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Development and Research into Functional Foods from Hydrolyzed Whey
Protein Powder with Sialic Acid as Its Index Component
- lll. Bacterial Reverse Mutation Testing of Hydrolyzed Whey Protein Powder
Containing Normal Concentration of Sialic Acid (7%) with
Enzyme Separation Method -
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"HANILBIOMED Co., Gwangju 67024, Korea
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Abstract

The ultimate research goal of the current study was a development of hydrolyzed whey protein powder (7%-GNANA)
manufactured with normal content of sialic acid, a marker compound, that is naturally occurring at 7% concentration in GMP
obtained from the milk protein. GMP is a safe food, used worldwide in infant and baby foods, etc. The test substance was
prepared using (7% sialic acid containing) GMP as a raw material, and then using alcalase, an enzyme approved as a food
additive, after separation of sialic acid with 100% efficiency and 7%-GNANA (containing 7% sialic acid and protein; product
name: HELICOBACTROL-7) provided by MEDINUTROL Inc. (Korea). Bacterial reverse mutation (Ames) test was conducted
in accordance with GLP Guideline using the test substance specified above. To identify its mutagenic potential against
microorganisms, histidine auxotrophic strains of Salmonella Typhimurium, TA98, TA100, TA1535, and TA1537, and tryptophan
auxotrophic strain of Escherichia coli, WP2uvrA, were used. The bacterial reverse mutation (Ames) test was performed by
dividing the test substances into five different concentration groups (0, 61.7, 185, 556, 1,670, 5,000 pg/plate). Results of
this experiment did not reveal repetitive increase of colony generating values or positive criteria for reverse mutagenicity
for any concentration of test substances in any of the five strains, regardless of the presence of a metabolic activation system,
and no dose-dependency was identified. In conclusion, the safety of 7%-GNANA test substance was verified by bacterial
reverse mutation test conducted before registration of 7%-GNANA as a food additive.
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GMP(Glycomacropeptide)= &4 F3 @ W&o dFo]
I, JA Gl AF Tl AFHTHAE AFsE 2 Al E
Atk GMPE -7 & Tl A ] UF <A k-casein®l chymosin
o] 2+-&-9 2 1059 Phe9t 106 Met Alo] 9] sjElo]= A
o] Axtxo] AAEE C-T 637/19] HEI|EE A=
(Yoon et al., 2000). 58k F40f ]38} k-casein®] phenylalanine-
methione peptide bond”} A= X152 9] GMP7} 28l = &
], N-acetylneuraminic acid(sialic acid), galactose(gal) ~L2] 3L
N-acetylgalactosamine(GalNAc) ] 371 2] o] 37 = 4717}
AZE FEZ Thrit Ser #7]ell AZA= o ATk Brody, 2000).
Sialic acid= TH¥SH 71574d& Bkl S, ol & ol&3t
7] YeiAE &40 wrEA] F 2 8, neuraminidasedty. S
ThFig. 1)(Moon et al., 2005). Sialic acid< nine-carbon sugar
familyell £ol= @@ o® Axy £&4 e At
FHE F2E o] lom, ¥5FES Al mAEo A glucose
ZRE B3¢ A4S AX A i (Wang and Brand-Miller,
2003). Sialic acid= F&719] 1A, 417 A5, 9] gan-
glioside®] %% 715l 9 st +4 &2 )3 (Wang
and Brand-Miller, 2003; Springer-Verlag, 1984; Wang et al.,
2001), ¥ T AAFH T T2 e A R
O 7 Golrlel dHe 719 5 58 Pl 9L 3
RO Z dHA UTHWang et al., 2001; Wang, 2009; Wang et
al., 2007; Gorog and Kovacs, 1978). Sialic acid= A o &
ANZZ E coliolX GHAEAYUE. coli2FH A2kd 348
0] 48] N-acetyl-D-glucosamine®. 2 #E A =™, d17} 3}
2] FAAHOZ AAE T Jth(lijima et al., 2004). Sialic
acide= - 988 AAE S8E3 glon, 4 oA
A g sialic acidE AF4HEl AE&€ o
o F oHAE Ytk ARV EA AELE 5
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1. AIHEF &

