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Determination of N*-(carboxymethyl)lysine in Stir-fried Anchovy Under

Different Cooking Conditions
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The content of N*-(carboxymethyl)lysine (CML), an advanced glycation endproduct, in stir-fried anchovy prepared
under different cooking conditions was determined, along with their sensory properties. The aim of the study was
to optimize cooking conditions of stir-fried anchovy for minimal CML production by using different sugars, sugar
concentrations, pH levels, and cooking times. The results showed that CML content increased with increasing sugar
concentration. Cooking time did not affect CML content but lowering the pH with lemon juice decreased it signifi-
cantly. The CML content of samples with a high sugar concentration, and without lemon juice was 4.67 pg/mL, and
that of samples with both a low sugar concentration and lemon juice was 2.49 pug/mL, indicating a 47% reduction in
the CML content of sir-fried anchovy. We conclude that stir-fried anchovy cooked with less sugar and the addition of
lemon juice can reduce CML content while maintaining sensory characteristics.
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2013), 1 & N*-(carboxymethyl)lysine (CML), glyoxal, meth-
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al., 2010; Palermo et al., 2012; He et al., 2014; Liu et al., 2014;
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3HUS o] ol = ascorbic acidu T} & E S| HAFR] RS A
3l oJ8) CMLE A3t Ba17} Qlck(Lee et al., 2004).
CMLZ A3t 8b7] 13t A2 B]ebyl(thiamin)2k 2t
X 10| E(rutin, quercetin)@} 22 FALSE B2 9] H7), 7HE 2
T, 7FEAIRE B S H o T Y v RS 2k
Hol A% 1 Qlck(Lietal., 2012).
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Table 1. Cooking condition of stir-fried anchovies

oAk S WA BEL Ao W %
sheto] =11, AR AFgalol.

g0 2ol mhE WA HE(1-60)E A, el B
22y A [HA:F=3:1 (w/iw) ] s e[ A T=2:1 (w/w)]
2 AAstal S-S Hrtsto] 34 whg-sto] Al xskqith
7-89 Al B= HHSAIE 242 12, 5RO = MG a1 O/ A
Fi gt o] &5t A3 HlEEE HVIRFCEM pH 7k
ZAsto] A H5-5 A5 th(Table 1).
poH &3

HA53-2] pH= AAIE homogenizer (T25 basic Ultra-
turrax homogenizer, IKA Werke Gmbh & Co. KG, Staufen,
Germany)& E25}01, B4 A|& 5 gof] 254 45 mLE 7}
af] 2 RFSE oF3- pH meter (720A, Orion Research Inc, Boston,
MA, USA)& Z45}9ict.
CML 24

CML £43 ¢Jsto] B2 F-5-2 homogenizer= vl s}
100 mL media bottleof] A]% 0.5 g, 0.2 M sodium borate buffer
(pH 9.5, Bio-world, Gyeonggi, Korea) 4 mLx} 1 M sodium
borohydride (in 0.1 M NaOH) 2 mL< 7}3t o2, =748 &1
W elol Aol 4 4417k §Rg sielh ¥4 5 35% HCl (Duk-
san Pure Chemicals, Gyeonggi, Korea) 842 6 mL4 A 7}3}
of Z|tfat HFSHHES EakSIom, AATEAN,, 99.999%)
£ 30%7F £7 3 2 dry ovenof| Al #H-8-(100°C, 20A|7HAIF
t}. O]oJA] HRGE-2 AF2ollA 1087 W2 & 553t =&
S 9FH3] A7) a1, HPLCS water (Tedia Company, Inc.,
Fairfield, USA)E 10 mLA] Y11 835}t et S92 |
mL-Z 0.45 um syringe filterE ©]-8310] o{3} & HPLC/MS=
A5Gt LC/MS 2] 4] 2712 Table 29} 24Tt

A= ENM
LLO 71 | o

YA RS AR oF 3 gi £ Sekre o] fisle] 7t
Aol A AR 9 B 74 A] 128k o] WAE A RS
AT 2 A1 29] 8ol Ao that BAL ] 915
of U4IEE 715190 AR AN A delakA st
TS WA RG] B4 2 BRI Ao] A8 59

i =2

Sample code
1 2 3 4 5 6 7 8 9
Sugars S S (O] (O] SS SS S S S
Anchovy:Sugar (w/w) 3:1 2:1 3:1 2:1 31 2:1 3:1 3:1 3:1
Heating time (min) 3 3 3 3 3 3 1 5

Acidulant - - -

S, sugar; OS, oligosaccharide; SS, starch syrup; L, lemon.



