Development of Instant Health Beverage by Bioactive
Peptidesand Probiotics of Whey
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SUMMARY

I. Title
Development of Instant Health Beverage by Bioactive Peptides and Probiotics of

Whey

II. Objective and Importance of Research

Whey protein provides the functional characteristic of wide scope that solubility,
viscosity, water holding, foam capacity, emulsification and the gel creation. Whey protein
provides the functional characteristic of wide scope that solubility, viscosity, water holding,
foam capacity, emulsification and the gel creation. WPC hydrolysisates improves a nutrition
quality, texture and it suppresses a decline in quality. Functional of the protein of natural
condition is restricted. But physiological activity peptide by hydrolysis have a funtional
characteristic, and It is a subject matter will be able to use from health food manufacture and
restricted field(Meisel, 1998). Peptide will be able to participate to a cancer sell suppression
the evidence was reported. In cytochemical researches of various type about under foundation.

Cheese whey is used with the materials of the functional characteristic healthy beverage
which is developed from this research. Whey from the milk, it calls the liquid which remains
after manufacture of the cheese. If whey is not controlled well, it brings about the loss and
an environment and an economic charge of the food resources.

Currently consuming of cheese is increasing with the well-being tendency. With this it
joins, manufactures of the farmhouse cheese is active. It will be able to operate with the
environmental pollution factor in increase of like this cheese production, but it could be used

with the subject matter which is value from food industry.

III. Research Development Contents and Scope.

A. WPC and production of WPC hydrolisates and functional investigation
Production by ultrafiltration WPC in protein content 70%

Production by diafiltration WPC in protein content 80%

Physical chemistry nature of WPC and functional characteristic

Disjunct investigation of WPC protein

Industrial produce of WPC and possibility investigation in pilot plant

Manufacture of physiological activity peptide and grasp of proper condition

As considering Probiotics lactobacillus survival rate, of lactobacillus about under

O o0 O O 0O O O O

Drying process of WPC hydrolysates that contains Probiotics lactobacillus
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Spray drying WPC hydrolysates which i1s chemicophysics and functional characteristic

investigation

. Manufacture of instant healthy beverage mixture that contain physiological

activity peptide and probiotics

Verification of chemicophysics, functional, store characteristic about spray drying WPC
hydrolysates that contain physiological activity peptide and probiotics

Under using WPC hydrolysates that contain  probiotics lactobacillus, determination of
mixture rate which is necessary to the production of the functional healthy beverage
Manufacture of instant healthy beverage mixture

Productive and store characteristic test of functional healthy beverage

Production of WPC and physiological activity in pilot plant

Industrial production investigation of functional healthy beverages in pilot plant

. Characterization and health benefits of lactic acid bacteria

Characterization of lactic acid bacteria as a probiotics

Study of health benefits as lactic acid bacteria

. Growth characteristics and optimized production of in WPC-based medium

Growth Characteristics of B. polyfermenticus SCD in WPC-based medium.
Optimized production of B. polyfermenticus SCD in WPC-based medium.

Proposal of shelf-life on the powder beverage.

. Antioxidant effect of whey protein hydrolysates

Effect of whey protein hydrolysates on DNA damage

Iron overload induces oxidative stress

Effects of whey protein and probiotics on liver, heart, kidney and spleen in rats fed high
Fe diet

Effects of whey protein and probiotics on plasma antioxidant vitamins in rats fed high Fe
diet

Effect of whey protein and probiotics on erythrocyte antioxidant enzyme activities in rats

fed high Fe diet

Healthy effect of instant beverage mixture
Changes of anthropometric data
Changes of plasma lipid profiles and liver function

Changes of plasma lipid peroxidation, total antioxidant status, antioxidant vitamin levels

_ix_



and erythrocytic antioxidant enzyme activities

O Changes of lymphocytic DNA damage

IV. Result and Suggestion for Application

1. Results of this research

O 100 L whey protein by ultrafilteration(at 50C) was removed 80-85 L permeates. Obtained
15-20 L retentate was concentrated. Spray dryed retentates was produced WPC of protein
content 35%.

O 100 L whey protein by ultrafilteration(at 50°C) was removed 95-97.5% permeate. Obtained
15-20 L retentate was added water. It was produced WPC of protein content 70% by
ultrafilteration.

O The pH of hydrolysates(WPC-70H and WPC-80H) was lower than WPC.

O The bulk density of hydrolysates(WPC-70H , WPC-80H: 0.42, 0.44 g/ml) was higher than
non-hydrolysates(WPC-70, WPC-80: 0.35, 0.37 g/ml) but insolubility index was decreased.

O Maillard reaction of WPC-70 and WPC-70H was higher than WPC-80 and WPC-80H.

O The protein solubility and foam capacity and emultion capacity of hydrolysates was higher
WPC.

O The viscosity of hydrolysates was lower WPC.

O Mix rate of WPC was WPC(20.8%), sugar(77.5%), citric acid(1.15%), spices(0.28%), coloring
matter(0.28%). And maximum rate of hydrolysates sample 1 hydrolysates(20.8%),
sugar(77.5%), citric acid(1.15%), spices(0.28%), coloring matter(0.28%). Maximum rate of
hydrolysates sample 2 was hydrolysates(20.8%), sugar(77.5%), citric acid(1.15%),
spices(0.28%), coloring matter(0.28%), probiotics(0.1%).

O The more protein content of sample 1 and 2 were increased, the more was decreased pH
value, but acidity, bulk density and specific gravity value was increased.

O First and last, it was visible with the fact that change of pH value is bigger from
Incubator custodies than refrigeration custody substitutionally. From sample 2 adds
probiotics, it diminished at the biggest width. Consequently, it have effect that added
probiotics diminishes pH.

O There was not a big difference to value of specific gravity and bulk density value.

O L. lactis NK34 was highly resistant to artificial gastric juice(pH 2.5) and artificial bile acid.
we believe that it is likely that L. lactis NK 34 could be used as a probiotic strain.

O B-Glucuronidase was not produced by L. lactis NK34 and thus its use as a probiotic

would not carry any risk of carcinogenesis.

-X -



O Antioxidative activity of the culture supernatant was determined by measuring the
scavenging activity with regard to the DPPH radical. L. lactis NK34 was shown to 80.8%
DPPH radical scavenging activity.

O Particularly whey protein hydrolysates(WPHs) made with alcalase showed the growth
inhibition against lung carcinoma cell(A-549 and SK-MES-1).

O Antioxidant activity of culture supernatant of B. polyfermenticus in WPC-based medium is
more effective than TSB medium.

O three type of whey protein supplementation decreased plasma lipid profiles and lymphocytic
DNA damages significantly. However, only whey protein(WPC) could increase the level of

plasma-lipid vitamins.

2. Suggestion for application of result

O It gets from the research which it sees and it provides healthy beverage development
technique to the domestic beverage enterprise. Also it uses the new healthy functional
characteristic beverage in development. So the domestic existing beverage Industries
applies in diversification and upgrade of the product.

O Currently, the decrease cause of milk consuming decrease is a serious competition between
the beverage other than the milk and the milk. Our research result will be able to
contribute the development of milk beverages that competes with a carbonated drink and a
soft drink. Consequently there is a possibility becoming the contribution in income of the
livestock raising farmhouse. Supply of functional milk beverages of a higher value will be
able to contribute public health.

O WPC income which is variously used from the many Kkinds foodstuffs will be able to
substitute many part from our researches.

O The concentration of the materials by using ultrafiltration gets the space-saving effect and
easy management. As a result the cheese of quality that is important in domestic dairy
farming industry will be able to develop with economic method.

O The whey protein hydrolysates which is developed from our researches will be used with
the materials of the soybean curd, the noodles, the instant noodle, the ham and the sports
beverage etc. Also the whey protein hydrolysates which is competitive will use from the
foodstuffs industry. So, it will increase a productivity.

O In turn, it uses the product development which hits to all age groups from the healthy
functional beverage and the material of the foodstuffs.

O The purification and characterization of antitumor substance in whey protein hydrolysates
(WPHSs) against lung carcinoma cell (A-549 and SK-MES-1) is necessary.

O Because antioxidant activity of culture supernatant of B. polyfermenticus in WPC-based
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medium is more effective than TSB medium, it is necessary for more study
O These results demonstrate whey protein supplementation could ameliorate lipid profiles and
the antioxidative and antigenotoxic capacity in male smokers, although there was no

synergic effect of hydrolysis of whey protein or probiotics.
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O AelgA HFgoles AAGE A ZHo] Qe ofv]=Ate] 22 AdA ol Tde] 7t

23 F wEE £ dS. dE 5o YA HEe]l=<9l  tripeptide(Val-Pro-Pro X+

dts Wgs= 7ol v & A e Berry, 2000). olefell owgl= el

A peptide= oFHA FElol= W7 5SS ZAs = FEo]l=, &8 A (antithrombic) FEFC|= &

Ql(Schanbacher et al., 1998; Nayak et al., 1999; Clare and Swaisgood, 2000; Sood and Ganguli,
2000; Meisel, 2001).
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O +f 9MdzRE fFdvs P2 Feel=e F2 casein®ZFE Hi Hqoy H
ot 3 WA ag-lactalbumin, B-lactoglobulin F#: e AEl&A FHEol=rF B FHAS
(Mullally, 1997; Pihlanto-Leppl et al., 2000). a-Lactalbumin®} B-lactoglobuline o}#HAF 3
ol a-lactorphin(50-53)3} B-lactorphin(102-105)< A4 3t a-Lactalbumindl A F#dlsle= 7F-Es
=<l el =(99-110)= 333 ACE A8l &35 vebdl. B-Lactoglobulinell A A4 == 22-259}
32-40 fraction 9A] %33 ACE AMaxEs 2. 3 d@AaAo  g-lactalbumind B
-lactoglobulin®l A #3F a-lactorphin® B-lactorphing E%¢ ACE Af&Zd= ved. B
-Lactorphin®] N-terminal®] dipeptide(Tyr-Leu)®} B-lactoglobulin fraction 142-1482 ACE A 3|
G237 7FE aga B3 FHAS. oA dxE A Q1 (peripheral blood lymphocytes, PBL) ™
o8> a-lactalbuminl Al #3213 a-lactorphinell ¢]&] PBLS] Z4 o ol&] 7F3ls 2.
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W wAste] g A5 30~40A1%F HE oA Y] & o] FIHE S (Fitzpatrick and
O-Keeffee, 2001). 543 dIaIdE S A5 =4 Al 7bsE8d 3 d9d Hrhke
indometacin®l] ] &} ©}F7] el (Ueda et al., 2001). &4% 7}
H2 A ande] Jide shehA, GEA, B2 antigenic FEE oY 2E9 A o]
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A2 (Meisel et al, 1997). H7}3F whulz B gio} nPEo] 23 Fiho o vz Har}
Ho f83] dAste] AgEA FElol=rF dAE  de JheAAS AT ¢ e AEEA
FEfol =5 o] &3l7] 138l olH e el Feto] Qg olE fdl oA HFTAHY AR AT

deten AEHE 99 AxgAe AAxDd B A LR F

=

d 50
FS 7AH hedeid 3 GUES o T 2stasE @Wd 28 ¥ ACE Asi2ds

lactoferrin®] 7 @ FF oA WEH A (Anne, 2001). A= 4 dud MR EL
olE¥ A ¥ Y <d(atopic dermatitis), &= (diabetis melitus.) ¥ v FxAu 9t 533 7| e E
ANA AFA n 7 AN S(Gourd, 1997). 3 A& Hetolme FolA F5H4E 24T
U, 24T el o5 Fetol=ol 23 net wateret e F4SE 250 & HAE

$9] F 99lel o] § X (brush border)] F&Ao] Aaao 2 7H58HA S (Meisel, 1998).

O ROST AbA9] Al U giA A e &9, 87499 59 9F A2 HEYH Y di=
A el A vl S8 3% star gakst o7 e o) AANHEA dFFE FAsE EAY
(Ames et al, 1993). AlE W Wo]7]dL& superoxide radical®t H.0, A A3t F49l

superoxide dismutase, catalase, glutathione peroxidase S°| 93] 3% ™ (Fanton and Ward,
1982), glutathione¥} ascorbater= A% W ROSe| A4S F3A7]=d T3 988 @93t

(Bergsten et al., 1990).



O A 9¢] ROSO T3t =2 43 Ao ag=Ee Sk v a7 gl 74,
3] ascorbate 2 A|-&4 &4kl W]El(vitamin E, carotenoids)E°l] 23] o] FoiAi U
(Burton and Ingold, 1984; Frei et al, 1988). Z191d] Yo]Z HowWA L= 374 Po =Fo
7FE A ROSS] A&7t zobx kst A ofo] w3 o] 7ol A oxidative stress @7o] o
] vl
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Y 1 AshE DNA &4, A43as 58 de 89 ot o, ¥ - 4™ 4, I
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So271A HASA Aot del A 9 S (Anderson, 1991).

AA7EA obd AAE, S o Qg A, HEH 9 Add d3tow A3 Abgo] guiet
APGES] FYE 2AEa e, 1983ddlE oto® Qg AlrEo]l 109 Ww 729 old Ao H
3 20029l = 13078 o2 200 ot 28] AERE 3] S F A< (httpi//nso.gokr, 2004).
T 1987 R o - AP Ao Q3 AMGES HEFol A 10%E ' 735 18 19961

E
o= 74T oR ojds 91E AASL on, SPAY AW 1987 = 628 B PO
U 1996 k=0l SofobM = 13 oM 109 Bk 20 o] de] FA% Sbekla, wde e

T OHZ 10d B¢ 3280 E7tsta e FA19 (http/nso.go.

=
species, ROS)2] v] 4 3A Q1 2 ALk HAH Ao ot Aozt d#A U (Sun, 1990;
Halliwell, 1996).

