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Abstract

A comprehensive experiment using centaurin-3-0-glucoside (C3G) as external standard was de-
signed to compare the results of pH differential method and high performance liquid chromato-
graphy (HPLC) for the determination of total anthocyanins in black rice, and to evaluate the accu-
racy of the two methods. The results showed that the content of C3G in black rice by pH difference
method was 29.95 mg/L, and that by HPLC method was 36.79 mg/L. In the laboratory without high
performance liquid chromatography, the pH differential method can be used to detect the total
anthocyanins in black rice. The comprehensive experiment organically combined the knowledge
content of spectrum and chromatography with practical applications such as sample pre-pro-
cessing, data processing and problem analysis. Through the simulation of the whole process of
scientific research, students’ understanding of the relationship between theoretical knowledge
and practical operation was enhanced, knowledge content was expanded, and learning interest
was stimulated. Through this experiment, students consolidated the basic principles and methods
of Instrumental Analysis and mastered the research methods of systematic science, which was of
great significance to the improvement and training of their professional quality and innovative
thinking.
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1. 5|

KIS AR A E WEEA R, RIREENEZT 2 —, NTRZEETFRIIMEHE
HEMI IR AL E MR . E2, BUEMARSEREEZ AN ET, UM NKYE, BUERIENE
KIS N E, FERS &SR H ALl Ed TR, SR TR R — 4, SRIFEOR R
AFALR, RN T AAERWHEAERBE IR, AL AN L. M@ PER QST kg UL sk
RHEAIUR, LR E SRR HCEE R I ARSI O SO ) B R

AN XERHT) SREHEN AL TG, Ehft. . GlSNA L, 0 ME T %5705
AR S MR PR R A, s R — AR AN SR, BB, L Bl AR A Z AN G SRR
AL, R Z A TR A HE 0 FIAR A ZE R R IBGER s M 4B - IR A 3 2 18] B AS i K AR A0 R A R BE 7T
M0 H., S2SERE0R . S A I 2505 T RS2, 725280 A BB DU IEVESRIG N T, A 2Bl e A
AR B HOMANEA BRG], PRETR, AR T2 DGR FEAE T ABL. AT, e
N LA AR CE S AR SRS N RN T, REHE RIS AN ETE, (R 2R X T3k
MR EYE . AAERBIHESET I TR, LXK TS SR #y, Hatiig . Horr B n R ik 8 g
RE I IR R 77 Je g

HERR—MKEERAEE, JBRHE, 3,5,7,4-DUF2H 5 B0 25 T MHEAL AT Y, AL B 3
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EAFEARRIURE, TERARMERIET R[], EARGHWE 1R EHF R ZAAET KRR, B
AAEFFERIREY T, AR 250 R FERCRSS) B 2Ot Reasdits, RAHK2] 8]
FUE[4] [5]. DUANBKIRAETEIL[61FI UG [T . 324k, B 635 FhANRIZE AL H 1L (L i 78 B AR 5t
s e ok, BARF & R F S AL 9Kk 4% 3R -3-0- ] & B 1 (Cyanidin-3-O-glucoside, C3G)
[8], A= C3G, HABKIETRA-

E: Ry R, & H. OH. OCH;3;, Ry ZHEFELH, R,/&HEIEE OH

Figure 1. Basic structure of anthocyanins

Bl 1 EBRELLESH

PH 718 22 V2R i RORRH 4. 5 (high-performance liquid chromatography, HPLC) [91% F T1E 5 R e &
Ko B 74N AG K B2 (AOAC)E & K H pH 7R Z AN B S A 6T 3%, WF T SEie s & i Dol
HE S AEE RIUKRFBER[10] [11]. ER—MPUE. BEMFE, AHREERANGE . FEE 2
FiR, 465 2R AEAK pH B DASEER BH & F(Z0 ) /7275, 7E pH4A.5 B LA P4l U(E &) [12], FIFAAE pH
TAET R A AR S RO FE AR, T SE LT 167 2= 10 5E [13] [14]. I 4EK, i HPLC 1) 2 R,
HPLC 456 584 ] WA I/ — B /& PR B ks il (DAD) A B EZEL (M ik R 2 —, WTH T B, SEfMER
BAEHE R, BN — P AT SR 6T 2 78]

