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Some flowers have a high sensual appeal owing to their unique shape, color, smell, and taste and
have been used as functional food and oriental medicine. Recently, edible dry flowers (EDFs) have
attracted social attention as noble sources of functional teas. In this study, for the risk assessment
of EDFs, pathogenic bacteria, heavy metals, and pesticide residues were monitored in 23 types of
commercial EDF. No Enterobacteria spp. and Listeria spp. were found in all EDF products. However,
common aerobic bacteria (3.24~3.85 Log CFU/g) were found in EDF, namely, Pueraria lobata,
Chamaemelum nobile, Acacia decurrens, Rhododendron mucronulatum Turcz, Oenothera lamarckiana,
Brassica napus, and Prunus serrulata. Staphylococcus aureus was found in 11 and Salmonella sp.
was found in 8 of the 23 EDFs. Considering the cold extraction of EDF for tea and beverages, the
regulation of pathogenic bacteria in EDFs is necessary. No heavy metals such as Pb, Cd, Co, Cr,
Cu, Ni, and As were found in all EDFs, except the dry flower of Hemerocallis filva, which contained
Pb at 0.08 ppm. Different pesticides and fungicides were found in EDFs, but their concentrations
were very low (0.01~0.08 ppm) and below the maximal residue level. Only the dry flower of
Chrysanthemum morifolium had a high content of chlorpyrifos (0.215 ppm), which is long-lasting
pesticide. Our results suggest that the establishment of EDF regulations for pesticide residue, culture
separation between edible and garden flowers, and guidelines for preventing pathogenic microbial

contamination are necessary.
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Table 1. The preferred list of commercial edible flowers used in this study

No. Korean common name Scientific name Used part
1 Hyunmi-nok-cha Oryza sativa / Camellia sinensis Grain, Leaf
2 Dung-gul-rae (solomon’s seal) Polygonatum odoratum Root
3 Acacia Acacia decurrens Flower
4 Beut-koet Prunus serrulata var. spontanea
5 Bok-sung-a Prunus persica (L.) BATSCH
6 Chaemomile Chamaemelum nobile
7 Dal-ma-ji Oenothera lamarckiana SERINGE
8 Dong-baek Camellia japonica L.

9 Hibiscus Hibiscus syriacus

10 Hong-hwa Carthamus tinctorius L.

11 Jang-mi Rosa hybrida Hortorum
12 Jasmin Jasminum paniculatum
13 Jin-dal-rae Rhododendron mucronulatum Turcz.

14 Kal-hwa Pueraria lobata Ohwi
15 Ku-juel-cho Dendranthema zawadskii var. latilobum
16 Kuk-hwa Chrysanthemum morifolium RAMAT
17 Kum-jan-hwa Tagetes erecta L.

