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BRI B- I T E2ILOETHIRT /A4 KR
BEIZEENLTWD. TE, AT /A RBRAETEEER
DT P78 EL IR ERHERERE 2R T 2 L S BT
720, fhEr7RBEOL b EY (World Cancer Research
Fund / American Institute for Cancer Research
Food, 2007). Z#ib a7 /A REFIED ST,
EHRIK 7 v~ 7T 7 4 — - HESHE (LC-MS)
7R E R, SRR RE - ERESHVSERD LI
72 o> C& 7z (Matsumoto &, 2007). =D — 5T, B
D EFEE ORI E B, BRI &, AR % S
EIERIREIR I m T ) A ROMETE EILEORBNEEN
T&I.

FEDIL, saaT g vakraaT v bOAEK
WA b AOEWEZFIA LT, AERIMEEORERE
DWSHEN D, ZNENORELZEHNT L7 mm7 1L
EmYE (Arnon, 1949) OJFEEZHL5E, SIEELL T,
F~ bREDOZ mBT V&Y IR PREE D[RR {EE
ik OKHD, 1992) B LV, =P UlEEND o
Ry, B-AuTrBIOY 2 OfEE & E
FLTER OkHE B, 2007). ZabOHEE, —iKEY
RO A VY, e ATRREE & L CEndiRiA 7 v+ b
77 74— (HPLC) Z#rHICiiid U st hb i »yF
MFRET, HRRICZ RO RETH D, KHDL
(1992) ® J aXrERER, AREEA M~ PR
OFK (FIHD, 1999) R0, FHERF O 5T 50 H O FFfl
(Sakamoto >, 1999) ZEIZHWLILTWA.

WHEZRAW /a7 VOEBEICEHLTE, o
NFETICHEEX elidsEN7e S TE 72 (Arnon, 1949;
Inskeep %>, 1985; Porra®, 1989) 2, ZiLH D5k
R LY TD B R T YREE OB EREICEH L
AR, R, AT LYY UD B uT CRE
%K % 12 DITITHPLC & W TURIRIZ20~405 D4y
BRI AL EE T o7, AR, Ot 2 vl
DREETHEEERTE 2 HIEZHE Lo TlRET 5.

I #MEEIUAEZE

AR VY U (Spinacea oleracea L., ‘wFi'T A 7 V!
(BAFEL), "B (XA FEN)) 1, BN
HT (Z23) OESG T, BITRECL v L., ALy
YL, MODEFEIC/T CEKEERE L, 3 H18AMND
5 126 H £ TULHERFI] 4 28 2 THEA D J i 2 7k BL & 15
7o HTRUEHE, RIS JUUEE A RS Lz W R aikis
LV, DX, HEOHOXEFT, 5mmfEEICHIEIL
TEKIRAL, 3g&50mLOT T AF v 7 mOLE I
HLT, HTET—30CTHRIFELT (n=28). EFRDH
Hik, 3gOREINSL T b EHWTEEICANEL
725 ETHRYIELATY (WH 5, 2002), 100mLIZER
L7=. fitik om0 EiE 2 HPLC (Shimadzu LC-10A,
Y —TSK gel ODS 120T (4.6mmID x 250mm),
A4 J—) v 1.0 mL/min, BXiNNA T 27 /o v—RX
DiodeArrayDetector L-7455, 350-750nm) (2L Y 7 &
a7 gnkhas A ROREZRE L OKHD,
2007) . ¥£7z, ot EE (BZFllg Yy —1v A

T514-2392 = HIRHATZCIRATHLA:360
P - KOBRARL - LM T — A
T OARHEO I, FRIEEREFARTFRE TR L.
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GeneSpec III) 12 & ¥ 350~750nm @ FIHELEIL A~ 27 |k
NEREL, B-AuT CREHEEXOBRFHIHWE.