O FA49 nPEL gLt g7t 715z Qs 2FdA ol&7tsdol & 53 3
Gl d e T gask Fde] dudd Buk oyt 5% A4S Uedle oRE ¢dA
I A-S(Morr, 1987; Morr and Foegeding, 1990; Jayaprakasha and Brueckner, 1999). 7% thul

i)

= &8, A4, naA, VIEAA, fFEkek A AN 5 ode W19 VeSS AT T (Giese,

1994; Asitsherma and Bhatia, 1999; Jayaprakasha and Brueckner, 1999).
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O A AHzRE AR 5 Ax EAe 2AE DL 4 (modification) & 159

715748 WskE doA RIPHA =2 AE e ol&E F U= olHd &

L] Ag FJej= gwld o] st & (hydrolysate) S & F A A S(Dave et al., 1991).
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A &EE S
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d AMES L] 9% ditew o] &2 4 & (Nielsen et al, 2000). A Aeje] i
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1983). 2 A=z AguA Zapd A5 Ade] E43 874 2 A FeEe x99

O &A AW FAek dA A=9] 2wl F7F FAlC glo] 1990d e A= PR 123= A
19951 11,073, 2002 19425 7IFstal . Ao A=2 Adel o] dow =y
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of gk CPPe Ede TEATANA A5E vk s =3 X otell F43] phosphateE L
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th H]F(bulk density)S ZFWHol o &) A3t

2}) HMF (5-hydroxy-methyl-2—furfural) 3t %2 Keeney 2} Bassette(1959) ¥Hol o]a] 2 A]s}h
At

ub) Lysin %S Carpenter(1960)2] #Heo] o8] =4 ¥ ).

H}) Protese-peptone$t &2 Paquet 5 (1983)2] Wwloll <93 &4 = At

A B3 Ax"E AE 9 Whey protein nitrogen index(WPNI)E mg nitrogen/g powder
&A1 Mahmoud 5(1992)¢] WRel o7 sto] AAlst3d

of) BEAZH WPCY €3l Morr®t Foegeding(1990)¢] Wl oaf A3t}

1) %584 (wettability) 2 Sorrensen 5(1978) ¢ WH ol o3 2 A4t}

) e BEo] 10% TuFES Zes FAA F HA=AE o] -&(Brookfield, Mode

7H 713 *@’\é%(Foammg capaaty)L Phillips 5(1987)¢] WHS 2t +43Fo] overrun %=

El) 35S Pearce ¢ Kinsella(1978)¢] turbidometric method® 2743} emulsifying
activity index(EAD= X33}l

U. WPC 7} 59 A 2 EA

1) A&
oA 712e Axd WPCS +93 WPCEZS AL&3t),

2) @R AEHEL

AL8%¥  GA4FE  neutrase, trypsin, flavorzyme, alcalase, protamax¢|t}. JlFEEIHE
Shobha(2002)2] Wwel 98] WPCHl €4 1 mL @ @92 25 g2 §4 5 H7ste] 40TCoA wl
FAIZEE 3N R AT Tt TRE § UteEsE s dARdE A AT ATs
we g ZhealE WPCe WPCE 4-9-9F 22 oA 7dxHA. #73d% 8 WPC

3) WPC 7t & &89 o]gsgd A
7hH B5FAxzE WPC 7HiE9 Fa3yE, gud A 38, 3, dx
HMF, Whey protein nitrogen index(WPNID), &&=, AFAA ST
sl Wk o2 FAHEQIT
) 7FES =% Alder-Nissen(1979)9] ®WH & W& 3} Trinitrobenzen sulfonic acid(TNBS)
o] Ao o3l A AT
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3. dT+AH
7}, &5 Y (retentate) F F I 9 (permeate) & =4
L FEoo] gletd A A3 Table 10014, Faholo] 24

3]
& Table 1-13} 1-2014 & 4 it} Table 1-10] YERG NPN &9 9o 3he]o] Al NPN

9] retention= Wj§- WO 2 Z true protein $#Eo] TR pEHA S £ Ut

M

Table 1-1. Composition of retentate at various stages of ultrafiltration of cheese whey

Volume Constituents (%)
reduction _ ]
(%) Total solids Protein NPN Fat Lactose Ash
0 6.28 0.78 0.05 0.05 4.90 0.55
10 6.75 1.01 0.05 0.10 5.06 0.58
20 7.26 1.24 0.05 0.20 5.20 0.62
30 7.80 1.47 0.06 0.30 5.32 0.66
40 8.25 1.79 0.06 0.40 5.44 0.71
50 8.74 1.96 0.06 0.50 5.54 0.76
60 9.20 2.16 0.07 0.60 5.63 0.81
70 9.62 2.27 0.07 0.70 5.69 0.86
80 10.62 3.20 0.08 0.80 5.74 0.88
90 14.36 6.78 0.08 0.90 5.78 0.90
95 21.30 12.58 0.08 1.00 5.80 0.92
975 22.29 14.30 0.08 1.20 5.85 0.94

Table 1-2. Chemical composition of permeate at various stages of whey ultrafiltration

Total solids protein

Volume Protein Lactose
Reduction lactose
. Instantaneous Pooled Instantaneous Pooled Instantaneous  Pooled
(%) Permeate  permeate permeate permeate  permeate permeate
Whey - - - - - -
0 455 - 0.17 - 3.98 3.98
50 4.60 4.50 0.18 0.16 412 3.96
60 461 451 0.18 0.16 4.14 3.97
70 4.77 453 0.19 0.16 4.23 3.98
80 4.90 454 0.19 0.16 4.32 3.99
90 5.05 4.60 0.24 0.17 4.39 4.04
95 5.28 4.65 0.29 0.17 4.55 4.09
975 541 473 0.33 0.17 4.62 4.15
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Table 1-3. Chemical composition of permeate at various stages of whey ultrafiltration

Ash Npn
Instantaneous Pooled Instantaneous Pooled
permeate permeate permeate permeate

Whey - - - -

0 0.40 0.40 0.02 -
50 0.30 0.28 0.02 0.02
60 0.29 0.28 0.02 0.02
70 0.36 0.30 0.03 0.02
80 0.40 0.34 0.03 0.02
90 0.42 0.36 0.03 0.02
95 0.43 0.38 0.03 0.02
97.5 0.46 0.41 0.03 0.01

Table 1-4= of2] @A gejofat Ao A AR FH o B84 2S BolE 550]
A& o] wet pH, HlE, A%7F S7Hdvh pHe S7k= #7149 4571 p
7] WEo g2 HuHEtl Instantaneous permeate= EAI Al HoA dojx FIAS £
pooled permeate> T HS AR FHgk $o] Hy S Tott) T o] HAIIA ¥

omB® o F IHAE 2

N
oxl
Yo
0

Table 1-4. Physical properties retentate at various stages of ultrafiltration of cheese whey

Physical properties

Volume reduction(%)

pH Specific gravity Viscosity(cP)
0 6.40 1.03 1.16
20 6.45 1.04 1.38
30 6.45 1.04 1.63
40 6.46 1.04 1.90
50 6.46 1.05 2.53
60 6.47 1.05 2.80
70 6.47 1.06 3.96
80 6.52 1.06 4.25
95 6.58 1.07 10.98
97.5 6.74 1.07 12.20
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Table 1-5. Composition of spray dried wpc retentate after different stages of ultrafiltration and

diafiltration
Stages of ultrafiltration and diafiltration
1st stage 2nd stage
UF retentate UF retentate o - o )
Components diafiltration diafiltration
(%) (after 80% (after 97.5%
° (after 97.5% (after 97.5%
volume volume
. . volume volume
Reduction) Reduction) . .
reduction) reduction)
Moisture 3.80 3.75 3.40 4.10
Protein 33.50 62.20 70.50 80.20
Lactose 53.80 24.25 16.30 6.30
Fat 1.45 4.40 5.20 5.80
Ash (minerals) 7.58 5.40 4.60 3.60
Table 1-6. Chemical composition of spray dried whey protein concentrates
Components (%)
Product
Moisture Protein Lactose Fat Ash
WPC-35 3.80 33.50 53.67 1.45 7.58
WPC-70 3.40 70.50 16.30 5.20 4.60
WPC-80 4.10 80.30 6.30 5.80 3.60
Table 1-7. Protein quality of spray dried whey protein concentrate
Components
. ) Lysine
Non protein Protease Whey protein
Prod Total ) ] (g/100  Extent of
roduct ] nitrogen peptone nitrogen ]
nitrogen g denaturation
(% of total (% of total (% of total )
(%) . . ] protein (%)
nitrogen) nitrogen) nitrogen) )
WPC-35 5.40 8.90 11.40 79.70 8.40 23.0
WPC-70 11.15 7.10 9.95 82.95 9.33 27.0
WPC-80 12.63 6.25 9.20 84.55 10.75 32.0
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Table 1-7914 H%o] &4% 7F4iaE WPC-70H, WPC-80HS] ZAd A3¢S 7= &
= @A §9 AW, SR EFE vt EesE Al 2 H7igEs] ' WPC-70, WPC-8001 4]

foldom Wsea HATHP<005). A5 EaE Bude) Aol AR Basre Ardd

=2 deelnt WstE 2T B T Ao Fe Wsks dEhuA gk

o

2) elshsrd 44

WPCe 783152 pH, bulk density, £ -84 A]4=(insolubility index):= Table 1-8, 1-9 9

A B gl

Table 1-8. Physical properties of spray dred whey protein concentrate

Product
Properties
WPC-35 WPC-70 WPC-80
pH 6.58 6.74 6.78
Bulk density(g/ml) 0.52 0.45 0.40
Dispersability (%) 95.40 97.00 98.30
Wettability (sec) 35 65 80
Insolubility index(ml) 0.45 0.55 0.60
Sinkability (% transmission) 48 58 62

Table 1-9. Chemical composition of spray dried WPC and WPC hydrolysates

Components (%)

Products Moisture Protein Lactose Fat Ash
WPC-70 441 70.40 14.70 6.40 4.05
WPC-70H 450 70.25 14.55 6.38 4.08
WPC-80 4.55 80.60 4.90 7.20 2.80
WPC-80H 4.62 80.40 4.88 7.22 2.82
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Table 1-10. Physicochemical attributes of spray dried WPC and hydrolyzates

Attributes
Products Bulk density  Insolubility HMF WPNI
pH (g/ml) index (ml) (nmol/100g) (mg N/g)
WPC-70 6.68 0.35 0.85 1.30 50.45
WPC-70H 6.55 0.42 0.62 3.20 7175
WPC-80 6.72 0.37 0.75 0.60 7459
WPC-80H 6.60 0.44 0.53 1.80 87.61

7h 7k sl A& 9 pH

WPC-703 WPC-809] 7}iall & (WPC-70H2} WPC-80H)9] Als+= 7FrEall =] &2 Al
ol M8 ¥ pHE HAY JisEsid Alme w2 pHE Zhide]l A3 feeo]l=9
-COOH7I7F Bo] =x47] WMoz Algdr. 7t A3 43 WPCe| pH #ae o
gl SR 9 EelEas AFEE tde dnEE FolA e YA ME FASHA B

1% A th(Adler-Nissen 1981, Mahmoud 1984). ol&1&t pH Aste= A F] o]&3d F& & Ax+
oby it

) Bulk density

TRz JFEEE AlEQ WPC-70H2F WPC-80HS] bulk densityt 0.42¢9} 0.44 g/ml= A

WPC-70, WPC-802] 0.35¢} 0.37 g/ml Rt} F<JstA =4 YelwtH(Table 11). 7F-Eal= 4AF

arzi7F 2423 8 oful Aty 2o B H:Elol=E o2 M bulk density’l =A UE
= Aoz dddti(Adler-Nissen 1981, Mahmoud 1984). Ztolzl Jxp= 2 JAF Alole] F3t

of MAFACEZN FAHORE JFRES ¥ EEAZE WPCe %2 bulk density’} et A2

S A9 E 4 9t} Neutraseol 23] 7I4E3ld A& %2 bulk densitys 7Fw3l A &

Alsol vsl] dzAFe] £ Al 997t Ut

t}) -84 A 4 (insolubility index)

WPC-70% WPC-80 © &&4#sE 0.85¢ 0758 vebdd Hls) 7heiale A= &84
A4 062, 05302 g tH(Table 1-11). o] 83 dAe vz 7}4%;115 e A <A
AL 7N ZIY 2 BHaE vl 9 %o (Hindalgo 1977, Chen 5 1995) 7|A%E detd o=z <l
A duide] WS FaEAY] WiEeE Alsdnh d kA SUte wid fErt A
= 71 "l Eod W ooyt An Jhgis] ¥ WPC 55 £ (retentate) % 7Frital] &
Al g2 WPCH s5&(retentate) 57 #5703 A% A2 We Bre v szsty 7hEsid

WPC® A &=(WPC-70H ¢ WPC-80H) 7hital =HA &2 A& ETHWPC-703 WPC-80)
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94‘31%3}. ol 7t AR 284X

I~
-
¥ WASEE B WPNIA 2 & %o] /tisle] Atz o
2 7

(Hindalgo 1977, Chen & 1995). 7}<F&dlE9 & AL 7t EIAES dHoles 45 2

oA 7t&ste AS7F o=z HA8A onjrt At
2}) Maillard ¥+&

B5 Az" WPC AlFolA @3t Maillard W82 HMF g #o2 el HMF &
-70 ¥  WPC-70Hol 4 WPC-803 WPC-80H$} Hlwd wjf &4 =4 B2yt
(Table 1-11). o] #2 A¥}E WPC-70° Hx 9 o]l =7 v veEld o= And
o oy F AR #FxE WPC 7HeEwdlES HMF o] 159 WPCel vud o =
A YEREth o] & A= JhEs 7 HMEF $hel 43S 713
Maillard WF3-& o] al(lysine) ¥} 92 wh3o] ZAxz Ay
o]

3 shot, ZhEasl e AlEel frEl
Aef o] 2ol al dEko] o B 2 maillard WFSo] X H
=]

Fol ¥ Ao wurdn) 7

T vkl WA she d

B}E HFE AYRA  Table 29] WPNI
% WPCH.T H] w2 shewl
9= B85, WPNI® bulk

uh) 7154

WPCe &47 715587 o] pHolM a4, 1%, 7% AAS, 435 5 92
of 71X & EI}E Table 1-11~-1-14014 ¥ 4 glrk @9l e] gai 551904 562
AH Y I(Table 1-11) 71% AR5 4299 (Table 1-13), §3}52 5
2o A (Table 1-14) &4 745eEae 344 ans 328 5 9 o 2L a4 =E pH
Mol M WEREAL 53] pH 49k SellME & 7 vk AE 2A A 71 A 2eE de

F otk e s
uh) g3

BEAZH WPCS WPC 7Fei& 22 pH W3to] wa gax=e W3l Table 1-11004

B4 oQth G4 MRl BE pHAA SRS NS Ao dehdth AsRael A3 3
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fu
R

I =% e WPCS H]

WPC A 59 A% pH 4-5 ®9lolAl vfg =4 Jelyo 7F

i

o

7har

R

- dxE WPC(WPC-709F WPC-80)2 7trisll=<] Al

Aol A ZAHAG. 1 A%
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2 {3

BEHAZzHE WPC WPC 7IEES 352 pH Wl 204 874 Emulsifying activity
index(EADZ A3ttt 7heaalel A=< WPC-70H% WPC-80HO A 74 3l = A &2 Al
g9 Hluwe v & EAIF EE pHelA #&EHJY. 7teEsid WPCE #3tselA 7hE3l
97 e dwldy} v A EAI @] Aol 57914 63 m’/g &2 %7 UERth(Table 1-14).

