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T~ MR FT R ZRI TN P 3-H AP D BB £
i~ e
Ee
-Hip - ﬁ‘ (3-monochloropropane-1,2-diol, 3-MCPD) z - f& & F ik 4~
rTEFERM TE ke }I?c:}ﬂ 41> % % # 3-MCPD 1 fig#f (3-MCPD esters)
Vg ¥3F 5 af % 7 3-MCPD fiasf 0 7 %ﬁip.gmf”ﬁ?t—?)éﬁ‘lﬁ’ﬁﬂ”ﬁ?'};%#;q
P fa ,&’;\m3 MCPD ﬁquﬁﬁ 4 5 kgor H A gu W S AT B e

3
A
FIP o 4534 3-MCPD fin#g2 & 12 2 4id q ¢ 2 4P 5% o Rl 2 H B PAeA
3-MCPD (3-MCPD 1-monopalmitate) % gz {7 ﬁhﬁk 3-MCPD (3-MCPD dipalmitate)
Wl R 2 AT RA P2 H o NRK-52E + & T 5w 2w ie & |4
3-MCPD 1-monopalmitate & % K«?—r i &k 7 & & (median lethal dose, LDso) =
2676.81 mg/kg body weight (BW) » 7= /| & ¥ 2 T I08€ 5 2 B F 3 H 4o i
% F 2 B'bfg‘iﬁi—b‘gh At g&@r B9 THAE A H P M e
Z_ IR o twPe 3 S (MTTassay) % 5Ufe & fis (lactate dehydrogenase, LDH) Fé
% % & o+ % 3-MCPD 1-monopalmitate *> NRK-52E « R § %K m » L 5 & &
Bl mied o ARIT3ZE 30 > NFHAE T RERTHEERAE (gas
chromatography- mass selective detector, GC-MSD) & /74 i & (7 T & & 17 >
3-MCPD fig #f = A %%t /o 7 (crude palm oils, CPO) ¥ % &) > & § A d @
(bleached oils, BPO) * # 7} #cE # 11 » @ & & (deodorized oils) & %= > #f %
{8 erjd (fully refined oils, RBD) # % % { & e13-MCPD fig#f 7 £ ° ™1 % 2%t % 4p
% +7:2 (high performance liquid chromatography, HPLC) A:Ef@ird it e & &
o AR R TRE U GTFERF T # K (ultra-performance liquid
chromatography-quadrupole-time of flight mass spectrometry, UPLC-Q-TOF MS) #
B4 A 45 % % 5 3-MCPD = figfr 3-MCPD ¥ fig3oid & 1 A A 3y ¥ A oA
FEPEEOS B o FE bR % > 3-MCPD Hig & § &7 JRA 42 e
#4> 2¥ 12 HPLC 2 GC = j# #3-MCPD fig#f 2. T 1382 T § &~ 15 -