18 Mae-hwa Prunus mume
19 Mae-mil Fagopyrum esculentum
20 Min-deul-rae Taraxacum platycarpum Dahlst.

21 Mok-ryun Magnolia kobus A. P. DC.

22 Pan-ji Viola x wittrockiana
23 Sal-gu Prunus armeniaca var. ansu Maxim.

24 Won-chu-ri Hemerocallis fulva
25 Yu-chae Brassica napus
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Table 2. Analytical condition of residual pesticides by LC-MS/MS
Column CAPCELL CORE Cis (2.1 mm LD. x 150 mm, 2.7 um
Mobile phase A: Water + 0.1% formic acid +1 M ammonium formate
B : Acetonitrile + 0.1% formic acid +1 M ammonium formate
Oven temp 35C
Flow rate 300 pl
Injection volume 10.0 pl
Time A (%) B (%)
0.0 85 15
1.0 85 15
1.5 40 60
Solvent gradient system 10.0 10 90
12.0 10 90
12.1 2 98
16.0 2 98
16.1 85 15
20.0 85 15
- Scan Type : dAMRM
- Ion Spray Voltage(IS) : 5,500 V (Positive mode)
- Curtain Gas : 30.00
. - Collusion Gas : High
MS/M 1 5
S/MS analysis - Temperature : 350C
- Ion Source Gas 1 : 40
- Ion Source Gas 2 : 60
- EP: 10
Table 3. Analytical condition of residual pesticides by GC-MS/MS
Column Agilent HP-5MS UI 30 m x 0.250 mm x 0.25 pm
- Quench Gas : He 4 ml/min
- Collision Gas : N> 1 ml/min
- Inlet Heater : 250C
- Inlet Pressure : 15.5 psi
GC-analysis
Time Rate (°C/min) Value (°C) Hold Time (min) Run Time (min)
(Initial) 90 3 3
1.0 20 120 0 4.5
1.5 8 300 3 30
10.0 300 5 35
- Scan Type : dMRM
. - Jon Source : EI (Positive Ion Polarity)
MS/MS analysis - Source Temperature : 250C
- Electron Energy : 70 eV
(Agilent 7010B)3 Al&3lgom Z+2+e] BA2AL Table o A FIFEL p<0.05Z AT
2 9 Table 30 UERAQITH A7) B4 204 2550k
o] AZRAE 5 ppb= FAH Yo, EHARE 35 29 Y D&
B Bae] PYEGoE Uenigith
AlE EXQ| D|ME 2P HIt
SH 2 A AT B AEFAY O ASA A5
A3 A= SPSS 25.0 HAS AHESF] meantSDE o Ak M [n=5, c=1, m=100, M=1,000(} /A F ol <
vetiilon, 7k #3ke] Atol= ANOVAR 2433l e greh et g E2[n=5, =1, m=0, M=10(% 3 Fl &3
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Table 4. Monitoring of residual bacteria in the 23 commercial edible flowers

Edible flower Aerobic bacteria Escherichia coli Listeria sp. Salmonella sp. Staphylococcus aureus
Hyunmi-nok-cha ND' ND ND ND ND
Dung-gul-rae ND ND ND ND ND
Acacia 3.85 ND 2.0 ND 2.0
Beutkoet 3.35 ND 2.0 ND ND
Bok-sung-a 2.65 ND ND ND ND
Chaemomile 4.48 ND 2.48 ND 2.18
Dal-ma-ji 3.76 ND 2.0 ND 1.7
Dong-baek ND ND ND ND ND
Hibiscus ND ND ND ND ND
Hong-hwa 2.7 ND 2.85 ND 2.3
Jang-mi 1.7 ND ND ND ND
Jasmin 24 ND 2.18 ND 2.7
Jin-dal-rae 3.24 ND ND ND ND
Kal-hwa 4.7 ND 3.02 2.65 2.78
Ku-juel-cho 2.54 ND ND ND 1.7
Kuk-hwa 2.6 ND ND ND ND
Kum-jan-hwa ND ND ND ND ND
Mae-hwa 1.71 ND 1.7 ND ND
Mae-Mil ND ND ND ND ND
Min-deul-rae 23 ND 1.7 ND ND
Mok-ryun 2.7 ND 2.18 ND 2.3
Pan-ji 2.0 ND 1.7 ND ND
Sal-gu 2.0 ND ND ND ND
Won-chu-ri ND ND ND ND ND
Yu-chae 3.08 ND ND ND ND

'ND : not detected, 2Log CFU/g
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Table 5. Monitoring of residual heavy metals in the 23 commercial edible flowers

Heavy metals (ppm)