S WA F4HE5 o83 B sbgia] AddolA wEE nk v
(Turgeon & 1992). ol s A4 7lralol o dWd FxFxe] WAgo=R Qlsto] wAX
24 s 29 ddoew =FHA o] Fitsol WEE It Al ® tH(Phillips ot
Beuchat 1981). Oil#} &4 27l= B3 Aoukss d&3)

(cohesive) xRS AASG=dA F3ts9 MAS A 4 i (Turgeon 5 1992).

Table 1-11. Solubility of spray dried WPC and hydrolyzates as a function of pH

Solubility
pit WPC -70 WPC - 70H WPC -80 WPC -80H
2 92.4 975 90.2 96.0
3 89.0 94.5 87.0 93.0
4 83.0 90.0 81.0 88.0
5 80.0 89.0 78.0 86.0
6 92.0 96.0 90.0 94.5
7 94.5 93.0 92.0 96.5
8 94.0 98.5 92.5 96.0

Table 1-12. Viscosity of spray dried WPC and hydrolyzates as a function of pH

pH WPC-70 WPC-70H WPC-80 WPC-80H
2 7.5 6.4 8.2 6.9
3 8.0 6.5 8.7 7.1
4 8.8 7.0 9.5 7.5
5 9.1 7.2 9.9 7.9
6 8.4 6.8 9.1 7.4
7 8.0 6.4 8.7 7.1
8 7.6 6.3 8.3 6.9
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Table 1-13. Foaming capacity of spray dried WPC and hydrolyzates as a function of pH of
WPC

Foaming (%)

P WPC-70 WPC-70H WPC-80 WPC-80H
2 420 450 460 495
3 440 475 485 525
4 480 530 520 570
5 530 595 570 630
6 470 520 505 550
7 400 440 445 480
8 340 370 390 420

Table 1-14. Emulsion capacity of spray dried WPC and hydrolyzates as a function of pH

Emulsion activity index (EAI m%/g)

- WPC-70 WPC-70H WPC-80 WPC-80H
2 34.2 39.4 36.4 42.0
3 33.0 38.0 354 41.0
4 25.2 31.7 27.8 34.5
5 22.4 29.4 24.2 31.7
6 36.1 40.5 38.2 43.7
7 38.2 43.7 40.5 46.6
8 41.0 475 43.5 50.5
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E AZ3Zs5Y AL
o o Z
Sl 2 A9l
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WM EA9 ZEuto]lQ Pﬂ% o]&3ste] ACE A&
1A} & a-Lactalbumin®l A
< ﬂﬂﬂE@9nm AAl Aakg, =TI B
-Lactoglobulin®l A &= & 22-259F 32-40 142-148 fraction 9A] ACE A3 &FHE Ho|E=R o]
3} (peripheral blood lymphocytes, PBL)S 2] A]
o] o
wellES A et
2 ¥ A9 needsE FHFAT =

:\é
2
4_4 mlo
T

13} a1
‘%5_0
el = a- lactorphm(50 53)3} B-lactorphin(102-105)S A3
= JhedelE
a-lactalbuminol Al a3 a lactorphin-J ANze EWE AdAL
e 9wz 7}
| XY

|

= g 2

A2 Al o A =

A asts vEbl=
/Kg/\]-E]
7} o

ol o)
= 71 =

-

4o

Freath
s H9T. A%z

ACE
FEA 7=
g1g xe A5} da
JEMM*ﬁTﬁHH>§°§a%
TRl ok 3 A= A

fractiong o8& A|ZFg AdAe Zx

o g
8o} )L
R g

7 A
A el =g A4

e A
oA A
=

O:] .
SFEH g 7

71545
9%
el 7hrisl =
712 EAEA ARSI of7]d HIbEE
Bifidobacterium bifidum 3} Lactobacillus acidophilus
Ay T

o\

3l =3} ProbioticE 3Ff3F A ZgHH
3

&9 9

7h
Jo] 23} sttt
& AOACH (1980)01 <8 =4

AT

3]
of o3 FAY
A A8 T
o] =
nitrogen/g powder=ZA|

2, A, 74
sfo] 2
22 Keeney 9} Bassette(1959) Wl ols] 2 A3l

31
AzEE 59 o|35hd 42
S50 FuyPE oy
1 (1963), NPN Rowland(1938)%
A B

1) WPC40 Az% 59
2) pH =42 pH meter(Orion 420A, US.A)Z o] &
mg

o] & (Brookfield, Mode

2 Lawrence
3) H]ZF(bulk density)> Z=Wwol 93] %
4) HMF (5-hydroxy-methyl-2-furfural) s} %
Azx% A¥F9 Whey protein nitrogen index(WPNID)+=
Mahmoud 5(1992)¢] WHiel o Asto] Al stk
TS A=F AR F AHAEAS

==
=5
10%-’]
S gilj[-~
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t}. Probiotic Z2EtE 9] A& g AF2E9 23 =4

=

e}
Ak

T =HL 37CAA 72A1 7 wjekd Zo] standard method(APHA, 1985)o] uwhz}
counting 3} 1 t}.
3. A+2E3

7b w89 g

WPCH40<2 A%, 7+, &5, MAE5 H7beto] A x93t mixe] #ighH]= Table 2-1° e}
YAtk placebod] HIEHM] (%)= Z+2t 20.8, 77.50, 1.15, 0.28, 0.28%, 7Fria] @ WPCe A®
AX g MAE H7EE sample 19 #IEH](%)E 47 208, 77.50, 1.15, 0.28, 0.28% A =33}
AL 7kl © WPCsH Ae, -4k, &%, M4l probioticsE 7 sample 29| Wi 1] (%)

2

0.8, 77.50, 1.15, 0.28, 0.28, 0.1= A =&t}

Table 2-1. &52] 83y

Placebo Sample 1 Sample 2
WPC 20.80% 0.00% 0.00%
H-WPC 0.00% 20.80% 20.80%
A 77.50% 77.50% 77.40%
T4k 1.15% 1.15% 1.15%
B 0.28% 0.28% 0.28%
A 4 0.28% 0.28% 0.28%
Probiotics 0.00% 0.00%% 0.10%
total 100.00% 100.00% 100.00%

Y. Ax3dd WPCY 3133 =4

Table 2-2°14 = < Aol Az A5 dujdelaFo] 15%lAM 22%744 S 7kgrel
gf TR FHH20.65-30.14 %) SUket A FRB.72-541 %), BT F(1.04-1.47 %),
A e (0.88-1.28 %)°] S7HE H AT

v

Table 2-2. AZsE S8 3tsty A

Chemical ) Protein (%)
Spray dried )
components WPC (reconstituted WPC)

(percent) 15 18 20 22

Protein 70.13 14.99 17.98 20.04 21.98

Lactose 17.38 3.72 4.43 4.92 5.41
Ash 4.87 1.04 1.21 1.34 1.47
Fat 3.99 0.88 1.05 1.16 1.28
T.S. 96.58 20.65 24.67 27.46 30.14
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. AxTgE WPCEEY o[5std A

-
o
>

ofk

il
e

B>

MAE 7 WPCHE Z7F 15%. 17%, 20%, 22%9] T dghako
= Rt 2l 747y =l st gRE AXzsdu. A Ao mE Axdd
o] =84 5742 Table 2-3° Y AT Ax=3FH WPC A5 pHE @wd 3hafo] 2
4969014 6792 EokAE AEFgS UetWomA 02704 03574 Wstets Aol S-Stk
A3E et A2gE AREQ HFTS 1.044, 1.045, 1.046, 1.0460.2 whuld &kafo] wpa}
7}slsd ). bulk density= @A gaFo] wolAFE 06694 083714 S7Fstth o] A2 HEEH

AzFE Alge] @A tafo] Zrhele] wrel pHE 74593 AHES bulk density, &S 2

Hi
o

N
¥

Table 2-3. A zx3¥ WPCHY o]z EA

Protein(%)
Physical properties
15 17 20 22
pH 4.96 492 4.87 4.79
TA(%) 0.27 0.30 0.32 0.35
Specific gravity 1.044 1.045 1.046 1.046
Bulk density 0.66 0.71 0.77 0.83

1) WPC=& ¢ pH

WPCe A", 7a2h &5, Mg H7He placeboot 713
B, AMAE 713 sample 1 183 7hpRe] @ WPCeF A" Fa2k &8, M4 probioticsS
A7kt sample 22 A z3erAeh 28l 4T WHRAA 22T 2=FA7F 7Fs 3 incubatordl
A 0-429 FQF B & A7t Zol B4ste] pHE SASAY. 2= AR TRl wet 7
71 &4k pHe 32 Table 2-49 YEFU ST 429 &<F 7]3Fe] Ao w2t placebo2] pH
W oghe WAERT A 439904 424704 7FAEF AL incubatoroll Al B Al 4.399 A 4.23744] 7
St 32 UENSITEE sample 19 WA R T Al 42794 416744 439 I incubatorol]l A H ¥
Al 427914 414744 9] e sample 2 Eg WA R IS 4.2601]/\1 A7 A s
incubatoroll A B3-S 426904 4.057F4 9 AAaFH= @S YERNSY. giAdoew WyHERI By
£ incubator E3#oA pH 7o W37 & Ao®E B 18] sample 15t} probioticsE H 7}
3 sample 2914 714 & Z2o0 8 743 Ao w Hol HJLHE probiotics’t pHE A AA7)| & 9T

g 713 Aow A

b
e

(el

ih)

b

o
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Table 2-4. A Z3%%¥ WPCS =29 pH Z3
Placebo sample 1 sample 2

Storage
22T 22T 22°C
(days) cold room ) cold room . . cold room . .

incubation incubation incubation

0 4.39 4.39 427 427 4.26 4.26
14 4.34 4.34 4.24 421 4.22 4.20
28 4.29 4.29 4.20 418 4.16 411
42 4.24 4.23 4.16 414 411 4.05

2) WPCs 89 TAC(titrable acidity)

o
il
2
i

WPCe A%, 74, &8, A
S, AAE H7he sample 1 183l 7FFES

A 748k sample 22 A %3 stk 18] 4C

A 7+gt placebo®} 7htsl]
B WPCe A oAk
WA e A3 22T 9

. WPCe A, 744t 3
g5, M4l probioticsE

2Z=FA7} 7Fs @ incubatorol

A 0-429 st Byst & 747 Zo s sto] AT TAS g2 Table 2-50] YeEr AT 429

Ft 7%t w2t
incubatorell Al H.#-2 0.18414 0.287tA F7F8t=
oA 0.327+4 S 7FstR
YR A 026004 0.3574H4 S7hak3d

A el

TA 23 & placebo«] WARA Al 01894 0.257HA]

3l incubatorol A H ¥ 0.2701]/‘1 0.367}# ¢
1l incubatorel A H -

et giAl 2 o2 WA R Bl incubator B A TAe W7 &

= 7FaFSd AL
S Yel At Sample 19 WH RS 027
Z 718t} Sample 2 3
026014 0.397+A S7Fek= @t=
Ao®E HAPY, 1

2] 1L sample 1X.t} probioticsE A 7}3F sample 2004 7F4 & Zo g Z7[3 Ao 2 Hol Hriw

probiotics”} TAE F7HA 71 9&S 71X

A Ao AtgEd

Table 2-5. AZ=gHA WPCS=52 TA A3
Storage Placebo Sample 1 Sample 2
22T 22T 22T
(days) Cold room . ) Cold room . . Cold room . .
incubation incubation incubation
0 0.18 0.18 0.27 0.27 0.26 0.26
14 0.20 0.21 0.28 0.30 0.29 0.30
28 0.22 0.24 0.30 0.33 0.32 0.34
42 0.25 0.28 0.32 0.36 0.35 0.39

3) WPC=&9 HF

RENE RS

WPC+= A", <44k,
o

B, MA EZ 7S sample 1 Z#]a 7hRE

probiotics& # 7}%F sample 2% XﬂZﬁL gt aglx

ELIEEETIES

incubatorel A 0742Y F<F B3 & zZ+z}h
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Woleh 429 &<k 7]3ke] Aol whel placebod] HIF #h& WAR Y A 1.042, 1.041, 1.040, 1.041
o] S UEI R incubatorel A B ¥ Al 1.042, 1.041, 1.039, 1.039¢] H]<=3 zHS yERIQATH
Sample 19 W&w 3 Al 1.041, 1.042, 1.039, 1.041S YEW AL incubatoroll Al H¥ A 1.041,
1.042, 1.041, 1.042¢] %S Jeluidel Sample 2 3 WAR Y Al 1.042, 1.041, 1.043, 1.040< 1}
B AL incubatoroll Al B.¥ Al 1.042, 1.041, 1.042, 1.0409] #tS ueEhAAT A ez b5 9]

groll 2 zFol7F gl

Table 2-6. WPCS-g829] H|Z

Storage Placebo Sample 1 Sample 2
22°C 22T 22T
(days) Cold room . ) Cold room . . Cold room | .

incubation incubation incubation

0 1.042 1.042 1.041 1.041 1.042 1.042
14 1.041 1.041 1.042 1.042 1.041 1.041
28 1.040 1.039 1.039 1.041 1.043 1.042
42 1.041 1.039 1.041 1.042 1.040 1.040

4) WPCE2 9 bulk density

WPCE A", 7A%t, &=, 7¥E placebost bl ¥ WPCel Ae, A, &
2, AMAE 78 sample 1 28] 7FES] @ WPCeF A8, 794 &R M Ao probioticsE
A7} sample 22 A ZE vt 28 4T WFR A 22T =747} 7}53 incubatorel
A 0-429 EoF EaAgh ¥ 747k =ol 48t 543 bulk density©] #> Table 2-7°] e
Ak 429 Feb 7)7ko] Aol wil bulk density #*< placebod WA RIS 095 096, 0.95,
0945 YERNS A incubatoroll A ®E ¥ 095 095 095 0969 Z+ZF v]5:sk ks YEMALL
samplel©] WAR AL 0.76, 0.76, 0.77, 0.77¢] S YWEFN S AL Incubatorol A H#A-2 0.76, 0.76,
0.77, 0.75¢] 77} vzt ghs YERA T sample 2 =3 WAH 32 0.77, 0.76, 0.76, 0.772] <
YEFN AL incubatorol Al B2 0.77, 0.76, 0.76, 0.772] 27} v]5=3k ghe yERQAT oA 2 o
2 bulk densityd #toll & Zol7F $1%ith. Placebo?] #ko] sample 13 sample 2H.t} =2
et Ze WPCHO| 7hritall & sZ21x A Fu7F S7F7] |Ed]l Ao =2 Alsdrt

