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Abstract: Based on the specific complexation chromogenic reaction between acetohydroxamic acid
(AHA) and Fe**, which forms a 3: 1 five—=membered chelate with a maximum absorption wave-
length of 495 nm, a color signal transition from yellow to red was achieved for the quantitative analy-
sis of AHA. Two colorimetric detection methods (absorption spectrometry and smartphone imag-
ing) were established for the rapid quantitative determination of AHA in wheat flour and its prod-
ucts. The optimal conditions were determined to be a pH of 7.0, Fe* concentration of 6. 25 mmol/
L, and reaction volume of 250 wL. The absorbance was measured at 495 nm, and the calibration
curve showed good linearity in the range of 0 = 4 mmol/L. (0 - 300 mg/L.) with a coefficient of deter-
mination (r’) of 0.994 and a limit of detection (LOD) of 0. 14 mmol/L.  (10.36 mg/L.) . The
smartphone imaging method acquires the RGB values of the microplate via a website. After optimiza-
tion by lg (x + n) logarithmic transformation, the G channel value exhibited the best linear rela-
tionship with AHA mass concentration (1*=0.994), with an LOD of 0. 11 mmol/L. (8. 63 mg/
L) . The proposed method exhibited excellent anti—interference activity against seven common illegal
whitening agents in wheat flour and wheat flour products. Spiked recovery experiments showed that
the recoveries ranged from 80. 9% to 114%, with relative standard deviations (RSDs) of 0. 65% to
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12%. Among the 12 batches of commercially available samples, AHA was detected in only one
batch of bulk wheat flour, and the results were in good agreement with those of high—performance liq-
uid chromatography. The smartphone imaging method does not require a fixed dark—box device,
making it more suitable for rapid on—site screening at the grassroots level.
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orimetry
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Fig. 1 Acetohydroxamic acid (AHA) forms a five-membered chelate with Fe* in a 3: 1 ligand—to—metal stoichiometry
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BRI A 428 25 1% AHA B9 B A4%0% o 5% 10 mmol/L pH 7. 0 Hepes 73 #IFEL I G4k 4k . SAL45 |
FUCBRE, WREEY A2 mmol/L, R H ZFEMCH] AHA BRUEIWE, REER 2 mmol/L, fFLAR LS AN
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43 B pH 4. 0 Fl pH 5. OBEFRERZZ0h i . pH 6.0 MESZZEhiE . pH 7. 0 Hepes 221 . pH 8. 0 Fll
pH 9. OBRIRERZZ 0, WREFA 10 mmol/L. >R LIRZZ 0P /3 FLHL ] 2 mmol/L S AR, SFLAREEFLS>
SN 50 L FRASE] pH AR =4k B TR 50 Wl 2 mmol/L AHA FRUEIFIR,, TR%2))G, KRR
G 495 nm ARG (ALs) o
1.4 HBEBFREMRK

K H 10 mmol/L pH 7. 0 Hepes ZZ M ACHI 0, 1.56, 3.13, 6.25. 12.5, 25 . 50, 100 mmol/L ={
BRES T, AN (50 wl/AL), BAJG I 1 mmol/L AHA (50 wl/fL), EHAIE, R kR
AL 72 495 nm LIRS S
1.5 RAEREWL

$ 1 mmol/L AHA F1 6. 25 mmol/L =8k & TR BUR A IEMATIFLR , BFLIE L SR 71
4150, 100, 150, 200, 250 wL. RZH21)GE, K HEEPRMCONE 495 nm ZLAGWREEE , DI B f e ok
s EARR,
1.6 RGB#HEIFZERML

B ERFUR 1 mmol/L AHA IS 6. 25 mmol/L Fe™ IR A5G, 43 MM 96 LI AL 1 &4
FLHr, B e 2 SR FR A 250 pLo KA R BRI 7 B T ENLTE . EAMHE . ¥k
A 3 FIOEHEER T 4048, WINPT A SON R LR B T30k b, RS ] ST R LR 31 7
R B EG Y E AL AR AT L W AEL IS hup: //47.112.3.217/, A 3RS FLRGB Bifa
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PG AT AT AHA B SEPOMEE 77, BEECT A WLARIR R I JE & St RS 5] (A
WERE . P BIZE R = RER =K S . ik, RN . WERRE) 1EAT
P The % 22 . 43 e K S BEEL TR B SR 50 mmol/L B 45 T bR e s, LdbiEw4 10
000 r/min 5.0 5 min JGH_ETEW & H o 7896 FLAR T BFLRIKMIN 125 L AHA BRI . 25 RiER (06
IKCEE) B FsRFHe Bidw, BN 125 pL 6. 25mmol/L Fe I5WE, IRHIRSIG, 29 R AT
G RAEG I B RGB AR, [F]H HIEERRSGI E 495 nm AL A GRS o
1.8 FREMZLH

