section of the broccoli head.
Materials and methods

1. Materials

Broccoli heads grown in Kumamoto prefecture
were purchased in October and December of 2012.
They were cut and divided into 4 parts: florets,
branches, inside section of the stalk, and outside
section of the stalk (Fig.1). Florets were cut into
10~13g units, and branches prepared through the

same procedure. The inside section of the stalk was

§ Corresponding autodor, E-mail : nana-na@pu-kumamoto.ac.jp
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Ocm

Florets

Branch

6cm

Stalk (inside)

l4cm
Stalk (outside)
Fig. 1 Schematic representation of procedure used for
sampling

hollowed out in units of 5g with a cork borer, and
the remainder of the stalk labeled as the outside
section. Samples from 4~8 different broccoli heads
were used to eliminate the influence of individual
differences. A flow chart describing this study is
shown in Fig.2.
2. Sample preparation

For heat
samples), VC was measured immediately on the

samples without treatment ( raw

day samples were prepared. Samples were

refrigerated in centrifuge tubes at —80C. The day
before measurements, 10mé of 2% metaphosphoric
added, thawed
refrigerator at 4C.

acid was and samples in a
3. Cooking processes
(1) Boiling conditions The temperature in the
cooking room was kept at 10C or less. Water (10X
broccoli weight) was added to a stainless steel pot
(18 ecm % 7 c¢m) and boiled over a high flame. The
broccoli sample was then placed in the pot and
heated for 3 minutes using an electromagnetic
cooker [IC-D10B (W) ; Sanyo, Ltd.]. The cooker
was used as it automatically controlled conditions
such as time and temperature. As soon as the
broccoli was boiled, it was removed and placed on
filter paper (No. 2) to remove surface water. The
weight of both the boiled broccoli and the cooking
water was then measured. The temperature was
maintained at 95C throughout heating for precise
comparison of results between experiments.

(2) Vacuum cooking conditions  The temperature
in the cooking room was kept at 10C or less. For
surface pasteurization, broccoli was placed in water

at 95C for 30 seconds for sterilization. Broccoli was

Sample
Preparation

v
Sterilization

|

Vacuum-packed

|

Heating
(boiling)

v
Weighed
¥ v

Determining of VitaminC

I
| 95C % 0.5min
I
1
1
1
I
1
\/

95C X 3min

Fig.2 Thermal processing (boiling and vacuum cooking)

: boiling

: vacuum cooking

then placed in a vacuum-sealed package containing
1/3 of its weight in water.

For vacuum sealing, a vacuum packaging machine
(ME100B1; CHUBU Corp. Ltd.) was used with SX
20-B films (Asahi-Kasei Packs Corp. Ltd.), where
the degree of vacuum was 99.6% and 3mmHg.
Packaged samples were then boiled under the same

conditions as above. Cooking water and solid
samples from both vacuum cooking and boiling
were refrigerated in centrifuge tubes at — 80T

before VC analysis.
4. Ascorbic acid assay

For the following procedures, the temperature
was maintained at 0~4C. Samples of 3 types as
raw samples and from 4 sections (florets, branch,
inside section, and outside section) were prepared
for vacuum cooking and boiling. The weight of each
sample was adjusted to bg per experiment, and the
following procedure repeated 8 times. Two types of
metaphosphoric acid were prepared: 4% (5mé) and
2% (10m) .

metaphosphoric acid for 30 seconds at 20,500 rpm.

Samples were homogenized with
The homogenate was then centrifuged at 10,000
rpm for 15 minutes at 4C. For each sample, 1mé of
supernatant was removed and homogenized with 4
m¢ of 2% metaphosphoric acid, which was then used
for further analysis. For determination of VC, post-
column derivatization following previously described
methods was used”. HPLC analysis was performed
using a SHIMADZU LC-10A Liquid Chromatograph
with a Shim-pack SCR-102H column (300mm X Smm ;
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Shimadzu, Ltd.) at 40C. The mobile phase consisted
of acidified distilled water with a flow rate of 1.0mé/
min and a sample injection volume of 104¢. Samples
were detected at 300nm and expressed as total VC/
100g fresh weight (fr. wt).
5. Statistical analysis

To compare VC levels in the 4 sections, 1-way
analysis of variance was used (ANOVA, Tukey’s
method ; p<0.05)to test for significant differences.
The data from the 2 cooking procedures were
determined by univariate analysis of variance (-
test; p<0.05). IBM SPSS for Windows, Version 18.0
(SPSS Inc.) was used for statistical analysis.

