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Development of a smartphone-based portable multifunctional
food safety rapid detection system
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(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. College of Veterinary Medicine, China Agricultural University, Beijing 100193, China)

Abstract In order to address the low degree of integration and poor portability of current food safety rapid
detection systems, this study focused on the rapid quantitative detection of ractopamine by using
smartphones as the detection tool and employing the digital image colorimetric method. To accurately
obtain the image information of the test strip and microplate, a portable image collection device with a fixed
shooting environment was designed and the Fresnel lens, which can converge the light, was used. The
image processing algorithm based on OpenCV and smartphone application were designed to achieve
automatic identification of the reaction area of test strip and microplate and analysis of color features on
mobile terminals. The results showed that: 1) The image collection device designed in this study can
accurately image the test strip and microplate (CV<(3%) ; 2) The color feature values are logarithmically
related to the concentration of ractopamine rapidly detected using the GICT and ELISA method
(determination coefficients R2>>0.97). Specifically, the detection results obtained using the ELISA method

are essentially consistent with those obtained by microplate reader (R*=0. 987 3). In conclusion, the system
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has the advantages of portability and speed, which does not require laboratory equipment, and is suitable

for non-professionals to perform rapid quantitative detection of ractopamine on-site.

Keywords smart phone; digital colorimetric method; test strip; microplate; ractopamine; multi-function for

food safety
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1. Smartphone; 2. Smartphone holder; 3. Shell; 4. LED sources; 5. Drawer holder of test strip; 6. Test scrip; 7. Fresnel lens and its holder;

8. Drawer holder of microplate; 9. Microplate; 10. Electroluminescent panel
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Fig. 1 Work statues of the image collection device when collecting image of test strip (a) and microplate (b)
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Fig. 2 Optical path of the image collection device when collecting image of test strip (a) and microplate (b)
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Fig. 3 ROl regions of test strip (a) and microplate (b) extracted by algorithm of the study
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Table 1 Color characteristic results of images taken multiple times with the same test strip

B 7 Ak T fE T HE Al 72 5 5 R EL Y
Color features  Mean value  Standard deviation  Coefficient of variation
R 152.19 2.94 1.93
G 141.94 2.78 1.96
B 206.71 3.56 1.72
Y 152. 38 3.07 2.01
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Fig. 6 Microplate image taken by smartphone directly (a) and through Fresnel lens (b)
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Table 2 Color characteristic results of image taken one time with microplate
BT i 3 FEIR R 3B B AT I
Take photos directly Take photos through Fresnel lens
8 AR
Colorfeature gy EWE  CRSRWG 0 WERE ERRE/Y
Standard Coefficient of Standard Coefficient of
Mean value o o Mean value o o
deviation variation deviation variation
R 199. 62 22.98 11.51 225.28 3.43 1.52
G 38. 64 5.69 14.72 46.63 0.97 2.09
B 35.84 5.08 14.19 41.45 0.96 2.31
Y 86. 44 10.78 12.47 99.42 1.52 1.53
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Fig. 8 Variation of R, G and B with mass concentration of Ractopamine in microplate



96 IS [ N SR S

2024 4F 55 29 %

(IR HE OD o, 45 A 5T 22 G AG I H 114 231 €2 7 iE
{8 B UEAT He A, 2 Fi (SRS ARG D0 25 5 2 B IR 0 A £
PEAH G &R (BT 9) A K R B R=0. 987 3, IEBI A
WEIT BT 9 2 S8 T LA AR A A0 it S I 34 L AR
Hh 31 i 22 T g 14 R
250
220 F
190 f
2 160 |
130 [

100 |

70

0 OI.4 OI.8 1I.2 1I.6
OD450

B9 ABEEHRERN LA TEEES
B AR L 25 R 0D, MR X 1

Fig. 9 Correlation of the measure result between smart

phone and microplate reader

2.3 ERESBRIREMUZEE
2.3.1 RREMEMNZREL S QR RERN

AR

16X BOAR bR 2T A ST 3 v 2 [ e T VR B

Kl T 28 C 28 X 38k G {8 2 b A9 — G ] Y A58 Y
R BT T &M CLIX Ik G Z H G, B 2R
P 2 UL 10, 05 7 -

Gy =0.2477 X Inp + 1.669 4 (12)
Ko e 2 U TS W, pg/ L. BIAILE R
R =0.975 7, ¥ %2 RMSE=0. 055 9 pg/L,

