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Optimization of Anti-glycation Effect of L-Carnitine, Pyridoxine Hydrochloride
and DL-a-Tocopheryl Acetate in an Infant Formula Model System
Using Response Surface Methodology
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Abstract The Maillard reaction is a non-enzymatic reaction between amino and carbonyl groups. During milk processing,
lactose reacts with milk protein through this reaction. Infant formulas (IFs) are milk-based products processed with heat-
treatments, including spray-drying and sterilization. Because IFs contain higher Maillard reaction products (MRPs) than
breast milk, formula-fed infants are subject to higher MRP exposure than breast milk-fed ones. In this study, we
investigated the optimization of conditions for minimal MRP formation with the addition of L-carnitine (L-car), pyridoxine
hydrochloride (PH), and DL-a-tocopheryl acetate (o-T) in an IF model system. MRP formation was monitored by response
surface methodology using fluorescence intensity (FI) and 5-hydroxymethylfurfural (HMF) content. The optimal condition
for minimizing the formation of MRPs was with 2.3 uM L-car, 15.8 uM PH, and 20.6 pM a-T. Under this condition, the

predicted values were 77.4% FI and 248.7 ppb HMF.
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fFreAe] ou| T |(FR 2Rl i1z e-otw| 7)) W-g-ate]
tFe MRPsE A3t who|gmbg-o] 27IdAlM = F2 of
nl=g] AAEQ lactulosyllysine©] AAE3L o] AAEL olm]
AP EAE o R ST AR Ake] Wo] A HE WY
o] 9lo] furosine w410] %7 wlo|FAAAFE AREA] o] Bo| Ak
|HTH5,6). Furosine2 A7Hrasll = A= 3(7) HPLCSF o]
wg ARvEIHIE o]&ste] A Aol 7hesith®9). vt
0] AEHEA oty AAHEZHE S-hydroxymethylfurfural
(HMF), lysylpyrraline, 3-deoxypenulose, galactosyl-B-pyranone 5}
2o gefst MRPs7F A€t HMF, lysylpyrraline, galactosyl-B-
pyranone> HPLC (High performance liquid chromatography) &
olg3te] A E4o] 7Fs3ltH(10-14). 3-Deoxypenuloses 2=
EEAS AzrtEay] 7eg o)&ste] #4o] Jhsdta
Troyano 5(15) 7H=ARVETHIE o] &sle] FYdem 4
4E - & 3-deoxypentulosed S 3T} T3, wlo|k
AN 27) REE0ix]7] A @Al F3E H MRPs7t
A el 3 A4S T 7 ASIIIE(AGEs,
Advanced glycation end products) 43 F=E 2F2]d & F 2
tH(16,17). ZAEfr= 3 @ de ko] i d5ETHE
S Adt, B AEet 2 GAEFAol vEA] Zas] HE
o] mpo]F Rhgo] © hlks] XPE . W2 ] MRPs7) A
AEth Z2AE-FE ZR1E0 1004008 =2 AGEs 38 74

3 Jem(18) AAlE BE AT dfort ZAs AFHT 9

Elasie
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Table 1. Independent variables and their levels used in the response surface design

