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Ik
(1) HE

FEALRIE O E 7V EF L, & MiLE 7 V7 3~ (human
serum albumins: HSA, lyophilized powder, = 96 %,
agarose gel electrophoresis) % Sigma-Aldrich Co. LLC

(St. Louis, MO, USA) 75HEA LT L7z, FOftio
HBIIFEHR T ZIZHPLC 7L — RO 02 EL7 4 VAl

(2)

JeRiEE R S ORBURFRIRGT) 721357 54 7 A7 1k
K&t GURHFRUERT) 2 HHEA L TRA L 720

(2) B DORAR

TL—=r 3=V MEIFEHFNDOA—=/N=< =7 v P T
19 EZEA L7 (Table 1) 3 — 27V b 8GO
THAICHAE LB, 50 mLTF 2 — 718 L7z, 20,
20°C. 3,000rpm. 154058 L. ST (L) %
FE ATz I A DOETEZSrHE [mg/mL] &, 3mL Ok
IAZTIVI ML AIZOHE, 120°C. 120 45 [ O ¥R 4
THE=HE LA L7z, FEBICIEEIZGIEE DY 50 mg/mL
1275 &) ICHEUKTHE L O L7z, FLMRISAEEK T
10 mg/mL (ZFH# L 72, aminoguanidine (AG) 345K T
1 mg/mL 27 % L 72, acarbose i34 #IK T 3.3 mg/mL |2
AL 720

(3) #E{L R AHD 1€ F DIREE

BEALBOGSEIHIVEH OBGEIZ ik e MIE T V7 3 v -7
I — A (HSA-Glucose) #EAL B € 7 v % i j L 7217,
FEAL BOS 1, 0.1 mol/L ) » W& i (pH 7.4). 2.0
mol/L glucose. 40 mg/mL HSA #F# L 72, 2 zh
# & FE 0.05 mol/L. 0.2 mol/L. 8 mg/mL. k% 1/10
B2 X WINL 72, 20k, #LRUGE % 60°C T
40 BB SH 7%, ¥~ 277 L— 1) —%—T AGEs
HR a0 (B0 & 370 nm/ MR 440 nm) 28152 L 72,
XFIE (reference: ref) (&, T A Db ) IZEBEDOREIK
EMA L FEMETHIREE72, #6ME AGEs A4 B/ EH
DI IE AGEs £RHER & LTSN TWAS AG
I mg/mL % ik & FEiz7zd oz L7z, dbiix
5ug/mL quinine sulfate DHEEMEZE 1,000 & L7z & 2O
MHEE LCTEM L7z, 861 AGEs Al LUTF o2
IZHDWTEIB L 72

HEME AGEs AEBHIHIZR (%)

=100 — {(sample Glucose (+) — sample Glucose(-)) /
(ref Glucose (+) — ref Glucose(-)) x 100}

NY R T U LBUGHE T R BUSTE & SRER K 73

L. WS Ek 7 e~ 7T 74— (HPLC) 124D
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Table 1. Yogurt profile.
No Product name
1 Bulgaria yogurt
Bifidus plain yogurt
Bifidus plain yogurt fat zero
Caspian sea yogurt
Koiwai namanyu 100% yogurt
Nature megumi plain yogurt

Nature megumi fat zero plain yogurt

Manufacturer / Seller

Meiji (Tokyo, Japan)
Morinaga Milk Industry
(Tokyo, Japan)
Morinaga Milk Industry
(Tokyo, Japan)

Fujicco (Kobe, Japan)
Koiwai Dairy Products
(Tokyo, Japan)

Megmilk Snow Brand
(Tokyo, Japan)

Megmilk Snow Brand
(Tokyo, Japan)

Characteristics

LB81 (Lactobacillus bulgaricus 2038,
Streptococcus thermophilus 1131)

Bifidobacterium longum BB536
Bifidobacterium longum BB536
Lactococcus lactis subsp. cremoris FC

Bifidobacterium lactis BB12

Lactobacillus gasseri SP,
Bifidobacteria SP

Lactobacillus gasseri SP,
Bifidobacteria SP

8 BifiX yogurt Ezaki Glico (Osaka, Japan)  Bifidobacterium animalis ssp. lactis GCL2505
9 Rakunou yogurt low fat plain Nippon Dairy (Osaka, Japan) Bifidobacterium lactis BB12