1.8
1.6
14}
LD?
12F
1LOF
)
0.8 S e
0.01 0.1 1.0
PRAC)(ng/L)
E10 4+ ROIXKEMBHIEE G, SKESERE
RERERHIHX R

Fig. 10 The logarithmic relationship between the color
characteristic value of the test strip ROI region and the

mass concentration of ractopamine

2 C12) ] DL T #9523 r 12 060 35 e 22 L g 1) o
o

SEPREEA S BLE A AR — 1 2
Sy HT R, F2 B T AR IR T B 04 A I R Sk T T
g Y 3 v 2 T e PR RS D R L AR T 2R AR
AT UL W S PR AE S B B BH A, TR R Sk A
— i MY AH G (AR RN . A5
W1, KRR AB A AT, J5 22 0] DL i vk B Al
PA B AR R AT R DU, it v 3R B 22 [ e o i vk E
085 (0 AH OGP, i v R U ) R
2.3.2 ZREREMEMNZTREL S SRR R ERN

A

TE X B AL b 2T 57 3K v 2 U i o B vk
AL ROTIX BN B 23 9 — o [l AR o Jot i

W X 5 AL B ROT X BN B 4y 2 Y26 M 56 &
WL, RN

B=126.875 X Inp + 182.73 (13)
R Pk 5E FR B R=0. 986 4, ¥ J7 HR iR 22 RMSE=
5.080 3 pg/L, 3 (13D 7] Lh I T fu 33 W B 72 %oF 3¢ 5
22 U i 1) 7 S A o

N

250 ¢
230
210
190 [
170 |
150
130
e

1 10
PRAC)(ng/L)

B 11 IR ROIRFFBRFIIEBS kT B
BRERERHINHXR

Fig. 11  The logarithmic relationship between the color

characteristic value of the microplate ROI region and the

mass concentration of ractopamine

W

Zie5itie

ABFFE I T — TR e THLA 2 IR & Ak
LA R GE, AL GRS A R B AR 1 A
BRE T HLI AR, IF AT K 09 £ 48 92 A Al )2
W A R v 2 R B E AN . AR T

DM 35 02 TR R OR  H
AT LA S B R ARG I AR AL AR A R AR L R[] — A



A1

A TR B TALA @ #E 2 IR i L 2 PUs RGETT R 97

IR DL R[] — B FL AR AS [ B FL A% 3K 45 1) ROT X
BRI 928 S RELCV 3%,

2) 35 2 M G U i v 22 T T, T 4R C 4k
XA R.G B 34 B4 3 i FRAEAE 5 3 50 22 Uk T
TR HA XHEOE R (R0, 97) 336 70 £ P it
el 0. 03~1. 00 pg/L B, 87 i W X 45 T
2R XN C 28 X0 G B =2 L i 2 vk TN A 78, e 2R
B R*=0.9757,¥)7 1% 2% RMSE=0. 055 9 pg/L.

3 Hf 5 W BV A I 3 v 2 L i LR .G B 31
B, 43 it P B 4 6] S B 2 B e o R R e 6 91
BETE , BAT X R (RP>>0. 98) , BAK 5 B b AL I &
() 285 S ODy AT BAF A9 28 1 56 R (R*=0. 987 3),
HEWIA & gt 7 LIRS WA A AT DR 43, 3 e 2
U 3 W 3 0. 10~8. 10 pg/L W, 22 57 it ¥k
JE X8 B AH A 2k BB AL U R R =
0.986 4,177 HRi% 22 RMSE=5. 080 3 pg/L.

X T 3 5 2 B M 1 B0 3 DA T AR B 5
{14 DRSS 00 2 5 AT LA K ARG 0 R 5 A AL AR A T R T
e AR R 46 258 vl S TR K 7 B 5 0% ek L Al
FLIR HERA AR, A7 R L (AR IR s 5 56
AL PEAT R, AN T Bl A By B AT R AT R
A5 7 IR B DU e T 0L R AR R A%, 1 FH LT
PG L 07 % L3 4 A Al L Al Ry i I 28 4 1 44 24
5% BR B 7 B G T EL AT R AT AT L Ry S B A 7 4
HE%,

AR B 5E 7 1 1 T AR I S PR R T A 3
2 ER P S PR AR A R & ME R =
A3 AT 4 SR LA S B AR i A R O A A0 SRS
S5 9L PHE 0 5 0 AR ik A v RO A £
TR R T IE F R S AT — DR . BT AR
B 458 WL T AR, F — 25 0T LLUAH Ak v B 16 1B, X il
D ASE 7Y R AT 43 B [l U5, £ A5 50 7 4 vk B 0 B 1Y)
WA 5 22 ST VD T R R R s C AR Y HE AN
IFi] 4 245 % B 11 R 2 T A A

S #Z Tk References

[1] Brigida D J, Antonelo D S, Mazon M R, Nubiato K E Z, GémezJ F M,
Netto A S, Leme P R, Cénsolo N R B, Pesce D M C, Silva S L. Effects of
immunocastration and a -adrenergic agonist on retail cuts of feedlot finished
Nellore cattle[J]. Animal, 2018, 12(8): 1690-1695

[2] Soares M H, Janior D T V, de Amorim Rodrigues G, Jinior R L C,
Rocha G C, Bohrer B M, Judrez M, de Souza Duarte M, Saraiva A.