GMP+= sialic acid7} 7%7F A% Fel = #v) == NatraPep
GMP(Murry Goulburn Co-Operative Co., Australia)S 73}
o ANPEA AZXS 93 52 ARSI AFEE Ax
£ AAS) 7%wh)EA GMPE $-4 &3 A17] & Alcalase
2.4FL(Novozymes Co., Denmark) 245 712 thH] 0.2%(w/v)
2 Z3 B 57CAA 1AZF FeF RS AR Sds T4
T2 A 23 7%-GNANA(A F%: HELICOBACTROL-7)<
grduto] Q| EAL(GHN)E Fo] wrol A|IFEHRE ARE-SHA
thFig. 2). AEER W A& sialic acid®] £ oF
2 35 HAAS 913 A sialic acidE Sigma-Aldrich A}
(A2090)91 4 F43ke] 0.1 ppm(w/w), 1 ppm 2 10 ppm = A
s]A3ste] A EFEN R ARG

2. NHEE W XIEME Sialic acid 22 ¥ gtfd #H
10 mM sodium acetate buffer &0l A|FE-Z el
£ A3 S F, e 8§ mLoll 4 2 mLE &7
¢k & Sonication(25C) 2 A41%(3,000 rpm x 20 min, 25C)

[

(Sialic acid)

Fig. 1. Sialic acid production from GMP by a Alcalase 2.4FL(Neuraminidase type)
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Fig. 2. Manufacturing process diagram for 7%-GNANA, a test
substance containing 7% sialic acid, through the enzyme
(Alcalase 2.4 FL) separation mechanism of sialic acid,
the marker compound having the Glycomacropeptide (GMP)
as a substrate.

Table 1. HPLC operation conditions for analysis of sialic acid

1. HPLC system

2. lysi iti
(Agilent 1260) Analysis conditions

- Wavelength: 205 nm

- Column: Aminex® HPX-87H
Ion Exclusion Column
(300x7.8 mm, 9 um, Bio-Rad Co.)

- Mobile phase: 10 mM H,SO4

+ Running time: 20 min

+ Flow rate: 0.5 mL/min

+ Injection volume: 10 pL

+ Temperature: 40C

- Standard sol.(w/w): Silaic acid
0.1 ppm, 1 ppm, 10 ppm

+ Pump: G1311C

- Auto sampler: G1329B
- Column: GI316A

- UV detector: G1314F

FALE AH ASATHE 0.22 pm membrane .2 o3} & o]
£ = HPLC System(Agilent 1260, USA) A& 2 AM4-3}%
TH(Table 1). ¥A7F AE3E& A= 90~110% B9 Wl
oA 3 7}5} tH(Table 1, Fig. 1).

3. Y ESHEHAHOIANE

AIEE #F &4

EZTT2 Salmonella typhimurium A B EAH] F5=
¢l TA98, TA100 2 TA1535, TA1537%, 18|31 Escherichia
coli®) T FF2 WP2uvrAE A A7+ o] &39S
o, MOLTOX™(USA)S. 2 H¥ Fgate] A A&7 A
3ot

1)

ar

2) NEE ZF AMEE uixl=d

Plate ¥} X]+= Top Agar®} Vogel-Bonner # 4> Glucose 33
Hj X & Maron 3 Ames®] W% (Maron and Ames, 1983)<] A
Aol Fato] Az 2 AMEE AT

A8 #F+= Maron 2 Ames2] *H(Maron and Ames, 1983)
of wha} ofri=it 84, UV RIS, rfa o] B R-factor
o

=
B 5o B3 APS FaAsel fABde] & £

FEdFE A BUke A8 FddEE L EX = sodium
azide(NaNj3), 9-aminoacridine(9-AA), 4-nitroquinoline-N-oxide
(4-NQO) ¥ 2-aminoanthracene(2-AA)9} &l 24 = dimethyl
sulfoxide(Sigma-Aldricd Co., USA)E AH&-3} %tk AL Al

Table 2. Name and applied concentration of positivity comparison
substance used in the evaluation of bacterial reverse
mutation for 7%-GNANA holding the sialic acid as a
marker compound

o S9 Mix(+) S9 Mix(—)
Division
.. oncen- .. Concen-
Positive tration Positive tration
Bacteria name control control
(ng/plate) (ng/plate)

Sal. typhimurium TA98  4-NQO 0.5 2-AA 0.5
Sal. typhimurium TA100  NaNs 1.5 2-AA 1.0
Sal. typhimurium TA1535  NaN; 1.5 2-AA 2.0
Sal. typhimurium TA1537  9-AA 80 2-AA 2.0

E. coli WP2uvrA 4-NQO 0.5 2-AA 10
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FAzANA FFNZELDLS 2-AAE FAIFE w2} 0.5~10
ug/plate HHANA FEH2E G2A sIATh tAEAAA &
ANZANAM Sal. typhimurium TAISS} E. coli WP2uvrA
= 4-NQOE 0.5 ng/plate 1213 Sal. typhimurium TA1003}

Table 3. S9 Mixture spectrum table for evaluation of standard sus-
ceptibility with the treatment of 7%-GNANA by each
concentration level, a test substance, effecting on bacterial
reverse mutation

S-9 1 3

S-9 (mL) 2.1 2 6.3 55
20 mM HEPES (mL) 6 15
50 mM MgCl, (mL) 3 7.5
330 mM KCI (mL) 3 18 7.5 49.5
50 mM G-6-P (mL) 3 7.5
40 mM NADP - Na (mL) 3 75
Diatilled water (mL) 3 7.5

SUM (mL) 20 55

TA1535% NaN;= 1.5 ug/plate, Sal. typhimurium TA1537
TE 9-AAE 80 nglplateZ FAANZELS Hste 212
2 A S A tH(Table 2).

