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ABSTRACT

Analysis of Lactose Free and Gluten Free Foods in South Korean

Market

Lee, Seung Yeon
Advisor : Prof. Kim, Kyong Su, Ph.D.
Major in Nutrition Education

Graduate School of Education, Chosun University

The consumption of gluten free foods and lactose free food has significantly
increased over the last 30 years. Lactose free food to prevent lactose intolerance, a
disease that causes abdominal bloating, abdominal pain, and diarrhea due to the
inability to digest lactose in milk. The gluten free food are treated gluten, an
mnsoluble protein present in cereals. It is a food to prevent celiac disease, an
allergic disease in which symptoms such as indigestion or abdominal pain appear
because there is no enzyme.

For the lactose analysis, the commercially available lactose free milk (4 samples)
and normal milk (10 samples) were purchased from the different markets. The
lactose component was analyzed by HPLC-RID instrument. The lactose standard
was used in this analysis. As a result of comparative analysis with the analyzed
sample, lactose was confirmed at 11.90 minutes of retention time (RT). All analysis
lactose free samples were showed the below detection limit. On the other hand,
normal milk lactose was detected an average of 6.29%.

For the analysis of gluten free food, a total of 33 samples were collected from

the Korea Food Research Institute, whereas the gluten containing food was
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purchased from the market for comparison analysis. Two kits (GlutenTox. Pro and
Agrastrip—Gluten G12) were used for qualitative analysis and one kit (Gliadin
ELISA) was used for quantitative analysis. As a result of the gluten content was
not detected in 33 gluten free food from the Korea Food Research Institute,
whereas, gluten content was detected in gluten containing foods from the market.
From Gliadin ELISA kit, all were found to be less than the limit of quantitation
and the limit of quantification at this time was less than bmg/kg.

Finally, in this study, a secured database was prepared through the analysis of
distribution products between lactose free food and gluten free food. These results

can be used as background data for preparing Korean Standard.
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Table 1. Korean standard quality for lactose free milk

35 ES
8 U~ 2 AR A ofo] U 0|27} glofof Fict,
(%) 0.5 ofat

EX AR REAs. HEARR] [AIE o 1Al (2018W 10 259)

Table 2. International standard for lactose free dairy products

2t | 1w o e
- Lactose free : 24%
o FDA o7t =
= S Lactose reduced : f-2J0]3t &4
EFSA
oo ool 5.0 Lactose free : < 10mg/100 kcal
e EC e Low lactose content : < 0.5g/100g E+ 100mL
YE | CAA | E385AE | 2HE
= _ | Lactose free : 24&
E=XE FSANZ EXQu AT
N e Low Lactose : < 2g/100g
A= | BIS | SX8EMEF | 23
A 1A] (20189 10€ 25Y)
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Table 3. International standard for gluten free food

s e A vhot s qE 5
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Table 4. Korean standard quality for gluten free food
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= 7 'l (mg/kg) 20 o] 3}
4 AGEEA Y. SFHZE FAF A LA (2018 10€ 259)

Table 5. Range of gluten free food certification
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o]t} (Adhikari et al., 2010; Jansson et al., 2014; Nielsen et al., 2016).
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<
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7} A B
EATE g8 AMgE FgEAZY AFS dA FEEHL dE gEAZY F 4T
AT 1052 dNErtE 9 S Bl st AER AMES Y tH(Table
6).

system (Millipore Co., Massachusetts, USA)el| 23] d& AHAwH &
AF-g3F  acetonitrile® HPLC grade(Fisher Scientific, USA) o0&  F935}¢]

Y542 lactose(Sigma-aldrich, Darmstadt,

rok

Agstsith SEATE BAS 9

Germany)& T Y3ste] AME-SEATH

_18_
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Table 6. Sample of normal and lactose free milk

NO NEAE gEATI 7
1 NM-1 A nk
2 NM-2 Ak
3 NM-3 A nk
4 NM-4 A nk
5 NM-5 A nk
6 NM-6 A nk
7 NM-7 A nk
8 NM-8 dnk
9 NM-9 dnk
10 NM-10 Ayt
11 LFM-1 ZgE AT
12 LFM-2 g E T
13 LFM-3 gE g
14 LFM-4 gE g

2) NM: Normal Milk

3) LFM: Lactose Free Milk

2) NM: Normal Milk

3) LFM: Lactose Free Milk

Collection @ chosun
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TS 98 gE22E $F 2 I 79 dAAE = 1A oA KSFA e 9hA
gt AlE 5 g8 50 mL FIEetxAd Fds] @i, & 25 mLE 73t
=9l B gcetonitrile® 50 mL7FA] A5t o™, o]= 045 um membran filter(Nylon,

Whatman, Kent, UK)Z o 3}s}lo] AjgdgHo gz AL83¢c).

