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Abstract: Silver nanoparticles (AgNPs) were biosynthesized via a one-step method at room tempera-
ture within 10 min, using green tea extracts as the reducing and protecting agents, with silver nitrate
as the precursor. In the presence of AgNPs, ascorbic acid(AA) reduced Ag" to Ag’, which deposit-
ed onto the surface of AgNPs, causing an increase in the particle size of AgNPs. This growth induced
corresponding changes in the absorbance at 416 nm, the average grayscale value of Tyndall effect,
and the color intensity. Thus, a novel scattering-colorimetric dual-mode sensor for AA detection was
developed by integrating Tyndall effect grayscale analysis with smartphone RGB colorimetry. The de-
tection limits for these two modes were 0. 018 and 0. 34 wg/ml., respectively, superior to that of the
conventional UV-Vis spectrophotometer (0. 66 pwg/mL). The method was applied to determine AA in
commercial beverages and vitamin C tablets with satisfactory spiked recoveries. The results obtained
from the two modes showed good agreement, which significantly enhanced the reliability of the detec-
tion results. Notably, the proposed dual-mode system required no expensive instruments, exhibited
high accessibility for popularization, and provided a promising approach for on-site, real-time, rap-
id analysis of AA in food and pharmaceutical samples.
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green tea extracts(A) and the dual-mode analysis of AA(B)
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Fig. 3 Characterization of AgNPs: UV=Vis absorption spectrum of AgNPs(A), transmission electron microscopy (TEM) image
of AgNPs(inset: size distribution of AgNPs)(B), HRTEM image of AgNPs(C), FT-IR spectra of green tea extracts
and AgNPs(D)
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Fig. 4  Effects of green tea extracts volume fraction(A), NaOH concentration(B) , temperature,(C) , time(D)
on synthesis of AgNPs
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Fig. 5 Feasibility of the dual-mode detection: UV-Vis spectrophotometry(A), Tyndall effect grayscale analysis(B), smart-
magnified image, AA 0-50 pg/mL)(C), TEM image of AgNPs after addition of 50
peg/mL AA(D)

phone RGB colorimetric analysis (inset :
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Fig. 6 Optimization of conditions for dual-mode detection of AA: AgNO, concentration(A—-C), pH(D-F), incubation time(G-1)
methods: UV-Vis spectrophotometry(A, D, G), Tyndall effect grayscale analysis(B, E, H), smartphone RGB colorimetric analysis(C, F,
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Fig. 7  Specificity of the dual-mode detection of AA: UV-Vis spectrophotometry(A), Tyndall effect grayscale analysis(B),
smartphone-based RGB colorimetric analysis(C)
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Fig. 8 Linear relationships between A4, ,(A), AG(B), AY RGB(C) and AA concentration

Fl HHAG AN TERELEL

Table 1 Comparison of assay methods for AA detection

Probe Method Linear range/( ug-mL™") LOD/( g mL™") Reference
CuAg microcomposites HREFHLL AL 0.53~5.28 0. 069 [9]
Au@PdNi nanozyme BReTFHLIL Gk 0.05~12.3 0. 041 [15]

N7 0.02~8.8 0.023

AuNPs WG 0. 4~80 0.17 [23]
CoOOH nanoflakes” W 0.09~8. 8 0.025 [25]
FeCu-NC? BREFHLH A 0.9~15.8 0.27 [26]
AgNPs/SWCNT? BEETHLIL @ 0. 07~0. 88 0.023 [27]

Zr-CAU-28% Bk 0.08~11 0.025 [28]
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(8% 1)
Probe Method Linear range/(wg-mL™") LOD/(pg-mL™) Reference
AgNPs W RE 1.0~85 0. 66 A TAE
TR IR R 0. 1~85 0.018
BRETHLIL O 0.5~ 85 0.34