T NABIOAX )=, TSRO E %
Wiz, aFEELX, B-nTy, saar 4ia (7
nLIHK) trunT b (ZaLTHE) OV
NHFERESED b D & vz,

AR HrE, Excel 2003 (w4 272y 7 k) Oy
o>y —n (BT TiT- 7z,

m #% &R

HPLCIZ X % PAfIZ2 0 TIc R0, Ao Lr Y oicd
FNLEREOFIL, sanT g)va, ranT 4)up,
B-ImaTy, VAL ThHIENHPI L. 22T,
ran” 4 izalb, haT /A FiExB-has w24
FL LT, 3URICHMILLIZET VLY HEEXE
MEtLiz. BB, 3 2oOEFLELO AR A~RZ v
ZWE L (Fig.l), Z7mrr 7 4 baDRIIUERERICE
DRI (1%, 1em) %1020, 71w~ 4 /LbhDOW
AR Rl 2 d5 1) 2 RN $ & 575 & (& % (Anonymous,
1984), X HIZ, B I BT P D453nmIZE T D WILR
#2592 (KA 5,1980) b, van”7 ¢ )LEDERY
DA T2 OB R 5 479nm O W% 552306 % B L
7z. Table 1|Z/RF Z4LEI 0 I FFE 22 MR IR
£ (479nm, 645nm, 663nm) (231 HEEHE(L L 7=k
WARE (1%, 1Tem) ZH VT, KIEEICBS T HWLE L
tERIE (%) ORRA (Eq.(1)~(3)) &z,

Ay =33 Cona + 206 Com, + 2306 Cow - Eq. (1)
Agis= 218 Cona + 575 Comn + 3 Crcw-Eq. (2)
Ages = 1020 Cona + 85 Comy + 4 Ccw-Eq. (3)

72720, Awe, Ass, AwlITHZh479, 645, 663nm

BT BWHETHD. Com, Com, CocalTTNZTNY

3000
——— Chlorophyll a
2500 |
------- Chlorophyll b
2000 | —— B —Carotene
£
S
< 1500
W 1000 |

500 [

0 2
350 400 450 500 550 600 650 700 750
Wave length (nm)

Fig.1 Calculated absorption spectra (1%, lcm) of
chlorophyll a, chlorophyll » and f -carotene
in acetone.

Table.l Absorption coefficients of three pigments.
Absorption coefficient (E ™ )
Pigments
479 nm? 645 nm? 663 nm?
Chlorophyll a 33 218 1020
Chlorophyll 6 206 575 85
[3-Carotene 2306 3 4

a 3—Carotene, chlorophyll 6 and chlorophyll a have
absorption maxima at 479, 645 and 663 nm.

na7 ()va,vana7 4)vh, B-aT O (%) T
H5.

INSDORE B-HaT DRI OV TIEE - £
L, BEOHMNEZmg/LICFAR D E, B-TIaT g
OHHEITEq. DICEVRDDEZENTE S,
B-71v7 > (mg/L) = 4.338A4s— 1.5835A05+ 0.1980Ass

---Bq. (4)

2o, EEOT & oY (n=28) OWOLE A
RALTEHET D L L HIC, FURBOHPLCOHHE L
OB E 7y 5 LFig20 L 51l -7-. Eq.(4)
THESND B-T a7 AREOERMEICIE, B-nvT
VUM T AR T TR A REOBENEENT
WHTEOIZ, EBEOB-HuT URELD bEWEICRS
B2, 2L, MEREDr=0.992 L IEFIC
B2, Eq(4) ZEE LU THET D Z &ICkD,
KEOBWB-uT AREHEXEG L 2 &6
HEZ2 L, MHIEARECE IR L 7= Eq. (5) & 72,

B-F 7> (mg/L)=0.854A.9— 0.312A4
+0.039A6;—0.005 --- Eq. (5)
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Fig. 2 Scatter plots and correlation of calculated
B -carotene concentration with the Eq.(4)
versus measured concentration by HPLC.
@, Leaf; @, Stem; <, Whole plant (edible
part).



KHE R LY DIZEEND B-H 1T OISR T il E &k

COXRTHIE LR -7 T RE L HPLCOMHE &
DO BfR A Fig 3123, EME & HEE M O Bl /3 Hric
X AHBEREIE r=0.992Th - 7-. BT OEAERZE, A
B IR EYOE H iR (Root Mean Square Error;
RMSE) 1£0.0096mg/LT& v, fiifE@&itofEtls L
TR BELH>b O LB LT,

v % =

ZOREMERT D012, 28HEORY LY 7D,
B LR EM S LR 2wk, g-na
TUERE, ETHEL, RWTEE, XThhnotz
(Fig.3). BB OREIEZHND Z LT, 1BV
EORERBNE LN, ZORER T AR - T
b, HEXTRWERBENEG LN LD, ok
ULV RIS b EAAREE B O N DD, B
FICHIF LG G R L, WERMEPRE SRR 58T
1, HEEAASOHEMAE A JIEHER L TBLERD L.