Effects of feeding ractopamine hydrochloride with or without supplemental

[5]

[9]

[10]

[11]

[13]

[14]

betaine on live performance, carcass and meat quality traits, and gene
expression of finishing pigs[J]. Meat Science, 2022, 191: 108851

W BABHEERENFEFARER]. FERMA, 2018(D:
148-149

Xu G W. Research progress on hazards and detection methods of
clenbuterol[J]. China Food, 2018(7): 148-149 (in Chinese)

FMe RAFER . ARk R A EB K FEN & 2023 £ B 25 T 2 W B Hh AR F XUES: B i)
% 3 A3t % B9 @ & [EB/OL]. [2023-05-30]. https://www. gov. cn/
zhengee/zhengeeku/2023-02/22/content_5742673. htm

Ministry of Agriculture and Rural Affairs. Notice of the Ministry of
Agriculture and Rural Affairs on issuing three plans for veterinary drug quality
[2023-05-
30]. https://www. gov. cn/zhengce/zhengeeku/2023-02/22/content_57426

supervision and sampling and risk monitoring in 2023 [EB/OL].

73. htm (in Chinese)

EROCESH BRE, ERIO.GFE.FZEE . Bw.PET. RESF
BARE HEEAS RBRVNGHER]. fR5EB T, 2019,
45(6): 231-235

Wang Y, CaoJ B, Chen X, LiYH, ChenXJ, LiZZ, Deng R G, Hu X
F. Application of immunoassay technique in detecting new type lean meat
powder residues[J]. Food and Fermentation Industries, 2019, 45(6) :
231-235 (in Chinese)

ZH.DAR.FEH. INFRPRESEERNRBRNARERI].
HEEHRE, 2022, 56(5): 69-79

LiM, Ma Y J, LiJ C. A review of the development of residue detection
for Ractopamine in animal products [J]. Chinese Journal of Veterinary
Drug, 2022, 56(5): 69-79 (in Chinese)

R, ERN K AL, AHHM, EFE. REESERENRARE
BEZGHEAN]. EEAFE5MAEYE, 2020, 39(6): 2930-2940
Song L L, Wang BB, Zhang L Y, He YJ, Chi S S, Wang X L. Application
of Colloidal Gold Immunochromatography in veterinary medicine [J].
Genomics and Applied Biology, 2020, 39(6) : 2930-2940 (in Chinese)
Bonwick G A, Smith C J. Immunoassays: Their history, development
and current place in food science and technology [J]. International
Journal of Food Science & Technology, 2004, 39(8): 817-827

Xiao M, LiuZ G, Xu N X, Jiang L L, YangM S, Yi C Q. A smartphone-
based sensing system for on-site quantitation of multiple heavy metal ions
using fluorescent carbon nanodots-based microarrays [J]. ACS Sensors,
2020, 5(3): 870-878

Bandodkar A J, Imani S, Nuiiez-Flores R, Kumar R, Wang C Y, Mohan
AMV, Wang J, Mercier P P. Re-usable electrochemical glucose sensors
integrated into a smartphone platform [J]. Biosensors & Bioelectronic,
2018, 101: 181-187

B KM R RRE. ETERFINAMRERLZRGENE
REFRRI]. SHZE, 2016, 44(4): 586-590

Yang W T, Zhang L, Liu H, Gu Z Z. Smartphone-based paper
microfluidic device for potentiometric detection of pesticide [J]. Chinese
Journal of Analytical Chemistry, 2016, 44(4) : 586-590 (in Chinese)
Yoon T, Shin D M, Kim S, Lee S, Lee T G, Kim K. Precise observation
of C. elegans dynamic behaviours under controlled thermal stimulus using a
mobile phone-based microscope[J]. Journal of Microscopy, 2017, 266(1) :
28-34

Martinez A W, Phillips S T, Carrilho E, Thomas S W 3rd, Sindi H,
Whitesides G M. Simple telemedicine for developing regions: Camera phones
and paper-based microfluidic devices for real-time, off-site diagnosis [J].
Analytical Chemistry, 2008, 80(10): 3699-3707

Szipszky C, Van Aartsen D, Criddle S, Rao P, Zentner I, Justine M,



98

0 LN ES I Y NS S 4

2024 4F 55 29 %

[16]

[17

[18]

[19]

Mduma E, Mpagama S, Al-Shaer M H, Peloquin C, Thomas T A,
Vinnard C, Heysell S K. Determination of rifampin concentrations by urine
colorimetry and mobile phone readout for personalized dosing in tuberculosis
treatment [J]. Journal of the Pediatric Infectious Diseases Society, 2021,
10(2): 104-111

