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Abstract: Pentafluorophenylhydrazine derivatization liquid chromatography was performed to analyze the residual formaldehyde in fruits
and vegetables under different digestion dynamics conditions, as well as to detect the background level of formaldehyde in various fruits and
vegetables. Results showed that the digestion rate of formaldehyde in fruits and vegetables was associated with the storage medium. The
digestion rate in water was significantly faster than that in air. The main factors affecting formaldehyde digestion in air were air temperature and
the matrix of the fruits and vegetables; the higher the temperature, the faster the digestion. Digestion in water was related to water temperature,
pH, and the matrix of the fruits and vegetables; the digestion speed in water at 50 °C was higher than that at 25 °C; the digestion rate at pH 9 was
higher than those at pH 7 and pH 5. Background levels of formaldehyde could be detected in 31 out of 32 types of fruits and vegetables. Among
them, only Houttuynia cordata showed no detectable background level of formaldehyde. Relatively high background levels of formaldehyde
could be detected in citrus fruits, such as mandarin and oranges, which reached 0.79 mg/kg~2.52 mg/kg, while formaldehyde contents in the
other 30 kinds of fruits and vegetables were 0.08 mg/kg~0.61 mg/kg. These results provide reference data for the detection of formaldehyde
content in fruits and vegetables.
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Table 1 Immersion digestion test conditions of residual formaldehyde in fruits and vegetables in water

BB (R pH=7.0)

7 pH (AR E 50°C)

R4 a b cl c2 c3
RIS 25°C 50°C pH=5.0 pH=7.0 pH=9.0
Z8FK 1, BH pH A 7.0 FIKEHR, KL H R IRV, K4 IS ORI TR =460 el 2

R VU =467 B a £ b 2H, a HE T 25 °C/AKIGH,
b & T 50 °C/K¥E, [FJIN FHRZ: FR A 0= TR R 7Y
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Table 2 Changes in formaldehyde residues over time in broccoli under different temperatures

4°C 25°C
AEREL  FEARE FaaTREEE  TEAEE il TOATRELE TBAYEE
/(mg/kg) [(mg/kg) A(mg/kg) A(mg/kg) Amg/kg) ((mg/kg)
0 62.52 0.65 61.87+0.07 62.52 0.65 61.87+0.07
12 52.87 0.65 52.22+0.58 39.27 0.64 38.63+0.70%
24 41.93 0.64 41.29+0.10 25.89 0.64 25.25+0.44*
36 33.26 0.64 32.62+0.61 18.17 0.64 17.53+0.71*
48 26.52 0.64 25.88+0.44 13.46 0.63 12.83+0.50*
60 21.76 0.63 21.13£0.09 9.40 0.63 8.77+0.28*
72 18.12 0.63 17.49+0.59 7.01 0.63 6.38+0.32%
84 15.11 0.63 14.48+0.68 4.79 0.63 4.17+0.41*
96 13.46 0.63 12.83+0.24 3.36 0.63 2.730.12*
120 12.28 0.63 11.65+0.28 2.16 0.63 1.53+0.18*
144 10.59 0.63 9.96+0.23 1.57 0.63 0.94+0.04*
168 9.78 0.63 9.15+0.41 1.47 0.63 0.84+0.05*

i Rl —ATH R 4°CH 25 “CAH T A EANRI I B 3

B2 2 WA, RCEMER RS, A
1825 CHAFTFREARNEMT 4 C&UF FREE,
B PG 22 40 Pk B PR 28 PRSI A P 5 s S
)N ZS SR A e T R DR v PRI FEE A SR P
PR A FH AN ZE R AR A RIS b, FLKE 4 FE R v
REMHETE SRR, WS, FERMEERRR, &
JRB A FE SRR A 4 PR B P
212 TAFRAFTREFTEEAE2 CEATH A
RGN F

3 A, LRl R e RS A T A — 4 sh
TR, HARSE BB B (p<0.05). -LFRhEEE
R B R/ 2 SR R AN B KR R O 22
<PEEIE<E h<ER<SE<BH<AE T BT R
TETH AR 2 AR, b FR SV A~
JIT DA SR 85 % B R A 2 S T S R S R
*o

P PRAEEHEELEF (p<0.05).