H
H
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3-¥ % 5 = f% (3-monochloro-1,2-propanodiol, 3-MCPD) irifig 244 ] H - 47
o R BARCESOHAMEFRIBEE S TR T R RIS HRF I D
AR F R e B YR M B FE s oY B B B
it B A (8 2002) B E B AT L # 1 (International Agency for Research on
Cancer, IARC) &¥5 3-8 & p = fperdo = F %% > 325 T ¢ "6% (renal tubular
tumors) % & F iw¥e % (Leydig cell adenomas) &2 2 5 B » Y| 2 3-8 & 5 - @4
£ 2 %% (IARC Monographs, 2012) 2% B {7 see 4 4511303 X ® 102 & 8 ¥
200 22 BT AFNFEIF B2 RE)  FREY 3EIF oML IER
t 0.4ppm 2T (FrcfefEd 457130 0 2013) o 3-¥ & 5 = fRfq WApafin (fatty acid
esters of 3-MCPD) 4% kiR 5 K f2 ¢ A 2 2549 3-MCPD » s B e %
b g F]+ o B 25 3-MCPD 3 4 » ¥ 45 ¢ ihd 3 & (hydroxyl-groups) 54 2 %
DR A T A A g A 0 I A ehd § AL S HARdE R S fadp
(Buhrke et al., 2011; Seefelder et al., 2008) - 35 % & &¢ 3 3-MCPD fig #f crofg 4! >
doe i fg e s ERES R B s i - 20T SRR - AR
fie 2 4= 4. (Hamlet and Sadd, 2004; Pudel et al., 2011; Svejkovska et al.,2004;
Weilhaar, 2011; Zelinkova ef al., 2009; Zelinkova et al., 2006) -5 # 3 :};1 - EE
A (1-palmitoyl) ~ 1-# "5 & & (1-steroyl) ~ 2-7d & 78 (2-oleoyl) fv 1-37 /¥ ik 28-2-
M 35 (1-palmitoyl-2- oleoyl) 3-MCPD fig & F ‘w?z & |+ (Tee et al.,2011) > & 3 R
el RenTREE B4 L 0Fr BF R 4 M E k47144 £ (EFSA, 2011) 2001 & >
AR ERE L RS i e #H & 7IH L 4L B (the Joint FAO/WHO Expert
Committee on Food Additives, JEFCA) ¢ 37 d1 g/ i~ & p 3 5P~ £
(tolerable daily intake, TDI) % 2 mg 3-MCPD/kg BW (JEFCA, 2001) -i7# %k » 5 <
JE A8 7 b8 A5 93-MCPD fia i (Zelinkovd et al., 2006) « @ faib % ¢
3-MCPD ¢ " ##a fia " 28 A4 > £ ¥ % 204 513-MCPD § ™ = a7 75 &
4 (Seefelder et al.,2008) » & £ % 3% % ] %_3-MCPD fia 2. > # 4L B 3 9 & & 4
15 A & 3 47 I GC-MS 2 LC-MS = GC-MS &% o™ © 12 it £ 4 & (7 3-MCPD fiy
Kp2 iy (7% 80 3-MCPD » 2 {5 %-3-MCPD 12 7 o i3] (7 574 (4 » & ts 12
GC-MS it {7 %_ (Divinova et al., 2007; Razak et al., 2012) - LC-MS P& 1142 3 »%
W R AP R 7 k45 fe B ¥ &R (ultra-high performance liquid chromatography-mass,
UHPLC-MS) (Moravcova et al., 2012) & S g ip & 47 &R S 7 &
(time-of-flight mass, LC-TOF-MS) (Haines et al., 2011) i& {7 H - 3-MCPD fig 5§ & 5
FEA VB BB T e A P hE $E3t 3-MCPD fadpz Bhd i Hiple s N o
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H Ak 3 4k 8 117 B4 A 3-MCPD (1-palmitoyl-3-chloropropanediol, 3-MCPD
l-monopalmitate) Zmp Lo BN A 5 2 2 (n=5/sex/group) > e ~ T AR E
. (1000 ~ 1428 ~2040 ~2914 % 4162 mg/kg BW) % & & 12- %Jf% {7 7 4 3-MCPD
(l 2-b1s palmitoyl-3-chloropropane-diol, 3-MCPD dipalmitate) z_ -] &4 % & % @ ¥
e (n= 5/sex/group) % B w (n=10/sex/group) » #FH 14 % » % 15 _@f—r%
;H BT HERAFE AT B4 A PR TR "'%”fjli ’?ﬁv—’v’%@f—?.&ﬂ.ﬁ‘%‘ivﬁai‘—lé‘f’éﬁ
S v %Rl F AR § R e %0 NRK-52E 4 R T%imee o 1L MTT 385 ]
‘¥ 35 0 2 0L LDH 3% m”e:&gk ;}ﬂﬁ,’—_ 445 2 $F NRK-52E + & %
ez lmre & M PFAAE 3-MCPD 1T 5 &4 @ o
Table | % 4 & % & & 3-MCPD l-monopalmitate E R = T A
3-MCPD 1-monopalmitate 2. LD50 & B ¥ 5 2676.81 mg/kg BW - Fig. | & 4 &
3-MCPD dipalmitate 2GR E W AR R M2 3RS A E A T0%E 90% 0 (8
137 F 5 20% » 3-MCPD dipalmitate B 4= % @Bk (X5 ¢4 > F]pt 1§ R 5%
Pl g d v RE o @A LD50 .9 3+ 5000 mgkg BW » & GHS A #7 % %
PAEF ok F 2% KT 3-MCPD 1-monopalmitate 2. T JRA 4 & 3% 3-MCPD
dipalmitate ° Fig. 2 % 4 8 3-MCPD I-monopalmitate -] &2 T35 & - §] - & ”i‘
LAk d 2040 2 2914 mg/kg BW 2_ 2% » H ’é’*"“a‘i‘gﬁ EEREA E R e B0
8 4162 mg/kg BW 2. JF’L‘I%F\ DI ’?t‘“a‘ﬁ"j;is\,frri\g%c’&g—r
3 MCPD 1-monopalmitate 2_ & {4+ v PR & |+ g LA £ i‘g v 3 4v o Table 2 &7 & 4k
8§ 3-MCPD I- monopalmitate 55 = /] &2_ 2 BRF G HEL T BEID IR T
EREE ST TR SRS S L S4B B F 0% % - Table 3 37 4 & 3-MCPD
1- monopalmitate | B2 5 77 /k % & %2 VRS R 0 VR B &S 4162 mg/kg
BW 3-MCPD 1-monopalmitate 2. 7 = /| 84p 3t g4 e 2 5 8> H i F A4
¥ % VUL ATEE F 4 o 0t % % BgT 3-MCPD l-monopalmitate ¥ it i = 4= MR F B
T # H > +rFig. 3 "err Fig. 3 5 3-MCPD I-monopalmitate (A 2 B) 3-MCPD

