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ABSTRACT

AFT is one of the major pollutants in food agricultural products. The key to preventing the AFT poisoning of
livestock isto avoid the AFT feed being eaten. Therefore, it is necessary to study the contamination situation of feed
caused by AFT, which is highly useful for the aquaculture development, and the rapid screening of AFT is an
important step in this process. Based on the fluorescence characteristics and mechanism of AFT, this paper uses the
UV LED as the excitation source and adopts the color-sensitive sensor to carry out fluorescence signal acquisition
and photoelectric conversion, controlled by MCU, to design the screening device for AFTB1 contaminated feed.
This screening device is produced as a rod, for it is easy to be inserted in the feed pile. Besides, it is easy to carry
and operate, durable and reliable and has low cost, which can be used to make qualitative screening for the AFT
quickly.
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INTRODUCTION

AFT (Aflatoxin) is a fungus toxic metabolite andnstituted by Aspergillus flavus and Aspergillus gmiticus. It is
a carcinogenic substance with hypertoxicity, magoytained in peanuts, corn, cottonseed meal, soyb®al and
their byproducts. The AFT-contained feed may leathé disease or locality-based injury of livestedien they eat
it or just exposed to the toxin-containing substan8FT could reduce the nutritional value of feawd ahe
utilization rate of nutrients, thus damaging thdafability of feed, reducing the feed intake ofelstock, and
lowering the production performanf& AFT may also inhibit the digestive enzyme activiff the livestock and
cause the absorption and metabolism disorders toients, thereby damaging the digestive functioriv#stock,

slowing down the weight gain and leading in thewglo stagnation. AFT is widely distributed and maigder

serious injury for livestock, which will cause sers damage for the aquacultiffe

Due to the uneven distribution of AFT in the feddT may be produced only when the temperature amdidity
reach the optimal conditions for toxin productié#T is a kind of substance whose determinationffecdlit to be
carried out, and each step is accompanied by ewhese the largest one is in the sampling procéssget a
representative sample requires a lot of sampleshyloin the other hand, will increase working hcamd improve
the testing costl. This paper analyzes the AFT fluorescence chaiatibs and its mechanism, and proposes a
screening program where the UV LED is used to fthehAFT of the feed and emit the yellow-green faszence.
The AFT screening device is operated by fluoreseexcitation and collection, and constituted byghetoelectric
conversion system, data fitting system and disglgstem. Besides, the digital control circuit is disehere the
embedded MCU (Micro Control Unit) is regarded as tbre control systefi.
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1. DESIGN PRINCIPLESAND INSTITUTIONS

2.1 Design Principles

Currently, there are 17 AFT structures which hagerbisolated and identified, including B1 (AFB1R BAFB2),
G1 (AF G1), G2 (AFG2), etc., of which the most toxine is B1. For example, AFB1is lipophilic and lsasall
molecules, so when the toxin enters the body, lit quickly pass through the stomach or small intesthrough
atypical passive transport. After 15min when theesintake the AFTB1, the metabolite AFTML1 is dedekcin their
blood. Therefore, milk secreted by the cows anddtiiey products will contain a certain amount of TAFL, and it
is relatively stable during production and storaglijch could prevent it from being destroyed by emtional
production processed. Therefore, various terminal dairy products maytam the aflatoxin, which will cause
chronic poisoning and the prolonged intake eveniodace liver cancer. Among them, corn is the mégad for
livestock and accounts for a higher proportiontaf livestock diets. However, corn is susceptibl¢hto aflatoxin
contamination in nature and thus produces mycosoxinder appropriate conditions. Every year theréaige
amount of corn inflowing into the feed markets, @rhivill lead to the poisoning of livestock and maaxert a huge
impact on the aquaculture productfdn

AFT could produce the fluorescence with the wawgtledonger than the incoming light under the UV itat@on.
The stronger fluorescence indicates the higherextnof AFT as well as the more heavily contaminafee.
Fluorescent colors can be used to distinguish th& ABategory, blue fluorescence representing Clasgré&en
fluorescence representing Class G. When the wagtleof excitation light is 370nm, the fluorescemigsion
wavelength of AFTB is 425nm, the fluorescent enoissivavelength of AFTG is 450n#y. Since the corn
contaminated by AFTB1 may produce the fluorescenith the wavelength of 425nm under the excitatidn o
ultraviolet light with a wavelength of 365nm, theegter endotoxin indicates the stronger fluoreseemberefore,
the corn contaminated by AFTB1 can be screenedbguthe fluorescence analysis. Select UV LED witk th
wavelength of 370 £5nm as the excitation light seuto make the fluorescence spectra emitted by AFifBa
reasonable range with greater peak wavelength eateg fluorescence intensity. Conduct selectiiection for
the fluorescence signal by the optical filter, amk the color-sensitive sensor to carry out flumes signal
acquisition and photoelectric conversion, thus iolitg the fluorescence electrical signal. Amplifiydaprocess the
circuit based on the characteristics of AFTB1 fesmence signals. The photoelectric converted &latgignals are
fitted by the MUC after the amplification and presig to obtain the AFTB1 information.