Jé
mlru

o

Table 2-7. WPC 2 2] bulk density

Storage Placebo Sample 1 Sample 2
22T 22T 22T
(days) Cold room ) Cold room ) Cold room )

incubation incubation incubation

0 0.95 0.95 0.76 0.76 0.77 0.77
14 0.96 0.95 0.76 0.76 0.77 0.76
28 0.95 0.95 0.77 0.77 0.78 0.76
42 0.94 0.96 0.77 0.75 0.77 0.77
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o FH wd Ao g AxIE EF AXE WPCE neutrase, trypsin, chymotrypsin
A 7HE A3k sreRE 21S ARG 249 TR, 549

712 8] vlgo] ke el 71 A= F&FI dE A= Table 2-83 Table 2-90 e A

Table 2-8. Enzymatic hydrolysis with different proteolytic enzymes

Enzyme

Time ] ]

. Neutrase Trypsin Chymotrypsin
(min)

Degree of hydrolysis (%)

20 417 2.79 3.43

40 458 3.22 4.21

60 5.03 3.87 459

90 5.82 4.29 4.97

120 6.02 4.68 5.33

150 6.19 4.84 5.59

180 6.31 5.01 5.75
CD 0.14

Table 2-9. Effect of various E: S ratio of neutrase enzyme on hydrolysis of

WPC

_ E:S ratio
Time cD D
(min)

1:25 1:50 1:100

20 414 3.87 3.39

40 455 4.29 2.81

60 5.01 453 4.07

90 5.83 4.80 4.39

0.231

120 6.08 5.04 4.66

150 6.34 5.29 4.90

180 6.57 5.50 512

240 6.69 5.59 518

CD 0.243
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Fig. 2-1. Effect of various E: S ratio of neutrase enzyme on

hydrolysis of WPC.
6) 429 JIFEHEY AT

MR EE SAS A7 Aol o TR &4 4% Table 2-10914 YER AT
neutrase, trypsin, chymotrypsing AF&3to] 7l5E&E AAGS w 3A7F wjdF 7R e
6.31, 5.01, 575 YEFNS T} Neutraser chymotrypsin (5.75 %) ¥} trypsin (5.01 %)¢] A
Hlagk wf 6319 £ PR EAE et SAZHORTE AREE 246 FRE VMR
ol fFog TS 7 Fh= Aol YFHAT WPCE 73l = neutrase”’t 7HE E 37}

EUL I & oEE chymotrypsin ¥ trypsin® &4 0]itl Table 2-109] Yeld 432 E4)

<
2 3}o] neutrase E4E AFEE Wl g4 o]&7teA, 284 2 e digt £AVF HEY
A Th.

Table 2-10. Enzymatic Hydrolysis with different proteolytic enzymes

Time Enzyme .
. Neutrase Trypsin Chymotrypsin
(min) Degree of hydrolysis(%)
20 417 2.79 3.43
40 458 3.22 4.21
60 5.03 3.87 4.59
90 5.82 4.29 497
120 6.02 4.68 5.33
150 6.19 4.84 5.59
180 6.31 5.01 5.75
CD 0.14
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chymotrypsin

DH
OFRPr NWAOU O ©
|

20 60 120 180

time

Fig. 2-2. Enzymatic Hydrolysis with different proteolytic enzymes

7) 7t ESE WPCERH Azd 289 H3E

WPC 7FraslE2 5 Azxd 571 7, 8% 7}
?%6115—% 7HA —%EQ} Hlaate] NEE7E A Uebwkth 6% 5 A bR u Bs AL
o BE A e HEEs YeEdlLh e REEY 5, 6, 7, 8% 2 hEdlE WPCE Az
o RE HIFEEOA 7.79, 778, 7529 7.20 (Table 2-11)°]1th. Hit ~30]e] 2+
oF oA Bk fohAl o] YEtRth bR R} 6, 7% R JhislE WPCR
Fol A Fvl= 7.78% 7512, =T 7.81, 7.25% ERYTH

Table 2-11. Effect of degree of hydrolysis on acceptability of beverage prepared from
hydrolysed WPC

Sensory attributes

Extent of Colour & .
. Flavour Sweetness Overall acceptability
hydrolysis(%) appearance
5 7.78 7.75 7.83 7.79
6 7.76 7.78 7.81 7.8
7 7.61 751 7.25 752
8 7.67 7.13 7.19 7.20
CD 0.232 0.252 0.245 0.239
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8 7teEdd WPC 589 AAAY As=d g A3 7a49 23

N
N

el 6%= kel WPCell Ao idbe] s wsiAzl & 585 Alxskal
oh Adwe] 210, 12, 14, 15 % 16%% st 7914E2 01, 025, 0.3% % dte] Axd S5°
22503 Table 2-12014 & & Stk o] AF|RFE Bo] 15% o4 A'S i ol

Pk Fedqto]l gol Hrisw ddeT
2 Foll whel zhzbe] A== 0.25%744 <7t
Al ZHastodeh 15% Awat 0.25% TAS wigstel Alxd &5

o
fo

Kol
=]

X

o U

oft

Table 2-12 Effect of sugar and citric acid level on overall acceptability of
HWPC beverage

Citric acid (%)

Sugar
(%) b
0.1 0.25 0.30

10 4.14 3.87 3.39
12 4.55 4.29 2.81
14 5.01 453 4.07 0.163
15 5.83 4.80 4.39
16 6.08 5.04 4.66

CD 0.189

9) 7ts&EdE WPCEHE AZT S8 AAEIHA AEd dAAS &4

ol gheks 050, 1.0, 1.5 % 2.0%= ¥zl 7HEedlE WPC S5 xanthum gum<]

A3= Table 2-13914 £ 4= <

AAdES Flo] S/t 28 0.05-2.09 <HA

b AHES IdAdste BRrF Faskdar 5o diAdEe] 0059 1.0%Y we
o

A 199 A Fo] 015%2 AxE SRE v A

o
0,
o
tt
ik
ol
o
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Table 2-13: Effect of xanthum gum on sedimentation of beverage prepared from HWP

Protein (%

Stabilizer (%) 05 L0 15 2.0

Extent of sedimentation

0.05 ot vt PR s
0.10 + + e e
0.15 - - o o
0.20 - - ¥ !
+ + + + - High sediment
+ + + -  Medium sediment
+ + - Low sediment
+ - Insignificant
- - Nil

5 20%°] duidgFor Az F A

T foetA =%tk 1.0%9F 15/4 DPHMBLMW *‘-‘Ul of that ~:ojE 7.73, 7.540]aL. =
30 7.85¢9F 7698 YERHTH

Table 2-14: Effect of different protein level on acceptability of beverage prepared from
Hydrolysed WPC

Sensory attribute

Protein Colour & .
Flavour Sweetness Overall acceptability

(%) appearance

05 7.65 7.69 7.84 7.74

1.0 7.66 7.73 7.85 7.76

15 7.68 7.54 7.69 7.58

2.0 7.67 7.47 7.13 7.41

CD 0.158 0.147 0.144 0.153
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11) 232329 WPC 71582389 237 338 E4

L EIFE 25%(18% ¢+
g5, 10, 15, 20%)9] FFS @
ojg] FH9 outlet =%

gt aEE 25

Wz 2 A Fg
sto] a1y
o Aflow rates 5‘_@3}“%

Az AF 5oty 540 rw g@zjaw

3
w
o
w
9
I
=)
N
W S
N
N

o
a-

12 ) 22A=z" WPC 74

FAEY & FFo W F outlet F7

w9 o FHo

B 4 9lt} Table 2-1504 B%

Z 1 EI outlet 2 ujglo] HEH
E 3+ Table 2-159 4

ol o
=

=
s

747} 443, 484, 501, 5192 vetukth 750TC 9 outlet %=
Zb7} 421, 4.38, 475, 5,012 VrERRTE

Table 2-15 Effect of outlet air temperature and feed total solids on moisture

content of enzymatically hydrolysed spray-dried WPC

Total solids(%)

Qutlet temperature 30 35 40 45
0C) Moisture content(%)
70 4.43 4.84 5.01 5.19
75 4.21 4.38 475 5.01
80 4.02 4.16 458 4.87
85 3.80 3.92 4.14 4.69
CD 0.130
13) 2EA28 WPC 7H+2 8189 bulk densitys] ¥ outlet ¥7] €59 % ngre 1
)
Table 2-16°14 & 4 Qo] P E FaFo] 30%0lA4 45%= F7FstH R & outlet 37] =&

=

W EE 1R gkl A bulk

40, 45%°]

A FuYPw T EFFUxE
= AE v s

density +

9] outlet &7]&
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Table 2-16. Effect of outlet air temperature and feed total solids on bulk
densityof enzymatically hydrolysed spray dried WPC

Total solids(%)

Out let temperature 30 35 40 45
() Bulk Density(g/ml)
70 0.45 0.48 0.53 0.58
75 0.41 0.44 0.50 0.54
80 0.35 0.39 0.44 0.45
85 0.30 0.34 0.37 0.39
CD 0.043

14) BRAZ2E WPC 7H52H 89 B84 A5 dE outlet F71 =5 Fuy2e] %
ERAZE WPC 4RaEe] 284 A5t vy 55804 Axend 298 ¢
3

I FEFe T2 AowA 1 A= Table 2-170 YEFHAT. ©]
P ol 30%0A 45% = S7hgell whet EE outlet

0.85, 0.89, 0.94, 0.99% U}FE}RLT.

Table 2-17. Effect of outlet air temperature and feed total solids on
insolubility index of enzymatically hydrolysed spray dried

WPC
Total solids(%)

Outlet temperature 30 35 40 45
(©) Insolubility index
70 0.64 0.68 0.75 0.84
75 0.67 0.72 0.78 0.88
80 0.75 0.81 0.87 0.95
85 0.85 0.89 0.94 0.99
CD 0.048

15) 5% 7Axd WPC 7I+EHEY HMF g3l td outlet 37 259 FuFE9 I

1o Ao ek T3= Table 2-180) LhebIich
o] Azt A BHF AL outlet LRI FNFE BT Zwst Fro] A JFL AATHs A}
]

£ outlet =04 ZW3IT f2 1A

>
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S7bekAl @k skrh. Levh 35%0)/d el TR FFelA HMF $e frolatAl S7kakadtt. o] 9
FrALsHAl 75 Co]7de] outlet =4 ARSE F7he] AEe vk 2A FAUTh 75T o]l A
Zwstel T7ke wlg frolehAl vEbgth HMF &3 2H7F 393 $Fe] 30, 35, 40, 45% Y
w290, 292, 3.09, 3.32 umol/100 g2 YEFATE outlet %7} 8

3.06, 3.12, 3.26, 355 1 mol/100 g%l th.

Table 2-18. Effect of outlet air temperature and feed total solids on HMF
content of enzymatically hydrolysed spray dried WPC

Total solids(%)

Outlet

Temperature 30 35 40 45
() HMF content (4 mol/100g)
70 2.84 2.87 3.02 3.26
75 2.90 2.92 3.09 3.32
80 3.06 3.12 3.26 3.55
85 3.24 3.37 3.52 3.79
CD 0.077

16) probiotic 2EH 9 &4 i I FY &5

W13k 3ol probiotic Z~EFE (Lactobacillus acidophilus, Bifidobacterium bifidium)S 77}
3le] 37Col A w33l th Probiotics ¢ &3 pHeF 2HAA 0 o& A7 7tA o= =

A # A= Tables 2-199] e A o)

Table 2-19. Effect of extent of inoculum on the activity of Lactobacillus

acidophilus
Level of inoculation (%)
Incubation 4 0 6
(h) pH Acidity pH Acidity pH Acidity
6 4.87 0.324 4.85 0.342 4.80 0.36
9 4.84 0.341 4.82 0.350 4.74 0.378
12 4.80 0.369 4.77 0.378 4.70 0414
15 4.72 0.405 4.69 0.414 4.62 0.486
18 4.66 0.416 4.63 0.441 4.55 0.519
21 4.62 0.420 4.59 0.447 451 0.524
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17) Lactobacillus acidophilus® &3] di3t HExZFo &3

pHe} 2R o2 =A% Lactobacillus acidophilus® 223 #d¥ Ad= Table 2-2090
et AT JEF 4%l 66Xl A 184 st WSS W wiF 7]to] FrbShel] we
pH(4.87 to 4.66)= ZAA3tA 3 4F%=(0.324 to 0.416% LA)+= S7 Attt ey uj ek 18413 %
pHe #a Awel 2% F7F At foshA ke olgh FAME Ao 5%9F 6%9 4 F Hol
A yEstth HEE 5%, 6%9F 5 Wkl 4% S vadle W pHe FAok A
o] F7h= frélshAl ekt

=

Table 2-20. Effect of extent of inoculum on the activity of Lactobacillus

acidophilus
Incubation y Level of ingculation(%) -
(h) pH Acidity pH Acidity pH Acidity
6 4.87 0.324 4.85 0.342 4.80 0.36
9 4.84 0.341 4.82 0.350 474 0.378
12 4.80 0.369 477 0.378 470 0.414
15 472 0.405 4.69 0.414 4.62 0.486
18 4.66 0.416 463 0.441 455 0.519
21 4.62 0.420 459 0.447 451 0.524

18) Bifidobacterium bifidum®] &3] 3 HFHF a5

pHe} AHAAd e o8] =743 Bifidobacterium bifidum® &8 3 #d¥d A= Table 2-219]
UER AT 4% JF el A mjFAIgo] 641l A 18217 o2 F7hstel] whel pH(4.95 to 4.70)=
Fashglal AFE=(0.315 to 0409 % LA)= S7bekltt 1ejuk mfeF 18413F F-of pHOl Ao At
7t woekA gk fFARS #EE 5%9F 6% HEFFolA udEuith Bifidobacterium
bifidium =EtE]E 5%%t 6% % HFAew wiF 73t &<e] pHE ek Ate F7ke] tish &
= oA ATk