5) S9 Mixture =M

HARAl 2] A WA EEAZAHIAE S 915, Sprague
Dawley male ratoll -F=%291 Aroclor 1254E A sd A
@G3R & RS AE B 7245 & § -20TA
B#E SOMOLTOXAL USA)S T3kl Aol AFE3HS
th S9 mixture®] Z£AJ-2 Table 33} 7o) |3k

=
Z
G

EOREE

=

ohﬂ.% =2 jr_g;]

ANPEAS MAESAEAW 2
H3 = AT EES 5,000 pgplates A1 FEZ A4
St thAREIA EA] B FAj el A FH] 2' ahe], St
Al FEF0, 312, 625, 1,250, 2,500 12| 32 5,000 pg/plate)°l
A duFo g FEAPAY A, BE #F9] BE FEl
A BAEARo] Fete S7F e WHd Al Esdo] v

Table 4. The result of concentration range setting test conducted to evaluate the effect on increase & decrease of reverse mutation colonies
by the addition of 7%-GNANA, a test substance, under the presence and absence conditions of metabolic activation system

Number of revertant colony (cfu/plate)

With and without Test materials conc.

Base substitution types

Frameshiftm types

metabolic activation (ug/plate) . . _

TA100% TA1535% WP2uvrA TA98 TA1537
0 109.0+3.61% 19.02.65" 32.0+2.00" 46.0+2.00" 12.743.06"

61.7 105.7+7.51 20.3+4.73 31.0+1.00 46.0+4.36 12.7£1.15

%9 Mix(~) 185 115.349.29 21.0+2.00 36.0+2.00 44.744.16 11.0£1.00
556 116.0+9.54 19.742.52 31.0+3.61 44 344,04 14.0£1.73

1,670 105.7+7.77 21.3+1.15 31.0+1.73 46.7+4.93 15.341.15

5,000 114.3+6.03 21.0+4.00 34.0+2.00 42.741.15 11.7£1.53

0 117.0£20.22 21.042.65 29.743.06 43.0+5.20 13.043.00

61.7 113.0£11.36 18.7+3.79 33.3+4.04 46.343.06 13.0+1.00

185 121.0£11.53 20.7+4.04 30.0+2.65 50.01.00 14.342.08

S9 Mix(+)

556 126.0+ 6.56 21.3+4.62 323+4.73 44.0+3.46 12.740.58

1,670 133.3+ 9.87 21.0+4.00 31.03.61 41.742.89 12.341.15

5,000 133.7+11.93 19.743.21 35.0+3.46 45.343.06 14.7£1.15

. Materials NaN; NaN; 4-NQO 4-NQO 9-AA
SIMX Cone. (ug/plate) 15 15 0.5 0.5 80
Positive © cfu/plate 327.7423.97 208.7+15.04 220.7+18.90 269.3431.50 151.0+11.53
control ' Materials 2-AA 2-AA 2-AA 2-AA 2-AA
S9(Jlr\;hx Conc. (ug/plate) 1.0 2.0 10 0.5 2.0

cfu/plate 441.7+17.95 189.3+13.50 258.343.06 265.3421.55 218.0+34.70

" TA98 (Sal. typhimurium TA98), TA100 (Sal. typhimurium TA100), TA1535 (Sal. typhimurium TA1535), TA1537 (Sal. typhimurium TA1537),

WP2uvrA (E. coli WP2uvrA),

*: Represents a significant difference at p<0.01 level compared with the vehicle control
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EFA] 29t TtHTable 4). WEkA OECD Guideline(Organization
for Economic Cooperation and Development(OECD), 1993; OECD,
2008)0l wet Al FAdeHA ARG A EA B Aol
A 5,000 pg/plateS H VL2 AAET, FH| 307 55HA
o] 0, 61.7, 185, 556, 1,670, 5,000 ug/plate)S & A1g
o A-&3tAthTable 5).