10  TOPVALU probiotics plain yogurt AEON Bifidobacteria, Casei bacteria, Acidophilus
11 Meiji probio yogurt LG21 sugar zero Meiji (Tokyo, Japan) Lactobacillus gasseri OLL2716

12 Meiji probio yogurt R-1 sugar zero Meiji (Tokyo, Japan) égggﬁiﬁijlgiiﬁlg%%ﬁﬁ subsp.

13 TOPVALU greek yogurt plain AEON Thermophilus, Bulgaricus

14 TOPVALU plain yogurt AEON Thermophilus, Bulgaricus

15 TOPVALU low fat probiotics plain yogurt AEON Bifidobacteria, Casei bacteria, Acidophilus
16 TOPVALU raw milk 100% plain yogurt AEON ?ﬁgﬁgﬁﬁﬂgéﬁgﬁﬂi?&

17 Rakuren plain yogurt (Sélﬁ]fgg Jljg;%)y 0 Thermophilus, Bulgaricus

18 Bulgaria yogurt luxury creamy raw milk 100 plain Meiji (Tokyo, Japan) 5%?;%%;;;;?%273;2Zﬁ‘;’;asrllclu 3s 12)038’

19 Bulgaria yogurt fat zero Meiji (Tokyo, Japan) LB81 (Lactobacillus bulgaricus 2038,

CML (&, HSA-Glucose HEILEUSE 75V ks T A % # 5
£ 0.5mg/mL & 7% % &l L. BELBUSH T, UG
WA S 72 CML %l %2 & » b (CircuLex CML/
Ne-(carboxymethyl) lysine. MBL. #)E) = f#£H L <.
enzyme-linked immunosorbent assay (ELISA) Cill5€ L 72,

PEAL DU AL, AELBUSHE T 2y BUSTRH IR S
1172 3-deoxyglucosone (3DG). glyoxal (GO). methylglyoxal
(MGO) #% 2,3-diaminonaphthalen (DAN) 7' L T N )L 1L
WM HPLC 12 & g L7z,

(4) AILRZILLE B &R FIVE A DIREE

0.1 mol/L V) > W& #% & ¥, 0.1 mol/L 7 7 1 L A ~
(acrolein), 40 mg/mL HSA # F# L7zo T 5 Zi%RE
0.05 mol/L V) > F&#&#ri. 0.01 mol/L acrolein. 8 mg/mL

Streptococcus thermophilus 1131)

HSA & 72 % X 9 HSA-Acrolein FUGE F IV 2 E# L, &
IARFGRE 25 mg/mL & 5B X)WLz, F720 B
PRI X L C AG % #IERE 0.5 mg/mL & 7 % X ) @inL
72o HSA-Acrolein F & E 7V % 37°C T 2 FEf 56 & &
72#. DNPH Alkaline =''9 12 X 0 BUSHH IZER S
T2 VRZWALERRE % 450 nm OWIEEEIZ X - THIE L
72o DNPH Alkaline #1%. DNPH # &H O 71 )V AR = )L 3L
ICREA S, BAL FI VU2 E w7212, NaOH #
WL 7 VA UMEICT B2 LT ¥ FI Y ALEADEK
W % 450 nm 12> 7 b &, WET L HETH 5,

(5) DPPH S Y hILiE&E Y DR
DPPH 5 ¥ 71 Vil #iE 1%, Trolox ZHE# g & LC#
DY E 2 ERT 2 HETHELL ST, 96 R 7L — |k



|2 Trolox 0 ~ 16 nmol/assay & &l ¥} 25~ 100 pL/assay %
4 L. 200 mmol/L MES #% f {#. 800 umol/L DPPH
R 2 ORI L2 T 20 RS R, S L— 1) =4 —T
520 nm DU % % L 72o DPPH 7 ¥ 71 ViH 3G 14 1%
Trolox TERL L 7z MR EMMOME X % T, Bt ORINE
IZH 9 % Trolox &= & LT3R 726