Edible flower

Pb Cd Co Cr Cu Ni As
Hyunmi-nok-cha ND' ND ND ND ND ND ND
Dung-gul-rae ND ND ND ND ND ND ND
Acacia ND ND ND ND ND ND ND
Beutkoet ND ND ND ND ND ND ND
Bok-sung-a ND ND ND ND ND ND ND
Chaemomile ND ND ND ND ND ND ND
Dal-ma-ji ND ND ND ND ND ND ND
Dong-baek ND ND ND ND ND ND ND
Hibiscus ND ND ND ND ND ND ND
Hong-hwa ND ND ND ND ND ND ND
Jang-mi ND ND ND ND ND ND ND
Jasmin ND ND ND ND ND ND ND
Jin-dal-rae ND ND ND ND ND ND ND
Kal-hwa ND ND ND ND ND ND ND
Ku-juel-cho ND ND ND ND ND ND ND
Kuk-hwa ND ND ND ND ND ND ND
Kum-jan-hwa ND ND ND ND ND ND ND
Mae-hwa ND ND ND ND ND ND ND
Mae-Mil ND ND ND ND ND ND ND
Min-deul-rae ND ND ND ND ND ND ND
Mok-ryun ND ND ND ND ND ND ND
Pan-ji ND ND ND ND ND ND ND
Sal-gu ND ND ND ND ND ND ND
Won-chu-ri 0.08+0.01 ND ND ND ND ND ND
Yu-chae ND ND ND ND ND ND ND
'ND : not detected
AIE ERfO| FHEREOF 2shA B} Bl 2B A= 320F0) B4 FoF BE7} AEHA

A 23%0] £330} g2 TE o] 8H dAr|=A9 T
#zte] 2HFE ke £4% AP Table 69 YER] 9;1@.
20201 49 AA A ofA o] FAENA Y JREFHES
Z 509F0] A= o, T ALE 85k A
THEAEEFA R LA F 320F0] FEHIL T
w3 XFH(Tea)d A9 20121 29F 4 20208 A=
70%2] HREF 81%7129— Agsta o, waE Al
oIt £abo] A4 zHFEelr|Eol AAHA Bk AA o)
H, 53] dut FAEH g AdxFiHE e 4L
o}Z] Ulqé Fefolth{17, 25]. whEbA AlE A2EA} 23F
NEE T EFd 8 AA 9 3208 259kl
o 5 wo}gaguq, FRFS FEIEE AEHAEE

o2 4D S0y 249l A A2E YA B
D2 AR )FOR BAANE ANFAT 2 B
R U4 A3 BAE 2T A% 3 143
A Aiserel Agwsion wol, Az, g
E ARoiQE 2 ol URAAL 259 FRE] FA

@EQ on, 53 Z‘*EH AX= 452 FdA &
ool BA AEHU, W S, HpolE Bz
71—§1_1:1 -"“X]
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Table 6. Monitoring of residual pesticides in the 23 commercial edible flowers

3
Edible flower Detected pesticides Conc. (ppm) Usage p?;;pfiia]t\fois
Hyunmi-nok-cha Tricyclazole 0.045 Fungicide (MT)l 0.7 (rice)
Dung-gul-rae ND* - - PLS’
Acacia Carbendazim 0.01 Fungicide (ST)2 2.0 (tea)
Beut-koet Propiconazole 0.054 Fungicide (MT)1 PLS
Bok-sung-a ND - - PLS
Chaemomile Carbendazim 0.021 Fungicide (ST) 2.0 (tea)
Carbofuran 0.015 Pesticide ate) PLS
Dal-ma-ji Dinotefuran 0.497 Pesticide (ST)2 7.0 (tea)
Pyridaben 0.061 Pesticide (ST)2 PLS
Dong-baek Diphenylamine 0.01 Fungicide PLS
Hibiscus ND - - PLS
Hong-hwa Piperonyl butoxide 0.051 Enhancer of pesticide PLS
Jang-mi Endosulfan-sulfate 0.081 Pesticide (MT)' 10.0 (tea)
Jasmin Chlorantraniliprole 0.048 Pesticide (ST)2 PLS
Fenpropathrin 0.082 Pesticide (MT)' 3.0 (tea)
Jin-dal-rae Carbendazim 0.018 Fungicide (ST) 2.0 (tea)
Diphenylamine 0.015 Fungicide PLS
Tricyclazole 0.01 Fungicide (MT)l PLS
Zoxamide 0.065 Fungicide (MT)' PLS
Kal-hwa ND - - PLS
Ku-juel-cho ND - - PLS
Kuk-hwa Chlorpyrifos 0.215 Pesticide 0.01
Kum-jan-hwa Diphenylamine 0.011 Fungicide PLS
Tricyclazole 0.011 Fungicide (MT)' PLS
Mae-hwa Diphenylamine 0.011 Fungicide PLS
Mae-mil Difenoconazole 0.041 Fungicide (ST)2 2.0 (tea)
Tricyclazole 0.025 Fungicide (MT)l PLS
Min-deul-rae Acrinathrin 0.064 Pesticide (ST)2 PLS
Mok-ryun ND - - PLS
Pan-ji ND - - PLS
Sal-gu ND - - PLS
Won-chu-ri ND - - PLS
Yu-chae ND - - PLS