Levels
Independent variables Symbol
-1.682 -1 0 1 1.682
L-carnitine (uM) X, 1.7 22 3.0 3.8 43
Pyridoxine hydrochloride (uM) X, 9.9 14.0 20.0 26.0 30.1
DL-a-tocopheryl acetate (uM) X, 19.9 24.0 30.0 36.0 40.1
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}01“(21) Aol WHH(ATLA)22)
HIEATE B2 AFES MRPs A73}
H, 53] % "Jﬁ}ﬁz‘% npo| g = A
’d=]o] Rt b EFXx71E AEeZE 23 HP%“‘OE’H
}Olohﬂo S AN F e ISt 27T doka HEA
th23). WA, B At EREYA2ES L5 *4%114
A 2AEY AVHEEA FEE BE T s ¢ ¥ds &
o] Ik d#HF L-carnitine, pyridoxine hydrochloride, DL-01-
tocopheryl acetate (24-27)8 SAWHFE 3oL A E 71e 7
o] MRPsABAY AES] AER AMEE F U= FEES HMF
S AR A5t ST AIE(CCD, Central composite
d651gn)0ﬂ ,]?ﬂ HES-FHEA (RSM, Response surface methodology)
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D-Lactose monohydrate, pyridoxine hydrochloride= Sigma Aldrich
Chemical Co. (St. Louis, MO, USA)oA +Y43H 3L sodium
caseinates= Irish dairy board (Dublin, Ireland)ol|A] +Y3tH o,
DL-a-tocopherylacetate= DMS Nutritional Products Ltd. (Basel,
Switzerland)ol| A1,  L-carnitine> CHEMCON GmbH (Freiburg,
Germany)oll Al 43ttt Alge] HAE] H 248 Alfe=
oxalic acid, trifluoroacetic acid (TFA)2 Sigma AldrichollA] )
3 methanol Burdick & Jackson Muskegon (Muskegon,
MI, USA)NA F+43F92™, trichloroacetic acid (TCA)YS Kanto
Chemical Co., Inc. (Tokyo, Japan)ollA] TQ3le] ARSI, B
EZZA  5-hydroxymethylfurfural (HMF)2 TCI America Inc.
(Portland, OR, USA)lA T-d3te] AME-3HTh

2 EM 2A{#H(Response surface methodology, RSM)
A MA
%7}%% ol-&3 TREAAIAT ] Y E AE ATE

Lle J‘Jﬂvﬁr@.‘ﬁ(response surface methodology, RSM)& A&
-carnitine (X), pyridoxine hydrochloride (X,),
DL-o-tocopheryl acetate (X;)¢] == AA3FA. CCDe <3
=g HEES SEA(-1.682, -1, 0, 1, 1.682)F H-E3}(Table 1)

TE=
S} ABUAZ AR BAE 1748 Aurel 23 AU

R
L

= a2
FYsolth(Table 2). FEF Sl o8] FFS Ve THW
T(Y )& FHE(Y), HMF SHK(Y,)02 S5l wheEaiy] 2

+ Maple 7 (Waterloo Maple Inc., Waterloo, ON, Canada)>X
i:z%g Abgalel e

Table 2. HPLC" operating conditions for the determination of
HMF?

Agilent Series 1200 (Agilent Technologies, Santa

Instrument Clara, CA, USA)

Column \C{K/I %,612522) ,n};rll),aISISS pm, Analytical column,
Mobile phase 0.05% TFA in distilled water/methanol
Wavelength 280 nm

Injection volume 10 pL

Flow rate 1 mL/min

YHigh performance liquid chromatography
?5-Hydroxymethylfurfural

2a DUA|AH X
Be nuiiEle AZoAd TEy g ZAERS = ¢7)
LollA 24719 2] Joprt s AEe] fehAs} o] H)

€9 1282 AZsAY FAHEZE sodium caseinate, -3

D-lactose monohydrateE A~ SIS sodium caseinate (3 mg/mL)

¢} D-lactose monohydrate (84 mg/mL)S

O

0.1M sodium phos-

phate buffer (pH 7.0 8313t & &9 HF ¥9E 5mLE
39}, Ukeda 0(29)~ UHTEHEE 7kt U%’\liﬂ%
TE5317] 93l FEF ARl EHES Y Be idEd
71E o]&s}o] 120°c<>ﬂ*1 2(%?& HESAIZ w}aw 2 Al
Ae FHE-fF EFES F252E o83t 100°CHIA 30
7 Wk&-8te] UHT “zﬁ PA 7k B BAA2HS 53519
1;].. E_ Eé}\]}\al,] MRPs Ag)\-loq A= Eﬂ%l]:_ _f_ o ° Esﬂ :@L

ottt 3= B3 3A (VICTOR3TM, Perkin  Elmer,
Waltham, MA, USA)E A}8-3}9] excitation 370 nm, emission
440 nmelX S48 Ade GxE weEd § S 3%

o=
= #ellA EAE] vk A EHe FFE e W o= el
WATH30).
HMF £
A& 500 uLF 02 M oxalic acid 500 pLE E3F & F2Fx2
oAl 90°CollA] 30%7F HESSI T A20A A8l 300 uL