_4

Table 2-21. Effect of extent of inoculum on the activity of Bifidobacterium

bifidum
Incubation y Level of ingculation(%) -
(h) oH Acidity oH Acidity oH Acidity
6 495 0.315 492 0.321 490 0.323
9 491 0.327 4.89 0.334 4.86 0.336
12 4.85 0.365 4.83 0.371 481 0.397
15 478 0.398 476 0.406 473 0.425
18 470 0.409 4.68 0.413 4.65 0.427
21 4.68 0.414 4.66 0.417 4.62 0.432
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19) dZ¥ WPC 75282 A probiotics®] W= &ol e Ax71&7 268 FF W3
o zz

Table 2-22¢] Az HE=d wWE  Lactobacillus acidophilus®t  Bifidobacterium
bifidium® AE&S Yelddt. FoA B 4 o], HEY%S [Lactobacillus acidophilus$}
Bifidobacterium bifidium® AEHe| Fold JFFE 71AA &g aHY dAx FYHS
Lactobacillus acidophilus®} Bifidobacterium bifidium E&o 23 JAFS 7130 5 A%
A 8ol M Lactobacillus acidophilus®] <2+ 4.49 log cfu/g °] 1t} ¥bH fluid bed drying©l A
= A9 F ule AE=(864 log cfu/g) EAt}. ol+= 5 AZ7} Lactobacillus acidophilus®] A3
E8o ggEe 7= AL ou|dtt. ole} FASHA Bifidobacterium bifidium® <AE 4.18
log cfu/g ©]At}t. WAl fluid bed dryingol A= A F w9 FXE5(8.22 log cfu/g) BT &
T %7} Bifidobacterium bifidiume A&l 3¢S 7t AL oo}

Table 2-22. Effect of drying techniques on viability of probiotic culture

LA BB
Spray dried Fluid bed dried Spray dried Fluid bed dried

Culture level

(%) Viability(log cfu/g)
4 4.49 8.64 4.18 8.22
5 4.47 8.83 4.32 8.49
6 472 891 4.38 8.65
CD 0.09 0.12 0.14 0.178

20) ProbioticsE 7[5 289 #AFH EA

r
I

s

J%

ek 1.0%9 Lactobacillus acidophilus ¢+ Bifidobacterium bifidium Z~EtE] S 713k
3 S5 #ASFH EAS Table 2-239 YeERAAT.  Lactobacillus  acidophilus <+
Bifidobacterium bifidium®W FS SFaNA AxFe FH5 T AFe Adst 2ol7t gl
] £13] JElytt}. Lactobacillus acidophilus®t Bifidobacterium bifidium ~EtE S H713 &
o] AAAR Moz Hee Z+2Zh 7.829 7.84% T}

R}

Mo
[

Table 2-23. Sensory characteristics of beverages prepared from probiotics enriched

beverage mix

Type of Colour & Overall
Flavour Sweetness .
beverage Appearance acceptability
LA 7.82 7.79 7.92 7.82
BB 7.88 7.83 7.90 7.84
CD 0.12 0.09 0.14 0.07
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21) ProbioticsE& 7t 79 °|3 3 A

AR AxTEe olgstel dxd WPC Zhedaadl A, ddh, A, &5, kAl ~

EFE (LA, BB)E &£%3}4 fluidized bedol A 71Z3sle] SI~HE ez wEJL. o] T4 fig.

1ol YERSLaL o] AFe] o]stetA o] 5o #s A= Table 2-24¢ YeERATE A%< pH

o} B84 %4 bulk density? #H< 460, 0.28ml, 0.73g/ml Z+ZF YEFATh HxE AAE 9
51

WPNI¢F HMF+ 55.23 mgN/100 g# 3.42u mol/100 g = YEbsth, dubdiE gt
& 1.80%. 3] 2.60%, A% 85.21% 1@ il T 2,75% °©] ok

Table 2-24. Physicochemical characteristics of probiotics enriched beverage mix

Physical characteristics Chemical characteristics

. . WPNI HMF ) )
Trials Insolubility Bulk Protein Lactose Moisture Ash
P dex  density E ™o e e 0

index ensi

y N /g) /100 g) (o) (o) (o} (o}
1 4.62 0.28 0.71 54.75 3.39 7.10 1.75 2.74 2.58
2 4.58 0.26 0.73 55.46 3.41 7.16 1.82 2.72 2.62
3 4.60 0.29 0.75 55.19 3.43 7.13 1.81 2.76 2.63
Average 4.60 0.28 0.73 55.23 3.42 7.14 1.80 2.75 2.60

22) Probiotic 288 9] A& g AF2x=9 &F

Lactobacillus acidophilus®}t Bifidobacterium bifidium® &gl et AFro ko
g A= Table 2-25914 & & dvk FollA yetd AitelA o 5 g1kl WA= LA
¢t BBE H7Fe QJIZHE AxF &2 A% Al LA¢ BBo AdFAHAAM F98 Has AU
o AdgFeE AFE7] 896 log cfu/gelA L 90YF T+ 816 log cfu/gi Hakglo] YElyt).
ole} fFAFSHAl 37N et A He] ww 8771 A MY o d4= 816E I o
ol AT & F Unk 2 A2oAM e A Y F d5T Fels A dAado A%
Z7]e 896 ¢ 877 log cfu/g® Aito] LA ¢ BBelA =AUt} oo thate] 90U F 9o =4
ol = 7.76 ¢k 765 log cfu/g = WElWH 228 Y = das F8 e WA EAE
oH(10"cfu/g).
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Table 2-25. Effect of storage temperature on viability of Probiotic cultures

LA BB
Storage Room Refrigerated Room Refrigerated
(days) temperature temperature temperature temperature
(Log cfu/g) (Log cfu/g) (Log cfu/g) (Log cfu/g)
0 8.96 8.96 8.77 .77
15 8.79 8.87 8.62 8.68
30 8.58 .76 8.46 8.58
45 8.39 8.60 8.29 8.43
60 8.24 8.45 8.08 8.27
75 8.01 8.31 7.92 8.09
90 7.76 8.16 7.65 7.92
CD 0.26 0.23 0.28 0.23
VWhey Proten Conlentrate
(14%6 protemn, 5% TS)
+
i¢ hydrolysis (nadrase)
(E: Sxatio-1:25,pH-7.0)
+
| cubation (46°CHCmin) |
+
| Enrpneinacivation ($5°C10 1in) |
v
Spray drying
(Inlet-1£0°C, Ouflat-75°C,
Feed ternp-55°C, Feed TS-35%)
]

Dy Blewding of Remaining Sugar, Cibric
add, Cdeur, Havour, Stshilirer.

¢ * | Fiuid Bed Drying (40°C)
| caperation o prehictiss LABB) | l
+
| Fhuid Bed Drying (40°C) | READY-TO-
' RECONSTITUTE
BIOACTIVE PEPTIDE
—— BASED FORMULATED
| Instadized saix | ==
+
+
READY-TO-RECONSTITUTE PROBIOTIC
BASED FORMULATED NMIX

Fig. 2-3. Flow diagramfor ready-to—use whey protein and probiotic beverage mix.
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FA Aol FEAROl B-Lactoglobuline®} a-Lactalbumine< alcalse, neutrase, protamax,
flavourzym o 2 3A|7+ 4A17F F9F Zhea i diey. WPCHB0-> wlaA sk 80% <2 7t rEslES

WPCH40% whwhz 32k 40%9] 7t al&S on| s},

Table 2-26. Enzymatic hydrolysis of whey protein

Duration of

No. Description Enzyme .
hydrolysis(hr)

M1 WPCHS0 Alcalase 3

M?2 WPCHS0 Flavourzyme 3

M3 WPCHS0 Neutrase 3

M4 WPCHS0 Protamex 3

M5 WPCHS0 Alcalase 4

M6 WPCHS0 Flavourzyme 4

M7 WPCHS0 Neutrase 4

M8 WPCHS0 Protamex 4

Mi11 WPCH40 Alcalase 3

M12 WPCH40 Neutrase 3
Massspectrometer(MS) 410 9]3] Table 2-27°14 & <+ & A &A Agolue &A= &
At M2 EA=FS gulsta [M+H+ & @ 3-d €, [M+H2+ & oz = st H &4
ol &g ET

Table 2-27. Molecular weight and electric charge of peptide

Peptide M [M+H]+ [M+2H]2+
YGLF 498,25487 499,25566 250,62862
YLLF 554,31747 555,31826 278,65992
LAMA 404,21638 405,21717 203,609375

LDAQSAPLR 969,53141 970,5322 486,26689
ALPMHIR 836,47611 837,4769 419,73924

YL 294,16499 295,16578 14858368
VGINWLAHKAL 1220,71001 1221,7108 611,85619

YGLF: tyr-gly-leu—phe

YLLF: tyr-leu-leu-phe

LAMA: leu—ala—met-ala

LDAQSAPLR: leu—asp—ala—gln-ser—ala—pro-leu—arg
ALPMHIR: ala-leu—pro-met-his-ile-arg

YL: tyr-leu
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ESI/MS Z7el ofsf 770¢] o st fEetol= FolA o 5719 A g el =7}
AZEH Atk 53] alcalase A 2l® A8l 4 (M1, M5, M11) B& fele]l=7 A&tk A8 Ml
oA A ¥ FElol== YGLF, YLLF, LAMA, LDAQSAPLR, YL Al & M5olA] A%
= YGLF, A& MllolA 249 $lelo] =+ YGLF, YLLF, LAMA, LDAQSAPLR °]it}.
Protamax @& A& M4¢ MBI A = 377 Hefol=rt AZEHUT. A8 Mol A A
Elo]=+= YGLF, YL, A& MRoA @Ae Hetol== YGLF ©] At} Flavorzyme ¥ Neutrase
(A& M2, M3, M4, M7) Aejd AlzeAes Fods Jeo]l=rt AEHA 4okt &4 Alm
Mi12914 57 FElol= HZEE At} Neutrase #2388 A& MI2o|A A E HMEpo] == YGLF
YLLF, LAMA, LDAQSAPLR, YL 7}ital Az A E eto] =9k wrlo A e A
AAZE FoF Fallgh AR A Fo = FElol =Tt 3A e EaEllgh AR RT HA AEE AT
o] & A= RajAzte]l ZdojHel wat HEfe]l= Fajzb &2 Al A Bk AshAl Yol

2
UrhE AbAS =t B 5 9tk 2 alcalase 7R 3 Al M1olA 3A17F R EA 5

Mol FEefe] =7 AEE WA 4AF ZhREEE AlE M5 ol A= Zrod = JlElo] =0 Al glu)

W AEEATE AA Y AHER S B RE FoE JEE FollA H e Fo AS Tt
dol Utk

2

Fig. 2-4. ESI-MS spectrum of hydrolyzed whey protein.

24) 71574 AZERY A=

Az WPC 7FHridlEe 54 A% 9 7HEad 99 d AS(WPCH) S A8 &4
HAelol= BAANE EYE 319 alcalaseZ 3A17F A3k WPCH40 & S3AZE&oZ ALE3
o AxzgE WPCe dd ghaFe 20%0]al oa2e] dulde 1%=2 st mde] d &5
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2. 4748 R UH

@7 8 WA

Ao A MEHE Lactococcus lactis NK347F-& 3~43]o] A3 Adwjdoz &35
H  glycerol stock® o2 -70TCoA HE3SF 3, working culture: gl 13| Athuf g 3}
of AVE3FATE. L lactis NK34+ 2] vl #x]:= MRS broth (Difco Laboratories, Detroit, USA)E

AFg3H9

o

ol

SR PESI R

L. lactis NK34< 10 mL% MRS brothell HE3ste] 37CoA wHbESE 50 rpm o= 1247
ot Aujkst o3 thA] 500 mL baffled ﬂask(working volume: 100 mL)°ll H&E3ste 1243 &
Qb EujekatAtt A EALe] 7ol = 3z Eujgst & 80TolA 1023 A glste] AFE3F

%1

1% HEFZ 10 A5 SIS A7 ohs, iAol 0.1 mLA &

0 4
sto] =gk & FHA oM wjketal ERUY P4 (colony forming unit)E FAH 3] F
A

ey

. AT A A F A

ol ¥ Me Kobayashi 5¢ #Ho| wel 5 N HCIE AF&3ste] pH 25, pH 4002 A3
brothol pepsine 1% #7}sle] AF&3FATEH GAAEe QlFf o] that yAS 2337 H’éﬂ L.
lactis NK342] 12A17F s oFel vikel 1 mLE test tube?] A& 9 mLel Fo wjdstdAl 0,
05, 1, 1.5, 2A17F 7+A 2 & samplingdte] MRS agar plateE ©] &3l 7S At WA
ke lg ool e A2 A feiM = 3¢ vlgE wdS 80TAA 103 DA g
ste] 6,000 rpmell A 1027F A& e §F Fdsds e #AE 3t 9ok L3 W
Hoz A3t Control pHE ZA3FA] 23, LS pepsine H7FsHA] 22 brothol $1<}

Te FAW WP Agetel AFstark

21 Hrek 0.3% oxgall(Difco)S F7Fste] AFEsITh AT HFA
HWAS A3st7] el dFAEs AR wgFAs AdFdFate]l A= Al@ o] HIbste] 37T
o

h=}
A7) A AgANS AR FEE R F obw

_46_



. Control oxgalle] H7}5 A &2 brothol §¢ 22 53 WHE AL835)9]

ol
o
3R
)

Al
o
il
A
ol
_O‘L
38
)

2

B2h AMEE FA57) e o wigds dadgste] FARS 3] gste] HdETR 23
drEate] A Mg 5 "dggel] deete] 10° CFU/mL A= vt HE2 st o dgdS
API ZYM kit (bioMerieux Co., France)oll F&sto] of 7 oA 37T oz 4AZF wj <k
stk 2dEA St SE B 98 ZYM A, B Al9HS Zhzbe] FZo) 3 e wojrmg]

&
B~
gt
oX,
o
e
ol
_0|L
38R
v

Bowe oA of 5EIF NS A7l F A2 WEE #AT
A ARG @ A

FAEZE WAL =437 Yl paper disc S AFESATE &, 7o HA o oA
12A12F wiekslar, TS soft agar(0.75% agar)oll wlFolS 100 pL=2 #H£3F agar plateo] overlay
SFA . Overlay® platedll paper discE o d MO R &7 F3 paper discoll ZF =] &

o

AEde 10 pLA gojrmsl § 1243 widate] F4=d WA
oh. ¥F ¢ &4

7t T AEXFE A HE T2 ME FE HF 37C CO; incubatordll A 24413t
Eo MR F, AIRE H7bete] 48412 wob kst wiFe] 2] 4AIZE el MTT(0.5
mg/mL)& < 50 yL& #7Ist t5 4A1F F7F vl Yste] formazan S FEAI71AL, 71wl ek
o] ¢t % 421000 rpm, 5 min, 4C)ste] FedS AAsAT. d4E2 F X blue
formazang £ A1 717] Y3te] DMSOE ZF well B 100 uL® H7}3gk & plate shakedl A 20&
WHEEE & 7 welld] T3EE =AU MTT assays [1-(OD of treated cells/OD of
control cel)]x100& Alxtete] % A 3&(% inhibition)2 WER 0w, A 3]&o] 50% o]l 7
ol FYAE FAGA E37F dvka #AET AREE tumor cell line2 SW-156(human
kidney carcinoma), HEP-2(human larynx carcinoma), Hep—-G2(hepatocellular carcinoma)E A}-&
SFAIL AFE wix]= PRMI-1640°1 10% FBS7F 3H-+¢ wiA ¢k DMEM¥i Aol 10% FBS7F &+

H A E A
Zt. DPPHY o & 3t &4 &4

L. lactis NK345 10 mL® MRS brothel HF3ate] 37ColA wyr&EE 50 rpme & 124 7F
ot Aujekslt o thA] 500 mL baffled flask(working volume: 100 mL)oll &3t 1243 &

oF Hufjokasle] wigAS 12000 rpmlE 4T, 2087 QAR E de ATAS 100 mM
DPPH(1,1-diphenyl-2-picyryl hydrazyD-&<} 3 mLel A5 600 uLE 7}8te] 10x S Jwath
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7h dF gl gk A

Aol AFER L lactis NK34we] G FAEe] a9l dol gt WS &<latsdnt. pH
259 pH 400= xAHH AgedelAe] A3 Ax 243 A3 & FFAE= 72 77769
8757%2] vHlwA =2 AEES YEUO L lactis NK349] AdAZA e 7hsAdS RolFa 9l
o (Fig. 3).