7) EEAEYY

A=A A mE mAAEEAZANIANA S oFF
59| 54 E7]5(Korea Food and Drug Administration(KFDA),
2014; KFDA, 2015)¢} OECD guideline for the testing of
chemicals(OECD, 1993; OECD, 2008)°] Z=3}o] Plate™ &2

et

FFaTE A AU E Sal typhimurium TASE 15~60
cfu/plate, TA100= 60~200 cfu/plate, TA1535+ 10~40 cfu/plate,
TA1537% 5~20 cfu/plate 123 E. coli WP2uvrA 735

10~40 cfu/plate | ¢l WellA HeteE Yepll= A5 A3
=2 thste] e Hole AR H7betdt Al
Azl e EFsddol Hrke thAbAdA A /57
of #Ae] Ha 7] FFolA SEoE 7 H7E HE
of $lo1A 17h o]de] s=ollA AdA e S7Fe e

o o= wgstal

8) =HESHMo| HItE=

Sal. typhimurium TA100, TA1535%} E. coli WP2uvrA= &
AEAHoe] H7t Al Q71X B8-S, T8I Sal. typhimurium
TA98%} TA15379] 73--& Frameshiht® ol thgh 3 7HE A A
&k Tk

Table 5. The result of evaluation (main study) conducted to evaluate the effect on increase & decrease of reverse mutation colonies by
the addition of 7%-GNANA, a test substance, under the presence and absence conditions of metabolic activation system

Number of revertant colony (cfu/plate)

With and without Test material conc.

Base substitution types

Frameshiftm types

metabolic activation (ng/plate) - - - - -
TA100 TA1535 WP2uvrA TA98 TA1537
0 1243+ 231" 25.7+2.31" 24.7+1.53" 32.0+1.73" 13.742.08"
61.7 1113+ 7.77 25.742.08 26.0+5.00 34.02.65 13.0+1.00
) 185 115.7+12.66 25.0+2.00 27.342.08 35.3+1.53 13.7+0.58
59 Mix(=) 556 132.0+13.00 27.742.08 26.743.21 39.0+1.00 14.7+2.89
1,670 1193+ 751 26.0+5.00 26.743.79 36.7+0.58 13.340.58
5,000 128.7+10.97 28.3+2.89 24.01.00 37.32.08 13.340.58
0 134.7+ 0.58 24.0£1.73 25.3+1.53 35.7+1.53 14.742.52
61.7 120.0+ 2.65 2334321 25.0+6.93 38.3+2.08 13.7+1.53
% Mix(h) 185 117.7+ 1.15 24.0+3.61 25.743.79 37.0+2.65 12.7+3.06
556 109.7+ 8.96 22.0+1.00 28.04.00 37.043.61 13.0+1.00
1,670 125.7+ 7.77 23.3+4.93 29.3+1.53 33.7+4.73 13.0£1.00
5,000 125.7+13.20 27.0£2.65 29.7+4.16 36.742.52 13.740.58
_ Materialds NaN; NaN; 4-NQO 4-NQO 9-AA
59( }TX Conc. (ug/plate) 1.5 1.5 0.5 0.5 80
Positive cfu/plate 442341026 237.0+13.53 241.3+25.01 287.3+15.14 272.749.87
control ' Materialds 2-AA 2-AA 2-AA 2-AA 2-AA
59(3[“‘ Conc. (ug/plate) 1.0 20 10 0.5 2.0
cfu/plate 406.7+3.51 241.0+14.11 344.7+9.50 265.7+17.62 290.0+23.43

" TA98 (Sal. typhimurium TA98), TA100 (Sal. typhimurium TA100), TA1535 (Sal. typhimurium TA1535), TA1537 (Sal. typhimurium TA1537),
WP2uvrA (E. coli WP2uvrA), *: Represents a significant difference at p<0.01 level compared with the vehicle control
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Fig. 3. Result of evaluation for separation and content of sialic
acid in hydrolyzed whey protein (7%-GNANA), a test
substance, vs. the standard sialic acid applying the HPLC
analysis method. A: Non-enzymatically modified GMP,
B: Standard sialic acid (25 ppm), C: Result of sialic acid
detection in 7%-GNANA. was prepared through the ethanol
enriching process and final hot air drying process after
treating the 0.2% (v/v) Alclase for 1 hour (407C) versus
GMP.