3

40% (w/v) TCA €9S 718l AE3] 4 01_2,‘911:} I 39
10,000xgol A 1047+ AAEE ¢ & 45NS 045um syringe
filter® o} 3FATh £ A9 HMF 48 98 d&717F &
Z+¥l 717] high performance liquid chromatography system (HPLC)
(1200 series, Agilent Technologies, Santa Clara, CA, USA)E A}

gallon, BAAHLS YMC-Triart Cpq (4.6x250 mm)S AH&-3}
Mz A8 FUFE 10puLE Stk o] O2 = Table 20
Eldl A3} 7o) o]FAFA (0.05% trifluoroacetic acid in distilled
water)9} ©]54B (methanol)2 ZtZ} 045 pum cellulose nitrate
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Table 3. Regression coefficients and significance of the quadratic
polynomial equation for different responses based on t-statistic

Y, (fluorescence intensity, Y, (5-hydroxymethylfur-

Variables” % of LC) fural content, ppb)
Coefficient ~ p value Coefficient  p value
Intercept 99.314 0.000 323.935 0.000
X, 1.669 0.040 2.157 0.589
X, 3.295 0.002 11.682 0.018
X 3.985 0.001 13.215 0.010
XX, -2.933 0.005 -8.973 0.070
XX, -3.450 0.002 -17.469 0.004
XX -1.486 0.081 -5.562 0.227
XX, 1.843 0.071 2.139 0.681
XX -2.432 0.026 -6.963 0.205
XX -1.601 0.107 -5.416 0.313

UX,: L-carnitine, X,: pyridoxine hydrochloride, X,: DL-a-tocopheryl
acetate

membrane filters (Whatman, Dassel, Germany), 0.45 um polytet-
rafluoroethylene (PTFE) membrane filters (Advantec Toyo Kaisha
Ltd., Tokyo, Japan)@ i3slal, 23 MAH7|Z @7]ste] AL
st 71e7] &8 2712 o5 ASH B HIES 100:0 (0
min), 0:100 (22 min)= 3tYL F5 1.0mL/minZ o™ =
Aubde 280 nmi Tt

H7}E  L-carnitine, pyridoxine hydrochloride, DL-o-tocopheryl
acetateS THEIA 2 X85S wjo] MRPs A3 54
2 FAIZZ I (MINITAB statistical software Version 13, Minitab
Inc., State College, PA, USA)S ©]&3lo] HkgHHI|ARHO =R
A AYsisinh. SHHES X, Xl g SEUFYS] 24 39
B2 v 2ol yekd & 31, e deld B, B BiE
3| AA ot}

3 3 2 3
Y=po+ S+ Y BX Y Y BXX

i=1 i=1 i=1j=i+1

S5 FE(Y,), HMF (Yol tist 319 Al9~= Table
o} Zro] eI o5 BIA wkeEH FFx oz Yeh
ATHTable 4). RHEEREA ] o8k MRPs A48} =719 28}
MINITAB statistical softwareE ©]-&-3Fo] Ztzhe] WH-EH 9
well gk B3 3ks Aste] B3 3k UESAI7I
SED)E Hulslele AR HA =go = dAs
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Y& B MRPsE T2 ol vk F ALY} FiEolA
7) R AN B9 olelies)el vl el Ao 4
H3(31) Bl ol asish Rajzre /1908 + Jom Y2
dehhe Amg 34 71ae obuliedte] BRsh EAelite] u
g g @ 5 olnh E=H, o] Bde Shel dxY Aol A

B2 ARE 4 Ith30). Morales (30) 52 93 Foa-&
T EHE GHZE 7Bl 9T 2SS W Ry
A7 EFEC ¢ w2 FFEE YA ol B8 §9F

