DR EmR Modern Food Science and Technology 2026, Vol.42, No.1

NEHERBE BRI EERZE SN

MEE", EBERE', TWE’, BIER" KN—", Bk, SHE”
(L7 mMFEHRZFHFR, | A7 M 510006 Q. ) KA RALAFERRABRAT, RALRATIH G T2 RATAE
WFERETRANAELEREET, | RARTERFRRAREEFRE, RSN 510640)
WE: NFMRESTZHTHEEZNF AR, ARSI T AR R GE”, ANFAE G EERS AL, SFEF.
BB AR B D FMODMEM. RAORS. AREZ 45T RMAYN ZHERIATHI. ERET 28 (SEM) RSN FHEE
B 8 AATR Ak 28 &, iBiE UPLC/Q-TOF 24T R A & B N HEAME K AR T 22 mah $ FTRA K. 220 AaE
R AR N R EAERET LT NFMER AR 0.15 1542 14945, BAEAS TR LT E N FHEY 2691542 78.8
1. NEMEE G LG A AT S ST R AL E [ F AT Ogataca. Penicilliusm #= Alternaria A5 B2 5380, ®& 5% F#
P L BB EF ., AEFEONTREEFMEAE 430 pgke EARFER. BT, SFHEGOEFAHSTEA
AHEANTE, EZRSANEREREEE, FLOE YO TR m, ANFHERAREGR T, bR R R R,
XEEIE: EA AF; KE; mAEM SN

DOI: 10.13982/j.mfst.1673-9078.2026.1.1538

Component Identification and Safety Evaluation of the White-Frosted

Citrus reticulata ‘Chachi’

YANG Mengxue'?, ZHAN Ruoting!, WANG Wanting?, FAN Zhengyan?, ZHU Congyi?, CHEN Wanbing®",
ZENG Jiwu*

(1.School of Pharmaceutical Sciences, Guangzhou University of Chinese Medicine, Guangzhou 510006, China)
(2.Institute of Fruit Tree Research, Guangdong Academy of Agricultural Sciences, Key Laboratory of South Subtropical
Fruit Biology and Genetic Resource Utilization, Ministry of Agriculture and Rural Affairs, Guangdong Provincial Key
Laboratory of Tropical and Subtropical Fruit Tree Research, Guangzhou 510640, China)

Abstract: Xiaoginggan (XQG), the green small fruit of Citrus reticulata 'Chachi', is the raw material used for processing Citrus Pu’er tea,
but many XQG have "white frost" on their surface during storage. Currently, the composition, safety, and formation mechanism of the "white
frost" remain unknown. Therefore, the microscopic morphology, surface composition, mycotoxin content, and microbial diversity of normal,
white-frosted, and moldy XQG were analyzed. Using scanning electron microscope, the “white frost” on the surface of XQG was found to
consist of blocky and needle-like crystals. Through UPLC/Q-TOF analysis, the main components of the surface wash solution from
white-frosted XQG were polymethoxyflavones. Through quantitative analysis, the nobiletin content in the surface wash solution of white-frosted
XQG was found to be 9.15 times and 14.9 times higher than that of normal and moldy XQG, respectively, while the tangeretin content was 26.9
times and 78.8 times higher, respectively. The diversity analysis of fungi and bacterial communities on the surface of the XQG showed that
Ogataca, Penicilliusm, and Alternaria in the moldy XQG increased significantly, while the microbiota levels on the white-frosted XQG surface
were found to be similar to those from the normal group. In the mycotoxin analysis, only moldy XQG was found to contain 430 pug/kg of
zearalenone. This indicates that the“white frost” on the surface of XQG is formed by the precipitation of polymethoxyflavones, with nobiletin

and tangeretin as the main components. Additionally, the microbial profile on the surface of white-frosted XQG is similar to that of normal XQG,
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with no fungal contamination or no risk of mycotoxin exposure, suggesting that the white-frosted XQG are harmless to humans. The results
provided theoretical basis for product classification and product quality control of XQG.