@ cobalt oxyhydroxide nanoflakes; (2 an oxygen(0)-coordinated bimetallic FeCu in nitrogen-doped carbon nanorod; (@ silver nanoparticles/
single-walled carbon nanotube nanocomposites; @ Zr-based metal-organic framework ((D¥RIEEALAR DA Fr 5 @ FAT SUREHE M 19 2 15 2 94
SRAE H ) SRR 07 X4 B A A L s BRI R/ B BEBR IR AT B2 B RL KT 3 DB BRI M (1 B 4 J8 A HLAE SR )

2.7 EBRERSH
R HATFERD VC R A S5 iTE R AA SR, BANFESPITIE 3R (n=3), 45 R ML 20T
o MIFRIEICER F 89. 0%~110%, RSD<5. 0%, FHAATERA R UFHMETITE SHE% R . St s
REW], AT IGO0 | T IB/RBU AR | RETHL RGB bL 8 =FhJy i 45 R0 W5 1 22 5
(p>0.05) FREIRFT/UESE, AT B AR SR SE PR A i 23 B vh B RS0 B FH R
2 VORISR AA B INEN SRR 2, SR

Table 2 Standard addition and recovery results of AA in VC tablets and commercial beverages

VC tablet Commercial beverage
ViRis Labelled/ Added/ Found/ o, RSD/%  Labelled/ Added Found Recovery RSD/%
(ngeml™) (pgeml™)  (ugeml™) RO (pgeml ) fpgeml™)  Apgeml) M6 (n=3)
AN -TT L4y 5.0 0 5.5+0.08 1.4 5.0 0 6.2+0.03 0.50
e 1 6.6+0.17 110 2.5 1 7.3+0.08 110 1.1
20 24.4+£0.10 94.5 0.40 20 25.7+£0.30 97.5  0.50
50 50.9 £ 0. 66 90. 8 1.3 50 50.7+0.56  89.0 1.1
T IR RN 5.0 0 5.2+0.20 3.7 5.0 0 5.0+0.14 2.7
YIRS 1 6.2+0.14 100 2.1 1 5.9+0.25 90.0 4.3
20 26.8+1.10 108 4.1 20 24.7+0.42  98.5 1.7
50 56.7 £1.02 103 1.8 50 52.5+£0.95  95.0 1.8
FREFAL 5.0 0 4.8 +£0.06 1.0 5.0 0 5.1£0.11 2.2
RGB b3k 1 5.9+0.22 110 3.6 1 6.2+0.23 110 4.2
20 24.2 £ 0. 41 97.0 1.7 20 26.0+0.94 105 3.6
50 53.1+0.85 9.6 1.6 50 53.6+2.25  97.0 4.2

Labelled concentration refers to the theoretical background concentration of AA (5 wg-mL™"). Found: mean *standard deviation. Recovery =
(Found after spiking—Found unspiked )/spiked amountx100%( & “Frmte” FERE S FHBE)E BCH A9 AA EHE AR EE (5 wg-mL™) 5 AIIME .
SRIE AR AENR2E 5 ISR = OV S R (R B SRS /i 4 100% )

3 &

AWFREET R B AERHUR], EE 7RO - GBI 71k, SEBL T AARIPRE  REUY
Bro ZJ7E AT T EYORA VC R R AA BOREIN, BRI 4 89. 0%~110%., B 5 5L A fF
S EE AT ECRE S AR, HIESCBL B ar R SRR R AL, S DO T 2 i i Y XL
BT REmE , BEE T POCT 5. iU RGN 7 v AN G AU 5 A SIS 1 45 )iy w]
FEME, ERFEONRAE T PRI IRAE RBUE 58 VO B HAMES T IR IR AR AR ) 241/
A AR, JUHIE TR AA BB (5 50 s A RETHL RGB HL GIEAEH Sk AATE
Bl SR B B AP R T B P . X Rp ELANRR R B2 P Tt 1O ik B REAR PR RE . ARTIT, USRI T 12
X B B LT HERE T2t — 4 ot H A 7 R 40 RE O ] SR 00 Ok 55 1 00 . AR
GO BB AR I 7 i R B . i REUEA S TSR T —1k, & 525 AA B BLZ Pk
MR T —FhHTRm
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