dipalmitate (C 2 D) 2 4l (E2 F) 2 ¥ 72244 %% & Fig. 3A%2 3C+
ﬁz—r»fl SRR 2 %* ? w7 Fig 3B 2 3D ¥ R 3d Al
)P R E 2 % K driRl- 380 0 3-MCPD fia S8 b % 3 2 fg Ak 3

% %3 i 3-MCPD = i% = o Fig. 4 % 3-MCPD 1-monopalmitate (A) ~ 3-MCPD
dipalmitate (B) % #;#]%& (C) 24| K2 %12 7 44 B> = Fig.4A 2 4B ¥ &
BRI 2 ML M e R0 2 i e A4 oFig5 3 0 MTT 3% (A) 2

LDH 5% (B) #]1 2 NRK-52E ~ & T i 4 2% o &4 FigSA ¢ » £ A& 5 100
2 10 pg/ml e %) > B ¥ cofeq] * BT wre 878 5 & 3-MCPD dipalmitate & % m
Y mREr Ak o P N HEA KA ME LA T a2 RBR{BER

frdlieer 0.1-100 ug/ml 2. 253 3-MCPD 2. FF g LTl F £ 8 > S5 KT
3-MCPD 1-monopalmitate %8 *F 3% ¥ #2584 ik 3-MCPD { & § w2 4 |+ o &
Fig.5B ¢ 100 ug/ml jk /& 2. 3-MCPD 1-monopalmitate %% % ¥ # % 7 LDH /&% >
T HEMT RS R A 3-MCPD dipalmitate P & %ﬁ—?éaﬁi ;@ AFE s 3-MCPD
4 22 3-MCPD l-monopalmitate = & 3¢ ¥ £ £ > o1 v PR end (25 B -
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Boed BRI T3 RHAFICE- 2 P RHAEEZ BRI AS > 40X A3 H
7@ (crude palm oil, CPO) ~ % ¢ & (bleached oil, BPO) ~ ## & & (fully refined oil,
RBD) ~ #t 54 ### (palmolein) % A F 4z 1# /% (palm stearin) » ™ 2 # & § &&d (F
LAY AT ﬂi R B 20 b % 7= +5 € (Federal German Institute for Risk
Assessment FGIRA) 2. BfR Method 008 * iz 2 5 7 F -k f2 pr & (FGIRA,
2009) > B A HES g R & A 2 IR B 5 i 3-8 B - fRfig (deuterated free
3-MCPD, d5 3-MCPD) 5 » MEifeit ARt 7 » 5 16 ~ 18 47 20 /] P&k 2
& 04 » Bt & 40 (NaHCO3) 2 frfads ((NHs)2SO4) (77 o2 B 47 > B S F
AR (PBA) £ 7474 i F00 GC-MS it {7 4~ 47t 51 3-MCPD fig s 7 £ &%
w48 3-MCPD jE& 1025~ 1.0 ~4.0 2 6.0 mg/kg > il T4 > j2 2 wirF o