A sodium caseinate®} -3 lactose monohydrateZ ©]-&-35)
FRAA2H ] MRPsS AZSL ©|F FF= =4
st sk A ), Fadst e I

EFELOE F4EE 01838l 100°CAA 3023F W3-
HFPrs 393 do(Fig. 1) LCE CRUF oF 654 &
- mERA, o8 Fall EREEAIZE O A
MRPs7F B738E& 291 & 4 A

ot > 4% ¢
A rlo o

o
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i
o
=
32
o

SZ=o chst HIIESe dE
SAFEAG N o8] AAFE ISl EREEA 2
AdE MRPs] HHFEE 243 A= Table 590 YeERASAT

0
™

SATEAGN ANOVA®] lack of fit> 0.05 o2l ¢ &
ol Ajlet AoE dAAdlal, R 19] 7Pk FAYTE £2
2dS Yepdth32). Yol thdt lack of fite P=0.691Z% X
o] A3, R*= 0.9420]UTHTable 6). t-Statisticoll =7 gk
%bé_‘: ‘—‘f\r‘ Y]‘O/] }6]-—/]:’ o‘?li]-go]_(x]’ XZ’ XS)’ o]i]-ﬁol—()(lz’ XZZ’ X32)7
AKX X, XX, XX)0 AFet 729438 YeRd Z3(Table
3)elA e (p<0.01), X, (p<0.05), X, X, (p<0.01), X2 X}
(p<0.05), X,X; (p<0.05)F°] FAXLE {0l AU ol Al
oI YA FellM= Foido] AFEHA Sdth B3I, ANOVA
EAHEA A3N(Table 6) LAHp<0.01), 12 (p<0.01), F5&
(p<0.05) 257 FAXLCE fo)ido] e Aoz Yeidnt 7+ A
7H&  L-carnitine (X,), pyridoxine hydrochloride (X,), DL-ai-toco-
pheryl acetate (X;)9] &=7} FHF= WSl uX= JIFS Lol
1B7] Y& wheEHEA geizg el QokFig. 2). L-carnitine
o] %7t &2 w pyridoxine hydrochloride 20 uM ©]3} &9l
Al FBErt 343 4SS, L-camitine & FE7F RS o
DL-o-tocopheryl acetate®] FE7t HATFE FFer) Tasit
7 20 pMe W] FHARE VERITE B3, pyridoxine hydrochloride
9] F=7} & W ¥F=+= pL-o-tocopheryl acetate F=o G
& W] gko1} pyridoxine hydrochloride®] SE7F W& W&
DL-o-tocopheryl acetate®] FE7t HATFE FBwr) 7AEY
ot 9 AAE FFAS W, Al FVEES BwAAY & AS

Table 4. Polynomial equations for responses calculated by RSM" program

Responses” Quadratic polynomial models”
Y, Y, =Y,=99.314+1.669X,+3.295X,+3.985X,-2.933X,--3.450X,>1 486X, 1.843X, X, 2.432X, X1~ 1.601X,X,
Y, Y,=323.93542.1567X +11.682X,+13.215X,-8.973X > 17.469X,>5.562X,+2.139X, X;-6.963X,X,-5.416X,X,

YResponse surface methodology

2Y,: fluorescence intensity (% of LC), Y,: 5-hydroxymethylfurfural content (ppb)
YX,: L-carnitine (M), X,: pyridoxine hydrochloride (uM), X;: DL-a-tocopheryl acetate (uM)
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Fig. 1. Fluorescence intensity of infant model system. C: sodium
caseinate (3 mg/mL), LC: lactose monohydrate (8.4 mg/mL)+
sodium caseinate (3 mg/mL). Sodium caseinate (3 mg/mL) in the
presence of lactose monohydrate (8.4 mg/mL) in sodium phosphate
buffer (pH 7.0) was glycated at 100°C for 30 min. Control was
prepared in the same ways, without lactose monohydrate. To
measure advanced glycation end products (AGEs) fluorescence
intensity, AGEs were measured by fluorescence at excitation 370 nm
and emission 440 nm. Values are mean+standard deviation of three
replicate experiments. **p<0.001: significantly different from
control group.

