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Abstract: Xinhui Qinggan Tea is a novel beverage produced from near-mature fruits of Xinhui
(Guangdong, China) Citrus reticulata 'Chachi', commonly known as "Qinggan", in which the pulp is

removed and filled with tea. Its distinctive blend of fruity and tea aromas has made it particularly
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popular among consumers. The peel of Qinggan contains alkaloids, particularly synephrine, which is
known for its therapeutic properties including vasoconstriction, brochodilation, blood pressure
elevation, pupil dilation and smooth muscle stimulation. However, potential health risks associated
with long-term intake of synephrine from Qinggan peel, including adverse reactions, have remained a
matter of concern. To this end, this study aimed to determinate the content of synephrine of Xinhui
Qinggan peel and comprehensively evaluate their safety concern as well as its processed tea products.
We have established a validated quantitative methodology and determined the content of synephrine in
26 batches of Xinhui Qinggan peel samples, 45 batches of Xinhui Qinggan tea rind (without tea)
samples, and 20 batches of Guangchenpi (the authentic medicinal material for Citri Reticulatae
Pericarpium) samples. Based on the determination of synephrine, we further performed the health risk
assessments for synephrine exposure in consumers of different ages and both genders by using the
Monte Carlo simulation. The results showed that the Hazard Quotient (HQ) values for the Reasonable
Maximum Exposure risk (RME risk) of synephrine exposure from Xinhui Qinggan peel and Xinhui
Qinggan tea rind were below 0.02 across all groups, significantly lower than the USEPA safety
threshold (HQ<1). Overall, our results indicated that daily consumption of Xinhui Qinggan peel and
Guangchenpi poses no significant health risks.
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Table 1  Xinhui Qinggan tea rind (without tea ) samples