12l HPLC £l C3G HIWt 9t CE K& SCHk H ikIE I, 0t I H A e FALE L kR4S &R0 C3G
(IRIE[15], SRIMTIRDE BT FA L pH 782255 HPLC J7i4aill C3G & . 454 E SR TAE SOk
W, Wit ViR, H AT X EE pH 7R 2275 @ R0 (i ik ke il B oK i C3G TR, R X
TR AR B (25 Rd AT 0 0T o 2748 B KR S AR B ) C3G S #5577 T 43 Bt pH 7R Z215A HPLC
EREI C3G S5 R ZEF IR E, #E— BRI T C3G M4 HRF XA I 25 S sz, SRS it s HE4T pH /R 2%
IEAT HPLC 504k i G I A MERA M SR 0L T 8 0 B, oS i Fh C3G AR I 5 i R 2 4t B A
o RLRE LI E IR E N ER I RE R, IR AR B AR AR BRI RE J1,  FERE LR AT S A RS 7 A S
HANCAIRE, TR RTIR R AR . EERIFI AR T, BFRGE B4 KARE S, nER (G
SHT) IREE LR G SEER &t

O-gly O-gly
ERIAET GUER) « BEREE, pHo BRI CRARIBA) « T, pHds

Figure 2. Predominant structural forms of anthocyanins present at different pH levels
2. ERE pH BETHEENHFERER
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2. MR
2.1. HREEE

T2 7 -3-O- i A M ARt T (A > 98%) b [E DU )11 4 se A R A PR A /s HIEE GGl &
T RHE S RARAR M. KO, SR adral, mEsmi AL TRF s iR ot
R BORA SRR AR AT & e, TEFRidk—Paih . 7E8AN L0 ol A s P &
A 18.25 MQ FIHB4LIK .

oK (Semen Trigone. ) RIAT A #8137, EAE RS AT, W KA B T =IE N RS IRT .

KQ-500DE H! H45 8 o it e a Hh [ VL 75 B 1L Tl e AN A PR A 75 LS00 [ FH 25 oL b Kb T
ELHUACER AR AR AS80 254Ma] W2 e B v [ B A AR A F] s PHS-25 pH it i Z HiFR}
SEAAR AN AT PR 2 ] s QEL00 7y 3K BEAIL Hh [ T YTz 57 T S AT BR A 7] 5 LC-20 YBAH i A H A By id A w5
HH-1 %505 18 I /K 7 s [ MR A B A PR A 7]

2.2. FREBRIOES

C3G brifEfit #3: FREL 10 mg ¥ C3G, T 5 mL HEE, 193] 2 mg/mL (%%, &HTF-20C
UKFBEGORAT 2 FH o

RYWARUEVE IR HRHE 75 MR C3G i 2T,  FH WY B R 25 Vi L3R4S 0.5~60 ma/L ¥4 8 v Bl (1 b v
W, BOCORAE, s FHILRC .

2.3. EHMRARAECHI[16]

Xt pH 7~ 215 BT T B IR B WA T L A

AL - SRRV 4% YERIFREN 1.49 gKCl, HI#E4liKE A ZE 100 mL; #ik HCI B 4iK
PR IR E N 0.2 mol/L. KCI &5 0.2 mol/L HCI # I8 {AFIEL 25:67 BHATIR AHCH] . H KCIEWH pH
% 1.0 (+0.1).

CTRENGE IR ) 2% ERRAREX 1.64 g To/K S %A, HB4i/KE %% 100 mL, F 0.2 mol/L HCI
 pH = 4.5 (x0.1).