9
8
78 ﬁ
a6t
g
D57
[x,
O 4t
o0
S 3y
2 L
‘] L
0
0 05 1 15 p) 25
Time (h)

Fig. 3-1. Survival of vegetable cell of L. lactis NK34 in artificial
gastric juice. —~A-, non-treated with artificial gastric juice(control); -
M-, treated with artificial gastric juice(pH 4.0); —€p—, treated with
artificial gastric juice (pH 2.5).

CmEA AFYAE B L jactis NK34TS Q3 HS4t
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Fig. 3-2. Survival of vegetable cell of L. lactis NK34 in artificial
bile acid after treated with artificial gastric juice(pH 2.5) at 37C for 2
h. -BM-, non-added bile acid after treated with artificial gastric juice
(control); —€p—, treated with artificial gastric juice and bile acid.
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Table 3-1. Enzyme activity of L. lactis NK34 by API ZYM kit

Enzyme L. lactis NK34
Control 0"
Alkaline phosphatase 1
Esterase(Cy) 1
Esterase Lipase(Cg) 0
Lipase(Ciq) 1
Leucine acrylamidase 2
Valine acrylamidase 1
Crystine acrylamidase 2
Trypsin 2
a-Chymotrypsin 2
Acid phosphatase 1
Naphthol-AS-BI-phosphohydrolase 1
a-Galactosidase 1
B-Galactosidase 3
B-Glucuronidase 0
a-Glucosidase 2
B-Glucosidase 0
N-Acetyl-B-glucosaminidase 0
a-Mannosidase 0
a-Fucosidase 0

Y0: 0 nmol, 1: 5 nmol, 2: 10nmol, 3: 20nmol, 4: 30nmol, 5: =40 nmol
2. FAEA 3 A

L. lactis NK34& roxithromycin®} erythromycin® 4% 10 pg/mL ©o]|Ate] FZolA A5
Aels wE= eSS JUelidew,  streptomycin, neomycin, chloramphenicol, @il

gentamycine 20 ng/mL ©lAe] TEolA AE ¥Ax = HAS YEFAJN SH, nisine 100 1
g/mLe FEAAE AES BA &= HAS YeER At (Table 16).
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Table 3-2. Antibiotic resistances of L. lactis NK34

Antibiotics (ug/mL) L. lactis NK34
0 +
.. 25 +
Nisin
50 +
100 +
0 +
S i > :
treptomyci
promyein 10 +
20 +
0 +
5 +
Neomycin
10 +
20 +
0 +
5 +
Roxithromycin
10 -
20 -
0 +
5 +
Chloramphenicol
10 +
20 +
0 +
5 +
Gentamycin
10 +
20 +
0 +
5 +
Rifampicin
10 +
20 +
0 +
5 +
Eryth 1
rythromycin 10 B
20 -
+: growth, —: no growth
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o JFE 24

MTT assay® L. lactis NK34 wjFHe] FIAx As A& a3dEs Ay 43
SW-156(human kidney carcinoma)< Wl %45 Aol A f-ol= 402%2] AS5AA 2345 YEMA
o s BUE EgR HHAZ F D-PBSE w9 21 FFste] AFES FlolA =
798%2 E2 ASA4 3= YeElA Y. HEP-2(human larynx carcinoma), Hep-G2(human
hepatocellular carcinoma) cell2 B A5 Ao A= 50%0]st= AFAA 37 YJeEfYR &gko

U oolgs AdEol s of 55% wiele] TEARE A5qA 23S vErAtH(Table 17).

Table 3-3. Growth inhibition of L. lactis NK34 against various tumor cell lines

Cell line
SW-156 Hep-G2 HEP-2
Supernatant 40.2£0.7 35515 38.2£0.8
Culture fluid By . .
o 79.8£2.8 50.2£1.4 58.1£1.0
precipitate

* 1 Sensitive le., % inhibition>50

v}, DPPHH o 93 d4tst &4

ofN

L. lactis NK34 sl gaS S/HTZ 2~108 3|A gk sl o] giksl=ls DPPHRY ol ¢t #
[e)

A golse SAsko] Fig. 5ol Hebiivh 2 Aol wjFds o A ol
= A= AR 45% oo 2A4E dHEhNT] wiiel Hd ASARA Y] ThsAdEe BT
v

EDA(%)

0 2 4 6 8 10
Dilution Times

Fig. 3-3. Scavening effects on the DPPH radical by L. lactis NK34.
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7}. Whey protein concentrates and Enzymes

}o]

S

n o] HILMAR ingredientsel Al 7+

KX
T

Whey protein concentrate(WPC, 40% proteins)

= dnl=¢ Novo

protamex

flavourzyme,

neutrase, alcalase,

'aa9l

3

)

A et

bol Abgs

S

Nordiskoll A <

Y. Hydrolysis conditions

t & 249 72 E 11259 HER

o
olo

el

i

9
pH 6.5, 45Cel A 64%F

=N
o

Mota$} Gauthier

Agre zde

3)

o th
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ol wkEol 2d F &4 0TolA 1023 7Hdste] E2AsA7In b Edlees B

t}. Cell lines and culture conditions

B AGe AFE3 FUAMAEFE MCF-7(mammary gland adenocarcinoma), A549(lung
carcinoma), SK-MES-1 (lung carcinoma), AGS(gastric adenocarcinoma), HEC-1B(uterus
adenocarcinoma), SW-156(kidney hypernephroma)& AF£3t 3, T2 AFES AA AEE
MRC-5(lung normal cel) & A}&3t%th & A E = Korean Cell Line Bank(KCLB)ol A T8}
o] AFg3ldth AFE3 vl x| = Gibco(Life Technologies,INC., Rockville, ML, USA)AFol A 913}k
a1 SK-MES-12 Dulbeccos Modified Eagle Medium(DMEM)ol MCF-7, A549, AGS,
HEC-1B, SW-1562 RPMI 1640 Medium®l MRC-5& Minimum Essential Medium(MEM) 8} %]
£ o] &35t widstg e zZF wiAoli= 1% penicillin/streptomycin®  10% fetal bovine
serum(FBS)S #7}3te] 37T, 5% CO: incubatorol] A vl %3} %3

Z}. Cell cytotoxicity test

o odudy fH dd TleEEsEEe] dSd 2A4S dotRy] fsey MTT
—-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)assayS At&3tAth. Z+z+e] F<F
x 10° cells/mLE 100 uLA& 96 well plateo] 2F3t3 37T, 5% COy incubatorol] A 244]
bk § A-HT R AlRE 100 uL® FJFsko] 48A13F =S AT w ol Euhr] 4A%E
Aol MTT solution(0.5 mg/mL)S 50 uL® #7}ste] blue formazan F4E& FEatdTh AAHH
blue formazang 31417171 $13] dimethyl sulfoxide(DMSO)E Z+ wellnft} 100 plL® 3 7}sho]

3l

w
=
\‘O—I q O
=

&
e
N
Do

il
A

plate shakero| 4] ¥k & Multi well scanning spectrophotometer@ 570 nmol A &%
AotAh FFTY 2 AXAAY AaE&=E HuFsd e AdlEe] 50% ol dut ddF

ol Qe Aow

ol PH

[e]

O

ol

7 @ g oy s @l Bl A E AMRSte] vk EElE 3 dd Tl
d owa 9 peutrase,
flavourzyme, protamex &< ©¥ & EIHEALZE 6AI7F 7FEEE] A7 A I EIEE
= ofe] 7HA FEAE teto] 30%0l8te] A5AA EHE HErAT. 1Y

sto] 6A17F kel A7 7 9 VR ES Y wRolA vE FTYAE teiA s A
SAAMEZA7E 2EA =A dEuA fskey SolAow {uek AlEQ MCF-7¢F #H ek A<l
A549, SK-MES-1°] sl 50% ol’d2] =& AFAAasts depliddoh o8 74 axs= 7t

|

SR A 3 N ARRHE Fo

W
O

o

(@)

o))

53

ob)

107]

(@)

= o]ﬁ_

=l el &awks AIPS B=2A o] §3 & 7t

ol

alcalase 7}&



b

ol Ut ASIA gHE
A ZH7F =4 veEbdo(Fig. 4-2). 28 6417

¢

Alcalase 7H38] Azkol we §3 @A AERsEe] G A
4% A WAzl o]

o]t 938 AKAA T ol A} w

100
90 | M mWPC-70 OAlcalase
80 ] Protamex Neutrase
O Flavourzyme

—~ 70

X

o 60

©

c 50

K]

3 40

<

= 30 t I

MCF-7 A549 AGS HEC-1B  SW-156 SK-MES-1

Fig. 4-1. Growth inhibitory effects from various whey protein
hydrolysates (WPH) against  tumor  cell lines.

(concentration : 5 mg/ml)

Alcalased] 231% 9% dulz 7}5EHES ero ual 2okAZ AS
th. MCF-72 A549 cell®] 7o+ 2 mg/mLe §%

AL 2mg/ml o]/Fe] sl = H=d A adE YEh Y

100
90 [ —e—MCF-7
80 | —m—A 549
70 | —a—SK-MES-1
60 |
50 |
40
30
20
10
0

Inhibition rate(%)

0 3 4 5 6
Reaction time(h)

Fig. 4-2. In vitro antitumor activity according to alcalase

hydrolysis reaction-time(concentration : 5mg/mlL)
Alcalased] 9l E3le £ @z 7pgEEsEo] AB49, SK-MES-1 A|x 9} & #H <
of Soldoez AgodA ads Yepginh 1A dxwez He A4 AEA MRC-HE o4&
st e AdS 3 A7 A549, SK-MES-19 HIAxEL}E=E o =24 AHA cellel MRC-5&

&

Ioh A=
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alcalase®] 93 ®ad 3 dWd JlEHNES 5 mg/mlolAE 40% HAE] ASAA a5

LrEb o) g Al ek Al ol va) dAsHA sEokth(Fig. 4-3).

e
e
oX,
rlo
ofN

0
>

£

90 | —e— MCF-7 —m— A549

80 | —A—SK-MES-1 —X— MRC-5

Inhibition rate(%)

Concentration(mg/ml)

Fig. 4-3. Growth inhibitory effects according to alcalase
hydrolysates concentration on tumor cells and normal

cell.
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A5 A FIRE FRAMY Fitd HFEY R AFFEAF
7% A7

1L d7ue 2 By
7b AHE T F

2 ATl A AFEE Lactococcus lactis NK34 2 Bacillus polyfermenticus SCDt & 3~43]
of A Aoz @gstaidon, 20% glycerol oz ~70TAA RESH oM, working
culturex= 3 2ol 134 ZAlthujkate] AR5

4. WPCE 7122= 3 WA Az

WPCE 7|22 = 3 ujx&= WPC-35& AF&3t3lal, A&7 lactosed] &#HE& 7|Fo = o)
At} lactosed] o] 05, 1, 15 2% = 3t pHE 78 Z43ste 121TColA 1587} autoclave
sto] AFE-5FS

EREPESIE R

B. polyfermenticus SCDE 500 mL Erlenmeyer flask®] 100 mL®e] TSB brothell % &3}
150 rpm, 37TCeolAl ¢ 641 &< Aujgst o 27l Adio]l ZAEo de 500 mL
Erlenmeyer flask (working volume: 100 mL)ol 2% HEW 2 HF3to], mjd% 37C, nHtEE