R 3 7 MRIRPIRBREE 25 CRU TR NFERE
Table 3 Digestion kinetics equations of residual formaldehyde

in seven Kinds of fruits and vegetables 25 °C

MR B AFFICECEY) MWEEHKD) ¥EHh

AF C=12.773¢ 0% 0.9692 311
FR C=17.362¢ 0% 0.9379 26.5
EES C=72.775¢ 026 0.9152 26.7
E3 C=17.554¢ 002 0.9898 25.7
% C=13.813¢ 00264 0.9247 263
AR C=19.033¢ 0% 0.9581 289
25 C=47.230e 076 0.9383 25.9

E: LA RFGAAZHIIRE (p<0.05), C, AHETIE t
BOR 3R T B9 R B T (mgkg); Co ARRT FEEE4E
(mgke); k AWM ALG t ALEE(h),
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Table 4 Changes in formaldehyde residues over time in broccoli under different temperatures (pH 7)
25°C 50°C
IR LR TA) . X . 3
| PEGEE SomTEGRE  FEARE TEEE  SouTEREF  TRAEE
(mg/kg) ((mg/kg) A(mg/kg) [(mg/kg) ((mg/kg) ((mg/kg)
0 62.52 0.65 61.87+0.07 62.52 0.65 61.87+0.07
20 46.20 0.64 45.55+0.34 38.64 0.64 38.00+0.62*
40 32.78 0.64 32.1440.06 19.90 0.64 19.2540.10*
60 20.67 0.64 20.03+0.04 9.17 0.64 8.534+0.09*
80 13.13 0.63 12.50+0.03 4.18 0.63 3.55+0.01*
100 7.66 0.63 7.03+0.11 1.53 0.63 0.90+0.02*
120 5.43 0.63 4.80+0.17 1.50 0.63 0.87+0.02*
160 1.70 0.63 1.07+0.03 1.38 0.63 0.75+0.01*

E: Bl AT R 25 °CHw 50 CCHAM TIRIGAIR I 8 5 B 2L+ FERXE A 2% 27 (p<0.05).

5 NE pH £HT (50 °C) F=TE R E ST EEWL
HIZESR
Table 5 Changes in formaldehyde residues over time in broccoli

under different pH conditions (50 °C)

WK G /(m
258,55 18] /min & =/(mg/ke)
pH=5 pH=7 pH=9
0 61.9+0.07 61.9£0.07 61.9+0.07
20 44.4+0.39* 38.0+0.60° 34.0+0.22°
40 31.2+0.37° 19.3+0.06° 15.3+0.20°
60 20.3+0.25° 8.5+0.01° 6.0+0.17°
80 12.7+0.17° 3.5+0.84° 2.1+0.48°
100 7.0£0.35° 0.9+0.27° 0.9+0.10°
120 4.6+0.09* 0.9+0.03° 0.7+0.01°
160 1.5+0.07* 0.8+0.02° 0.7+0.01°

E: Fl—AT® AR FHER T ZA pH 44 T8 R i i)
B 2T TR A LE £7F (p<0.05), R FHRATE

RAKFZFEEZF (p>0.05).

HHE 4 A%, TEAMHFRIREG, 782248 FEEAE
50 CAKHRITREEEMLT 25 CRFRITRE &, RIvE
EAEHBR B FELE 50 COKFRTEMERI DY, WA /KIE
FE RS SRR A B R IELE 7K r I Ak R A — A B A
o ARG ARG S B S R R 5 KR
AT H AR, ﬁmﬂm#?%ﬁﬁmﬁMEExﬁ
HEEINR, FECR B 2k B I B R SR,
EM#%E%%%‘%EE‘JEﬁ@%ﬁ%{ﬁﬁ#?ﬁ%m&“%m
Ho

FHEE 5 %0, JCEAAFEBES, —F pH &4 T
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222 /bﬂ’%ﬁm‘#’ KB FEAAK (pH=9. B
50°C) 69z il /g sh 1 5
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Table 6 Digestion kinetics equations of residual formaldehyde

in seven Kinds of fruits and vegetables in water (pH=9,

temperature 50 °C)

. IR N F AR MR EH  FRH
(Ct=C,e™) (9] /min
=¥ C=11.659¢ 008 0.9458 36.7
FR C=11.714 008 0.9564 220
ax C=121.54¢ 0040 0.9404 15.8
£ C=17.221005 0.9835 277
% b C=11.018¢ 002 0.9756 21.3
R C=15.604¢ 024 0.9875 23.6
B/EH C46.891e"0 0.9066 21.7

i LA REGMAAZBIRE (p<0.05), C ATt
BRI FERE F(mgke); Co ARRKRT T4 F
(mg/kg); k HAiHMEZE t A4 E A1) (min).

