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PRI C 10 5 IR LT, A Bikic, #-fEHEEE (NaCl,
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Table 1: LC/MS/MS conditions for determination of AA

Column

Column temperature
Flow rate

Mobile phase

Inject volume
lonization

lon-spray voltage
Turbo gas temperature

L-column2 ODS (CERI, 2 um, 75X 2.1 mm, i.d.)
40°C

0.2 mL/min

Acetic acid 0.1%, methanol 0.5%, MilliQ water 99.4%
5uL

ESI (positive mode)

5500 V

400°C

Monitor ion AA: 72.0-55.0, *C5AA: 75.0-58.0
Table 2: LC/MS/MS conditions for determination of HMF
Column ZORBAX Bonus-RP (Agilent, 3.5 um, 2.1 X100 mm)
Column temperature 40°C
Flow rate 0.2 mL/min
Mobile phase 0.01 mM Acetic acid in 0.2% formic acid
Inject volume 10 uL
lonization APCI (positive mode)
lon-spray voltage 5500 V
Turbo gas temperature 400°C
Monitor ion 126.973-108.900 (m/z)
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VINTII—2 mL ZMMZTHAIZiRRL, FERE IS v
—L O FIZHANT, BT T, B, v —L &4
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Sz (Fig. 1(A)), KCI T, IR 0.1 M
T5.1%, 0.5M T12.2%, 1.0 M T 22.1%, 2.0 M T 37.8%
teZE ks gnflEaz (Fig. 1(B)). MgCl, Ti, W
750.1 M T54.5%, 0.5 M T87.1%, 1.0 M T82.6%, 2.0 M
T 91.3% B LasHlEi= (Fig. 1(C)), CaCl, TIZ,
TINPEEEDS 0.1 M T 71.3%, 0.5 M T 96.6%, 1.0 M T
98.9%, 2.0 M T 98.7% a2k A3 <417 (Fig. 1(D) ).
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Fig. 1: Effect of various salts on browning in Maillard reaction model solution.

(A) Sodium chloride, (B) potassium chloride, (C) magnesium chloride, (D) calcium chloride. Values represent the mean +
SD for three independent experiments. * represents p < 0.05 compared with 0 M.

3. 2. AMS—FRIGHFBRPD AA B LU HMF D AR
XY EHRIEREDTE
3. 2. 1. MT—RREBEBRPD AA DERITHT H%
BIREOEE

A TGRSR TO AA DRI 5%
MDA T T2 5, NaCl Ci, WINEE 01 M C©
-0.5%, 0.5 M T 8.0%, 1.0 M T 9.3%, 2.0 M T 27.8%
LU= (Fig. 2(A)), KCI TIE, AA EREIL, BINEE
0.1 M T9.0%, 0.5M T 16.6%, 1.0 M T 28.3%, 20 M T
28.7%/ 0 L7= (Fig. 2(B)), MgCl, TiZ, AA AR,
FINTEFE 0.1 M T 98.4%, 0.5 M T99.0%, 1.0 M T99.1%,
2.0 M T98.7%i# L7~ (Fig. 2(C)), CaCl, Ti%, AAZE
R, VRN 0.1 M T 59.5%, 0.5 M T 86.6%, 1.0 M
T 87.3%, 2.0 M T 89.2%J#/ L7z (Fig. 2(D) ).,
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AT —RRIE T HMF ORI 9545 flit
YD HBEFI~T-L 25, NaCl TIE, TRINEE 01 M T
-3.2%, 0.5 M T4.2%, 1.0 M T 1.1%, 2.0 M T 2.1%J8/)>
L7z (Fig. 3(A)), KCI TI%, HMF AR &EiT, W ss
0.1 M T-1.5%, 0.5 M T 4.5%, 1.0 M T5.0%, 20 M T
8.7%/> L7z (Fig. 3(B)), MgCl, Ti%, HMF Al &3,
AN 01 M T 140%, 0.5 M T 3327%, 1.0 M T
4062%, 2.0 M T 7842% L 7= (Fig. 3(C)), CaCl, T
1%, HMF AR, IR 0.1 M T 385,05 M T
8358%, 1.0 M T 9371%, 2.0 M T13192%# L7~ (Fig.
3(D)). CaCly Z UL 7= AT — RIS O AA B I
HMF O B B OFE BRI Z T~ 7222 A, AT — Rk
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Fig. 2: Effect of various salts on the formation of acrylamide in Maillard reaction model solution.