150 rpm, initial pH 7.02. % 24X 7H5<k H ufksl S
2, LA SdsE A A G

HEE(seed) T iU B polyfermenticusE 500 ml baffled flask(working volume:
150 mD)ell 2%(v/v)el HFHE HFste] W% 37C, wyrEE 150 rpmeoll Al 9AZF &<t
shaking incubatorol A FaH At} B vf g 5 liter W& Z(working volume: 3 Liter)ol] 2%(v/v)
o] HEFH & FFsto] wlYLE 37C, wEE 500 rpmol A vl et ar, kel AES WA e
&3] 30% antifoam LS-3005 A}&3 9131 pH 70012 Zd3 3 121TCoA 15%3+ HEsty
A&t AL, 36417 vl ete] AIZPE R samples F o] WA SHA T

ol

1% FEF2 1004 A524Q B4s A7 v, FauiA el 01 mLA &

0 4
sto] =gk & HA oM wjketal ERUYPA G (colony forming unit)E FAH 3t F
A

ey
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v}, DPPHY o &3 it &4 =4

DPPH 2 tocopherol, ascorbate, flavonoid 3}3+&, ®-3k
peptide 59 43t S-S Yedis A2gA =4 o)
Ao weh kst ZaE dAEodTom s WHS
HE Wy og delx drt. DPPH £9& 100 mLe o€ DPPH (1,1-diphenyl-2-picyryl
hydrazyl, Sigma, USA) 6 mg= 52U & SHF 100 mLE& &35t A AT igFEdS 4T
A 12000 rpme SR 1627 dAZHdd F A& FHse]  DPPH
(1,1-diphenyl-2-picyrylhydrazyl, Sigma, USA)°l W3t 44 F o5 (electron donating activity,

mlS 200 09 sampleo] H7}ste] A
% 528 nmollA FFEE SASIAY. 89 @ v S ol &5t

528 nm oA A&
528 nm ol A TZHJZ_?LP/] Ry

Scavenging effect (%) = [1

Al AAtE A SEAFEY AETH HAE T #8571 A
ATaAl sPdaE wEoR Zautolegart HrkE WPH IAHE AFSR9 25 )

wsllon o7l Abg® EZ=Zuloe] ¥l Lactococcus  lactis NK34 2 Bacillus

polyfermenticus SCD®| 5+ 74 & FE AR&stn. o AFEY F&718S dolrr] 938

of H7tel ZEulo]eElxo] AEFE FAAT fElvet AFT el HAE 2

o] 7 107 o] o] Hojof fatyt FHAFoR AL o AT

Fin ZAste frE7ighs AAs

o

=

= =

g292g Azd d2RE I 140
2

&

=

pud

X
BN

| 2] 2 sampleS # 3t Sample 1 goll 0.1% 2
FEST 9 mLE H7bste] 93] =93, 0.1% "t FEFE o] &t ©A s|A st ALE-3)
13, B. polyfermenticus SCDY % <7 $3] B. polyfermenticus SCDE XA EIZ A&
of  HIlstg ez 80TCelA 1023 At Lo lactis NK34= E5F  AEA7| L
B.polyfermenticus SCD®| TS 243191, L lactis NK34¢] #5E L7198t Etoll A
B. polyfermenticus SCD®] 4= S L lactis NK342 313t}

Y

>

e
e

2. 29 4 nF

7h WPCE 7oz 3k wfjxoAe] B 54

WPCE 7|2 o7 3 vjxlE WPC-40S AR89 1L, A& S lactosed] TIHS 7|F0 7 3%
th. WPC-40 9] lactose®l 3ol 05, 1, 15 2%= s w wiSAIZPE B. polyfermenticus
SCDhe A4+ WPCY gaFo] F718 4 B. polyfermenticus SCD+ U W] A= A4S
guiglom B vjAlolA Ao wzgk o m yetuth JF § 1243 widstded A
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ZZ o] g3 g v AE pHE 70 + 012 X243 WPC-mediumol| A= v kA 7F
of wel At drksta st Frkekeith. pHE 2ASA @& iAol A= w A gl
pHe ®3le= A5 3AM7MA = dol oy 0 2= A& ASste] pH 847-A4 yEbw T Eg
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Fig. 5-1. Cell growth and antioxidant production by Bacillus
polyfermenticus SCD in 5 L jar fermenter with WPC-medium.

Symbols: —~€—; viable cells (log CFU/ml), ~<>-; DPPH inhibition (%), -H-
; pH
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Fig. 5-2. Cell growth and antioxidant production by Bacillus
polyfermenticus SCD in 5 L pH 7 -controlled-jar fermenter with
WPC-medium. Symbols: -€4—; viable cells (log CFU/ml), --; DPPH
inhibition (%).
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Table 5-1. Effect of storage period on viability of probiotic cultures

torage(weeks)
o 0 4 8 12 16
probiotics

L. lactis NK34 1.3 x 10° 3.4 % 10 32 % 10 3.8 x 10’ 1.9 x 107

B. polyfermenticus

SCD

1.2 x 10° 6.8 x 10 49 x 107 45 x 107 2.1 x 107
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&

Al 6 A In vitro ¥ In vivo =243 S T3 343 84 A

W
Ao 5 o] &3 X =FA @A 7hgis]E(whey protein hydrolysate)©] DNA &7 A

ofr

= LN
A7 A 2oz RE S AAXS AE 5 mlS Histopaque 107758 o] &3] L35+
=]

U Az=fd aeld Tl Ee Ay

AZEH AN=2FH dWES 4 FF G (alcalase, flavozyme,
neutrase, protamex)%® HFSA|ZFS 2E e (14417 4 A=/ & A 7}4\‘5—311%% KiR=y
Wroba]l 2 Aol ARG F 16719 WES 50 pg/ml o sEZ Ikt A & 37T
A 3023 ARrSAIH T Awkge] v § dupgtel AbsbA EAS F7] #8200 Mo

t}. DNA <7 9 A% #H7HComet assay)

Comet assayS 93] &S EW AFJ+= 75 9 05% low melting agarose gel(LMA)Z}
e % 1.0% normal melting agarose(NMA)7} precoating® normal slide $1% cell suspension
I LMAQ g o] ZFuF EAEA 3 F cover glass® Yol 4T WH o] HASAY. Gel
o] 2o Cover glass& W7 2 ]9 YA] 0.7% LMA €9 75 w= b4 o @ vy &
nle) ¥ 2}7Fe alkali lysis buffer(25 M NaCl, 100 mM Na:EDTA, 10 mM tris)oll A& Z Ao
1% Triton X-100& 412 % slideg 97F A&, dAddA 1A &< JAXAA DNAS double
strandE 9153t} Lysis7F 4 slideE electrophoresis tankel wWl@stx HA7|9dF 4T =7}
¥ buffer(300 mM NaOH, 10 mM Na:EDTA, pH>13)Z Y 408 E<¢F unwinding A # DNAZ]
alkali labile sites”’} =& uAl g T 25V/300£3 mA<] A4S Zo] 2083 A7|ds S HAAEA
th del olsf DNAZF F7bH o= &%= A Ho]'x]él'ﬂ el 9o A4 7195 tankE ©f
T How de A AAsddth d7gEel € § 04 M Tris ¢h5-8H(pH 7.4)°] 1024
7F A steE A4S 33 REESEY] slides A=A 20 w/ml 5 59] ethidium bromide® 35
o Al 5} o cover glass® Y- % FFAv A (Leica, Germany) “delA &3ttt CCD
camera(Nikon, Japan)E S| R W Z+zte] M X3 image= Komet 4.0 comet image analyzing
system(Kinetic Imaging, UK)o] A FEH Aol A EAE T I3t 9] hydrogen peroxide
of o138 DNA &4 2 =/ did 7heia sl o3 E494 e omiy o] FaA
me] FREow "Wolx Uzt me] F-ZuW DNA %3 (% Tail DNA), 3 w22 DNA %3,
Ao gHE o]F3d DNA FH A (tail length, TL) T+ tail lengthol tailt] 3H+¥ DNA%S
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g
o
3
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#3l= tail moment(TM) %S =7A3ke] el zhzhe] Aol A 2709 slideE e 7
7} 1007] AlES] DNA €4 A5 S A3 zF Ao ts 4 33 vkE 23859
BE A5 AP SPSS-PC+ 57 packageE A&-314 74?4 stk 7+ ol we MiEE

7 FA A+ FAHSE)E et 7 B9 DNA &4 A 4= & vlustr] $138) one-way
AFEA(ANOVA)S Aldlsle] F S 73F2 Duncan’s multiple range testE ©]-83}e] z} -7+

Fold Al ® AEadth BE BAY f4e 5% R4 Brhea

3. 494
Comet assays ©|8&3 A =73 @82 7keai=o] DNA &4 oA 23 439 2= o
& Fig. 6 ¥ Table 187 #t}. 4bstd ~E# 2 §F282 <2l hydrogen peroxide 200 pM9] &%=
Aol AP W FomRE "olx Uzt &44E DNAS A4 4ds HEWE % tail
DNATE 43.%% PBS ¢89S A o 82%e Ml fFejAoR e AoE e
1} 200 utM¢] hydrogen peroxide®l 291359t Hydrogen peroxide & ol <
o

af &4¥ DNAT vst 4= 7hgia] Azl A @ JheEdl=S 50 ng/mle s

o

L2 AMXEe] AEstRs 45 DNA &334 5=7t Ao s Ao 1 0] PBS ¥& A
2] ¥+ negative control 3 H2d Ao R YERGT X2 dilde] AbsA AEg e ¢
3t DNA &4 AA7ZI= a3 7Feas] 249 T/Y 7teael Altate 3A dagle] ¢
TGS Hol= Aom ALRHEY. o] AdolM A=FgHEHA TRt sk ~
Efa §3E4< hydrogen peroxideo] & =%+ DNA €42 afdgow AAA7|L o
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Fig. 6-1. Effect of Whey protein hydrolysates on DNA damage in human lymphocytes.

NC: negative control; PC. positive control (H20., 200 uM); Al: WPH produced by alcalase
treatment for lhr; A2: WPH produced by alcalase treatment for 2hr; A3: WPH produced by
alcalase treatment for 3hr; A4: WPH produced by alcalase treatment for 4hr; F1: WPH
produced by flavozyme treatment for lhr; F2: WPH produced by flavozyme treatment for Zhr;

F3: WPH produced by flavozyme treatment for 3hr;

produced by protamex for 3hr; P4: WPH produced by protamex for 4hr.

F4: WPH produced by flavozyme
treatment for 4hr; N1: WPH produced by neutrase for lhr; N2: WPH produced by neutrase for
2hr; N3: WPH produced by neutrase for 3hr; N4: WPH produced by neutrase for 4hr; Pl:
WPH produced by protamex for lhr; P2: WPH produced by protamex for 2hr; P3: WPH

Table 6-1. Effect of whey protein hydrolysates on DNA damage in human lymphocytes

Head DNA (%)

Tail moment

Tail length (um)

Negative control
Positive control
Alcalase 1 hr
2 hr
3 hr
4 hr
Flavozyme 1 hr
2 hr
3 hr
4 hr
Neutrase 1 hr
2 hr
3 hr
4 hr
Protamex 1 hr
2 hr
3 hr
4 hr

91.8
57.0
89.5
93.2
91.0
89.3
91.9
91.5
91.6
91.7
90.0
91.3
91.0
91.2
91.7
90.8
89.2
90.2

+H + ++ + + + + + + + + + + + + + H+ H+

0.5
2.8
2.5
0.6
0.5
0.3
1.3
0.8
0.1
0.5
0.1
0.1
0.8
0.0
0.1
0.2
0.7
0.6

3.1
137.7
7.4
3.3
3.6
5.4
49
3.8
2.8
3.3
3.9
3.8
4.3
3.0
3.7
6.0
5.6
4.1

+

[ e o o o o o o o S R

0.7
13.1
3.2
0.5
0.8
0.4
2.1
0.3
0.4
0.7
0.8
0.4
0.8
0.2
0.3
1.0
1.0
0.2

33.3
250.9
48.1
37.3
36.8
39.5
32.9
33.1
26.5
32.3
26.0
31.8
33.9
24.3
374
49.1
37.0
29.2

+

ot

Mo M W W R

6.7
136
134
6.3
4.2
3.7
0.5
3.2
0.8
3.3
3.2
14
6.5
0.6
2.6
34
0.8
2.1
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Fig. 6-2. Comet images.

NC: negative control; PC. positive control (H2O,, 200 uM); Al: WPH produced by alcalase
treatment for 1 hr; F1: WPH produced by flavozyme treatment for 1 hr; N1: WPH produced
by neutrase for 1 hr; P1: WPH produced by protamex for 1 hr.
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AT7TH FEdIdE Y A2 FAGHE(WPO), A= AT

o] dL2 hydrogen peroxide (OHe) AAHS F7FAI 7| & 4bstd ~Eg s AEHE F2A7
o7 AAWAA @i Ad DNAS s4st= 2oz 4 dvhFig. 7-1). wepa & A
qHe AdIde=o AZFE HS E L)
(WPC), A= % @d 7232 (WPH) 9 Z=uto]QEo] x3te A ol5 Axdte] 65
1 E3Fe T 4 AR FAkst A4S in vivorTolA Hrbstaak Atk ol & fE WIS A
gx2 U DNAEEAE, @3 U 3485 (TRAP), A A #4ksk(conjugated dienes), @4ks)
Wy &4k3l & 4 (SOD, GSH-Px, Catalase) 52 =743

RS A

EdsE fRA7 F OAZFHY w
A
q

H]E}FY (retinol, a—-, y—tocopherols) A3

F olo] HolHEe BAsn 53

2

<Fenton reaction>

O, + Fe3* +2H* —» Oq2 + Fe?*

Fez* + H.02 — Fe3* + + OH-

PUFA LOO*

Fig. 7-1. Iron overload induces oxidative stress.
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MY, AFe AFL] @ 0 QA Al AU Y /10 BA AFZAFE e 7
o

y =2
Eete] F Ao AT R Yo Hela &S ekt
x* 210l & &(FER)=653%F AT 371 (g)/653F 2 o] d# & (g)

Table 7-1. Composition of the experimental diet

(g/100 g diet)

Ingredients NFe! HFe WPC WPH Pro WPH+Pro
Casein 20 20 10 16.125 20 16.125
WPC - - 10 3.875 - 3.875
Corn starch 55.924 54.959 54.959 54959  54.959 54.959
Sucrose 10 10 10 10 10 10
Corn oil
Cellulose 4 4 4 4 4
Vitamin mixture”
Mineral mixture” 35 35 3.5 35 35 35
Choline hitartarate 0.25 0.25 0.25 0.25 0.25 0.25
DL-Methionine 0.3 0.3 0.3 0.3 0.3 0.3
Butylated hydroxy toluene 0.001 0.001 0.001 0.001 0.001 0.001
Iron (FeSO, e 7TH20) 0.025 0.99 0.99 0.99 0.99 0.99
Total 100 100 100 100 100 100

UNFe: Normal control group, HFe: High Fe supplemented group, WPC: High Fe + whey
protein concentrates, WPH: High Fe + whey protein hydrolysates. Pro: B. polyfermenticus
SCDBx109¢} L. lactics(3x10%), WPH+Pro: High Fe + whey protein hydrolysates + B.
polyfermenticus SCD(3x10°)¢} L. lactics(3x10%)