HH# 6 ATH1, LA RG - TSR & —
BT, AR RS P R E (p<0.05). KRR
bt A B PP AE 7K RV AR R~ DN B R AR TR
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N: FEE<E P<Pi 2 E<ER<B<Z<E T, T
TRE PR AR RS, RV A R e,

pH 1755, HRGEREA—ERKR.

TIPS, 32 MR 31 FEE—EH

. 78 23
Wk B R AR ) B, ROV AR R e, it 23 WaRE T FEARS ENFALR
B 7E SR ik B PR AE 7K P IR A IR AN 5 7R AT
R 7 WY REFEAR S ERNLE
Table 7 Background contents of formaldehyde in different fruits and vegetables
GES oAk Hei KKRAZ/(mgkg) )82/ (mg/kg) BAEH
=R E £ 4 0.08~0.17 0.12 Jbrd R Bk L44
He 4 0.21~0.43 031 Jbrd R Bk L4k
BRE )
£ 4 0.22~0.37 0.29 Jbrd R BR L 44
#EH 4 0.31~0.49 0.42 JbEE R K A4
RE FE 4 0.23~0.39 0.34 JbsE R K 4R
)N 4 0.07~0.13 0.11 JbEE R K L4
HRAERL 4 0.31~0.52 0.41 JbAE R BR L 4L
A A5F 4 1.69~2.52 2.05 jbﬁ%ﬁé)‘(ﬂgéﬁ\
by 4 0.79~1.22 0.97 Jbsd R Bk L4k
ZES 12 0.14~0.42 0.24 JLEE RN K4A. BRD4A
FE 4 0.09~0.16 0.12 LA R 4L
RETS spEd 4 0 0 LA X B 4k
EE 4 0.17~0.29 0.22 JbEE R Bk D4R
HFE 4 0.11~0.28 0.20 LA R 4L
EX:2 4 0.13~0.32 0.22 JbrE R Bk DAL
P2 A 4 0.19~0.32 0.25 LA R R R K4
3 4 0.29~0.56 0.39 AR R KA
ES g £ 4 0.48~0.86 0.67 LA R R R K4
#r g 4 0.27~0.58 0.41 bR, AR
X% 4 0.19~0.29 0.22 LA R R R K4
HE S 4 0.19~0.36 0.26 AR R R4
a¥h 4 0.09~0.14 0.11 JbEz X B 4R
i 4 0.34~0.55 0.42 Jbrz X Bk D4R
REE
HE 4 0.24~0.45 0.36 Jbrd R Bk DAL
BB 4 0.13~0.34 0.23 JbAE R AL
FRiR 12 0.26~0.61 0.46 JbrE R BR G4, BT
BLLAH 4 0.11~0.29 0.19 JbBE RIEITAL
¥ 4 0.17~0.26 0.22 El¥=Tr@cpadid
REX SN 4 0.23~0.51 033 Jors R AT
F 4 0.08~0.19 0.12 JbrE R R K4
LN 4 0.21~0.39 0.28 JbrE RISR K 4R
A A 4 0.23~0.35 0.29 LR R R R 4L
Hﬁ% 7RLMSH,  RER T A A AR & — T2 o Rgi b F A AR A 53 1] 4 ]

1 foR. BB FEE AR AT B LA N P FE AR

@AZIKF&, LA R AR S RS RS 1 1 FR A A e
&, AliA 0.79~2.52 mg/kg, 3 m%ﬁﬂlj Syl
T 0.08~0.61 mg/kg 2 [A], HHH- S I B b oRAS HY
FRIEAIR, ANSCISE RS g i & E AR FR it

(1D WP AR REREE R, B2RAHL

VIR =8 NI HI-IEE B, e
TERABRAKEE, AT AR A AL AR R A
R HRE . AR LR BRI R IR PR
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Fig.1 Chromatogram of cabbage (a)and broccoli (b)
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&, A 0.79~2.52 mg/kg, At HREE - IS A E A
T 0.08~0.61 mg/kg 2 [11], o rp o IR B A A HY FREE A
J&, SRR S R ARG T SR . Rk
Hh F AR TR AT -SRI F RS B4R A K
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