2.2 Overall design
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Figure.1 Schematic Diagram of AFTB Screening Device of Contaminated Feed

Shell Optical filter UV LED

>l 1D
C )

Color-sensitive sensor

Figure .2 Schematic Diagram of Photoelectric Probe

AFT screening device of contaminated feed inclutthes photoelectric probe, stainless steel tube,robuwtrcuit

board, HCI module, batteries, handles, etc., assho Figure 1. Uniformly drill 8 detection holes the stainless
steel tube and fix the photoelectric probe on teéedtion holes in the tube by the supporting stmect The
screening device is produced as a rod, which ig tealse inserted in the feed pile for test. Thetpbkectric probe is
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constituted by the shell, UV LED, optical filtemlor-sensitive sensor, etc., as shown in Figuréh& UV LED of
the 8 photoelectric probes and color-sensitive @snare connected to the amplification circuit bg tvire and then
to the control circuit board; HCI module and battare all connected to the circuit boards by theudi.

2. DESIGN OF THE KEY COMPONENTS

3.1 Photoelectric probes

The excitation light source is the key to the whejstem, for it is not simply illuminating the obfeand the match
of the light source and driver should highlight ttiearacteristics of the object as much as possililere are a
number of factors to be considered, for example,stability of the light source may influence thegision and
accuracy of measurement; the conversion efficiesfcgflatoxin into fluorescence is different duethe different

monochromatic light sources with different excibatiwvavelengths; the strength of the light sourdriémces the
sensitivity of the determination, for the light soe should be intense enough to make the interitjhe

fluorescence, thus ensuring the high sensitivipwever, the extremely intense light source will mae aflatoxin
prone to decomposition due to the long-time expmdarthe intense excitation light source, thus ilegdo the

decrease of fluorescence emission intensity. Tadaewors caused by the decomposition of the litite,excitation
source can be used only in the fluorescence tirhe.UV LED (the spectral distribution range of 365A376nm,

the center wavelength of 370nm, the size of 5mnmmeEthe launch angle of 100 to 1200, the currer2QuhA, the

forward voltage of 3.3V) is used as the excitasonrce of photoelectric probe, and its center vength and the
fluorescence excitation fit well. The six UV LEDeaarranged as a UV LED array, distributed in aut&ncluminous

space, which could emit the ultraviolet light incartain radiated power, a certain light intens#ycertain light
frequency, and under the control of the MCU todiaée AFTB1-contained corn and excite the fluorasee

The photoelectric conversion link is the core mrrthe photoelectric detection and its main roléciconvert the
fluorescence signals into electrical signals. Thiee perfect match between the fluorescence aiityeAFTB1
and fluorescent probe, it is necessary to prot¢esfiuorescence signals. As there is scatterirg hgd stray light in
the fluorescent light path, the filter should betailed at the receiving end of the color-sensitigasor. The filter
could only pass through the fluorescence with theelength of 410nm ~ 450 nm in the continuous spetand
prevent UV rays and other light rays.

The color-sensitive sensor is a photoelectric cmsiva device and it is prepared in accordance thighprinciples of
the photoelectric effect generated when the ligimes on the PN junction. It is constituted by gietosensitive
diode and color filter. This design adopts the cglensitive sensor PD151 and the test range is fhenblue ray to
the near infrared ray. The output current is prappal to the wavelength of the incident light &hd corresponding
relationship of the adoption coefficient of theident light in the Silicon and the wavelength igdido detect the
wavelength of the incident light. The optical sigisaconverted into two current signals correspagdb the color
of the incident light. The operating efficiency tie PD151 is equal to the two parallel photodioded it has
integration of two optical chips of the PN junctiaith vertical arrangement and different junctiepths. When the
external light shines on the incident surface ef device, the light with shorter wavelength is abed by the PN
junction at the superficial layer, while the lighith longer wavelength is absorbed by the PN jumctt the deep
layer. The photodiode of the PN junction at theesfipial layer is more sensitive to the light withort wavelength,
and the photodiode of the PN junction at the degprlwill be more sensitive to the light with longvelength®.
This different sensitivity could be used to distirgh the color signals according to different wawegjths of the
light. The relative sensitivity of the double PNh@ion of PD151 changing with the wavelength isshewn in
figure 3.
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Figure .3 Schematic Diagram of PD151 Spectral Response Curve
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3.2 Electric signal amplification and circuit processing