Table 4 % # Fe K f2PF & ¥+ 3-MCPD % ds-3-MCPD T 354 4% o ﬁ AR ESE %5
BE o AERITTEFL I82 20h 2 RE T AFMFEFLRE > ¥ 18h2 ¥
FEG A Faw e F F L ER FL AL %ﬁﬁq T % pF ¥ o Table 5 X«?-r LRER
2w e F EE o RMw e F 5 97.6% 0 BB T EF 5 107.9% 0 w T F 3 70-120%
2 R AT 42 fcdy (Jiang, 2005) @ A gt gk 2 BRI AR EHERE R L
(relative standard deviation, RSD) # 77 » % 3-MCPD fip#f )k & 5 0.25 1.0 ~ 4.0 %
6.0mg/kg > £ AL B 5 0.02~0.03-0.12 2 0.11% > £ 24+ Fx - Fig. 6 5 %
P R 2 ds-3-MCPD % 74 it 3-MCPD 2. 5 48 & 17 Bl 3% > %7 ds-3-MCPD
% j=4 1 3-MCPD £ 3 P &gz % o Fig.7 5 3-MCPD fia g2 &% & & > Y $h 5
d5-3-MCPD # fi2 i+ 3-MCPD 2 i i * o) » X b3 3-MCPD it 4e 1+ o (mglkg) -
Brly 2 %zvsﬂr} (r2=0.999) ° 3% > 2 2 8 PR (11m1t of detection, LOD) 3
0.25 mg/kg » T_& #&*T (limit of quant1ﬁcat1on, LOQ) % 0.50 mg/kg - Fig. 8 % 5 %
SEERRCE R %}ig;c‘ 3-MCPD fig s 2. 7 A v & R SR licidih 5 324 12 0 5 (a) =
Rtz (CPO) b) ¢ 4 Yc) H{z1## (RBD){d)RBD # Fixi#i 2 (o)
RBD A 47 > # 105 2 CPO ¢ » ¥ 80%=1# & 4 # 9 3-MCPD fig & » & %)
10% 4 5 %3+ LOD (0.25 mg/kg) DA S6 M W s 4 50%'&1%; %3 LOD
(0.25 mg/kg) » FlAetk SRl £ 5 0.25-1.8 mg/kg » L3525 0.37 mg/kg ; & 1%+
RBD #:{## # & & LOD 2 F » 4§ 56%m4fizF’J #E 5 0.25-2.0 mg/kg > #I 5#43%}3
BE B EL S5.8mgkg; 54 RBD@%’*%HJ?M ¢ 2%k & i LOD
T G Hoik & "fﬁ” 1.4-32mg/kg » & = % 4.0mg/kg ; % RBD # 5 1z ## i@
LRI 20%97%,%/?] T8 5 1.5mgkg @ F 9 40%M>T3aiE (1.25 mgkg) » §14~
5B ¢ A 1.25-1.8 mg/kg A7 3-MCPD fia 48 1> RBD & 1 13 17 i (1.6-1.8
mg/kg) » $ i 4~ # 3] RBD # FH ¥ (3.0-3.8 mg/kg) ° Fig. 9 % d T RIF Ak
foef kP72 iz A 52 3-MCPD ﬁquﬁg £ a3 CPOH&° A
3-MCPD fig#f » @ % d 2 B ¥ JRIFE 3 FMAEFAL > BRI 2 HFRGIFE
YRR 7 £ 4 W 5 0.25-0.9 mg/kg % 225 37mg/kg BRI E eiz R 2
3 B H3-MCPD finsf z £ » &d M LiEfee & * chg B9~ -Fig. 10 2 7 /4
7 ‘gqu 7 2. 3-MCPD ﬁquﬁg o3z 2 N E A TR 2 R
/1= Jﬁ,év 2 Rfe? 5 1.65-2.45 mg/kg o ¥ ¢h 7 4 A b ARG B
zﬁ H ﬁi‘j@”ﬁ&.g— °
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"y g (oleic acid) s 2 & 0 %% Haines & 4 (2011) 2.2 % » p {7 & =
3-MCPD fq#f 2. %% 4 o #3472 0 $h &0 & Wi (74w 3P~ > 1 HPLC &7
3-MCPD esters 4 3 » Jc & & & & 3 § 3-MCPD fin #f <15 f&5% # % » 12 UPLC-Q
-TOF MS i {7 3-MCPD fig #f 2 {4 4 45 ; 12 HPLC 45 fie % 4 k405 18 16 B
(evaporative light scattering detector, ELSD) > * % % ‘S #74 it » i {7 3-MCPD fq
ROTEE THELIT T EAFABMFTER S 58407.6 2452 % & ff i3
B oo 12-@Fd A (1,2-dioleoyl-) 3-MCPD 5 3-MCPD = fig 2 &% 4 B ; 1-# *qfik
# (1-stearoyl-) 3-MCPD % 3-MCPD ¥ fig 2 &8 4 57 3% 1% 3% HPLC = 2 2. &4 -
AR ~BmAR > wfeF ~LOD 2 LOQ - B féf:EH & 8% b 2k S B H
3-MCPD fis#g 7 & ©