T2 EE(Fig 3)FNLH, 7.43+0.28%9] sialic
acid®} GMP 9] Tl gz FAE o] A THFig 1).
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Al tol A z=4d AYE T3 7 A4
= S A, ARIAl v 2] 9] 7§ TA100, TALS3S,
WP2uvrA, TA98 % TA1537 4F+ ZtZt 442.3+10.26 cfu/
plate, 237.0+13.53 cfu/plate, 241.3£25.01 cfu/plate, 287.3+15.14
cfuplate E 272.749.87 cfu/plateZ YEFH O™, thALEAGA

0

2
1}
o M
re
[

2 B
;

2] ZZolXE 406.7£3.51 cfuplate, 241.0+14.11 cfu/plate,
344.7+9.50 cfu/plate, 265.7+17.62 cfu/plate 2 290.0+23.43 cfu/
plate® e, A4#Q0 e BAth 24 tias i
AFEAS 5T FrolAM HEe & A F A
FA o] AfolA BEFAEAH ] = AFdE AR EUY
Y, Sal. typhimurium TA100 7% # ] 111.3+7.77 cfu/plate
oA ol 128.7+10.9 cfuplate] M2 A& YeEPH oM,
TA1535 @5+ 25.042.00 cfu/plateo| A Z | 28.3+2.89 cf/
plate, E. coli WP2uvrA #F& F A 24.0£1.00 cfu/platec] 4]
) 27.3+2.08 cfu/plate, TAIS +5-2] 75+ HA 32.0£1.73
ol A ZHth 39.0+1.00 cfwplate "B 912] A& BAL, Sal. typhi-
murium TA1537 @5 FHA 13.0£1.00 cfu/platec A Z )
14.7+2.89 cfu/plate®] M= WEb, HA gl A44
9l 252 AFAXE HYTHP<0.01). hAIEABHA EA41 <) 7
$-oll A Sal. typhimurium TA100 T+ A 109.7+8.96 cfu/
platedl] A ZtH 134.7+0.58 cfu/plate 19 FX2 HPoH,
TA1535 @FE A 22.0+1.00 cfu/plate T At 27.0+2.65
cfwplate, E. coli WP2uvrA 5 F A 25.0£6.93 cfwmLel A
|t 29.7+4.16 cfulplate, Sal. typhimurium TA9S 5+ A
35.7£1.53 cfwplateoll A ZHth 38.3+2.08 cfu/plates H S oH,
TA1537 &5 12.743.06 cfwplateol| A ] 14.7+£1.53 cfw/plate
Bl #2115 Jdefi i olelst Ads 25 #FEE <
A2 #E SE WS WA FAGCEE AFELLS F
Lok galo] ke AR I FEATHP<0.01). wabA,
AA FEATol ekl AFAEZQ] 7%GNANAE 58
2 AA mAEEAEAMC] HItdAE AT R
3ol 5 9l tH(Table 5, Fig. 4).
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gk oy A7t XS o] gk frwE F
ol A E A2 A peptideZ+= CPP} GMP
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2b 242 phenylketonurine A1) diet 427
X & (Marshall, 1991) ¥ Hypoallegic Food 52
53ttt & 4= 9 tiTakahashi, 1992). GMP= Zr47, A % o}
Fol B35 F5 AR 4eiA v, Kelleher 5

(2003)°] Rh(Rhesus) 1AHE 71 o & Az ololAl GMP2}
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Fig. 4.

The result of evaluation conducted to evaluate the effect on increase & decrease of reverse mutation colonies by the addition

of 23% -GNANA, a test substance, under the presence and absence conditions of metabolic activation system versus the solvent
control group. TA98 (Sal. typhimurium TA98), TA100 (Sal. typhimurium TA100), TA1535 (Sal. typhimurium TA1535), TA1537
(Sal. typhimurium TA1537), WP2uvrA (E. coli WP2uvrA), S9 Mix(—) : without metabolic activation, S9 Mix(+) : with metabolic

activation

9] a-lactalbumin A #-& HEJYS ol Yele=
, F& BFolA ofd 7Y FUHE #

ol9Jo| &= FX]| o ¥H(Aimutis, 2004)
A 2] &4 peptidedl] &3 7154 A
o] gttt & AFAME AEFHMERE AL H
, Endo-protease$! AlcalaseE AHE-3ted GMP Wl A
A sialic acidE A FAI ofv| =it FE R
THEREA O RN o5 7SS A AF AN L &8
S} ST B AT S0 R E 7%, G-NANA)
2A 9] 7l FAELE NS 218k sialic acidE 2
J A5 GMPE ¥ it 7154 4

%71 Hﬂ—ﬁ‘ﬂ J&%”&ﬁ“’ﬂ Tk

n:{oll ru{o

7]iz}L o17] 9J3le] SAZEAAE
AEES AR AZNE Sal. yphimurium®] EAW
2l TA100, TA15353} E. colz«] WP2uvrA®] &7]2]3+8
EdHol FF2 TA1983} TA1537<]
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