Use 5g of dample in a 25 mL volumetric flask

4

Dissolve by distilled water

4

Added 25 mL of ACN

4

Filter it with a 0.45 gm membrane and it uses as a test

solution

4

Analysis using HPLC-RID

Fig 2. Schematic diagram of lactose analysis using HPLC-RID

_20_
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gExze $f 3% duk Rl I e #F9S #4867l ko], HPLC
BAS APstdtt.  717]+=  ShimadzuAHKyoto, Japan)©] communication bus
module(CBM-20A), degassing unit(DGU-20A4R), 20 2] pump(LC-20AD),
autosampler(SIL-20A), column oven(CTO-20A) 2t refractive index
detector(RID-10A)7} A4 H HPLC Al=®S AF&3tSth.

Al L&A column ovenoll Asahipak NH2P-50(hodex, Japan) ZH-<S %+

o

S
ol

FSA AL,
FA T

ol FAC B 75% acetonitrille(BE&T)E o] &3sle], fwjFAo] WAHE = isocratic

tlo

il

cell temp= 40C, flow rate= 0.8 mL/min, injection volumn< 10 plLE Y

it
ol

WS AMEsRer, o2 000 T 1240i7F 40% = fFA8kaL, 1240 T 1250 3¢
BUR=E FsAzl F, 1250 T 17003 95% = FAskaL 17.00 T 17.10%F 40% =
A% o 1710 T 25.0083F 40% 2 FAANA ve #4S AT 717 MAsE

Al e (Table 7).
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Table 7. HPLC-RID conditions for analysis of lactose

Instrument LC-20A (Shimadzu, Japan)
Detector RID-10A detector (Shimadzu, Japan)
Asahipak NH2P-50 (46 mm ILD.x 250 mm L. 5 pm, Shodex,
Column
Tokyo, Japan)
Cell temp 40C

Injection volume | 10 pL

- Mobile phase : H.O / Acetonitrile = 25 / 75

- Flow condition

Time Flow rate Mobile Phase
) (min) (mL/min) % B

Mobile program

0.0 0.8 40
(isocratic)

12.40 0.8 40

12.50 0.8 95

17.00 0.8 95

17.10 0.8 40

25.00 0.8 40

- 22 -
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3. 84 AZ=(Method validation)

1) A A (Linearity)

el
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Flem, 33
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A =

=
=
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19 th. Lactose

S

23
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S

‘;L

A (LOD) 3 A ZF3A(LOQ)

2) AZ

ujp

Ho
A

T

4
()
)
=

ox

¢

i
o
o

Al (Limit of detection, LOD)&}

!

N

@

Al(Limit of quantitation,

al

—~
o)

ool

LOQ)& 2L

f

FA T

A hez AHES

CR s

s

1 &712 Ho
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3) A8 A (Precision) ¥ A &4 (Accuracy)

dA Fre 3 AMES 73 o) BASY FEA(Precision)S FUlxsHA

a

(relative standard deviation, RSD%)Z Zelston A5 dAxg A, A8
A w3 v ¥EEds Hubstel F

= =
5 =
A 84 (Accuracy)S T3t} 9% % 7 (spiking test) S F3] HF Ayl FH7psk
3}

_24_
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“

S 3% lactoseo] AHA % AHF BEAHS 93, chromatogram

ol retention time(RT)e] ¢Xxshs gletdt). xodwd S H3l, lactose

E-8 NS acetomitrilee] &3 Al A 100 mg/kg stock solutions A Z&ak3 o™, A

a1
gol@ FEZ AT

gl sdEg sk AY

SECIEDIEES

FEL/mL)E T8hal, e Aol ofs) AAMME T 13 FEFS

F, YA Aol ALgetsinh B4 At

y LI -

oo ax b 100
H13 (%) = SX Sram=er ) 1000

5 a : AlEgoHo] HaHml)
6 b : 8]l

4) S : A@ENEe) Pl EE(ul/mL)