(6) a-7ILa> 5 —EHREERADIR

a-7Vvayy—YHEEHREE 7y NG HED a-
7 ) a ¥ — £ & p-nitrophenyl-a-D-glucopyranoside
(p-NPG) % i J L Tl 52 L 72'®, 50 mmol/L V) > i
#% #5372 (100 mmol/L NaCl & & ¢, pH7.0). 7 mmol/L
p-nitrophenyl-a-D-glucopyranoside (p-NPG). 0.5 mol/L
Trisx i L72e a-7 VA v ¥ =¥k, I MNET7E b
Yoxy y— (e ARMeFEEms,. 5#8) % 50 mmol/L ) R
#EMErE (100 mmol/L NaCl % & ¢, pH 7.0) HHTHET S
A XL, = 0aEE (13,000 x g, 204701, 4°C) TESH 1L
7o BiE L L7ze BpExtid & LT 3.3 mg/mL acarbose % fif
AL 7a—7IH BB LT a- 7 Vvasy ¥ —EEinx s
EL 37°C T 540, ARG &7z, € 2120.7 mmol/L
p-NPG &z iz 30 73S €720 £D%, 0.5mol/L
Tris Z 2 TRUS & 41k S €720 UG O —# % 96 X7
L= MZEL, 400 nm QW ZREL, a-7 V3
y—YHEEHZEL L7

(7) 79 EBEILETIVICEH TS AGEs £
EA® L UEIF HIMHIER DIREE

7Y BHALE T VLT OB ClER L 72" T 5
RO~y ME (K= Fagi s, a—F i
MR, KBS 268 L7z, 7 & Bid, R
AKIZ—Mu T 728, A LS (0.1 mol/L V) > BRfRig.
2 mol/L glucose) & &k (A F72ITHEHAK) ZREG L
ToEAZIRE L. 60°C T 8 HIE G & &7z,

RGO 7 % g, #KIL72 1 cm U5 % 800 pul @ 0.1
mol/L V) VEERMmiHh CAREIF A A LT REYVFA R
L7250 12 5 N NaOH % 250 uL fin ., 8 35 i ALs(15
i) . e OrEE (10,000 x g 10471) L7z B (Al
WL, 7F B e Lize 74 o &H=13 DC
protein assay CHl%E L 720 7 % B4l il 1325 (0 % 400
nm O EE M, AGEs & % #0672 (Ex 370 nm/Em
440nm) §5 2 & TEHl L 720 EOES &L 5061 AGEs
BIIEAE Imgdhz ) OEZEH L.

(8) EAREMHEE R DR

& 48 7 B 1 Lysozyme-Glucose/Fructose # 1L 5t
TNV R L7222 0.2 mol/L ) ¥ . 3 mol/L
glucose/fructose. 5 mol/L glucose/fructose. 50 mg/mL
lysozyme % L L 720 S5 & HIEEE 0.1 mol/L V) >
# . 0.3 F 7213 0.5 mol/L glucose (F 7z i fructose) .

(4)
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5mg/mL lysozyme & 725 &) Lysozyme-Glucose/Fructose
HEALPOSE 7V 2 FR L 3B & 110 JREEIC 72 5 X9 dvn
L7z 20 HEALIILE TV & 60°C T40 BRIt S 4,
SDSAV 77 )NT N ELIKE) (SDS-PAGE) (587 v
WREE15%) THBitk. 7~ —7 1)) T~ 7 — (CBB)
dett, LN 2 R 2B L7z 23N> R 1d Image] 229
(NIH, Maryland, USA) (2 X ) W{RfEHT 2 47\ ELfiEb L7z,

(9) B’IFAE
WEE X I E = B R 22 TR L7z Mg M id 2 [
(n=2) F72E3MH (n=3) & L7

faR

AGEs 3 X OB b RS H AR A s i 48

AT A B LU AGDAGEs B L UHEAL RS H i 14 4 ik
PHIER % Fig. 112" L7ze 19T _XTOFRT A I3E
T AGEs. X ¥ b¥ Y v OEREZIIHI L /2o #5T%E AGEs
R R R L S b 0ld 3 — 27 )V b No.3 (60.5 =
3.4%), XY T T AREIHIES R L B D DL, No.l
(89.8 = 14.8%) Td o 7z (Fig.I-a,b)o CMLIZDWTIZ,
No.15 IAFCHIIE M A5 & 720 CML A B =R 3
bEmwbold, No.6 (99.1 = 0.1%) TH -7 (Fig. I-¢)o
FUER I H6M: AGEs % 29.5 = 1.1%. _¥ PV vk
%% 49.0 = 4.4% WL 72,