2.4, HERLIE[17] [18]

SEKA FH O A LR A, 1 80 H 7, ARE 0.5 g KRy R YA T 5 mL FIEE, VRS S BEGEE A 30 min,
FIR-E4 LA 3000 rmp/min B5.0 5 min. BEEHRE—)G, B EERES, Eid 0.22 pm JEREIE. KK
FEMBEE Y E it A7 T—20°COKAEH -

2.5. pH REX

25.1. LWPTR

H4 BT A KA B AR TR — SO 22 PR (pH1.0) Al 2 BREN 22 1P (pH4.5) 73 I3 AT FBe, Bk 10
R RAEIN 2 mL, £ 30°C N 50 min J5, PAZEWKIME N2 AR, £E 516 nm (Amax)F1 700 nm
A R TR R (PHL.0 RER - EALANZEpF VRN pHA.5 B ENZE ) T I BEKRE S VRO B, B NRE
W IE (mo/L) AR 2~ it 5 JF 7R C3G & & .

2.5.2. G NNHEGENL9]
i AR A X B R GGFE 5 9 C3G K (mgl/L)
Ax DF x MW x10°

c(mg/L)= o}
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Hh A= (A516 — Ao )le.o _(A516 — Ao )pH4.5 °
MW & C3G )43 449.2 g/mol; DF Z#fEA (0.2 mL # M2 2 mL, DF =10); ¢ »& C3G
FIE 6 2 3L x cm t x mol ™) = 26,900, P L(B¥42 K%, cm) =1,

2.6. SYRHEEESHTEE

2.6.1. FIKIEE

£ HPLC iEHHAT S ENERT, RN T IREITIENRESE, BT, R 32 s s R K
VEJIRE I Ko BRI, AR 6 00  HH7E 200~800 nm Vi [l 94948 25 mg/L ) C3G FRitkia . MRtk
IR AN ERE (] 3yl & i, C3G 7E 516 nm Abf5 i KW, i C3G i KIS Kol 516 nm.
FTLA, ASEGH HPLC ¥ 148 AMG I 2535 1% E 4 516 nm.

2.6.2. HPLC it

AR SCHR ik 777 [20]50 T C3G, 48 AMarill 2% 5 & 2y 516 nm, {i FH i & ZORBAX Eclipse Plus C18
(250 mm x 4.6mm, 5 um). il 30°C. BB AREIAH A (0.5% H B /K FR) AR S AH B (0.5% R FH
TR o HEATBE BE VR, (1% 45474 : 0~6 min, B (10~20%); 6~10 min, B (20~30%); 10~15 min, B (30~35%);
15~20 min, B (35~50%); 20~24 min, B (50~90%); 24~29 min, B (90~10%); 29~30 min, B (10%), ¥izh
AHVE N 1 mL/min, #EFEEH 10 pL.

3. BR511ie
3.1. pH RE%

3.1.1. pH KOI%#F

A 2 ANAE pH E(pH 3.4 F1 2.0) FIOG A KA E AR IR 228 RIS 2 1948 fE
Sondheimer % A 5 VR H[21], Al A 148 ] pH 2.0 A1 pH 3.4 J90 2 18] 1) 22 S5 00 B8 S ff 7 5 26 A 8 2 7 I o
EHFRMIREE . MR, RN AT T OER AL Al B4R A pH {8 1.0 F1 4.5 [14]1F
NRZEVER) pH A TAEE = I8 SR . pH /R Z 708 —FARIE AL &1 R B H17E pH 1.0~4.5 Z R[4
R4, T E BARTE T RS R, 16 pHAE N 1.0 B, DUF ISR (L0 6) A E; 18 pH (A
4.5 1f, DLEAERA(EE) N T pH R ZEIERE TR, RUETE R A B 3 RO T4 & AR e i
N, BT DA PO I R AR K. R, AW, ik 1.0 A1 4.5 1B pH AR ZEVE R pH B T iE
B K P B e R R

3.1.2. FKHIEEE

0.4 - — Ok

0.0

3(‘)0 4(‘]0 5(‘)0 6(‘)0 7(‘)0 8(‘)0
Pk (nm)

