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Fast ddetermination of malic acid in greenapple by
three-wavelength spectrophotometry
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Abstract; A triple wavelength spectrophotometry to measure malice
acid in green apples was established in this study. The reaction be-
tween malic acid and tris-hydrochloric acid buffer solution of
malachite green showed that a green ionic association complex with
three positive absorption peak locating in 568 nm, 644 nm and
424 nm, respectively, could be found in visible light generated area.
Moreover, the malic acid with triple wavelength spectrophotometry
and its related reaction condition and absorption spectral character
were investigated. The result showed that the molar absorption coef-
ficient of performance was 5.88>X10* L./(mol * cm), and the quality
concentration of malic acid was found to be 0.008~1.900 mg/L, con-
forming to Lambert-Beer's Law. It was also found that the limit of
quantitation was 0.003 2 g/100 g, and the adding standard recovery

rate was 98.23% to 102.9%, with a relative standard deviation at
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1.8% ~2.4%. This method could be used for the determination of
malic acid in green apple.
Keywords: green apple; malic acid; malachite green; three-wave-

length; spectrophotometry
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1.2 REH*E
1.2.1 ¥

(1) L% A 4 (malachite green, MAG) & #i: 1.0 X
10 °mol/L. FRIBGE & L4 A &% T/NEM T FIKIE )5 5%
B % 500 mL KB FKES.

(2) SRR (malic acid, MAL) AR AEE K - 134.1 mg/L It”
FW. MBERFERR T DRME D HKERERE 2
100 mL Z8 s, K TR =20 B, vk 46 4 °C R A7, et
FHK B 10 i,

(3) Tris (=5 W AR AW b)) — M Z b i W - 1
0.20 mol/L Tris %W 5 0.10 mol/L % Ee R 4 FI B2 B i1l
LR pH 3.0~9.6 B9 B 51 2% this .

1.2.2 KGRI WEFRR 1 ~48 K20 0K, &
BT . MERRRR BRI S 18 B4t 5.062 3 .28 B
1 5.023 6 g.3% Bt 5.017 4 ¢ F 44 By 5.025 5 g1
UE S UEW AT E T 1 000 mL ZEHE R, K @ 45 4850 B4R
RN

1.2.3 WEp K & pH EMELE W11 3 10 mL HIELA
B MAESINA 13.41 mg/L ¥ RBARHEF W 1.0 mL Al
1.0X 10 *mol/L LA A LW 2.0 mL. T4 5 M A pH &
4 3.09,3.56,4.07,4.35,5.03,5.49,5.86,6.15,6.45,6.85,
7.58 Wy Tris—Eh MR iAW 1.0 mL, JI/K# & 10 mL %,
AL L em [ L, LUK R 28 B1ES L, HAT W OE
HR 5 1 J&1 B e 00 g 4G o AR Al I e U b RO RE AL
YEWE G B —pH 2k 181 8 8 22 v id W e i pH ME

1.2.4  ZE0PEWT R RERE 76 b o VORI €050 I TR U

BEARHER T4 MmA 0.5,1.0,1.5,2.0,2.5,3.0 mL

1.2.3 k@ pH {4, 304 1.2.3 5 B9 7 sk H AR IR G 3%
AR R B — % i P 2 i MR PR T R 4 R
.25 WEFNIABOKREREE FEHELFERTHELT,
B2 1.0X10 *mol/L FLA8 A G W M FH & Tk 1.2.3 107
TR WA L R R R e R A R v B R R L B
T o 0 R U R P VR B

1.2.6  JOANGUT M3E+E 78 LRk A0 T o e A48 45 3 51
BB o 46 1.2.3 745 7 i 33 1l RSO 3% - AR 3 Ol 1 il 2%
P 2 e A

1.2.7 WEm R PR 7 R AT H AR W
) CoOF A ORI | 15 W B — BN e Ta] il 28 P i S A
I 5 1A

1.2.8  FRuEMiZery HI/E  FE3EE MY WO RKE  pH EH.H
B B S 0FF 4 B 13,41 mg/L 3 5 02 b ok 7 W
0.2,0.6,1.0,1.4 mL, B FH/K#i 2 %15, B850 . 78 36 52 14 B )
TR 1 em I, DL 28 HAE S H L H 0 8 A TR R
WSS o R R I A W TR B R O B N R R I T R R L 4
R s S B R o e e A v R 4R

