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Bird’s Nest Double Anti-Counterfeiting Traceability: QR Codes Are

Combined with DNA Traceability Codes

SONG Yafeng®?, XING Ranran?, LIANG Xiaoke?, ZHANG Jiukai?, DU Xinjun?, CHEN Ying?
(1. College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China;
2. Chinese Academy of Inspection and Quarantine, Beijing 100176, China)

Abstract: In the bird’s nest industry, ensuring the authenticity and quality of products is a common concern for regulators,
manufacturers and consumers. In this study, an innovative dual anti-counterfeiting traceability system was constructed,
which integrated QR code technology and novel DNA traceability code technology to improve the authenticity and
traceability of bird’s nest product labels. In this study, DNA storage technology was used to encode the identity and origin
information of bird’s nest products into unique DNA sequences, and the DNA was encapsulated through plasmid
vector-based bioprotection and chemical protection of silica particles to achieve its stability and long-term preservation.
Subsequently, this DNA sequence is mixed with ink and printed as a scannable QR code label. Consumers can get the basic
information of bird’s nest products by scanning the QR code; At the same time, the DNA traceability code in the QR code
can verify its authenticity through extraction and sequencing, so as to ensure the anti-counterfeiting effect and reliability of
the product label. This study can provide a scientific basis for the authenticity identification and origin traceability of bird’s
nest products, and provide a new paradigm and ideas for the healthy development of the bird’s nest industry and the research
and application in the field of food authenticity and traceability.

Key words: bird’s nest; dual anti-counterfeiting traceability; QR code label; DNA traceability code; silica nanoparticles;
authenticity identification
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Fig. 1 Schematic diagram of the uniformity of the distribution of DNA traceability codes in the verification label (a)

Uniformity in the test tube (b) Uniformity in the QR code label
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Fig. 2 Schematic diagram of the application of DNA

anti-counterfeiting and traceability labelling for bird’s nests
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Fig. 3 The DNA traceability code was connected to the full

sequence map of the pUC19 plasmid vector
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Fig. 4 Agarose gel electrophoresis image of plasmid DNA
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Fig. 5 Sequence alignment results
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Fig. 6 Imaging of ammonium functionalized silica particles

in the optimal encapsulation system
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Fig. 7 Comparison of particle sizes between
ammonium-functionalized silica and SPED particles
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Tab.1 Comparison of DNA anti-counterfeiting technologies

X L4k DNA 56 DNA %745
FEORIE  NLAERMEFH SRECE R B
HAR R 2 4N DNA PIJE DNA
TG e &g
G003k Ph i
BA T {(i8
FasE 5 55

2.2 SPED 5ihZERAENHI —HERE
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TE T 3 53 7 il — RS bR 25 FH 28 1) 9 e S 56
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ARMELEE R

JE R FoAt S B R e FR A B AT X EE 7

WE T R HEMGENRINLE S, TR
IR (40 o), #RAETT(E, HmfAVERE, Sttt
. Qubit B 7t B € EAI € HiR & SPED J&
[*) DNA it & %y 0.94 ng/pL .

UV BRI SR B R, EFEHR UV O
P JE UV ATIESTIY, TR RIZERKE 1 min 50 s,
HA R BN . SPED VB £ /5 DNA i &% 4 0.53
ng/pl, SR FE AR T oAb P A 25

AV EFE B AR I XL 80 °CHET,
IR HRAG, &E& R FERS, T
BFAIEH (1 mindo B SPED J&, DNA s
L F) 1.89 ng/ul, 5 Ah P FRh S5 AH LU A B
5t (P<0.05), £ DNA it iy i HA 2%
R

et bR 3 FhhaR, JKVEVESRENTh AR R AL
IR AR EE W EH) T RE . 05 ) DNA T
VSRR e, U e B 7 i RS BRI fRe vl
o IZEFEH AL 1R N R AR R
FE T PR ORGP M A AZ ] o
2.2.2 SPED 5Kz 2R A BA LA 69 4

DN HETE K 1 58 BRI AR 25 5T, IR — 40
JHMT AT 4 H DNA WD e ik 2 sy, 3@ Qubit
RO E E B E A FR S HEE S DNA K
B, BTG, e SPED 5K i 28 (1 e £
REHE (& 2).