(A) Sodium chloride, (B) potassium chloride, (C) magnesium chloride, (D) calcium chloride. Values represent the mean +

SD for three independent experiments. * represents p < 0.05 compared with 0 M.
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Fig. 3: Effect of various salts on the formation of 5-hydroxymethyl furfural in Maillard reaction model solution. (A) Sodium
chloride, (B) potassium chloride, (C) magnesium chloride, (D) calcium chloride. Values represent the mean + SD for three
independent experiments. * represents p < 0.05 compared with 0 M.
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Fig. 4: Relationship between acrylamide (AA) and 5-hydroxymethyl furfural (HMF) formation in Maillard reaction solution
containing calcium chloride. (A) Production of AA and HMF in Maillard reaction mixture containing calcium chloride, (B)
Correlation between AA and HMF production. Values represent the mean + SD for three independent experiments. *

represents p < 0.05 compared with 0 M.
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Fig. 5: Effect of sodium chloride on the formation of acrylamide and 5-hydroxymethyl furfural in hash browns. (A)
Acrylamide, (B) 5-hydroxymethyl furfural. Hash browns were heated in a frying pan for 5 or 10 min. Values represent the
mean + SD for three independent experiments. * represents p < 0.05 compared with 0 g (heat for 5 min). * represents p <

0.05 compared with 0 g (heat for 10 min).



3. 3. 2. MBMEELFz/\waRRThHhD HMF DR
[Zx19 % NaCl DF2&
INBVVERL 72N> 2 AR T MZE1TS HMF OARRIC
%195 NaCl D% Fig. 5(B)IT/RLTZ, [T A]IC
BT, HMF B, USIRE 2% C 44.5%/),
4% 56.0%H4 1, 10% T 53.0%8 L7, £z, [HEET)
2B WL, HMF AR, WIS 17.4%H00, 4%
T 35.0%780, 10% T 22.8% L 7=,
3. 4. MBAEBLFz/\wPaFRTrOBERE
INBVGLERL 7=~ 2 RRT k. (Fig. 6) Zfa7=7HIT
WELTZ, ZORER, MBMLESZ DI BEXTA| Oy
= RART MM, NaCl #ERINE NaCl 245 TR 7=
Bl b L C, D&% RT LMEDSBOEIAEZ R, £z,
BHi% 5 gIINLTZ Ny Y 2 RART R CIE, sz R b*
E2 B LIz (Table 3), —J7, THEEIT 1O/ Y 2 RR
TN, BEICHBEREITRO LR T,
3. 4. MF—FRIGBRFICERTHER-RHBAY
BOEGEEICHTIEEEROZE
KRN 0.1, 0.5, 1.0, 2.0 MIRINL7=AA T —R Ui
WK DL RIFME A = — AZARBR CHRIE LT, Bt
(DMSO) Dzar=—%%, 67 +6.4/plate, HFEA RN T
WRW AL T —RIEIRTR DA =—4$5 1% 276 + 36.4/plate
THY, AT —REUSTERIE, BHERSG0 ZfFL Eo=
0= — ARSI Z e DA BEVED Y (B51E) &HIT