Results and Discussion

In this study, we compared vacuum cooking and
boiling with respect to VC in 4 different edible
parts of a broccoli head.

1. Comparison of the solid weight of heated
samples

As the sample weights were different between
boiling and vacuum cooking, the two weights were

Ratio of solid weight (%)

—90 1 Florets
—95
0 05 3
15
10
5

Ratio of solid weight (%)

—20 - Stalk (inside)

_20 i
_25 J

compared using the following equation ”:

Ratio of solid weight (%) =100 — [ (weight of
sample before heating/weight of sample after
heating) X 100]

The word “ratio” denotes the result of the above
equation. The results of the ratio analysis are
shown in Fig.3. For both vacuum cooking and
boiling, several changes were observed in solid
weight from the excess heat. For 3 parts (florets,
inside section, and outside section), variations in the
ratio after vacuum cooking were significantly lower
than after boiling (p<0.05). The ratio of the florets
increased for both boiling and vacuum cooking
while the ratio was decreased in the other 3 parts,
which may be due to differences in the surface
area of florets, which consists of bud crowns. The
ratio of the other 3 parts increased, possibly due
raw foods generally
In this study,

heating of the samples may have caused expansion

to sample dehydration, as

contain water in the cell walls.

of the cells, resulting in cell wall breakage and

time (min)
05 3
~~~~~~~~ s
—90 | Branch
_25 J
time (min)
0 05 3
15 -
10

Stalk (outside)

Fig.3 Ratio of solid weight (%)

Values represent means =SDs (n=7—8). Ratio of solid weight (%) = 100— {(weight of

sample before heating/weight of sample after heating) x 100} .

--@--- : boiling ; —e— : vacuum cooking

*values are significantly different based on the Student’s r-test (*p<0.05, **p<0.01).
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dehydration. In support of this hypothesis, the plant
identified
pectin loss as a reason for this softening, as pectin

became soft after heating. ALESSANDRINT'’

comprises the lamella and primary cell wall

adjoining the cell wall; thus, cohesion may be lost
upon cell wall breakage.
2. VC content of raw broccoli

Fig.4 indicates the VC level in raw broccoli. VC
levels in the branches were 2 times greater than
that in the florets and outside section (p<0.01).
Most reports on broccoli focus on the florets, while
reports on other parts are rare. In our study, we
divided broccoli into 4 sections as described above
and assayed VC contents for each part via post-
column derivatization. The VC content was highest
in the branches, followed by the inside section,
florets, and outside section, confirming results shown
by Kurosu”.

The VC of raw broccoli inflorescence is 120mg/
100 g, of Food

Composition in Japan Fifth Revised and Enlarged Edition™

according to the Standard Tables

Inflorescence corresponds to both the florets and
branches in our study, where the average VC was
101.2mg/100g fr. wt., a difference of 20mg/100g from
previously published results. Kurosu® measured VC
of broccoli divided into several parts, and reported
that the content was 111mg/100g *=9.3mg. VC
variability may be due to differences in breed
rather than seasonal differences, as implied in a
previous report”. Thus, the breed of broccoli used

in this study may have differed from the breed

100
80 1
60
40
20 1

0

Florets Branch  Stalk(inside) Stalk(outside)

Broccoli parts

Vitamin C content(mg/100g fr.wt)

Fig. 4 Vitamin C content of divided parts of raw
broccoli

Values represent means = SDs (n=8).
a, b; wvalues with different letters are significantly
different by Tukey’s test (p<0.01).

used in previous studies®.
3. VC content of broccoli sections, cooking water,

and sterilization

Changes in VC content in the 4 sections after
heating is shown in Fig.5. For each part, the VC
level in samples prepared by vacuum cooking was
significantly greater than that in samples prepared
by boiling (p<0.05). In Fig.6, the VC levels in
cooking water from vacuum cooking and boiling are
compared. In all sections, the amount of VC eluted
from vacuum cooking were significantly less than
those from boiling (p<0.01), indicating that vacuum
cooking retained significantly more VC than boiling,
and that the VC of cooked broccoli was eluted into
the cooking water and not decomposed by heating.

W19 that claim there are

We know two reports
primary three process reducing the volume of
functional ingredients. Namely, they are decomposition
by heating, elution into cooking water by boiling,
and decomposition by action of enzyme. It is
referred in these reports that decrease of the
volume with decomposition by heating is quite small
compared to the other two processes. Our data