Key words: Citrus reticulata ‘Chachi’; white frost; mold growth; microbial diversity
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Fig.1 the appearance of Normal , White frost , and Moldy XQG in terms of appearance, and their morphology under stereomicroscope
and scanning electron microscope
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®1 IEH. BRMKXS/EHE UPLC/Q-TOF 534
Table 1 UPLC/Q-TOF analysis of Normal , White frost , and Moldy XQG

% ARG EE /min ey LMK [M+H]" & £/ppm Normal®  White frost®  Moldy @  #k
1 14.58 FER A C2sH34O15 611.1981 -1.73 +++ +++ ++
2 15.02 Ho L 3] B C2sH32015 609.1828 231 ++ - ++ [14]
3 16.176 ArREE Ca6H300s 471.2024 -2.25 -+ +++ +++ [14]
4 16.534 oy &l Ci6H1406 303.087 227 + ++ - [14]
—HRE=ZTERAE
5 16.326 CisHi1607 345.0983 -4.13
(1) + ot + [15]
—HRE=ZTERAE
6 16.775 CisHi607 345.0979 -2.97
HE (2) + N + [15]
—HAWT R
7 16.933 CioH150s 375.1085 -2.82
S| + e + [15]
—HEERTEAE
8 16.933 C20H2009 405.1194 -3.44
& +++ +++ ++ [15]
L EES SRR Y
9 17.282 C20H200s 389.1243 -3.11
& (1) +++ +++ ++ [14]
10 18.421 v AR Ci9H1506 343.1195 -5.51 +++ - +++ [15]
$r R T Ak
11 18.554 CioH1307 359.1136 -2.99
RER N NE— - [14]
4’,5,7,8-@ ?%
12 18.729 Ci9H1806 343.1191 -4.34
R ++ ++ +++
13 18.954 N B F e C21H220s 403.1398 -2.63 A - ++
14 18.954 £ T AT C22H2409 433.1493 0.02 ++ -+ +++
BaANTAK
15 19.145 C21H2209 419.1337 -0.1
& +++ -+ ++ [14]
L EES SRR Y
16 19.32 C20H200s 389.1248 -4.4
& (2) +++ -+ +++ [14]
17 19.461 R E Ca20H2007 373.1298 -4.35 ++ -+ +++
5% EA) T
18 19.951 C20H200s 389.1245 -3.62
& +++ R ++
19 20.509 B E C20H2007 373.1282 -0.06 ++ ++ - [14]

e (1) BB BRAIA, LA ST ALIA LK, (2) RildiRE, A mitd, +ATRES 105, HETE
FEH 104, HHRREBEA 105, R TiREA 100,
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RS HOA B R S R A B 25 o EHUCHEWT, /N AR G 32 B A2 ) R e R A e 2%

U B SRR 2 2 LI 22 PR IR T, B B AN R b 1 2 o 08), 1 g B i A e T35
R GREME I 2 R, AT, TR, B RIFPLR . PURE. RIGIT A R4
SRR, )R R A NSRRI EE A AR FP S CYPL RIEDUR /RIS, I Le40 i NF-xB DNA 45 &35 PE A
T ATk D 5 PR AR = A2 000 A B 21 B A B B 2 B P AR R FH I R AR R 7y, ELAA P 120210, Hi e 4k 122,
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Fig.2 HPLC chromatogram of Normal , White frost, and Moldy group and hesperidin (8.8 min), nobiletin (14.8 min), and tangeretin
(15.7 min) standards at 280 nm
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Fig.3 The contents of hesperidin, nobiletin, and tangeretin in the surface washing solution of Normal , White frost, and Moldy XQG
E ORTRFMAFEA 0.1, KT RFMAKFAL0.05.
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FRATR I — 25 RO 7 AR MR PR3, I RE . ILREE . SR B hE IR AL
BPEC, FORIREIRI LR THROK. R N R AMHAR S aRL SR B3, il e SR s 3-8
MR ZEE P2 B KB R, W&, MTE S NS, BTAIRRE AR, iS5 Bk A FYie —.
R2 NEHTEESRSE
Table 2 The contents of fungal toxin in XQG (ng/kg)