Table 2. HPLC/MS analysis conditions for N°-(carboxymethyl)
lysine of stir-fried anchovies

Instrument Details : Agilent (1200 series)

Detector Sciex 3200
Column YMC-Triart C,, Column (4.6x50 mm, S-5 ym)
. Solvent A: 5 mM NFPA in DW
Mobile phase o
Solvent B : Acetonitrile
Flow rate 0.7 mL/min
Mode Positive
Multiple-reaction Precursor ion (m/z) : 205.1
monitoring Product ion (m/z) : 84.1

Injection volume 20 pL

o] £ 1082 At = sfglon], AzE WA A,
&, 247}, 3ol 3t 7| 5 Q}ﬁxﬂﬂﬂg 37159t 715
T 7= o) Q- ymck(17), Ymoh(334), HEo|th(534), £t
(77), - ZTHOH) 2] 94 HwEH o & AlA|Ekg)
SRl

[y |

A= 2] FA A 2= SAS program (SAS 9.1, SAS Institute
Inc., Cary, NC, USA)=> o]&3}%ct. ANOVA 443 Dun-
can’s multiple range test B o|-&3lo] AgLo] Ht gk 7+

of| §-2]4= P<0.0500| 4] 72142 A5t
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TElo] QIth(Li et al., 2012). & Ao A= 714 of| 4] Wol A}
St Qe Y, Selud, 2R 22 G R S
g]5to] WA B8-S A 23t thS 0] 9] CML AA oS- Al .
ok @ A7 (R o) tishe] 3:13 2:1, wiw)S B gt HX
550 CML -2 A 713t Zlo] 2424 3.42 £0.04 pg/mlL,
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Table 3. Sensory evaluation in stir-fried anchovies by sugars.
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Fig. 1. Formation of Ne-(carboxymethyl)lysine in stir-fried ancho-
vies by sugars. 1: sucrose, anchovy:sugar=3:1, heating time=3 min;
2:sucrose, anchovy:sugar=2:1,heatingtime=3 min; 3: oligosaccharide,
anchovy:sugar=3:1, heating time=3 min; 4: oligosaccharide, anchovy:
sugar=2:1, heating time=3 min; 5: starch syrup, anchovy:sugar=3:1,
heating time=3 min; 6: starch syrup, anchovy:sugar=2:1, heating time
=3 min. Values were significantly different (P<0.05).

4.67+0.76 ug/mL, &2 317 719t Z10] 247} 3.44£0.49 pg/
mL % 3.57+0.53 pg/mL, SR 7kt 2lo] 717+ 2.49+1.06
ug/mL, 4.17 +0.86 ug/mLo] S{Th(Fig. 1). whabA] & 471 B
59 CML A2 Fo] Fiel whe 2kol7k AL, & 3t
ol whabAf = o] 21 Aol 7k Q121 0K (P<0.05), &2 18]
T el Al Aol7t IAHP>0.05). o= ARE-R ] 4
ol th27] gl Ao etk B3 2 Frmo Al A
21(3.42+0.04 pg/mL)ol| v]8] EH(2.49+1.25 ug/mL) A
S3& W CML A7do] Wokot o2 o= Q=4 ¢

IHTable 3), tﬁXI .4 7IEE A o] 7L
71 A R(6W) 7} 7.90+1.66 0.2, 3] 4
Z 7 A R(1H)7F7.50 09702 71 2

Color Flavor Texture Taste Overall acceptability
1 7.30+1.06%"2 7.50+0.972 7.40+1.782 6.60+2.01 6.90+1.73%
2 6.90+1.37% 7.0041.41% 7.50+1.512 7.90+1.66° 8.10+1.602
3 6.50+1.58° 6.30+.1.42% 6.30+1.42% 5.60+1.58° 6.20+1.14°
4 7.0041.15% 5.80+1.55° 6.10+1.372 5.80+1.55° 6.00+1.41°
5 7.60+1.26% 6.50+1.65% 5.90+1.45° 5.8041.14° 5.60+1.07°
6 7.90+1.662 6.90+1.37% 6.20+1.23% 5.80+1.03° 6.10+0.99°

'Each value represents mean+S.D. (n=10). *Values with the same letter in the same column are not significantly different (P<0.05). 1: su-

crose, anchovy:sugar=3:1, heating time=3 min; 2: sucrose, anchovy: sugar=2:1, heating time=3 min; 3: oligosaccharide, anchovy:sugar=3:1,

heating time=3 min; 4: oligosaccharide, anchovy:sugar=2:1, heating time=3 min; 5: starch syrup, anchovy:sugar=3:1, heating time=3 min;

6: starch syrup, anchovy:sugar=2:1, heating time=3 min.
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Fig. 2. Formation of N°-(carboxymethyl)lysine in stir-fried ancho-
vies by heating temperature. 1: sucrose, anchovy:sugar=3:1, heat-
ing time=3 min; 7: sucrose, anchovy:sugar=3:1, heating time=1
min; 8: sucrose, anchovy:sugar=3:1, heating time=5 min. Values
were significantly different (P<0.05).