SEHGSE RN, AR U N L5 DNA TRk
FEA R, RIS G > B . 2 SPED
KSR 1: 6 GRS, BRI 5 EA
DNA RS e B8 B B AV, thiS DNA
HREIR AR &, N 857 ng/pL, B3 & T HAlh
4 (P<0.05). 1% EEMH RIS SHe | — AERD AR5 ) 775 b
FERRT IR, WYV A L) T it 20 DNA R
PRI RO RE . MR ARRE S fraP/E L SL RS20
T DNA BUBTBORIAS H R0 fEBURIE & Ll T,
SPED HilisRiR & 7870, M JRBEE: f£h
LB, whsRxS SPED HIORIFVE By .35, e
T DNA ik . sl s GIHE, e 7R
o DNA 5l s8R & Bk 2, IO #e s 7 bR 25 1Y
B3 D TR ) 22 O B
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Tab. 2 Qubit nucleic acid fluorescence protein quantifier
measures the concentration of DNA extracted after mixing
SPED with ink in different addition ratios
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SPED iR ELf] BN B EIR B (ng/pl)
1:1 3.0240.640
1:2 3.2640.31¢
1:4 3.6340.43¢
1:6 8.5740.322
1:8 2.6740.26°
1:10 1.2340.45¢

H: ARFRREREREE (P<0.05)
2.2.3 SPED HKE M ERA Y4 HIE
NEHIE SPED 57K 1 S5 1R A 35 51, 735l

TEVE T 4G hR S T R st . 5 R EoR, W
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PE (R 3D B 4ERD AR5 X I DNA i ik &
FHIFE, 22 WA BRI AT Ok DNA B350 AL 76 575 25 il 4
8 A0, I T AR AIE - 2 RO A 245 (1 T 4 R R
PE, $eFBith 518 R g v S

% 3 SPED HERAHISIMFIA Qubit ZHERRAEHEEMUNEARE XA DNA RERE

Tab. 3 SPED ink mixing homogeneity uses the Qubit nucleic acid fluorescence protein quantifier to determine the DNA

concentration in different regions

W T (ng/pl) R (ng/ul) RIS (ng/ul) | T4ERARSE BB/ (ng/ul) PR/ (ng/pl) B/ (ng/pL)
RE-1 12.92 12.84 12.94 Fr-1 10.94 10.90 10.93
-2 12.92 12.82 12.93 FR%s-2 10.93 10.89 10.93
NE-3 12.93 12.83 12.94 Fr%-3 10.94 10.91 10.92
X+4RSD 12.9240.06 12.9340.10 12.9440.06 X4RSD 10.9340.006 10.9040.10 10.9340.007

T 7 Bt 100% 100% 100% T 7 et 100% 100% 100%

A I o R e LA B AT T A ) 2R
MEERILRERE S, R GEEAmELR. i
PEOR, TERRE SO 7R SRS A R iz B,
B AR ARV R R M A I R H 2 2,
X RS (0 B OB AR AR AT 5, ] 3R AR ik
SRR R RR B, KK A B KA R
T ARBA GREOE 4R B RBYZE IR
AN BIF R T — Fi 2w SR 4T EQ R F0 = 4k
(3D) s B 4R B Dy Ve 7 vk, BT 255 )
IBEAPE RO, HAREETFR T —Fh A HFAE 1
DNA /KB, % DNA S/KENHIFEFRZAE - bRid
REMSHEDT 40 h SR AMZR RS, 1 BE 1 R 111 A v 2
2, A EVR ST SE PR A, R T DNA
SRIKTE B B 22 AU N /7. Berk 5138 I 4R
B B AL DNA Bt lEARZE 1 771, ¥
DNA JFHIHRANLRTK, T RCE AR B 1 A0 — 4 fe
s S, AT CATE JL 8 8 5E B DNA 23 F (1A
M, I B ER AR IR AN SR IR TR AT RE AR R T
P B, AT gREE DNA 4315 BOA FH I
B O M RE B — ) 4RO AR S A S5 A, T LATR R H sk
Fi P 5 L% 31 i 250 A () DNA YRR AR 25

3 &

AWFFAEE T —Fh 45 DNA WIIRRG I 52 5 — 4k
HAR 2 AR AL AIEAR TR T 58, Filte DNA B F ME
— VR AR O EENE, DR R AL 5
75 Dy ELAGT I PR AE TR A8 7595 o G N T4t DNA
KRy “48407 , IHAUAL SPED KA 1t 32 B i 55
FHEA LR (1:6), ifk DNA JIRAS M s5-— 400
PREERRE R Pt . SEEGERTT, 107 %) DNA
RS IV RAF . AT, B Rk AT
OhiPh, 38T 5 7 i 28 BRI 5 B35 Dy A o

AT FE A XE 5 Dy 39105 AR Gt B A B ek
SR MELMTE RS B A BRI RIS, R
fn 2 A M LB PR O 1 — P 2 0 BORHE SR A
I7Z, N PR AT RRER R FEBE T BORIEA,
[7] IRt DAy H At v A o PO 9 0 55 TR e B2 it T
4. XAMERTT 1 IS UE RIS HERT, 3B £
ZEREMEREFEERAAEEE L. EF
FEAS I ERE B A AR S 06 & B i bk, (HLRE S
AL I 535 BRG] R 58 455 X I 3 A TN e 4% O E A
DNA FRAEFEA R AT VT F A S IR KRR T X
Wiz DNA BIIRESE B dh 22 ARl Dy R s B AT
IR BRI, A B nsE A R AT A

15 25
mt B oo

E]
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