EZR. ETERFIKIXSHRKGEHRESRAS FRUMARI].
e ARFR, 2022, 35(10): 1439-1444

Zhang A L. Array-style multi-sample detection of copper ion in water
using smartphone[J]. Chinese Journal of Sensors and Actuators, 2022,
35(10): 1439-1444 (in Chinese)

Sajed S, Vafaei K, Arefi F, Fathollahzadeh M, Kolahdouz M, Sadeghi M A,
Neshat M. Instant sensitive measurement of Hg concentration using lab-on-a-
phone colorimetry[ J]. Physica Status Solidi (a), 2019, 216(14) : 1800871
BEL KRR ERE, BER. ERE. ETERFNHNFLLEENAN
BRERFEULAFHRLI]. SFRHFR, 2015, 34(10): 1179-1184
Yang D D, Zhang X L, Cui C E, Tan K, Li X C. Smartphone-based
digital colorimetric technology for rapid detection of organophosphorus
pesticide residues[J]. Journal of Instrumental Analysis, 2015, 34(10) :
1179-1184 (in Chinese)

EEY EEX FRE FOE AEE. ETERFNARAEATRER
MENPREETMRESERNZERI]. ARRHEL, 2021, 46(10):
271-276

LiZM, Chang BW, Chen BF, Li X A, Gu M M. Detection of clenbuterol

and ractopamine residues in pork using protein chip method based on smart

phones [J]. Food Science and Technology, 2021, 46 (10) : 271-276 (in
Chinese)
SRR BIE . —MERRERILAGHERNMEGENSEI]. B3

HhE Al R 2 S AR
T K PE— %%%c
BIRIEEE T :

R SaR=RL S
L BE 1 A R

TI#E Arm AbFEAR A T3 R 5.

[20]

[21]

[22]

[23]

[24]

[25]

E—EEEN: *ﬁmﬁﬂ%%ﬂE%N$9H§Aﬁﬁ?*@ﬁﬂﬁM
e 2021 4w [ A AL g R 2E =

sk, 2018, 39(12): 9-12, 17

Zou S, Zhao L H. Image detection method for extracting color features of
ELISA plate wells[J]. Process Automation Instrumentation , 2018, 39(12) :
9-12, 17

REEAR,ZEBE HFE KRS ER,EZRE. SREFNMILRS TG
FREHSAWEERN[I]. SHNIKLER, 2020, 39(7): 838-843

Chao X X, Li H Q. Yang Z H, Zhang X L, Tan K, Li X C. Development
of a smartphone-based microplate analyzer and its quantitative detection
for Human Serum Albumin[J].
39(7): 838-843 (in Chinese)
MEH BEXE. FESKRERGARBREEZHHARI]. RINBIXZE
R TBERFEEIERAR, 2003, 27(3): 344-346

Journal of Instrumental Analysis, 2020,

Liu Q X, Jiang T F. A study of translation arithmetic between color image
and grey image [J]. Journal of Wuhan University of Technology:
Transportation Science & Engineering, 2003, 27(3) : 344-346 (in Chinese)
Otsu N. A threshold selection method from gray-level histograms[J]. IEEE
Transactions on Systems, Man , and Cybernetics, 1979, 9(1) : 62-66

Reddy B S, Chatterji B N. An FFT-based technique for translation,
rotation, and scale-invariant image registration [J]. IEEE T
on Image Processing, 1996, 5(8): 1266-1271

Nair P S, Saunders A T. Hough transform based ellipse detection
algorithm[J]. Pattern Recognition Letters, 1996, 17(7): 777-784
LiCH, Luo W, Xu HY, Zhang Q, Xu H, Aguilar Z P, Lai W H, Wei
H, Xiong Y H. Development of an immunochromatographic assay for
rapid and quantitative detection of clenbuterol in swine urine [J]. Food

Control, 2013, 34(2). 725-732
TAE R AR X i A

BRI L AR
S ANt TR Sna N 2 S I el

XL o Rl R 2 R A AR O A 7l R A R WL A AT 5 A
BAR G ERFEZ AARERGFEDH 10, 25 M Z R HR ARR RSS2 TR,
K3 SCU/ETAF 2RI S 20 F o IS8 RE ARl e o S P R G AT 50, 9 MHLas AL B3k R
Pl A R IZ A S TEL 0 9 O % R IRRS 5 P R T A% A 2% IRIh FE iR A SURE B
TP KA TP 18T R IE B 22 2031
TELTE O XUBRHELE G 3 VA, 25 T 2 003 KR B 37 20 RS R, 56 7%

0l R A 1 R BE AR R A AL N BT AL