Figure 3. UV spectrum of C3G

[ 3. C3G HYZIIMLIEE
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R EAME - PR [22], TEBAARFI pH F, e &2 EEERERSER EN. EdH
A pH FER— K (TE T 2 BT WSO K) T A9RGB ZE (8 DU AE 700 nm AL 3451 F T 458 TE B kv
BESRIR RO BE A P SR AL 75 2R [23] - Julfi e S RIS, B Sk e o i %, 48 5 75 200~800 nm
Y N 14 C3G bRtk (25 mo/L) i S RIS &K il 3 Fiiom, 7E 516 nm Ab W %2 35 IS i, 5 516
nm 4 C3G M RIRICI K o (R, %] 516 nm Al 700 nm F 2y pH 7R Z2 VARG K b M RS R 100
Ko
3.1.3. H@mAME

PH 7% 75 1 — R (a8 (R 58 A6 = 0 7 [24], 6 £ B EEARF pH E E AR IR,
I BB I R AR 43 BIE 516 nm (R K A1 700 nm AKEII AR ] pH (T SERAE dh 19
HEE, BRI RN 252 FARIE AN, THEAFEIEKH C3G MR . ERAMFESIERES, FEiF
A — SRR, HBESR AN, #0700 nm ARIROE B LIS IE 25 B R L) a0 1, SEKPES
' C3G P& &4 29.95 mg/L.

Table 1. Detection results of C3G in black rice samples by pH differential method
< 1. BER#ST C3G M pH REZAEMLER

. W e g / 2R
BE R i pH > Wz SR
516 nm 700 nm (mg/L) (mg/L)
1.0 1.086 0.684
@) 31.23
4.5 0.407 0.192
1.0 1.122 0.708
) 32.90 29.95
K 2 4.5 0.405 0.188
1.0 1.121 0.708
® 25.72
4.5 0.499 0.240
3.2. HPLC %

LOXI0° v ) 6414.92828+16518.87766x
r’=0.99391
8.0x10° |

= 6.0x10°
=
Qé—)—
4.0x10°

2.0x10°

0.0 -

WJE (mg/L)

Figure 4. Calibration curve of C3G
[ 4. C3G HIRUHERT%ZE

TEATI 22K C3G HIfR R, LL C3G Anifl it ik B AR AL b, IR TR UM, 57 7 btk it 22 (] 4),
LR FEN y = 26414.92828 + 16518.87766x, C3G fE 1~60 mg/L S [Fk B i Bl Py 5 0 A B A KLU 2R
PESC R (M A% P N 0.99391). il 5 Fizn, 6L N 516 nm ib, K EEKEE R AREUA HPLC iy
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40 mg/L C3G FRuERIEAT PR B IS TR LA, A SEKRE S b 1 (1 6)24 C3G, Kl 1 Al AR N Bk 2k
PETRE, A S KRB T C3G KIS B 36.79 mg/L.

6x10%]
5x107]
4x107]

3x107]

AU(mV)

2x107

1x107]

0

10 15 2
{R B R 18] (min)

Figure 5. Chromatogram of C3G
[ 5. C3G trER B B ik [E

6x107]
5x107]
4x107|

3x107]

AU(mV)

2x107]

1x107)

0

10 15 20
AR BEHt 5] (min)