SR AL R A A 0k 90% R R 3-MCPD faffw F 4k 4w
F+ 4=~ o Fig. 11 5 (A)3-MCPD fig 2 %4 2 %73 % (0.2mg/mL) ~ (B) ¢ %
FBat R EW (250mg/mL) 2 (C) ¢ ¥ 5 B— %iv4 3 (250 mg/mL) 2
HPLC B3 " BIB 2 M Chim 12 B EB2Z SR 5 T4 > g
PF AT I ok 7§ 3-MCPD = fia 2 3-MCPD ¥ fig 2 i 3% % 2 % 15 H]
A ¥ 3-MCPD fig sf R4 2 F FHE R FFcE R > 2 o g s
3-MCPD fiz 4§ ~Table 6 % 1 UPLC-Q-TOF MS A 45 p % 3-MCPD fig £ %% 4 2. %_
Mg wp 2 24P FIR 1248 3-MCPD fia g » © * % #cfq 2 A A
% 0.07%0 » B3 4o Fig. 12 977 > P B raomphle & fgd g P 224 4 L
Flpt B ] 3-MCPD fiq 8 %% 4 ¥ i * *+ 3-MCPD fin 852 2.8 = 4 'Fig. 12 ¢ ¥ j&
235 7 5 3-MCPD = fig#f » 4o 1-3 ik 5 -2-35 frid Bt & (1-oleoyl-2-
-linoleoyl) 3-MCPD (1.91 e4) ~ 1,2-8% & & (1,2-dioleoyl) 3-MCPD % 1-# "5 & A&
-2-74 & AL (1-stearoyl-2-oleoyl) 3-MCPD (1.54 e4) - Fig. 13 5 3-MCPD fig 5§ 2. & %
Pop Wl 5Y 42 o HEBE 24 % 2 HPLC B# 7 % 3 3-MCPD = fiz 2 3-MCPD
Hags# 27 k% 2 f a4 3 (baseline separation) > Bl A 2B B ? » 7 %
T 3-MCPD = fig#p 2. F TR F 40l (tR=15.8 » 48) » 3-MCPD ¥ fiy 2_ /¥ § P ¥
AR (IR=7.6 4 45) Fpt 2 Ap 2 & f# ¥ * > 3-MCPD figsg 2. & 4 17 Table
7 % HPLC = j# 2 & ~ 47 3-MCPD fn#g 2 % & #dy > F p & (intraday) #Hrk 5
2.1-4.0% > & p ¥ (interday) ##x R % 3.2-5.6% ° &1 HPLC = j* ¥ 3-MCPD fj
NIE2ZPERFPEZEREpFEmAE S 43-14.6% %7 HPLC > ;2 & Frien o
3-MCPD fia#f 2 fc ¢ &7 #% §# B (70-120%) = 3-MCPD = fiz #5347 LOD
# LOQ A % 4 3.43 2 571 mg/mL ; 3-MCPD ¥ fig £ 4 7 LOD £ LOQ A %] 4
2.55 % 5.66 mg/mL - Table 8 5 18 1 & * i # 5-2. 3-MCPD fin#f z € » ¥ M R
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#edy % % &1 3-MCPD l-monopalmitate & 7 & % > 3-MCPD dipalmitate 2. %
GHS A %7 P LA 1o 3-MCPD gl § BhhiA T e s 4 41
he R0 E G~ G FE A2 M S e g5 o 3-MCPD 1-monopalmitate % ¥
o)< BT w2 3 78 3 3 4 LDH g