AWES & F R JE % Normal & % White frost X & Moldy
F*thEH% Bl 0.1 ND ND ND
F*hEHF B2 0.1 ND ND ND
FHEEELE 0.1 ND ND ND
RHEEE 10 ND ND ND
M FEEF A 1 ND ND ND
EARFEHHER 17 ND ND 430
BLEA T BRI EHEE (Reb &) 200 ND ND ND
K5 &% B2 100 ND ND ND

25 PAEm S HEER N

XA R () /N T HERE A T B A E VDR T S R RN 2 R U 23 A, o4 FE 4B B SEAS 31 1303 842 26 W08k
XA RUT FIBAT AT, DL 97% 1) — BBk 7 511 5808 OTUSs, FL4530] 4328 OTUs HH 4174 90 033 4>, i
FEIN 1769~3 616, HIFHIEAFH] 10 080 254 XgdE, LL 97%M—BUEE T HIRIEN OTUs, BT EIR 432K OTUs
HHZH 7886 1, JEHTE 126~435. 7 OUT 7KF b, X & 2H/ING R ) 35 B AN TR 4 B AT 32 ALAs 734 (Principal
co-ordinates analysis, PcoA) , 1947K& (B 4) BIRIEHA. FIE 4R K B4 /NG IR T 5 B A4 g 4 RSB A
EER.

) 0.6 T 2l
A 06 ® £ B i ® Il
EIA * &t
0.4 ® L% 0.4 ! ® LT
S 9 .
& =
q0.2 :—;0.2 0 :
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£ 0 -m By 0 pm s s Sk o, s
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4 0UT 7k b/ NVEHFRTEIEE (A) K ZHE (B) PCoA 434
Fig.4 PCoA analysis of fungi (A) and bacteria (B) on the surface of XQG at OUT level

FIRE IR AR BN AT KT 4H B AN L R AR 2R T 5 flos e T3EBT] (Ascomycota) NIEH . FIFE-
KENFHHREERBEEE ], HUOWEFHET] (Basidiomycota) , - HABF 5 [ 17E1EH AR B4 HKF
T AMRH. EEMARNEHTEEE RS RNEEE ], HAEARAPR S HOOR T TRE]. BIRRH
I'] (Proteobacteria) + JEHER[] (Firmicutes) - JXZEM 1] (Actinobacteriota) ¥R 1EH AR B /N H4H
P, HAIZET] (Proteobacteria) £ =4 IAHNT = EEAR R T 60%. JEEER ] (Firmicutes) fE & /NG it
A R E T IE R AR B . TR T (Actinobacteria) 18R 8% /NEFH A IRARGH=F B vy T AR A IE W 4L

MNJETKT 53 B 85 2H /N AR ) B B A4 B L2 5, K LR =F BEHER T 50 A RRAE 2 82 LB s (B 6.
EH . BREMRENEN I EREERACT FRI R 2R, TR R 78 4 1 3 1R 2 ORI AR 3 FE IR
T, MRFHPAEIEEERE (Bullera) « 4 fEEEE (Leucosporidium) « JEFEAIE (Aschersonia)  SARER)
(Aureobasidium) + K417 fAEEEE (Erythrobasidium) « BERFTIA R (Kodamaea) « B IRTE (Talaromyces)
PIFGEKTA (Papiliotrema) 1227 (Geotrichum) . % flE (Botrytis)  fEEFIEALEE (Debaryomyces) -
Fusicolla. RZZFR}H (Candida)  PEBLELZR KB (Filobasidium)  ZEF%#EE (Cladosporium) « Bk5eAR Al
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B4,

A 1 M Ascomycota
M unclassified_k__ Fungi
08 B Basidiomycota
X M Rozellomycota
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Fig.5 Composition of fungal (A) and bacterial (B) communities on the surface of XQG at phyla level
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