PEALSOG R R IZ DWW T, 19T X TORT A H3DG
VAo GO B L U MGO D A1k = ¥l L 720 3DG. GO,
MGO O R OFIGHEITENZ i, —18.3 £ 9.1%,
48.6 £ 15.9%. 56.8 = 11.0% T& - 7= (Fig.1-d) o FLEE
i MGO AR D A% 25.3 + 3.3% ¥l L 72

71 VR Z VA A R

FIA B LOTAG DI VKR AL AR RBINHIE T %
Fig. 2 1R U720 BT A D5V R = VAL F AT O
19 FEF39ME1X 4.3 £ 15.3% TH o 726

DPPH 5 ¥ 7/ WiH 206

FIA @ DPPH 7 ¥ /1 WiHEEM % Fig. 318 L7z, K
I A ODPPHT ¥ 71 ViHFEMED 19 FEFIgME X 52.3 =
19.3 umol-Trolox fH4# /L Td - 72,

a-7vay ¥y —ERHEMER

=7V MR A B X OB acarbose (4 FE
0.099mg/mL) @ a-7 V3> ¥ —YHEEH % Fig.4 \ZR
L7ze IDEBWEHEZ L ORI A 1IN0 4 THY., aZ v
a3 ¥ —BHERIE 19.6% Th 72, YO I18FEDFT
ADar7NVayy—EHERITZI0% LT Tho7z,
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Fig. 1. Inhibitory effect of yogurt whey on AGEs and intermediate formation in the HSA-Glucose reaction model.

Results are expressed as mean + SD. Yogurt whey were introduced into glycation models containing 8 mg/mL HSA and 0.2 mol/L glucose
(n = 3). After 40-hour incubation at 60°C, (a) fluorescent AGEs were measured by Ex 370 nm / Em 440 nm, (b) pentosidine were measured
by HPLC, (¢) CML were measured by ELISA, (d) 3DG, GO, MGO were measured by HPLC. Final concentration of whey was 5 mg/mL
(except for (¢): 0.5 mg/mL). Final concentration of AG was 0.1 mg/mL. Final concentration of Lactic acid was 1 mg/mL. AGEs, advanced
glycation end products; HSA, human serum albumin; HPLC, high performance liquid chromatography; CML, N¢-carboxymethyllysin; 3DG,
3-deoxyglucosone; GO, glyoxal; MGO, methylglyoxal; AG, aminoguanidine; SD, standard deviation.
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Fig. 2. Inhibitory effect of yogurt whey on carbonylation in the HSA-Acrolein reaction models.

Yogurt whey were introduced into carbonylation models containing 8 mg/mL HSA and 0.01 mol/L acrolein (n =
2). After 2-hour incubation at 37°C, measured by absorbance at 450 nm (final concentration of whey: 25 mg/mL,
AG: 0.5 mg/mL). HSA, human serum albumin; AG, aminoguanidine.
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Fig. 3. Anti-oxidative activity of yogurt whey.

DPPH radical scavenging activity of whey was measured by a method of calculating the equivalent amount of
Trolox using it as a standard substance (n = 2). DPPH, 1,1-diphenyl-2-picrylhydrazyl.

a-glucosidase Inhibition ratio[%)]
w
)

A0 (%Y Y % % 5 6 A B 9 0 N O D NP

Yogurt No.

Fig. 4. a-glucosidase inhibitory action of yogurt whey.

After adding whey to 0.9 U/mL a-glucosidase solution, 0.7 mol/L p-nitrophenyl-a- D-glucopyranoside (p-NPG)
was added and reacted (n = 2). After 30 min incubation at 37°C, measured by absorbance at 400 nm (final
concentration of whey: 1.5 mg/mL, acarbose: 0.099 mg/mL).

(6)
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Fig. 5. Glycative models of pig skin.