12 GC-MS 4§53 %3 ¢ 2. 3-MCPD fia 4 5 £ » 3% 2 w e & 5 7 e i F]
no(70-120%) > R# W RE F 4S5 LOD 2 LOQ 4 % 2 0.25 2 0.50
mg/kg o BB S % BRI A2 M LERY A R 0 T R i
Stz g N 3-MCPD g 5 £ 4d 2 R 7 o

KA 1 AR 2. HPLC & % ] 2% $ 57 3-MCPD #3 ¥k fin 47 2. 3
7 &> 3-MCPD = fig{r 3- MCPDﬁﬁqi”éé\' TRARASMT YL T AR
PERcnd B g Y > SRSk B A EasmE s £4F 12 K LOQ -

¥ 2
G
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Fig. 1. Survival curve of Swiss mice fed 3-MCPD dipalmitate.

(Liu et al., 2012)
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Fig. 2. Mean body weight of Swiss mice fed 3-MCPD 1-monopalmitate over the 14-
day feeding period. Mice at about 4 weeks of age were randomly divided into six
groups (untreated control, treatment I-1000 mg/kg body weight (BW), treatment II-
1428 mg/kg BW, treatment I1I-2040 mg/kg BW, treatment 1V-2914 mg/kg BW,
treatment V-4162 mg/kg BW) consisting of 10 animals (n = 5/sex/group). 3-MCPD
I-monopalmitate was dissolved in a vehicle of blended edible oil, and a dosing
volume of 0.6 ml/20 g BW was used by oral gavage. Mice in the control group
received oral gavage administration of vehicle only (0.6 ml/20 g BW).

(Liu et al., 2012)
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Fig. 3. Representative photographs of mice kidney sections from the normal control,
3-MCPD 1-monopalmitate and dipalmitate groups. (A) and (B), mice fed 4162 mg/kg
3-MCPD 1-monopalmitate; (C) and (D), mice fed 5000 mg/kg 3-MCPD dipalmitate;
and (E) and (F), control mice. (A) and (C) showed renal tubular necrosis as compared
with (E); and (B) and (D) showed protein casts scatted among the renal tubules as
compared with (F). Hematoxylin—eosin staining (x 400).

(Liu et al., 2012)



Fig. 4. Representative photographs of male mice testes sections from the control,
3-MCPD 1-monopalmitate and dipalmitate groups. (A) Male mice in 4162 mg/kg
3-MCPD 1- monopalmitate group; (B) male mice in 5000 mg/kg 3-MCPD dipalmitate
group; (C) control mice. (A) and (B) showed decrease of spermatids in a single
seminiferous tubule, disperse array and desquamation of the constructive cells as
compared with (C). Hematoxylin—eosin staining (x 200).

(Liu et al., 2012)
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Fig. 5. Cytotoxicity of 3-MCPD 1-monopalmitate, 3-MCPD dipalmitate and 3-MCPD
on NRK-52E rat kidney cells after 48 h treatment measured by MTT (A) and LDH (B)
assays. Different letters represent significant differences at P < 0.05.
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Fig. 6. GC chromatogram for the deuterated free 3-MCPD and derivatised 3-MCPD.
Upper figure is the TIC for derivatised 3-MCPD. Lower figure is the extracted ion

chromatogram for both 3-MCPD (m/z 147 and 196) and deuterated 3-MCPD (m/z
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(Razak et al., 2012)
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Fig. 7. Calibration curve for 3-MCPD esters in spiked blank matrix (CPO). Y-axis is
the area ratio of 3-MCPD and deuterated 3-MCPD. X-axis is the spiking level of
3-MCPD (mg/kg).