The short circuit current;land } output by PD151 is the weak current signal, whiefjuires the operational
amplifier with high precision, low noise and highput impedance. Moreover, it is necessary to meatus
logarithm of the short-circuit current, so the ewmtr logarithmic amplifier is first used to carrytdogarithmic
amplification for the current signal. The preamplifhas two main functions: one is to resist thensducer
impedance; the other is to convert the weak chiatgethe voltage signals and amplify them. Thisuiegs a smaller
preamplifier to be placed near PD151 and its irghatuld fit the PD151. For the current logarithmicpdifier, select
chip LOG100 and it could conduct logarithmic openatfor the two current ratios or voltage ratiofieTdynamic
range of the input current of the amplifier is widarying between 1nA and 1mA. LOG100 adopts theaaded
integrated circuit technology, and its input cutren the ratio of the two input currents vary withthe range of
100dB, which can guarantee that the total outpuirés below the 0.37% of the full-scale outputtagke. After the
laser adjustment, the internal resistance couliegelthe operational accuracy required by the patars without
other modulation. It is easy to use and has low and small size, which make the logarithmic cormgutogical.
LOG100 is against the PD151and is assembled imuatste as a photoelectric probe, and then itsututpd is
connected to the major amplifier by the high-freame cable. The signal processing circuits constituby the
precise switching integrator ACFZ101 and differahtimplifier AD602 is adopted to conduct AV convensand
differential amplification process for the outputrent signal.

3.3 Control system

To achieve the test, the software and hardwareeapgired to support AFT screening device of conteted feed.
As the system requires high reliability, low poveerd multi 1/O interface, MCU (model MSP430F149iged as
the control core, mainly aiming to achieve theiif#tee of other circuits, process the obtained dath express the
processing result in some way, such as displajyaoma FTB1 contaminated feed screening device cacldeve the
real-time sampling and analysis. It is necessarinput the commands, design the human-computeraiction
module, install the buzzer alarm and show the ediogeinstructions in the detection process. When FiB1
screening device of contaminated feed is used nduwat detection, the buzzer will alarm and turrttos LED after
the FTB1 is detected (red LED light indicates FTdthormal alarm, while the green LED indicates thenal
situation). Meanwhile, the data will be displayedthe LCD screen. The communication interface dirisumainly
used to achieve the data communication between bostputer and lower computer, and the system uses
RS-485 bus communication mode to connect the caanput

There are various development and debugging envieaits suitable for MSP430, and IAR Embedded Wor&ben
for MSP430 V5.40 is a very powerful integrated depenent environment, so it can be used to devehapdebug
different MSP430 processors, for it could provideesy convenient window interface. In order to faaie the
development and subsequent use and maintenanbe pfdagram, the entire program uses a modulartateuthat
consists of a main program and subroutine modulége main program must first complete the initialriko
including setting up the watchdog, the initialinatiof system clock, interrupt initialization, timiaitialization, LCD
module initialization and the initialization of @hparameters. Then start the timer and turn oimteerupt to make
the microcontroller in response to an internalrintet and external interrupt requests. The functi@mdules include
AFTB1 detection, keyboard control, LCD display, aidrm and so on.

CONCLUSION

Once the AFT poisoning of livestock emerges, ttareeno other effective therapies. If the acute @mdnic AFT

poisoning occurs, what we should to do is to imratdly stop feeding the AFT-contained feed and pfar the

pollution-free feed. However, the key to preventthg AFT poisoning is to avoid the AFT-containeédebeing
eaten. Therefore, to detect the AFT of the feaghigffective way to ensure the health of livestadich is highly

useful for the aquaculture development, and thérapreening of AFT is an important step in thisqass. The
application shows that the screening device haé kigtection accuracy, simplified detection processiple

instrument operation, less-professional demandow,cost and is easy to be inserted in the feesl piirable and
reliable. To sum up, it can reliably detect the Aédintent of the feed, keep abreast of changeseith deiality and
reduce the damage to the livestock health causéoebfeed mildew.
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