Day3

Day4 Day5 Day8

Glucose(+) yogurt

The pig skin was immersed in 2 mol/L glucose solution and reacted at 60°C for 8 days. (a) Representative images
fifth day. (b, ¢) Inhibitory effect of Yogurt whey (No.1) on AGEs and yellowness in the glycative pig skin model.
Whole protein was extracted from pig skin, fluorescent AGEs were measured by 370 / 440 nm and yellowness were
measured by absorbance at 400 nm (n = 2). AGEs, advanced glycation end products.
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Lysozyme-Glucose/Fructose # {t ) Ji& € 77 )V @ SDS-
PAGE O # R % Fig. 6-a 27~ L. 0 mol/L Glucose/Fructose
DNV FiEE 1L L7z EOZNENON Y P RE
% Table 2-a 278 L7z Lysozyme (57 ; 14,307) OH
=R 1T kDaff il A b 7z, FEEEUGIC & D Lysozyme
LG L CEA L2/ R, = f13 25 kDafhizic A
LbiL=ZmKIZ35kDak WA L EHFICASL Nz, Lane 2,3
t Lane 4,5 % It#9 % &, Lane 4,5 (Fructose) ®/N ' F
AR o 72 (Table 2-a)s % 72, Lane 4 & Lane 5 %
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I#%9 % &, Lane 5 (0.5 mol/L Fructose) ® /N> NigfE
AZERIT LS/ BRI 1.2 552> 72 (Table 2-a).

R I A &ML 72 Lysozyme-Fructose #{b UG € 7 v
@ SDS-PAGE O % % % Fig.6-b |28 L. Lysozyme-0.5
mol/L Fructose #{L ST 7NV D3> RERE % 100 & L
72 & E ORI A GIMBEAL UG E 7V O /N > FARR iR %
Table 2-b \Z7R L 720 AT A XEEGMEEZ Z8F: 93.1 =
3.4%, —=w=ik: 68.5+ 4.5% Wil L7z (Table 2-b) s Z D
XD ARIAMFTEAOEBERICE2HEAGZHEL 2L
Wz b,

a) b)
Lane 1 2 3 4 5 Lane 1 2 3 4
Glucose Fructose Fructose(-)| Fructose(+)
MW 0 03 05 (03 05 MW W YW [ W YW
==
— :
— ok
35kDa =—p 35kDa—p S
25kDa ——p - 5D —- T R
- —
- o

L e e e

Fig. 6. (a) Effect of glucose and fructose on cross-linking of proteins. (b) Inhibitory effect of yogurt

whey on cross-linking of lysozyme.

5 mg/mL lysozyme were incubated at 60°C for 40 hours (a) with glucose or fructose at concentrations of 0, 0.3
and 0.5 mol/L and (b) with or without 0.5 mol/L fructose in the presence or absence of whey (No.1). SDS-PAGE
was conducted using 15% acrylamide gels. MW, molecular weight markers; W, incubation without whey (with

water); YW, incubation with whey (No.1).

Table 2-a. Band relative strength (Lane 1 = 1).

Lane 1 2 3 4 5
Glucose / Fructose 0 0.3 Glc 0.5 Glc 0.3 Fru 0.5 Fru
Trimer 1 39+2.3 55+4.5 30.0+ 17.7 46.3 = 27.6
Dimer 1 16.5+5.5 18.8+ 5.6 37.6+11.6 447+ 17.3

Band intensity was analyzed by Imagel. Glu, glucose; Fru, fructose; 0.3, 0.3 mol/L; 0.5, 0.5 mol/L.

Table 2-b. Cross-linking formation ratio (W=100).

Lane \%% YW
Trimer 100 6.9+3.4
Dimer 100 31.5+ 4.5

Band intensity was analyzed by ImagelJ. Method of calculation: cross-linking
ratio = (Fru(+)YW — Fru(-)YW)/ (Fru(+)W — Fru(-)W) x 100. W, incubation
without whey (with water); YW, incubation with whey (No.1).

(8)
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B HNRIVE I 3 £ OSDPPH 5 ¥ 7 Vi 2515 M A3 i v i 1) A3
BB, AW IIEBRILER AT AR T x
J=VDEENTBY), R) 72/ —WiZTIH VT
Y ZVERBIOINE=Z N Ty FVERE AT 572
HEEZLNLLD, GV b RIAITE) T =)
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