Figure 6. Chromatogram of black rice sample

Bl 6. RAHEmiBEURR BIEE

3.3. pH RZEEF HPLC 3E%TEE

S I P 7 92 ) 4 SR T B (6 2), HPLC A0 pH 7 25 1K I B K 1) C3G 45 R EL#— 3. T2
K C3G A& i B FRHL, IXFPVAFIA KRB E, FRIRVAMALE ZIHEHFRE[25]. wERE MK
M E R AT —FE, B SRR . BRI S B8 I 05 & FARI T B TR 2, X S iR BL A 2
FHO T RAWE26], RIAERA AR N HABRIGE R (ARG HUER . K)$EETET %=[26]. AHLETE
e I, (H T DA IR LBEER OIS o AL, pH R 22 I IE 5 Bk R i) C3G &N 29.95
mg/L, 1 HPLC &l E 4550 36.79 mg/L, HHULTFTHIBT pH 78 22340 B oK C3G BB A — & HIHEm I,
5 pH /R ZEE BRI A 45 AR HPLC AT 5 8K, FE0X P4 0T g IR R e 5 Fl e Shli R 4
&, DR aREFERT], FEE RS EMm, XHEMRBR. XMILSRAE S S8R BME-t
IRER[22] LR L, M2 pH 7R 229:5%F C3G M TIE . FLIk, pH 7R ZE A EE X i BRS04
HENT, MEBASHRNETH R pH ES 54 1.0. 4.5 BSERIL[23], FILAE pH B4 1.0 I, #i
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FEA A FEUG B AT R TEA[28], WTREN pH /R 27145 BRI 55— FE . HPLC 2 %7
AEEFEMPARMAEERNEE TR, HEGHIES. RBER. ANOZHERmER S, TH
FEEMK. SHERMIEE RS RN E. pH R 252 R, Uk, S5Fmerti P eE x5 8
Jid, AR TH G2 W B pH (A 2 BRAES M m[29]. MELET, HPLC vEllE 4551 pH
TN ZEVF R RS o

TEASZIG T, HPLC VA pH /R 215G K ) C3G S5 RAHZEAK, 1 HPLC J5 i 3 & 2 5 H.
R e, R, 7R 2 F R T pH R 23540 HPLC #EAT Bk C3G e .

Table 2. Comparison of the determination of C3G in black rice by pH differential method and HPLC
2. pH ;REES HPLC EMIE R K+ C3G MLt

Jiik HPLC pH 7Rk
TR EE VUl (mg/L) 1~60
LT Y =26414.92828 + 16518.87766x
FHIERHL 0.99391
FE SR (mg/L) 36.79 29.95

4. BEiE

ARG HCAR S — M2 EAEHUTRIEI SN, SEHER IR L, DUNUNRAL, 3 3 5E sk
W77 REBLTE, ST SR IR, I SRR A R AT AL B AT, 45 SR A 8 R B S B
SRR R A B AL, BOBOGE R 51 S A, 225 AT DU SEIG S R rhobn st B8 S
IRHIBEAEAUACIL,  $R [ RBUF R AR R I, FELERE R TP IZW B 9% B LA GIHTE, T % R ) 5
B TR MBI o

ZERE RN VR TR EE AL G RIRAIRNE, EE BN, SRR RRER IR
Trgutit s BE B AP IR, Rk R BBON RGN B AR N, a7 R R AR AR
WEERIRSQUBRE 1, TP REERWHRR IS, /I AAELRE R AR SRR ECAA A E . AT
BAETRIR. SRaTERUR, EA MR SEIH e NG T H SRR 2 A TR, RE e 2 P B
AW REEN I, WORIRTC R BT B4 .

B A LR AR I AUR, (HREN R IEEE AR Z A, ZJRRAE IR LAy T i
A7 et

(1) LR R B — . AL WIEHR BT C3G RSB, FEHC, Jasisdt T
RPULFENLAL, KB BT R R R PRSI AL AL, A JE A B 18], S KRS ORIIE T 22264
FLFE F S0 57 I NGRS S B8y, I8 B SR 227

(2) SEIHARME T LI — L 5EE . AT LN AR EuE, RAEKEE PRI e, HRIE R
S, BRI SIS BARR, JFIRYE PRI BEARORAW S . BAh, BRI KA S
HIBETE, BBt e BB . 5 RM TS, AR TN, Wit gE N,
I BAERAL SIS IR R, DR 3CEE R, SR N B A DTk

E&WE

VU128 SRR FE 4700 H (2022NSFSC1475); R A BE 24 K2 2021 F AL R 207 i i T A i 15 0
TiH ZLGC202136; AHAIHIEZ K2 “REE” R A A B T RI(MPRC2022027); U914 K&
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