L-carnitine> 1.7-3.0 uM, pyridoxine hydrochloride> 9.9-15.4 pM,
DL-0-tocopheryl acetate= 19.9 uMY o FF= Fho] A Ao
2 E EEAdES guZAS AT EN mlo| g
o] ARl 71453l WS AAAIZIAL FEES = MRPs¢}
TS AARS TAAaAZ F ATh33,34). & ATl AR
L-carnitine, pyridoxine hydrochloride, DL-o-tocopheryl acetate®] =}
Uz 27 592 oy d+E5 B3 2aE v ok Glin & -
carnitine®] &8} 58S 2,2-diphenyl-1-picrylhydrazyl (DPPH) 4x
Asd, &9 aATE, Isrd AAFE, 3", 55
AeolEA B4 & 53 g vl JtkQ26). Pyridoxine hydro-
chloride= HIEN B2l 4jo]wzA]o|x HlEI] BE & Jgha
o =2d AT AxA HoZd BEE AANAFLEZN A
Zskstel gEholaAdst vhgS AAAE F ATH3ES). pL-o-
tocopheryl acetate (5= DL-a-tocopherolyS HIEF EQ| &J§ 7)<
YA oldAdA o] EFER o]Fox Y BIER ERA FE T
Z29] FoAAE gz AFeEHn A8t w0l e A
o7 zZ A AL ASPIAA B HER BREAR o8
ATH36-38). Wb, HrtEEe duEE Lo R J3E
2= MRPs9| A4S 42X FHES Ze2 A7k

HMF &tzhol|l cHst E7iES9 e
HMFE= "lo]g ¥hg Al AE = STHIAEEEMN 3-deoxyglu-
cosone?] Hal MAER Z LA AZB9) sulfotransferases
(SULT)ol| 2Jgt &3} W52 2 5-sulfoxymethylfurfural (SMF)Z
HBLEITE SMFE] St 7oA A doxdud 5 e
G724 wkgAde] wig F FAEES A4S DNA 2
o2 IEAER AFst 54 Ee EddelE 4o £ 9l
o 4 A ATh4041). HMFAE-S EXe] &%=, A7k 9%
< Bl w7] e $-foll 7kl @AE Fxe g A%
AREE UL S-Foll EHFE TR A s mho] gkg-<]

AR EASEA A 47 AA 15 (015)

Table 5. Central composite design and responses of dependent
variables for anti-glycation effect

Exp. Coded levels of variable” Responses?

no. X, X, X, Y, Y,
1 -1 -1 -1 82+2.7Y 2492493
2 1 -1 -1 85+4.3 265.6+17.0
3 -1 1 -1 86+4.0 275.4+18.7
4 1 1 -1 97+£14.5  290.0+£10.8
5 -1 -1 1 97+6.8 314.0+14.5
6 1 -1 1 91+£15.1 292.1£11.0
7 -1 1 1 95+7.8 308.2+7.9
8 1 1 1 96+7.0 3052+13.3
9 -1.68 0 0 87+6.2 298.0+9.1
10 1.68 0 0 96£11.2  311.8+20.8
11 0 -1.68 0 82+6.5 250.6+17.0
12 0 1.68 0 98+7.9 311.1£13.3
13 0 0 -1.68 88+1.7 302.3£20.3
14 0 0 1.68 103£6.6 326.7+1.5
15 0 0 0 97+£7.9 329.3+20.3
16 0 0 0 1024+4.1 327.8+20.3
17 0 0 0 99+6.1 312.5+13.6

UX,: L-carnitine (uM), X,: pyridoxine hydrochloride (uM), X;: DL-0t-
tocopheryl acetate (uUM)

?Y,: fluorescence intensity (% of LC), Y,: HMF content (ppb)
JResults are mean of triplicateststandard deviation.