L2.9 EYRMEN ELEMHFAE T MA L0 mL

13.41 mg/L SRR AR MR W - #ic 1.2.3 95 J7 ¥6 0 1 7 0T 4

T TG 5 55 B T 5 10 mL HLZE B0, 78 AR T A

St b2 2 FINA T 25 550 JEAF ) 00 4 0 RE A% 1R 451 il
80

WO L 35 R n SE A7 W 50 3% £ L L ) W A ) R
T YRR E .
1.2.10 FERVRSERBMGME B 1.2.2 75 B RR AR S
b T E B AR SR B 8 R . R K R & 10 mL
ZNBE AR5 4 30 R A A T R OO 3 AR A i 1 RO B K
Fo o T 2 s [0 5 J7 AR SRAS AR VR R SRR 1Y B FEOR B R
TRFEW P 3R R G & i . & TATINAE 6 4, [ B 480 AR (8] i
R (n=16),
2 #gikHie
2.1 RBIR TR B IR S i R AE

15 MAG—MAL & R R BOEiEE . BB 1,
SRR AE W] LG X L-F TE M i 5 L2 A S AE 7T O IX A A ik
W T i R T Kl 616 nms 78 L4 A 4% Y 55 R 1k ¥ v
A S S R o o 5 YU TR LA 0 Ry B e Rl L T 5 3 R
B2 LA L 5| 0 /R AR I T B 74 5 9 - 1 RT DO IX A i O
Tl 2R L B3 AR I R A 0 g SRR WA U 43 F 568 nm,
R W W 7 F 644 nm s A X Fe /N 09 W W A7 F 424 nm,
FEME 3 AP ARAL , — Mk B SRR R R S T
S GG R R AR OC R . AL W B A i AN
FH =R A T i 0 s B — S R 1 3 SR R A T o U
SRR R R IR — R EH. B
77 B9 R AR 5.88 X101 L/ (mol « em) , & 8 K 3k I 5 19
2.5~4.0 £, Wk A = 0Kk E RIS SR R Y A
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Figure 1 The absorption spectra
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2.2 REEMHEN®EL
2.2.1 pHH hE 2 M7 pH 5.5~6.8 i, 465 W 1E
644,568,424 nm P AL WO BE K, HLAEAR AL F —
T b xR WS RIS B pH Y EY 5.5~6.8, 75 M i FI Sk
S Y W B A OR R R R AR . MR A =i R vk e
B R = A A RO B B L B R O R, W
PEBERE pH 6.15 1 Tris— b BRSE Wi W . 4k T [ e 4%
PEAAE A pH 6.15 (9 L 45 SRR 8] & RSN 1.5 mL,
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Figure 2 Effect of buffer pH on absorbance

2.2.2 WOFEROEE  drl& 3 AT L4 A S R
&Ry 2.5X10*mol/L i}, 4 & W 7E 644,568,424 nm I K Ab
AR 48 O s 2 P = Ok O s s R = O K A R
JCRELL KRR, RUEE /. Bl M 2.5 mL 1.0X
10° mol/L fL%& A7 4R ¥ K
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Figure 3 Effect of malachite green concentration

on absorbance

2.2.3 WAMAME i 1AL R A E T A
WU S Tris—$R R G2 wh 188 W L 48 A7 S TR0 2R PR b ME T

U 4 B WITE 644,568,424 nm P AL #Y Ut B2 E AR X H
R 2 SR I i = P B ' B R R
S SO R I B AU #E AT

F 1T 0NN 3 0% S B 895

Table 1 Effect of reagent addition sequence on absorbance

. P /nm
Ay
644 568 124
PRUEEW B AR EWEWR 0.192 0.203 0.115
PR PSR L S 0.182 0.192 0.109
ZME B AR ARMER W 0.207 0.219 0.132

2.2.4 SN E] R g A MRS R i I 4 R JT AR
25 ) 9 R O S T ) A 38 00 T 8 3 4 KL 2 20 min )5 L IR
SO FEACRAR . X UG SRR 5 LA O SR Y 6 SN TE
20 min A RIVAT 5¢ B8 A2 RO 4 BB I ) 22 40 1 he i
L 20 min JFIE .
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Figure 4 Effect of reaction time on absorbance
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2.3 fREMZ