L7z, IR ESRED NaCl 2z 72A0T7—R K
ISR OO =—% (NaCl 0.1 M ¥SIIATR : 223
+65.9, NaCl 0.5 M ifsilA# : 221 +29.2, NaCl 1.0 M &
NV % - 182 +48.7, NaCl 2.0 M ¥s ¥ 1% : 172
+41.2/plate) & Hbfg L 7= L2 A, NaCl OFRIMZEY, an=
— BRI RAME I E R LT (Fig. 7 (A)), HEEEERINE 4%
RO KCIZNZ 72 A7 — R USRI O Dz n=—
$ (KCI 0.1 M #SINA : 247 +23.5, KCI 0.5 M iRINA
#%:208 +19.9, KCI 1.0 M #8INV%% : 281 + 46.9, KCI 2.0
M ISIIVATE : 179.8 + 23.5/plate) Z Lk L 7= 25, 0.5 8K
W20 M IZBWT, ar=—0OF BB 17D LI
7= (Fig. 7 (B)), XM ESIRE D MgCl, Iz 72
A T—F ROSIIE O o=n=—%(MgCl, 0.1 M &
INYE#E: 79 + 9.0, MgCl, 0.5 M A& : 64 +10.9,
MgCl, 1.0 M #INAR : 74 +6.0, MgCl, 2.0 M iRINET
SRR 49 +3.1) Z B L 7= L2 A, MgCl, ZiRINL7-4
TDAT— R SRR IZB O TH BB 13785
7= (Fig. 7 (C)), HFEMIRMEA PRI D CaCly 2N % 7=
AT —R KRR Oz o an=—% (CaCl, 0.1 M ¥
VAR 149 +17.1, CaCl, 0.5 M #RINFA : 25 + 3.1, CaCl,
1.0 M ¥R 120 + 1.4, CaCl 2.0 M #RINTE T /VIRTE -
28 £2.6) ZtL#RL7=L 25, CaCl, Z#WINLIZETHALT
—NEOSIRIZ I W TH BRI s b (Fig. 7
(D)),

Fig. 6: Effect of sodium chloride on browning of heated hash browns. (A) Heat for 5 min, (B) heat for 10 min. Weight

(9) indicates the amount of sodium chloride per 50 g of potato.



Table 3: Change of color on surface of heated hash browns with sodium chloride

Heating Sodium chloride (per 50 g of potato)
time 0g 10g 209 5049
L* 43.8+£25 36.0+15 357+£23 332131
5 min a* 44+27 39+£33 6.9+ 0.6 58+0.7
b* 175+0.9 133+13 142+0.6 9.8+2.9*
L* 225+15 251+10 22.9+0.8 248+1.4
10 min a* 2509 24+05 27+0.3 24+0.7
b* 19+0.6 30x£15 0.7+0.1 16+0.3

Values represent the mean + SD for three independent experiments. * represents p < 0.05 compared with 0 g

(heat for 5 min).
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Fig. 7: Effect of various salts on the mutagenicity of Maillard reaction model solution. (A) Sodium chloride, (B) potassium
chloride, (C) magnesium chloride, (D) calcium chlorid. Values represent the mean + SD for three independent experiments.
# represents p < 0.05 compared with control. * represents p < 0.05 compared with 0 M.
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Summary
The Maillard reaction is induced when a reducing sugar is reacted with amino compounds under
high-temperature conditions, and is an important reaction in the food fields. However, since the Maillard reaction
produces mutagen/carcinogens such as acrylamide (AA), heterocyclic amines and 5-hydroxymethylfurfural
(HMF), it is required to control the Maillard reaction. In this study, we examined the inhibitory effect of salts on
the formation of mutagens/carcinoges from the Maillard reaction.

D-Glucose and L-asparagine were dissolved in phosphate buffer (pH7.4) and salts (NaCl, KCI, MgCl,,
CaCl,) were added. The solutions were heated at 121°C for 60 min to prepare Maillard reaction model solutions.
The absorbance (450 nm) of the reaction solution was measured. When salts were added to the Maillard
reaction model solution, all salts decreased the absorbance. The formation of AA and HMF in Maillard reaction
model solutions were measured using LC-MS/MS. As a result, all salts decreased the formation of AA.
Especially, MgCl, and CaCl, showed the strong inhibitory effects. Hash browns were cooked by adding NacCl.
The change of color, the formation of AA and HMF were measured. Hash browns containing NaCl significantly
decreased AA formation, while HMF formation unchanged. The mutagenicity of Maillard reaction model
solution prepared by adding various salts to D-glucose, L-asparagine, and creatinine and heating at 121°C for 60
min was evaluated using the Ames test. The addition of salts to the Maillard reaction solution inhibited the
mutagenicity. The divalent salts showed the strong inhibitory effect. These results suggest that salts have

various effects such as inhibition or promotion on the formation of mutagens/carcinogens from Maillard reaction.