Bidlo, 0.01, 0.02, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1. 2. 4 mmol/L 1Y) AHA RHNUK EEbRifEizE
W, XM E BRI 0, 0.75, 1.5, 3.75, 7.5, 15, 30, 45, 60, 75. 150, 300 mg/L. HEfL
A3 MININ 125 L R 5 EE AHA FRUEIZWERN 125 WL 6. 25 mmol/L =ML T, IRHISIE, S5 AE
RE T LI EUS FEEARACI € 495 nm ZOGEE, FFRIEtniEh 4. LL3REEML (S/IN=3) XJRZAYR B
VAR HBR (LOD), LA 1055 b B B BEVE A = TR (LOQ)
1.9 SCERFEmRE T
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FhyEsercE, @3k, WAk, W B . WETRFREL10 g CRETE0.01 g) AESh, MIA S50 mL &
OB, BEEIMNRERTEKCEE 10 mL, WHENRY | min, #AEHEE10 min J5IR2), 8 000 r/min &0
5 min 3 BIEW, 2 0RHWOEEED: . BEETFHURAG IR AR ik & AHA &5 &,
1.9.2 HHEBEEGE £ “1.9.17 PIREN LIHFRZ0. 22 pm AYLRIEFTIE, IMNEAH QIS
SR T C aRERE, TRENFH SRR 90% HIiZ+10% I (0. 1%) /KW ; WA 0.4 mL/min; HEFE
RRA 2 WL FEIRA 35 °C; AP KA 191 nm.
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HAEEAL T R T [FeCl] ~, %8 F7E 318 nm Fl1 360 nm B T A RRAEWL IS0 , 3 I S0
@ meAh, FL2BBIRAE, T 495 nm AAFTER R, HIKKTET AHA 5 Fe' € BIE BUEE 1)
aRHEOAEEY . PGNP A A5, nISCBL AHA B (55 i B 610 21 (R F5 A2 00 R
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Fig. 2 Color development results of AHA using

different metal—ion probes
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Fig. 3 Optimization of the pH value
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Fig. 4 Variation in solution absorbance (A) and RGB value (B) with iron—ion concentration
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KRBT, e, SEOCEERE . HIERIRALSRBUN 350 uL, RS R BIN 55
eria t HIE DA A, DRLIHe3sE 250 WL AR AR .
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JCRRIR B RACA RN SA 7R o & A RSB S LA 20 T 3 OB IRERE TR, G BE
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E AR S HOEHEIEM TR L7, B SR B ER R EROCRAR ). mBEDEHE TR
BCET7, BEPRMbECHE HI A, Wb 7 BTGB T, LI 20E, BHIbiRERVN. ik
EERSP L (SR 4EED MIGEINT
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P 5B BT o 0 A [ i R AL 35 BRI B0 B A LAR AT 4R F B2 R . G BBV, BR vivo Al
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Fig. 5 Optimization of lighting environment (A) and comparison of images captured by different smartphone brands (B)
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AHA 5P b e 255, Hb GBlEm Xy B WL, AHA XY 0 GE 5P T4
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TUBERE (E7A) FFTEEKE (BI7B) MREAAPRIOPRERNZE . RIS, WO BT R i ph 2 s
PRI E & R 43504 0. 14 mmol/L (10. 36 mg/L) F10. 60 mmol/L. (44. 73 mg/L), r*¥1°40.994, ik
LR REF, FEE AHAWREETHE, 0 8 B s e e, vf EEScoiilis i iR sl
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RGB{A S AHA IR BRI R AR R R . WHllg (a+1) XPEEE T EE/RIREEXT I R, G B
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MRS IEE T (ESD, E). MibitHlg (vtn) SOHERTEEEOREE , 228 LHiE n=46. 24
B, GEiE R i bR I 28 2 IS B R M 0. 994 (B 9F), KEHFRIX 0. 11 mmol/L (8. 63 mg/l), E& F
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BRIk 0. 32 mmol/L (22. 15 mg/L), ek #% Gl @ B REFHLSAL I E mbruEth 2k (E18G) .
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Fig. 6 Specificity of absorbance method (A) and smartphone imaging method (B)
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Fig. 7 AHA calibration curve of absorbance versus concentration
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250 pL) T, AHA W A8 e fa, afseBl iR E I iGe . SRR TSRS IES &
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JERPER T (=0.994), J7ikt 7 #i WAREHE AR AR S =k, bR (80. 9%~114%) 5
AR L — S E R . 12 IR SERRAE S LR /IN 2R th AHA 107 1R JE TR B bR ORI % s
&, TSR, BERE . RAKEE, HRZ RN 7SR TR