support the above results, implying the usefulness
of vacuum cooking with respect to controlling VC
outflow into cooking water. Significant decreases in
the VC content were seen with the inside and
outside section of the stalk, likely influenced by the
cutting surface area. The inside and outside of the
stalk were separated by cylindrical hollowing out of
the stalk. Thus, there was a major difference in
vulnerability to outflow between the inflorescence
sections and the stalk. Cutting of vegetables causes
integral damage, and nutrients such as vitamins and
minerals may be eluted into the cooking water
upon boiling of the vegetables. Furthermore, such
damage can lead to chemical changes in the
vegetable due to contact of its components with
various enzymes'®.

VC contents eluted from vacuum cooking were
significantly less in all sections than those with
boiling (p<0.01). Based on this result, we can infer
that heating does not cause VC decomposition, and
that vacuum cooking greatly reduces the outflow of
VC into cooking water. We have reported a similar
result with potatoes”, and our results coincide with
a previous report”. In the previous report by Ape"®,
they stated that

chlorophyll content in broccoli,

branching did not change
though it reduced

VC content and hypothesized that VC content was
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Fig. 5 Vitamin C content of divided parts of broccoli
after heating

Values represent means =SDs (n=7-38).

[J: boiling; M: vacuum cooking

*values are significantly different by the Student’s r-test (*p<
0.05, **p<0.01).

reduced due to both heating decomposition and
outflow of VC into water. Since VC is water-soluble,
VC elutes more easily than other vitamins, which
implies that vacuum cooking is an ideal method to
prevent VC elution.

The effect of sterilization before vacuum sealing,
described in 3-2, is demonstrated in Figs.6 and 7. In
Fig.7, a comparison of VC levels in the 4 parts is
shown, resulting in 2 significant observations (p<O0.
05) . First, sterilization before vacuum sealing
reduced the VC content of florets (Fig.6), and
second, for the other three broccoli sections
examined, sterilization controlled the reduction in
the VC content.

Unfortunately, we could not verify changes in
materials that may influence VC content in this
article or whether changes in water content may
affect VC content. However, we concluded that

factors influencing VC content during vacuum

cooking were : controlling elution of VC into the
cooking water, and deactivation of enzymes that
decompose VC by sterilization. We investigated
changes in VC content for the 4 sections, focusing
particularly on the stalk (inside and outside). The
broccoli stalk is often thought to be non-important,
and there are few articles on stalk-specific VC
content. We therefore examined VC content in this
study in the different sections for effective VC

usage.

Florets Branch Sta (inside) Sta (outside)
Broccoli parts

Fig.6 Vitamin C content of cooking water

SDs (n=4).

vacuum cooking

Values represent means =*
[J: boiling; M:
*values are significantly different by the Student’s r-test (**p
<0.01).

~ 160, [ | * %
= [
& 140
)
8 120 H
.
e 100
£
g 80
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O 401
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E 20 A
50
Florets Branch Sta (inside) Sta (outside)

Broccoli parts

Fig. 7 Vitamin C content of divided parts of broccoli
after vacuum cooking

= SD (n=39).
sterilization

Each value is the means
: non-sterilization; M :
*values are significantly different by the Student’s r-test (*p<
0.05, **p<0.01).

Conclusions

Broccoli contains a large amount of VC, and 2
cooking methods were compared to determine their
effects on the VC content. We compared vacuum
cooking and boiling after dividing the broccoli head
into 4 edible sections : florets, branches, inside
section of stalk, and outside section of stalk. The 2
methods were then applied to the prepared broccoli
using post-column derivatization.

Results were expressed as total VC/100g fresh
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weight. For raw samples, the VC content was
greatest in branches, followed by the inside section,
florets, and outside. Significantly, more VC remained
after vacuum cooking than boiling in all 4 parts due
to significantly less elution of VC during vacuum
cooking (p<0.01). These

vacuum cooking effectively reduces VC elution from

results suggest that

all 4 sections of broccoli. W e conclude that factors
influencing VC content at vacuum cooking included
controlling elution of VC into the cooking water,
and deactivation of enzymes that decompose VC by
sterilization..
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