5) a : @8N0 MakmL)

6) b : 3| Hu}%

Collection @ chosun
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FRd B4 A, 2 BN Lits AHgEe] AR Fo 2Rd 488 99
oo, % kitt ¥ 3FoR Ul Al o] BERHYY Afor PAL

333l GlutenTox.Prool &= glutentox.pro stick, plastic pipette, disposable plastic
spoons, extraction bottle, dilution bottleS ©]83FR 2™, Agrastrip-Gluten GI12
kitell == extraction buffer, dilution bufffer, strip= ©]-&3dte] A&t vpx o=
Gliadin ELISA Kitol A= ethanol(purity 70%, DAEJUNG, KOREA)¥} kite} o]
%3835 diluent buffer, washing buffer, conjugate, chromogen, substrate, stock

solutions ©] 83+ tH(Fig 3).
o}, 7171
G Az wASE 98 FH(@ A olEE, ASEEA], F)E Ao,

Gliadin ELISA Kitol Aol YAEEE 98] centrifuge(Combi R515, hanil, Korea)E

o]ttt

_26_
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Table 8. Sample of gluten free food

No. A8 ol & AE 57 No. A8 o]

1 GF-1 Riss 18 GF-18

2 GF-2 Rigs 19 GF-19

3 GF-3 Rigas 20 GF-20

4 GF-4 A7 21 GF-21

5 GF-5 A7 22 GF-22

6 GF-6 A7 23 GF-23

7 GF-7 W5 24 GF-24

8 GF-8 HH 25 GF-25

9 GF-9 R 26 GF-26

10 GF-10 W5 27 GF-27

11 GF-11 W5 28 GF-28

12 GF-12 W5 29 GF-29

13 GF-13 R 30 GF-30 2o N E R
14 GF-14 Ll 31 GF-31 Ze) A ER
15 GF-15 W 32 GF-32 ze) A ER
16 GF-16 R 33 GF-33 2o N ER
17 GF-17 W

7 GF: Gluten Free

7) GF: Gluten Free

_27_
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GlutenTox:Pro

Glten detect
chrinks and

GlutenTox-Pro

Collection @ chosun

—~ B —
—
" e Qo=
!‘ € i
x= o

Agrastrip—Gluten G12 Gliadin ELISA

Fig 3. Kit type used for gluten analysis
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My

=0
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7}. GlutenTox. ProE o] &

st o,

B

&l

Aol uhet

bl et

S

stol AHg

ool

NB

A
-

il
o}

A

 extraction bottleo] Ho]& & 28

# 3

A7 AR 2 g&

3}

—

=

i

cotton wool

5
T

}cH(Table 9, Fig 4).

S

[

Ads =&

g

stickS 9]
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Table 9. Sample details for gluten free analysis

Kind of food Examples Spoonful

) Maize flour, rice flour,
Flours, Fine powders ) ) 2 spoon
powdered milk, spices, etc.

) Bread, cookies, cakes,
Fine crumbs 2 spoon
snacks, etc.

L Milk, condensed milk,
Liquids 1 spoon
yogurt, soup, gravy, etc.

Homogenization, 2g sample

4

Added buffer solution and shake for 2 minutes

4

Take 1-2 drops of buffer solution and mix it with the

sample

4

Wet Cotton wool stick up to 10 minutes

4

Result

Fig 4. Schematic diagram of gluten kit analysis using Gluten Tox. Pro

_30_
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1. Agrastrip gluten G12&

52H vl nhe aAshg o

2312 71EE Tskle W #Zol

A

A3} H A|RE extraction tubed] ¥ il extraction buffer €4S A9 F4S 2
oS 187 590 FAuh Dilution tubeo] 3WES FHel &3 =+ F stripe 45
A% FEI] AMFo] B4 thFig 5).