F 10 mL HEEHEE P HEMMMA pH 6.15 Tris—3h iR
ZZ PR 1.5 mL 1 1.0 X 10 mol/L FL4E f1 4% 2.5 mL,
FHIMAGE J Y 13,41 mg/L 3¢ BLE ARV W, FK#6 21
$E49.20 min 5.8 1 em W@ UKH 2 AES . RS
P (644,568,424 nm) B Nk I 2 W IR OEE AL fER
HRE SRR T RV B AR R R 5. Bl 5 AT, SRR
2 1) JoE ¥ JBE #E 0.008 ~1.900 mg/L B & 5 45 4 ¥ 1 o
FE RS R IR FURE R, 1 — e [
5N A=—0.001 0340.439 1 p. A K ZHL »=0.999 9,
AR A — b JR A2 R TSR A5 3R T EE JR IR OE &R 40 5.88 X

10" L/(mol « cm) , 5 4R 4% =0 (1) 3K M 7 2 09 @ # IR R
0.003 2 g/100 g,
105,
Q= Sy (D
vl o

Qi%%ﬁﬁ yg/g;
SA%*ﬁﬁ‘{Z‘ﬁ"JiﬁiE’Z»pg Ny
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2.4 HEYRNENE

FE R R AR IS AR S I R
FBAIE 1,341 mg/L PR ER B0, 45 R R UL R X R
22 5% B, LAVF 9O T 4000 52 - 100 A 14 #2454 L B
W EAME LA L-AER LR AR L-H AR -6
M Na K" NH/ .Cl” \NOjy ;40 51 D-5R ¥ . 5 &R
H % R . Ba’" . Sr’" Fe*™ ,SO% .S, 0% ,SO% 520 £5 Wil 7
R LA ER VR R (RS R \Mn® T\ Pb*T (Ca®t \Mg®t (Cu®T
C, 05 .COS 55 %5/ AT (Fe*™ o al UL, £ i v UL B9 A AL

B2 S i DB BB A TR R Bl . B
Fe'™ (AP (W SR iF i /0y o H 8 e 3 3R o i A7 R — AR D
WO B RAT R .
2.5 SWMEH

BL.2.2 AR AR IR A 0.5 mL, $ s A R I Sk 1 T
W IR IR O TS . AR R = I 1 AR o ot R mR IR A
T3 R SR A FE MM B IA FE R S R R Y A [ B A A Tl i
W, MEL5 55 HPLC ¥ (GB/T 5009.157—2003) %} I/,
SR WE 2,

R2 HERITERREYIRE

Table 2 Analytical results of samples and recovery tests (n=56)

MAHE/ (107 2g » g™ 1) AEAE/ AR/ AFE/

" A HPLCi#  (X10 % g (X107% @) (X105 ) PR RSB/
1£ 04180  0.4052 10.58 4,023, 2.682, 5.364  14.75, 13.33, 16.08  102.90 2.4
2% 04262 0.4331 10.71 5.364, 6.705, 4,023 16.00, 17.34, 14,62 98.23 1.8
32 04481  0.456 4 11.24 2.682, 4.023, 5.364  13.90, 15.20, 16.56 98.93 2.1
4H 04220 04142 10.61 3.353, 4.023, 4.694  14.02, 14.74, 15.40 102,10 2.2

32 2 AT, [ R 98.23 % ~102.9 % o A X A7 1 AR 2%
H 1800 ~2.4 % 32 WA AR Ty 1 AT vR 1 o B RTORS % B
D 45 5 5 AR i e AR — B
3 i

AR I HE T T E AR R SRR Y = R ROk
o VLG TR PR A R A OR R R R Y R B RORS
B AR R AR SRR e . B A R U R R
1R 1 ) L 5 5 % = Je Ak R AT I — B TR,

S % 3k
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FEA M FR A MY £ 15 Jmy (AMS) e A5 — Il 16 35 KL, X 7k
SRR R R W 3 R v R 3 A AR R B AR e
TREOR BEATHR . AMS B, BEAT AN SGAE SO T S FF I P
o B ARG, e B B U5 B ag ik P EOF S B A Bl
fbo TP 2017 4E 2 1 3 HAT#EUE . MG BB 4

L0 i A A 18 ol P 0 0 A B UG 2T A L A
T it G ) $E S R P AT T O B WA B PG 2 A 0 1 7R
e S AR A S 10 3 ML 22 R AR

2. FRIT 0 R HE A ML, PR f A AT 4E 5

SRR B AL T Jr ), T 1 2 Bh b 7 4858 (404 4
I 5253 B0 R 45 1TDS 3 )

3. T AL BOHE P B 17 W1, 9 B 1R 1) USDA
Kot A BCHL R G5, L T K 0 A T 0 O it
%

0

4. TR ACHR HE 135 B A R SR 2 1 CBP
(i MR R PESC IR . FE S SO T AP TR 2
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