¥l AHEZ AFE-EUTH42-44). Gkmend} Senyuva(d5)ye= +H5
o g gk ol AFS HMFEHES 378% 23 018025
mg/kg (180-250 ppb)e] AAHHS A3 3L, Morales$} Jimenez-
Perez(39ye -+ FAEHel W& HMF & 543 23
UHTS$--ollA oF 3.46 umol/L (436.34 ppb)e] AAHS gl
T}, HMF &2 w93t HPLCREA S o)&ste] &
th. HPLCE o8-8 HMF3HE 42 19840l 7= v
¥ urh o QS e} For MEd ST 5 ArkdedT).
mabs, B oM e EREDA AT HMFEES HPLCGREA
S o]&3to] =5tk ot LCe HMFES 33 43 ¢
oM HMF7} A&E A &% (data not shown) LCS] HMF &
e 323.549.5 ppbSA7] wlEell HMF &S EFEdAZ5loA
A€ MRPs o] A B2 Agsictal As chFig. 3).

FATEAG o=l ABE FAHESNA R R EA 2
A€ HMF 38 343 A= Table 59 UERH Y, o
gk lack of fit> P=0.281, R*= 0.8612% E3o] A a4
(Table 6) t-statisticol]l 73 FEH5HTF Y,9 AF, Y2HHX,, X,
X3) o]i}-ég—(xlz, Xzza X32), *J’i@'(XIXZ, X X5 szs)‘o’] Aot #
94 veld A3(Table 3914 X, X, X2 (p<0.05)8°] 5AZ
o2 fFoidol e AR UEhAL o]F A3 UHR] 3ol
M fredel QA=A ghth ESE ANOVA 4HEA] A3t
(Table 6) AxFa}=, o) 28 (<0054 BAHCZ F2olAde] 9l
= Z0F Y A5 foidol AAEA Futh

Z} Z7F& L-carnitine (X,), pyridoxine hydrochloride (X,), DL-
a-tocopheryl acetate (X;)2] F=7F HMF & ®3lol mixE
g gotrr] 98 RREEHEA asz2 e AthFig. 4).
L-Camnitine®] X+ HMFE#o| A Q3L vIXA] L&A
pyridoxine hydrochloride®] &=7} 20 uMellA 10 uMZ 7F4ES
= HMF o] IA 743 th L-Carnitine®} pyridoxine hydro-

¥
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Table 6. Analysis of variance (ANOVA) for response of dependent variables (Y,, Y,)
Responses” Sources DF SS MS F-value p-value
Model 9 677.55 75.28 12.52 0.002
Linear 3 403.14 134.38 22.35 0.001
Quadratic 3 179.43 59.81 9.95 0.006
Cross-product 3 94.98 31.66 5.27 0.033
Y, Residual 7 42.09 6.01 - -
Lack of fit 5 26.29 5.26 0.67 0.691
Pure error 2 15.79 7.90 - -
Total 16 719.63 - - -
Model 9 8593.72 954.86 4.81 0.025
Linear 3 4311.97 1437.32 7.24 0.015
Quadratic 3 3622.62 1207.54 6.08 0.023
Cross-product 3 659.13 219.71 1.11 0.408
Y Residual 7 1390.20 198.60 - -
Lack of fit 5 1218.05 243.61 2.83 0.281
Pure error 2 172.15 86.07 - -
Total 16 9983.91 - - -

VY ,: fluorescence intensity (% of LC), Y,: 5-hydroxymethylfurfural content (ppb)

SRR

o, 2T
LRI
CPRAL
CALH
O

Y1

L3838 88

Fig. 2. Response surface plot for fluorescence intensity. X, (L-carnitine, pM), X, (pyridoxine hydrochloride, uM), X; (DL-a-tocopheryl
acetate, pM), Y, (fluorescence intensity, % of LC), Y, (5-hydroxymethylfurfural content, ppb).