(Razak et al., 2012)
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(Zhou et al., 2014)
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Fig. 13. Chromatograms of 3-MCPD esters standard substances, self-synthesized 3-
MCPD esters reference substances and collected part of phytosterol corn oil aceto-
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mg/mL; B- self-synthesized 3-MCPD esters reference substances, 0.4 mg/mL;
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Table 1. Mortality rate of Swiss mice fed 3-MCPD 1-monopalmitate.

Dose Number of Number of Total Rate of death
(mg/kg) dead (1) alive (2) number (3)  (1)/(3)

1000 0(0) 10 (5) 10 (5) 0

1428 0(0) 10 (5) 10 (5) 0

2040 3(1) 7 (4) 10 (5) 30%

2914 3(1) 7 (4) 10 (5) 30%

4162 10 (5) 0 10 (5) 100%

2 () Number of male animals is marked in parentheses.

(Liu et al., 2012)
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Table 2. Absolute organ weights of dead mice in acute oral toxicity study of 3-MCPD 1-monopalmitate.

Dose (mg/kg BW)

Control 2040 2914 4162
Total Number 6 (3)° 3 (1) 3 (1) 10 (5)
BW (g) 3336c+4.22 15.83a+1.04 1433a+3.40 21.4b+1.99

Absolute weight (g)
Liver

1.6541b+0.2733

0.8968a £ 0.1773

0.6752a £ 0.2824

1.0334a+0.3452

Kidney 0.2418b + 0.0589 0.1429a + 0.0088 0.1306a £ 0.0109 0.1705a+0.0235
Spleen 0.1167b £ 0.0225 0.0655ab + 0.0422 0.0289a +0.0176 0.0883b+0.0362
Thymus 0.1334b + 0.0224 0.0879ab + 0.0244 0.0415a + 0.0347 0.0979ab + 0.0448
Testes 0.1018b £ 0.0169 - - 0.0426a + 0.0094
Ovaries 0.0250c + 0.0030 0.0099a + 0.00011 0.0061a+0.0016 0.0182b +0.0022

Data are expressed as mean £ SEM.
Different letters represent significant differences within the row (P < 0.05).
2 () Number of male animals is marked in parentheses.

(Liu et al., 2012)
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Table 3. Serum urea nitrogen (Urea) and creatinine (Cr) of mice fed 3-MCPD 1-monopalmitate.

Dose (mg/kg BW)

Control 10007 14287 2040° 29142 4162°
Number of mice 6(3)° 9 (5) 10 (5) 6 (3) 7(3) 6(3)
Urea (mmol/L) 14.08b +2.27 7.83a +0.76 8.85ab+0.78 9.18ab +0.76 10.93ab + 1.35 32.47c +9.81
Cr (umol/L) 43.50a + 1.64 32.89a t 6.86 32.70a +7.72 29.00a t 6.60 36.86a+4.30 101.33b £ 37.67

Data are expressed as mean £ SEM.

Different letters represent significant differences with the row (P < 0.05).

a Parameters of survival mice after 14-day acute oral toxicity study of 3-MCPD 1-monopalmitate.
b Parameters of dead mice exposed to 3-MCPD 1-monopalmitate.

¢ () Number of males is marked in parentheses.
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Table 4. Effect of hydrolysis time on the area ratio of 3-MCPD and ds-3-MCPD in
spiked crude palm oil.conventional red wines.

Hydrolysis time “Mean of area ratio RSD
(hour); n=5 (£SD) (%)

16 0.482 (+0.012) 249
18 0.507 (+0.01) 197
20 0.5032 (£0.008) 1.59

® Area ratio is the ratio between the standard of 3-MCPD (m/z = 147) and the

ds-3-MCPD (m/z =150).

(Razak et al., 2012)
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Table 5. Comparison between organic and conventional red wines.

Concentration % recovery RSD (%)
(mg/kg) n =6

0.25 97.6(+0.022) 0.02
1.0 103.8 (+0.03) 0.03
4.0 107.7 (£0.128) 0.12
6.0 1079 (+£0.115) 0.11
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Table 6. Self-synthesized 3-MCPD esters reference substances analyzed by UPLC-Q-TOF MS.