(A) (B) ©
250 250
= R R>=0.971 = R R™=0.958
* G R™=0.950 200 * G R*=0.994
....... 4 B R™=0975 B R’=0.991
=l ) i 150
- . =
Qo
' & 100
50
- Y=-278.611g(X+1)+194.72
g 0 0 A&MPR=0.11 mmol/L,
BHeTHURE TELE A3 53 RGB{tfii it EREH=0.32 mmolL
0 1 2 3 4 0.0 0.2 0.4 0.6 0.8
AHAWKEE (mmol/L) W BALAHAKE (mmol/L)
D) (E) (F) G)
250 = R R™=0970 250 = R R=0.629 250 = R R=0.938
o G R=0950 o G R=0830 80, o G R=0.99
s B R=0976 - 4 B R=0925 - 4 B R=0.991
% 0.5
i 150 g e 150
< 2 g
Z 100 LE 0.90 & 100
1<)
9
50 0.85 50
Y=-223.681g(X+46.24)+571.22 z
0 0 HMPE=8.63 mg/L.
FEEFR=22.15 mg/L
0. (R

0 50 100 150 200 250 300 0.0 0.5 1.0 15 20 25 0
AHAWKJ¥ (mg/L) FHEALAHAYKE (mg/L)

K8  AHARIBAZINAENS (A); AHABE/RIKIE RGBBUEEMEIRERZE (B); 1g (x+1) AHILALRE AHA BE/RKE RGB
BUOE AR EZE (C); AHAFURIRIE RGB AL (D); lg (x+1) XPEALALEE AHA FTRIKE RGB BUE S {E
% (E); RGBIRiEHZn AL (F); 1g (x+46.24) XMEALALRE AHA BUE K RGB Bl HHIZ (G)

Fig. 8 AHA point—of—care concentration (D), AHA molar concentration (B), AHA molar concentration after lg (x + 1)
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X BALAHAKE (mg/L)

logarithmic transformation (C), AHA mass concentration (D), AHA molar concentration after g (x + 1) logarithmic trans-
formation (E), and optimization of the n—value for RGB standard curves (F); RGB calibration curves against AHA mass con-

centration after lg (x + 46.24) logarithmic transformation (G )

1 AR (n=3)
Table 1 Results of spiked recoveries (n=3)

Added/ Absorbance method Smartphone imaging method Liquid chromatography
Sample (g Found/ (mgs g gspme PO P8 pecoveryme RsDmo PO (P Recoverme RSDAG
kg™) kg™) kg™) kg™)
0 — — — — — — — — —
INEERS 50 41.85+5.21 83.7 12.45 41.93+3. 50 83.9 8.35 41. 00£0. 94 82.0 2.29
150 121. 82+6. 00 81.2 4.93 126. 65+4.27 84.4 3.37 138.32+1. 16 92.2 0. 84
250 253.16+27.95 101 11.04  235.20+16.38 94. 1 6.96 240. 18+3. 59 96. 1 1.49
0 — — — — — — — — —
183 50 56.96+1. 40 114 2.46 40.44+1.71 80.9 4.23 50. 72+1. 31 101 2.58
150 154.39+18. 58 103 12.03 141. 36+6. 32 94.2 4.47 144.09+1. 41 96. 1 0.98
250 233.49+13.21 93.4 5.66 203. 17+5.99 81.3 2.95 240. 17+0. 81 96. 1 0.34
0 — — — — — — — — —
i 50 49.72+2. 61 99.4 5.25 46. 86+3. 62 93.7 7.73 47.23+2. 67 94.5 5.65
150 149. 83+6. 79 99.9 4.53 161.35+12.33 108 7. 64 141.01+2.29 94.0 1.62
250 269. 48+2. 10 108 0.78 255.70+12.78 102 5.00  251.61+0.97 101 0.39
0 — — — — — — — — —
il 50 47.82+2. 50 95.6 5.23 44.38+1. 26 88.8 2.84 44.09+3. 63 88.2 8.23
150 144. 56+4. 60 96. 4 3.18 147. 14+5. 19 98. 1 3.53 130. 48+3. 07 87.0 2.35
250 257.45+4.775 103 1.85 246. 63+1. 60 98.7 0. 65 246.95+1. 21 98.8 0.49

—: no detected
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2 EFREINEER (n=3)

Table 2 Results of blind sample analysis (n=3)

Measured/ (mg-kg™)

No. Sample Absorbance method Smartphone imaging method ~ Liquid chromatography
1 /N - - -
2 HUCR/NA B 23.33+0. 16 23.49+2.91 23.29+0. 43
3 oA e /N Wy - - -
4 MRk - - -
5 (&30S - - -
6 R Sk - - -
7 AL 2 - - -
8 Tl 2 T A% - - -
9 [EFS - - -
10 &) - - -
11 THCRE AT - - -
12 BICKE IfT K - - -

: no detected
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