20 min

Fig. 3. Chromatographic determination of 5-hydroxymethylfurfural. (A) HMF standard 5 pg/mL, (B) HMF in infant formula model system.

chloride®] =7} ®2 u DL-o-tocopheryl acetate®] &=
HMFHgell A 932 PIAA FUATE L-camitine®] §%=

S W= DL-a-tocopheryl acetate?] T/t 7FATSSE HMF
o] F43] 74tk FE3) pyridoxine hydrochloride & %=7}
3L pL-a-tocopheryl acetate®] F%7F 20 uMA W] HMFgHo]
S VR 9 4945 FEERS W, Al JVEES HY

oW N

gl & 79 L-camitine 1.7-2.2 uM, pyridoxine hydrochloride
£ 99-17.4 uM, DL-o-tocopheryl acetate= 19.9 pMY =] HMF
o]l Zadg ZoR didr). wlolgukg-o] 2IGA A=
olmi=g] M7t A A FEslivke Zejgitzd A
3ol dojd ¢ AU G F opn|=r]o] Sk T AYYH
Shiff’s base’} olutzg] HAHE B3l olriez] =S BT
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Fig. 4. Response surface plot for 5-hydroxymethylfurfural content. X, (L-carnitine, uM), X, (pyridoxine hydrochloride, uM), X, (DL-0.-
tocopheryl acetate, uM), Y, (fluorescence intensity, % of LC), Y, (HMF content, ppb).

Table 7. Optimal conditions for anti-glycation in infant model
system

Independent variables”
Critical value
Xl XZ X3
Coded -0.9190 -0.7046 -1.5623
Uncoded 2.26 15.77 20.63

DX,: L-carnitine (uM), X,: pyridoxine hydrochloride (uM), X;: DL-0-
tocopheryl acetate (uM)

Table 8. Predicted values of response variables in critical anti-
glycation activity

Responses” Predicted values® Experimental values
Y, 77.4 793
Y, 248.7 247.6

DY : fluorescence intensity (% of LC), Y,: 5-hydroxymethylfurfural
content (ppb)

ICalculated using the predicted polynomial equations for response
variables

T SATh48,49). Hlo|F wkgo] A& FPEHHA oluizE] 5
E9] 1,2 enolization®} F&a] w302 HMF7} AAE & Utk
(50,51). A EHEL Bz REoEH mlo] kS A
A 4 Q3L a-tocopherol, BHT, BHA, propyl gallate®} 7+
FaslEdE] nlo]dnkE XA wlolY¥ z7INkge] UEH
329l furosine % 74 @37 B1E vf Iok23). wEbA,
L-carnitine, pyridoxine hydrochloride, DL-c-tocopheryl acetate<}
722 PBEAES HMFZE A= A gAleA gz Al
Ao ZH mo]gh-ge] &S AHAAIA HMFAAAS A
AZE Ao oAdr).

EEYAI 2] MRPsAEHE 98 HAHx20E 8] 9
3l ANOVA #2438 A3} FF=(Y )2 HMFEEH(Y,)S 25 lack
of fit] %kl 0.05 o]do & WheRHFTA el Hsel7]
ol 7 FEUTE X3t o) H-EAIZT. Minitab statistical
software2] Multiple Response OptimizerS Al8-3}o] F&HF 7k
o] Hxys FRZE s HHEEE 53 A4 L-camitine,
pyridoxine hydrochloride, DL-0-tocopheryl acetateZ ©]-8-5}o] E-&
BEA 2" A AEH MRPsE A3t & 4 e A4 2712
L-carnitine 2.26 uM, pyridoxine hydrochloride 15.77 uM, DL-o-
tocopheryl acetate 20.63 uMSATHTable 7). 2L A3}, FF=+
77.4%, HMF 332 248.7 ppb= ZHz} LCHIH] 22.6, 23.1% 74
A F dok S5 F USIAL o] W TEE 32 1.0013

o, A4 Addgtoz FFEE 79.3%, HMFEHEHS 247.6 ppb
2 dZ # vs3 435 AU tK(Table 8).
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