3-MCPD esters Molecular Theoretical mass Experimental mass Relative tg (min)
formula (mfz) (m/z) error(?%,)
1-Linoleoyl-3-chloropropanediol Cy1H35C104 3952329 395.2075 —0.0643 1.62
1-Oleoyl-3-chloropropanediol C21H30C1104 397.2485 397.2242 —0.0612 1.79
1,2-Dipalmitoleoyl-3-chloropropanediol CasHgaCli04 6054313 605.2820 —0.2466 3.73
1-Palmitoyl-2-palmitoleoyl-3-chloropropanediol CasHgsCl0, 607.4469 607.5504 0.1704 1.23
1,2-Dipalmitoyl-3-chloropropanediol CasHp7Cl104 609.4626 609.3043 —0.2597 3.3
1-Palmitoyl-2-linoleoyl-3-chloropropanediol Ca7Hg7Cl104 633.4626 633.4394 —0.0366 6.48
1,2-Dilinolenoyl-3-chloropropanediol CagHga (40, 6534313 653.4863 0.0842 6.10
1-Linoleoyl-2-linolenoyl-3-chloropropanediol CagHgsCl104 6554469 655.4280 —0.0288 5.39
1,2-Dilinoleoyl-3-chloropropanediol CagHg+Cl104 657.4626 657.4292 —0.0508 6.10
1-Oleoyl-2-linoleoyl-3-chloropropanediol CagHggCl0, 6594782 659.4430 —0.0534 6.83
1,2-Dioleoyl-3-chloropropanediol CagH+1Cl104 661.4939 661.4963 0.0036 7.69
1-Stearoyl-2-oleoyl -3-chloropropanediol CagH7aCl104 663.5095 663.4608 —0.0734 7.69
(Zhou et al., 2014)

27



Table 7. Data obtained by HPLC method validation.

A. Precision data

3-MCPD ester

Intraday precision (RSD%)

Interday precision (RSD%)

0.05 mg mL™ 0.1 mg mL™! 0.05 mg mL™" 0.1 mg mL™!
1,2-dioleoyl-3-chloropropanediol 4.0 2.1 32 3.7
1-stearoyl-3-chloropropanediol 23 25 46 5.6

B. Accuracy data

3-MCPD ester

Intraday accuracy (Er¥)

Interday accuracy (Er¥)

0.025 mg mL™' 0.05 mg mL™" 0.1 mg mL™! 0.025 mg mL™" 0.05 mg mL™! 0.1 mg mL™!
1,2-dioleoyl-3-chloropropanediol 8.6 146 43 73 9.6 102
1-stearoyl-3-chloropropanediol 4.6 7.7 11.2 5.7 12.1 9.5
C. Recovery data
3-MCPD ester Recovery (means % +5D)

800 mg kg ! 1000 mg kg™! 1200 mg kg™'

1,2-dioleoyl-3-chloropropanediol 106.6% + 11.8 947% £ 13.3 105.8% + 8.8
1-stearoyl-3-chloropropanediol 91.9% +12.3 875% +53 108.6% + 3.7

D. Limits of detection and quantitation data

3-MCPD ester

LOD (S/N = 3) (pg mL™1)

LOQ (S/N = 10) (ug mL™1)

1,2-dioleoyl-3-chloropropanediol

1-stearoyl-3-chloropropanediol

3.43
2.55

5.71
5.66
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Table 8. 3-MCPD esters levels in edible oils samples.

0Oil sample 3-MCPD monoesters 3-MCPD diesters
mg/kg RSD? mg/kg RSD

Edible vegetable blending oil nd® — nd —
Natural cereal blending oil nd — 81 3.0
Edible blending oil nd — 1367 3.8
Phytosterol corn oil nd — 73 83
Sunflower oil nd — nd —
Rice bran oil nd — 65 3.7
Rice bran oil nd — 122 1.1
Oil-tea camellia seed oil nd — nd —
Rice oil nd — 2564 4.4
Rice oil nd — 1449 6.2
Camellia blending oil nd — nd —
Grade 1 peanut oil nd — 738 14
Soybean oil nd — 58 27
Palm oil nd — 336 3.6
Palm oil nd — 540 1.9
Corn oil nd — 143 3
Corn oil nd — 132 1.5
Canola oil nd — 685 1.0

a RSD = relative standard deviation (%).
> nd = below LOD (not detected).
(Zhou et al., 2014)
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