EilR=) 7 b KR/ (g wCEEIR) /% 5 7 K/ (g wCEEIRR) /%
1 PN 3.2603 0.339 24 =T 2.0529 0.422
%2 XK 2.866 8 0. 449 %525 =i 3.347 8 0.323
A3 =iT 2.9530 0. 420 4526 =T 2.2660 0. 405
X4 =11 3.080 6 0. 427 427 =iT 2.296 7 0.390
%5 =T 3.178 5 0. 426 %528 =T 2.296 7 0.364
%6 =9T 3.1005 0. 460 %529 =0T 3.306 1 0.360
3x7 =iT 2.6133 0. 353 %530 =T 3.1958 0.383
%58 =T 2.5997 0.333 %31 =T 3.149 7 0.333
%9 XK 2.7232 0. 386 %532 =T 2.2786 0.370
10 KA 2.678 7 0. 360 4533 =iT 2.1400 0.290
11 KA 2.453 4 0.395 %534 =T 2.2979 0. 438
K12 PN 2.533 1 0.348 %535 =L 2.2668 0.371
%13 PN 2.7514 0.398 %36 =T 2.184 4 0.386
X 14 PN 2.8772 0.338 %37 =T 2.2430 0. 384
K15 WX 2.9125 0. 347 %538 RH 2.9598 0. 385
K16 XY 2.8512 0.364 %539 =T 3.0304 0.322
17 XY 2.6818 0.369 %540 =L 2.2709 0. 364
K18 XY 3.3362 0.303 %41 RH 2.9950 0. 289
K19 XY 3.2506 0.298 X542 WK 2.6362 0. 401
%20 XK 3.1816 0. 305 4543 L 2.4953 0.373
X21 KK 3.4077 0. 290 K44 G 2.1492 0.342
22 UK 3.3894 0. 300 %545 =L 2.9370 0.301
%523 XK 3.2089 0.313
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Table 2 Xinhui Qinggan peel samples Table 3 Guangchenpi samples
EilR>2 e wEEFRM) /% 5 7 wEFRM) /%
1 XK 0.331 47 CP-A-1 L 0. 167
2 WK 0.350 T4 CP-A-2 WK 0.151
3 g X7 0.345 TZLF CP-A-3 L 0.267
# 4 K 0. 354 41} CP-A-4 LR 0.178
5 WK 0.357 4T CP-A-5 K 0.171
6 WK 0.352 417 CP-A-6 L 0.217
7 Ktx 0. 454 41 )% CP-A-7 L 0.195
8 PN 0.415 T4 CP-A-8 LR 0. 157
9 KAz 0. 424 Z41 % CP-A-9 XK 0.177
10 PN 0. 452 4T} CP-A-10 =T 0. 194
11 PN 0.412 4T CP-A-11 =T 0. 142
12 Kig 0.422 T4 )7 CP-A-12 =L 0.127
J 13 PN 0. 478 KL} CP-B-1 XK 0.114
714 PN 0. 496 KL J7 CP-B-2 LR 0. 127
R 15 oAk 0. 424 K21 fz CP-B-3 KL 0.150
16 KA 0. 470 KT CP-B-4 LR 0. 097
17 PN 0. 423 KELJ CP-B-5 XK 0.112
J218 PN 0. 452 LTS CP-B-6 KT 0.108
19 Mg <] 7> 0.432 K417 CP-B-7 =T 0. 121
B2 20 X b 0.365 K41z CP-B-8 =T 0.151
W21 Mg X1 vb 0.414
22 X7 0.364 100 mL #EIE M AE BN 9=60% HFE25 mL, )
Jz 23 KUK 0.332 Ji i, A AR PR (500 W, 47 % 40 kHz) 30 min, ¥,
424 - 0.416 JH p=60% HI SRR 2L B i, ieh i, U E  , B
s ok o Sl B 5 2 VRO 46 B B T b o R
126 e 0. 499 10.84 mg, & 10.00 mL % & Jf H , m A BB i i
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SARAS 3 A IS RURE S (9 B AR AR 2 50 A 5 AR A= o AR
O RS A R R 5 S BN S A (3R 4)
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76 H bR B33 g bR € 3 e 179 O/ B s 1) Ak TE 4% 5t Je
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YIRIZ R JE M R A & TR & i A
R S I A
3.1.2 AW E Ak uDk E W% E AL T X
B EETAE2.70 ~162.27 pg/mL £ I N B 7
AN VAR R 0 (249 80 A% T R Vi FEEAEL) , Iml U 5 A Dy
¥ =0.079 9x - 0.000 6(7=0.999 9) , % B ¥ H AR 7E 1%
o AR Y L R R AR MO R o R [ iR
41 95.92% ,RSD A 2.23% , 2 BHZ UL MERG B K4t .
IR, 25458 T A % A 2 T ARG
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Table 4 Probability distribution of parameters in exposure assessment

[&PE] JLE: (16.52, 4.91); FME: (46.77, 18.02);
HAE: (69.45, 16.55); Z4F: (66.76, 14.52);
ok KA 1)
BWike s [BrE] JLE: (16.88, 4.70); F/4E: (49.34, 20.94);
HAF : (82.19, 16. 18); E4F: (79. 42, 14.66)
JLE. (0, 0.5, 1); FHF4FE.: (0, 2, 5); 44E: (0, 12, 24);
— £/ 3
EDbja i34 (min. mode, max) A () (0, 6, 15); Z4F (BH): (0, 5, 10)
JLEE : 6x365; T4 10x365; A4 48%365;
A P
1 i FAE (PR 15%365; B (H )Y 10x365
JLEE: (0, 36, 72); H4E: (0, 36, 180);
gl vy JAN H
EF/(d-a™t) 4741 (min, mode , max) HL4E. (0. 180, 360): 24F+ (0. 180, 360)
IR/g 9474345 (min, max ) (2,3)

1) United States Environmental Protection Agency, 2011;

2) WP EariE 75 23t Lotk ¥ 4k 80 %7 11 (Delignette-Muller et al. , 2015),
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Table 5 Specificity test for HPLC
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Fig. 2 Analysis of health risk for synephrine in Xinhui Qinggan peel, Xinhui Qinggan tea rind (without tea ) and Guangchenpi
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Table 6 Sensitivity analysis of exposure parameters in different age-gender groups
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