Hgick. 22)70] 45 Mgo] Solzk AlR(1-29)7} elng
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Fig. 3. pH values of stir-fried anchovies. 1: sucrose, anchovy:sugar
=3:1, heating time=3 min; 9: sucrose, anchovy:sugar=3:1, heating
time=3 min, lemon. Values were significantly different (P<0.05).

7FAAIZRS T2 A AAstal EAESS Al&skGich 2249
CML 382 3.09+0.64, 3.42+0.04, 3.24 £0.59 pg/mL O &
S, A7) F-94 Apol= UEA] QSithFig.
2). webA ERES 2] I o] 7FEAIRRS CML 35
of| ZA daFe 7R A] h=rhal HhE| Qiet Park et al. (2001)
O] =mol A BARS 22 I F 2 Ato] dojdes 4
HEho] Woxlthar ®argl At} vjaste], 2ej Azt w
£ TR Hske CML A4l F3ke 7134 g AL
= Atz E ok

THEA|ZEO| @2 X EN

FAARS T 223 EA RS 350 BeH B4 B
H5}STHTable 4). T5 54 23 B H30) 4, 7, 27
2, 5, W) S A 27b0] 9014 Hol = LhehbA) bkt
wheb 7} AIRHE CML §He it ol 2} 5 7] S o=

Table 4. Sensory evaluation in stir-fried anchovies by heating temperature

Color Flavor Texture Taste Overall acceptability
1 7.30+1.06%1"2 7.50+0.972 7.40+1.782 6.60+2.012 6.90+1.73%
7 7.40£1.432 7.20+1.232 6.70+1.252 7.00+0.822 6.90+0.572
8 7.30x1.162 7.00+1.252 7.40x1.072 6.60+1.26° 6.50+1.352

"Each value represents mean+S.D. (n=10). ?Values with the same letter in the same column are not significantly different (P<0.05). 1: su-

crose, anchovy:sugar=3:1, heating time=3 min; 7: sucrose, anchovy:sugar=3:1, heating time=1 min; 8: sucrose, anchovy:sugar=3:1, heating

time=>5 min.

Table 5. Sensory evaluation in stir-fried anchovies by acidulant

Color Flavor Texture Taste Overall acceptability
1 7.30+1.06% 7.50+0.972 7.40+1.782 6.60+2.012° 6.90+1.732°
9 7.70+0.952 7.20+1.402 7.20+1.232 6.10+2.512 6.60+1.962

Each value represents mean+S.D. (n=10). ?Values with the same letter in the same column are not significantly different (P<0.05). 1: su-
crose, anchovy:sugar=3:1, heating time=3 min; 9: sucrose, anchovy: sugar=3:1, heating time=3 min, lemon.
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Fig. 4. Formation of N*-(carboxymethyl)lysine in stir-fried ancho-
vies by acidulant. 1: sucrose, anchovy:sugar=3:1, heating time=3
min; 9: sucrose, anchovy:sugar=3:1, heating time=3 min, lemon.
Values were significantly different (P<0.05).

W) EL A& 10%9] pH 72 6.56+£0.01914] 6.90+0.02
o) W912 2= let WX YRR pH7} 652 Bag 7
3} u] ifo], W] AL Fhsh 22)3h Fol WA B-L0]
% pH7L 27152 ojuslolny, WA RS Al A HES A1S
aho] Azat 9% AlR0lA 6.56+0.019] pH 7k LERyom,
71.9]9] A|2EL pH 6.79+0.01~6.90 +0.022] 71O & GA}SH
A0.2 Lehtey. o]of met o] M7} §5tof ue} WA 2e
o] pH Zhe- 01221 2Jo]7} QIrk= A o 4= A rH(Fig, 3).
H2A7t BXIES0| CML &2

HAH-50 pHE 24517| flef 2ejabyoA FAHRE 2
e Aol el EAESY CMLE S5kt BA&
52 Fof gt 1HE A7 o gl ES A 92 oM Al
O] CML 342 2.49+1.25 ug/mLE YepH o g =& H7}
B1A] 9 WA E-S A7 (3.42+0.04 ug/mL)o] H|El W& gt
© & UePgthFig. 4). o= HASA 2 Al Al A7 R
w2 pHO| 2fol= A9 YER}A] ¢F=rtil Bl Lee et al.
(2015)9] =4 xte} vlaws B2 YAz 2] pH7} obd FA =
2 Z7H gl pHY| FFS wol 2 Ao & AR Eith &
G Hartkopf et al. (1994)2] Aol 2} Zho] A 23#2] pH7} 4
2 o 70 mg, pH 714 370 mg, pH 914 3170 mg2| CML/
kg lysineo| &% A1} ¥] 1 sto] pH7}F 545 CML 3hefo]
W2 08 Sl

=87t BXESe &S
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2 ztol7h FRlE| Gl 7, 223, uh, AA| S e = A&k
Y4 o]zt golct. 1eU T E Al Rek= T EA Y-S
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