Homogenization 2g sample

4

Extraction buffer solution was taken in extraction tube

4

close the cap and shake for 1 minute

4

3 drops into the dilution tube and mix

4

Wet enough for about 45 seconds by giving the strip

4

Result

Fig 5. Schematic diagram of gluten kit analysis using Agrastrip gluten G12
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o}, Gliadin ELISA kitE o]-&3% &4 W4

TAZRAL PVNEE FuletR S w o] F5E vFde uwet st
25 g3 80% ethanol 25 mLS 50T
ol A% ¥ 80% ethanol 75 mLS Yi 1A E<F g

a
FEAFAG. 2 te AARHVIE olEs 12000 rpmelA 10w dAEE F

ol
>,
T}OO

FEAS Aggdoz ALgeAT. FEd AF 80 w0} diluent buffer 894 920 ul=

ot

st WFE ZdolEe EEEZ 3B MY HES 100 wA Hole: F 308
WS A AT Y&ES washing buffer £ 250 w® 33 AFsFAL. 2 &
conjugate £ 100 x® Yo+ 5 30% WHSAIATL WEES E5F washing buffer
& 250 w=E 33 AAHHFA ™, chromogen 50 wl9t substrate 50 W& 33k

Y 308 WhE F stock solution 100 = o] 58 <to 450 nm=E HojA ANE

_32_
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Extract 0.25 g of homogenized sample and 2.5 mL of 80% ethanol
for 40 minutes at 50C
&

After cooling at room temperature, add 7.5 mL of 80% ethanol

and shake for 1 hour

&
Centrifuge for 10 min at 12,000 rpm (using supernatant)

&4
Mix 80 ul of extract and 920 wf of diluent buffer solution

&
After adding 100 w0 of standard material and diluted sample,
reaction for 30 minutes

4

Wash 3 times with 250 @0 of washing buffer solution

&
After adding 100 wl of the Conjugate solution, react for 30

minutes

4

Wash the contents 3 times with 250 ul of washing buffer solution

&
Mix 50 gl of chromogen and 50 uf of substrate and react for 30

minutes

&
100 ¢ Stock solution was added and taken at 450 nm in 5

minutes

4

Results

Fig 6. Schematic diagram of gluten kit analysis using Gliadin ELISA kit
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A3 2y 2 a#

A1 gE2ZE A B4 27

1. HPLC &4 Z23%

7}. HPLCE o] &3 A& EZ &4

BoALA] AL A7l FEAEE &G 4AF dWeS 10AS
A HAHS Za HPLC-RIDE o] 83} lactosed HAstith A4
280-325 nm<e] I WHlelA s o, lactose XTEZI HUT

A el

retention time(RT)el
Ugkon a9 chromatogram< Fig. 7¢ b Sich

o1&kt B4 A3} lactoser= RT 11.908 tf ol A

i/ (1,000,000}

1.11.90 min, Lactose

JA

STD Conc. range 1-10%

T T T T T
0.0 25 50 75 50 175 200 225 75

Fig 7. HPLC chromatogram of lactose standard
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2. &4 AZ=(Method validation) 23

al

z 3}

A

=
=

mix standard

TEdE

-
Rid

lactose

=R

a}918}7]

21’474 (linearity )=

o

S 4 A HFig 8, Table 10).

o o
= ©

3

A A

d

]

A
4

A (LOD)

!

N

!

z

Lactose 2]

|

0.289% % 0.966% . = -2l %l th(Table 10).

A A (precision)

A3 0.83%=

W, 1

—_
fie)

0
o

A 84 (accuracy) S €5

o

%

0
o

=

X
~
o)

uze)
N
el

1 A 9B1%CE

LOD),

of detection,

kA (limit

=
=

2

A (linearity),

d

Z] X
A

A 8+ A] (accuracy) <

F= #= A (Table 10).

S

=
=

A A (precision)

LOQ),
AOAC?] 7]59

Al(limit of quantification,

=
=

s
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Area(x10.000,000)

2.0
1.5
1.0 g
0.5
D'Gu_.n 25 5.0 75  Conc
STD Conc. Area
1 1 1,758,362
2 2 4,527,409
3 5 11,701,715
4 10 21,647,783
Linear equation y=2192671x+41797.92
R? 0.998

Fig 8. Lactose calibration curve by HPLC-RID

analysis

Table 10. Validation result of lactose analysis

Linearity LODY (%) | LOQ? (%) | Accuracy (%)

RSD? (%)