'MT: Moderately toxic, ST : Slightly toxic, *MRL : Maximal residue level, “ND : not detected and *PLS : Positive list system

=S AoR dAEAY. FHH LFAZ AHEH e

wEE £ A HEE 44 l o] Fofxjof &tm, 2,
o)

chlorpyrifos9] ¢ EGZFANHE 6047t 37} A &5 7V, 5 TA A HAE 3
= 2EAgo] 7 AR AA 52 gRAANE AF oo AgHET
AE(12, 17, 2515 vF 9ho] ofol thek By Ak 4]
Hgo| FastE e} dEh ZHAlel 2
webA] AREE 239 EXF FolA I3EAE A QS
x| A HEY IFFeF A YEhA ko o] =& 20189 % AR (nFH)o Ador A=
o} AohEn) A7) AzEAe] 2HFE BAEAE F TATe] A L& wrol TP 7] 2 AT ALY Y (NRF-2018
AR o] B E AEEF 587 ET 2 H RIA6A1A03024862).
nE oJEHoa AGEM, £ Aol F8o] FUMEIL
J= @ FHE nHIHR AxEAe] AFEerlE A The Conflict of Interest Statement
Aol Frtd o2 Faste et doE £ 2 8EA}9
OlAA SRE &) A8Ex9l Bk A8 FEEHE The authors declare that they have no conflicts of interest

with the contents of this article.
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BE SR/ B A, F o g A% A4, 3474 dede] stk Aol A8 xe X
T dFE fEule AEAVE AR A BAS B goH, A 82E o83 7T A okFE 24 MEE
AP ok a8y dAAA AxxAte] a8l vdE, 5% 2 IFREgd i A H7hes A9
ojFolzl nt Qo FAlEd g Azt e g AR vtEEo A Gk ® dTAE
NI AxAe ol v, ES5 B ARk LA9EE UG WA fel vidE Ld= BTt
A 23F 22 AR ZFA w2 glzdeokte AEHA dgdth Leiv 28 AmetdE, ofzt

] 739 3.24~3.85 Log CFU/g®| UHA|xte] AEH3lon, 4=

EATEE 23F 23 T 11FolA AESHJT ARl 9 23F A} TollA 85l AEH Al

x| fal nAE vt FodgS AT & glREe] ZX oA = Pb, Cd, Co, Cr, Cu, Ni &
As 73l FEES HEFA Fkou, AFEA AT 0.08 ppme] Pb7t FEH AT wekA Al £31
A HEo 24 e Qe Ao R AUHY. AxEXY] A dF oA FFEg A=HA oY
FH]E(0.01~0.08 ppm) 2 E 342 gl AR Ao, thet F8EZxlo| A AZEH chlorpyrifos (0.215
ppm)2] A% FAA &) 5ol AAFEHJT B AF A= AxEA e FdHEdr|E Ao et
, A EEALe] b FRE Q3 A 8EA) FoF AlEo] F 8 e WS £ AdAT Al TR0l
a3, 29 F3 JHF, 5 DANA PAEH 29 HA =85 B8Fe AASt T