Ehlz, SRS LERT LYY 7T, FREBOHEN
HEHZE B- e T oERbEWHRRRD b= &
Mmh, raaZ g q)Na, bLB-IuTry, VIAUE
FEOMBAMEZTND &, ZNENIERITENZ LD
7= (Table 2). ZDOZ Lix, B-HaT o oNT AR E
whaaT A KB, (1) 7 aaz ¢ VORI S
BFRELTHN TS Z X, 2) BEEAROSA
BRI EE R RE 2R L DL, 51, (3)
JERAVBEE N O G REE A R T D2 L TnD 2
L7 (Malkin5,2005), ZEfHMAHFO 7 mo 7 ¢ L&
DAFLEHENEEICH SN TS Z EDRERICH D
LOEHEESND., AU LY TOIFRICE B X I
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Fig.3 Scatter plots and correlation of calculated
j -carotene concentration with the Eq.(5)
versus measured concentration by HPLC.
@®, Leaf; @, Stem; &, Whole plant (edible
part).

Table.2 Correlation factor (r) of each pigment
concentrations

Chlorophyll 6 B-Carotene Lutein
Chlorophyll a 0.984 0.993 0.997
Chlorophyll b 0.975 0.988
B-Carotene 0.988

CEREROZEIZONTIE, BELEIEFILOETHLHD
WERH DN (AKE,1991), InT ) A RERERDE
fLlZoWTIE, P35 &n oWl URED, 1956 ;
Pandrangi®, 2004) &, FU LY TUORE—Y —
TTIRIEEAEWD LigroTz (Bergquist, 2007)
LT WG EH DI 5%, BRICIED 7 em
T ANDLREE B-ia T VEREFEOELERHANDL L
T, fEEFHMOEE S Lo b TE 5.

AIEBHSE Lo TR, AFEMERIZ I 25 E k&
DOWSRSENLERE Licy ma 7 4 VD% 555 % AR
AR FADPDELGIWT, K OMGNsaT oo
FHREFRETLILTR-InT Uy ERESWVIEELT
T DN Tz, A, Juar 4 vERE -
ART L DEERPEVHBICH D Z LB LN R o7
Temb, A%IE, Zra T o VEEOIEMERIER )
LR-Iu T rEEOHEEGFTRRICR D b O LR S
7-.

FO—HFT, raaz q4)va, b, B-haT T
A EINZ T 4 Ry F TRBROIREEHEE R ZAFRR LT
BITIE, B-IuT UBEOHERBEREL 25 o
7o (F—2AMW). ZOZ &L, EEOBFERE B
EFTNEOMRMAE L, FlEE LTORKETR"THDL
Bz ol

vV o =

sunZ4NeanT ) A ROFHERINA ST S ro

EWAFALT, AyLrryovort oo

479, 645, 663nmIZI T HWILEMNS - v T YRS

FRRERSHET HWEERIEZRE L. B-InT

IR OHEEX, HPLCHHTE & O BIRE (r) 35 LY
FEHERRZE (SE) 1, BITDEBY ThD.

B-71 v > (mg/L)=0.854A.s— 0.312As:

+0.039A45;,—0.005

(r=0.992, SE=0.0096mg/L)
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A Simple Spectrophotometric Method for the Estimation of
B -Carotene Content in Spinach Acetone Extracts

Masayasu Nagata

Summary

A simple method for the estimation of AB-carotene concentration in acetone extracts of spinach
was newly developed. The principle of this method depended on the difference in visible
absorption spectra of chlorophylls and carotenoids. The concentration of [-carotene can be
obtained through the calculation with the absorbances at 479, 645 and 663 nm. The equation,
the correlation coefficient between prediction and measurement (r), and the standard error (SE)

are as follows.

B -Carotene (mg/L) = 0.854A.0—0.312As5+0.039A6:;—0.005
(r=0.992, SE =0.0096mg/L)

Only an ordinary spectrophotometer is necessary to use this method, and it is easy enough to

be used for many samples.
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