Lactose 0.998 0.289 0.966 98.1

0.83

8) LOD: Limit Of Detection
9 LOQ: Iimit Of Quantification
10) RSD: Relative Standard Deviation

8) LOD: Limit Of Detection
9) LOQ: limit Of Quantification
10) RSD: Relative Standard Deviation
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3. 34 R A¥ £4 24

AEEA BA A3 lactose?d peaksE RT 11.90EtoA AEHUoH, & AR
147 & 47& AQe 104904 sl peak’t FQFHATHFig 9). BE FEAEE
Ffrol A<= lactose”b AESHA mRto g2 FRIE AT

KSit4as Edgz dAAdg Al AsFAS sAusE  agste]  Adgs
AEEeH, stEAxe] 9f] {T S BT HESA vwink Avk $fo] Ht

g e %9 ARZ yeuton, o] w HETAE 0280% 02 FAEAnt
WA $fre AR HEAZE $fo Hudle W A3 AolE: HowH

M oEe #% FE2 973%clW, M v #8 dEe AESIA vvtem
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Lactose STD 1%
25 1.11.50 mn, Lactose
1
0 0r=—=n S
00 50 100 150 200 20 mn
5 pTMX100)
auteg
25
-, :
0.0 ukMﬁvr-——vJ\W-mm
00 50 100 150 200 %0 mn
5@!}2’&@]
gEme|eg
259
)
pp——JwﬂWwW_f—
- r

00 50 100 150 200 20 mn

Fig 9. Chromatogram of lactose standard and sample
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Table 11. Lactose content of Lactose free milk and normal milk

NO A= FEZY 9% (%)
1 NM-1 Ayt 358
2 NM-2 Ayt 9.73
3 NM-3 Ayt 9.20
4 NM-4 Ayt 6.58
5 NM-5 Ayt 347
6 NM-6 Ayt 6.98
7 NM-7 Ayt 557
8 NM-8 Ayt 9.83
9 NM-9 Ayt 5.43
10 NM-10 Ayt 8.26
11 LFM-1 gE Az ND
12 LFM-2 gE Az ND
13 LFM-3 gE Az ND
14 LFM-4 gE Az ND

1D ND = Not detected (0.280% ©]3&})
12) NM: Normal Milk
13) LFM: Lactose Free Milk

11) ND = Not detected (0.289% ©]3&})
12) NM: Normal Milk
13) LFM: Lactose Free Milk
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FFEU I 2Ee BEAog A MR YE 3F9 GlutenTox. Pro, Agrastrip—
G12 kit ¥ Gliadin ELISA kitE AF&3te] 43 Ay Al AR A
uinke] A3g =E3HATE o] o] FRFA= 5 mg/kg v RFo] LT

1. Gluten Tox. ProE o] &3 &4 Ax

GluitenTox. ProE AF&3 Az dwt FFdHo] df3E AEFF HbS A] wrt

FAo] el o, 2Ruze) AES Wk 540 YA gofol @ 2 4

Gluten

Gluten HEgdAE (E4E) dut N E(AE
Free

)

iy

Fig 10. Gluten free food analysis using Gluten Tox. Pro kit
(A5 B: A7 C: Wi D: 7HEF E - AEYE®)
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Gluten

Gluten SFUHZIHAE (B4
Free

) avt A& 3

U

Fig 11. Gluten free food analysis using Agrastrip gluten G12 kit
(A "WF B:27F C: A/ D : 7Hd#HF E : A8 4#/)
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3. Gliadin ELISA kit
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Gliadin ELIZA kitZ o] &3}

A 3 1}
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=% AH(Table 12).
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23

No.

GF-18

23

Al w Y

s

o

veel

Table 12. Quantitative analysis of gluten free good using ELIZA kit
No.

GF-1

GF-19
GF-20
GF-21
GF-22
GF-23
GF-24
GF-25
GF-26
GF-27
GF-28
GF-29
GF-30
GF-31
GF-32
GF-33

_43_

: bmg/kg 1|7t
: bmg/kg T Wt

Al
15) GF: Gluten Free

}

GF-2
GF-3
GF-4
GF-5
GF-6
GF-7
GF-8
GF-9
GF-10
GF-11
GF-12
GF-13
GF-14
GF-15
GF-16
GF-17
G,

2} 3]

15) GF: Gluten Free

1 A5

14) 74
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