? AIN 76 vitamin mixture contained (in g/kg of mixture): thiamine HCl 0.6; riboflavin 0.6;
pyridoxine HCl 0.7, niacin 3; d-calcium pantothenate 1.6; folic acid 0.2; d-biotin 0.02;
cyanocobalamin(vitamin Biz) 0.001; dry vitamin A palmitate(500,000 U/d) 0.8; dry vitamin E
acetate(500 U/d0 10; vitamin Ds trituration(400,000 U/g) 0.25; menadione sodium bisulfite
complex 0.15; sucrose finely powdered 981.08

YAIN 76 mineral mixture contained(in g/kg of mixture): calcium phosphate, dibasic 500;
sodium chloride 74; potassium citrate, monohydrate 220; potassium sulfate 52; magnesium
oxide 24; manganous carbonate(43-48% Mn) 3.5; ferric citrate(16-17% Fe) 6; zinc carbonate
(70% ZnO) 1.6; cupric carbonate(53-55% Cu) 0.3; potassium iodate 0.01; sodium selenite 0.01;

chromium potassium sulfate 0.55; sucrose, finely powdered 118.03
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For 6 weeks

lweeks =t Normal control diet (AIN 93) I
6 weeks male [adaptation
SD rats _

| High Fe diet* + Whey protein concentrate (WPC)

(NAL D I
K\@) 1 High Fe diet* + Whey protein hydrolysate (WPH) I

— High Fe diet* + probiotics (Pro)

— High Fe diet* + WPC + probiotics (WPH+Pro) I

* 2000mg of iron/kg diet

Fig. 7-2. Experimental design.
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=
% nestgth A9 gUE A

th wd G 2 g x4 g DNA £49 =4S 938 comet assay
A 20uS AMAS S TB5uLe] 0.7% low meltin g agarose gel (LMA)Y} %S & 05% normal
melting agarose(NMA)7} precoating® fully frosted slide 912 A&y LMAS dg o] ZFuF
RS A 3 & cover glass® o] 4T Wil B stk Gel o] #21 Cover glassE H 7|
a7 9ol thA] 0.7% LMA &4 75 w= 3 A o DAtk Cell lysisg A8l vlg &#0ls) &
7}e alkali lysis buffer(25 M NaCl, 100 mM EDTA, 10 mM tris)oll A& Ao 1% Triton
X-100& 4& F slides w7 A&, FAAA 147 &3 FA A7 DNA2| double strands &°]
FAt). Lysis7t B4 slideZ electrophoresis tankol] ®#l€3ti 4T 27} buffer (300 mM
NaOH, 10m M NaEDTA)E 9] unwinding A1t} 204°] Ay¥ 25 V/300£3 mAS] WS
Ao 203t AV Ee AAssih drlgsel € § 04 M Tris &58&(pH 7402 $&
3 Mt 20 w/mé FE2 ethidium bromide® 32 JM3lo] FFaAn H ol #Z3
2 =8 ®U 4z A E3 imagex comet image analyzing systemo| AX® 7
FH Aol EAskT Y e 99 HOp ol o3k DNA &4 3 vl 23 el o3t

EFAAAL = B orFEH olFd DNA #H ] 7 (tail length)E A Fsto] osdres FA

CCD camera
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Aot x2S collagenase® AIXE 3 Wi FH d3 e WHO R comet assayE A A
skt
2. 84 A

849 mebue 2
_]

g7 #g4 F2E3s}t HEFY retinol a-tocopherol ¥ y-tocopherol®] #2-2 HPLCol| <l 2

Aletth. -80°Cell Wl U S Aol 520 F ehtanol® @ AS A AT
n-Hexane2 2 AW FE3 F rotary evaporator® hexanes S%A|Zl % mobile phase
(methanol:dichloromethane=85:15) 150 ]l =<°] HPLC®] guard column®] S Al#H ). Flow rate

= 08 ml/min®& 3}H UV/VIS detector® A&ttt ZF WEHIEE  retinole 325nm,
tocopherols< 295 nmellA ¢ EFF&S RUHSATE ZF JUdAire FEE external calibration

curves AFE3LY] curve WOl areaZH-E AAFSES

g = 2343 58 &A= TRAP assays ABTS(2,2'-azinobis(3-ethylbenzothiazo— line
6-sulfonate), 150uM)¢} metmyoglobin(2.5uM)S H0(75pM) 2 A stA o224 A E ferryl
myoglobin radical species®}2] A3 Zgof 2o&] FAlE ABTS radical cation®] absorbanceE =
A= 7125 T o™ I absorbance? YA HAE+ sample(0.84% plasma)dll & <+
antioxidant capacityell ¥B]#E3A ©th SampleS 6% =<F 30TColA Hi%I F UV/VIS
spectrometer® 740 nm<e| oA absorbanceE =45l th. o] TRAP %+ troloxd
calibration curveE ©]-&3s}lo] AAst TEAC(Trolox equivalent antioxidant capacity, mM)Z 3£
Astsl

ul. 7Ak3 %] 2 (Baseline diene corrjugation in LDL lipids) =7

Plasma 100 0ol 1.1 mg EDTAS®} 1100 g trisodium cirtrate Buffer(0.064AM)E &&3% &
600 w0 trisodium cirtrate Buffer(0.064 M)& WAl &% 3t 2500 rpmeolAl 10 minZt ¥4 &3
3te] LDLE #5353ty #83 LDLel 0.1M Na-phosphate Buffer 100 g0, Chloroform}
methanols 2:1H]&2 3 ml ¢ 33 SFF 1 mle &34 2500 rpmol Al 10 min 94 &2 3A
3 ThA] %83 chloroforme A2 (Ny)7b2&2 283 & cyclohexane 1 mle H7bsla

Spectrophotometer(234 nm)ol A =% 3%

Ab AE G ) s g4 =4

a9 g W GSH-Px, catalase 52 d4tst a4 9 24L& UV/VIS spectrometerel] 2
d FA4sad. U SODY 4L pyrogallol?] As2tslE 50% A= antioxidant
capacity® A 93 tt. GSH-PxE #4F3ME (t-butylhydroperoxide)ol] 9] glutathione©] AF3lz
= ¥eS Zufdtc} o] uw] A3 glutathiones glutathione reductase®t NADPH, 2] &) 3}ol
thAl glutathione©. 2 2% 31 NADPH, = NADP=Z 2tstdth o5 o] &3] &8 Hd
glutathione, glutathione reductase, NADPHZ 7}tz 37°C, 10%7F  wj3sk o
t-butylhydroperoxideE o] HF3-A17]1H o] w] 74 %¥ NADPHEE=E 340 nmolA 90%7F 43

4N
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o 24 GSH-Pxo dxaldws2 =As vl Catalased A& £89 Ao 50 mM
phosphate buffer(pH 7) ¢ hydrogen peroxideE % 7}3%F & hydrogen peroxide®] #A %S 240

nmol A 30%7F =43

of. Atz o] A g

e A5 A= SPSS-PC+ &4 packages Ab&3te] A& sttt 7F 3ol wep W&
AHR

ol
I HAA+ETLA (SE)E T3, F & o4 #d fFodAd #EFE 84 E one-way
A1 (ANOVA)S A 3P3dted F k2 3 %, Durcan’s multiple range testE o] &3l z+ 7+

T AelE AT skt

lo

3. 72

b AT, AolAdH®, Aolagel vAE dF
% Hit Aol4dFA @S NFeot HFew ol Wls] WPCi¥ WPH+Pro o] fo#4o=
=2 oz Yoy AFS7E-S NFevd oy HFew ol B3] Prow oY}t WPH+Prow o] <
Aoz e Aow ey WPHS probiotics®] AHFA7F 25349 &371 e o= Atsdn

Table 7-2. Effects of Whey protein and probiotics on Body weight gains, Food intake and
FER in rats fed high Fe diet

Food intake(g/d) Weight gain(g/d) FER”
NFe" 184 + 047 37 + 0.1° 194 £ 05°
HFe 186 + 0.4° 35 + 0.2 185 + 1.2°
WPC 188 + 0.3° 34 + 0.1™ 177 + 0.8
WPH 197 + 02 30 + 02" 148 + 0.9°
Pro 194 + 0.3 29 + 0.2° 147 £ 1.0°
WPH-+Pro 196 = 0.2 30 + 0.2° 148 £ 1.2°

UNFe: Normal control group, HFe: High Fe supplemented group, WPC: High Fe + whey
protein concentrates, WPH: High Fe + whey protein hydrolysates. Pro: B. polyfermenticus
SCD (3x10%) and L. lactics (3x10%), WPH+Pro: High Fe + whey protein hydrolysates + B.
polyfermenticus SCD (3x10%) and Lactobacillus (3x10%)

“Mean+SE. YFER : Food efficiency rate. YValues with different superscript within a column

are significantly different at p<0.05.
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Table 7-3°1% A2 el7F A 100 g A7 FAd X JFs Amugiey. 7o) FA+=
NFe e H]3] WPH, Pro ¥ WPH+Pro oA fre]d o= vioprt 4l7%e] FA= HFewo] T}
& sl Ha fFoHem & Aom uewn. " 4% HFewe] WPH, Pro %
WPH+Pro o] Hl3] Fo4ox & o= yegown, 24 FAE 2 7o HthE 2o

7F A

Table 7-3. Effects of Whey protein and probiotics on liver, heart, kidney and spleen in rats
fed high Fe diet

(g/100 g B.W)

Liver Heart Kidney Spleen
NFe" 418 + 0.117 054 + 0.02° 0.96 + 0.02™" 0.30 + 0.01™
HFe 4.09 + 0.08™ 059 + 0.01° 0.97 + 0.02 0.33 + 0.02°
WPC 396 + 0.11™ 053 + 0.02* 094 + 001 0.30 + 0.01™™
WPH 3.83 + 0.13% 052 + 0.01° 0.95 + 0.02 0.28 + 0.01°
Pro 3.68 + 0.09° 050 + 0.01° 0.93 + 0.02 026 + 0.01°
WPH+Pro 3.88 + 0.12% 051 £ 0.01° 0.95 + 0.01 0.29 + 0.01°

UNFe: Normal control group, HFe: High Fe supplemented group, WPC: High Fe + whey
protein concentrates, WPH: High Fe + whey protein hydrolysates. Pro: B. polyfermenticus
SCD (3x109¢} L. lactics (3x10%), WPH+Pro: High Fe + whey protein hydrolysates + B.
polyfermenticus SCD (3x10% 9} Lactobacillus (3x10°)

“Mean=SE.

YValues with different superscript within a column are significantly different at p<0.05.

ns: not significant

Lo mxE AG3FS Table 7-4°] YeEFATE B4 retinol9)
4% WPH+Pro ol Iuke] A FolF(HFe)d| Wld] Foxoz & Aoz eyt y

oH o7 =gkom a-tocopherold 7% WPC,
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Table 7-4. Effects of Whey protein and probiotics on plasma antioxidant vitamins in rats fed

high Fe diet

Retinol” y—Tocopherol” a—-Tocopherol”
NFe" 043 + 0,047 0.15 + 0.02* 14.08 + 1.74™
HFe 0.38 + 0.02° 0.16 = 0.01™" 12.80 + 0.59°
WPC 044 + 0.02° 0.19 + 0.02®° 1712 + 1.64°
WPH 041 + 0.03" 0.17 + 0.02°° 1545 + 1.68"
Pro 044 £ 004" 0.20 + 0.02" 21.37 + 1.35°
WPH+Pro 050 + 0.02 0.33 + 0.02" 2549 + 091°

UNFe: Normal control group, HFe: High Fe supplemented group, WPC: High Fe + whey
protein concentrates, WPH: High Fe + whey protein hydrolysates. Pro: B. polyfermenticus
SCD (3x10°)¢} Lactobacillus (3x10%), WPH+Pro: High Fe + whey protein hydrolysates + B.
polyfermenticus SCD (3x10% 9} Lactobacillus (3x10%)

“Mean+SE.
YValues with different superscript within a column are significantly different at p<0.05.

* Corrected by plasma triglycerides

7 Aelel AYE ksl @A @A W AE dFS Table 7-501 YERSATE HE
catalase®] &4 WPH+Pro oA WPCE A3 ttE £ 59 v FoHoz =2 o=
e o GSH-Pxi= WPH o] Pro ol H|3l oA os F7heh Ao = Yepyth

Table 7-5. Effect of Whey protein and probiotics on erythrocyte antioxidant enzyme activities
in rats fed high Fe diet

Catalase(K/gHb) GSH-Px(U/gHb)
NFe" 1706 + 24.6”% 286.1 + 21.8%
HFe 182.3 = 16.7° 2680 + 19.3™
WPC 2129 + 26.3% 282.3 + 33.07
WPH 163.7 £ 21.4° 318.1 + 23.0°
Pro 166.7 + 14.8° 2385 + 29.2°
WPH+Pro 2470 + 21.3° 280.0 + 1257

UNFe: Normal control group, HFe: High Fe supplemented group, WPC: High Fe + whey
protein concentrates, WPH: High Fe + whey protein hydrolysates. Pro: B. polyfermenticus
SCD (3x10°)$} Lactobacillus (3x10%), WPH+Pro: High Fe + whey protein hydrolysates + B.
polyfermenticus SCD (3x10°)¢} Lactobacillus (3x10%)

“Mean+SE.

YValues with different superscript within a column are significantly different at p<0.05.
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Fig. 7-3. Effect of Whey protein and probiotics on lymphocytic DNA damage in rats fed
high Fe diet.

UNFe: Normal control group, HFe: High Fe supplemented group, WPC: High Fe + whey
protein concentrates, WPH: High Fe + whey protein hydrolysates. Pro: B. polyfermenticus
SCDBx10%¢F L. lactics(3x10%), WPH+Pro: High Fe + whey protein hydrolysates + B.
polyfermenticus SCD(3x10%)¢} L. lacticss(3x10%)

Values are Mean+SE. Values with different superscript above bars are significantly different
at p<0.05.
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Fig. 7-4. Effect of Whey protein and probiotics on lcoloncytic DNA damage in rats fed high
Fe diet

UNFe: Normal control group, HFe: High Fe supplemented group, WPC: High Fe + whey
protein concentrates, WPH: High Fe + whey protein hydrolysates. Pro: B. polyfermenticus
SCD3x105¢} L. lactics(3x10%), WPH+Pro: High Fe + whey protein hydrolysates + B.
polyfermenticus SCD(3x10%)¢} L. lactics(3x10%)

Values are Mean+SE. Values with different superscript above bars are significantly different
at p<0.05.
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oh @l 2 aw A3
F 3090 49 dAARNE 2o FolE Qo] £4 4 A% Fol AL stk ddA
e AW A BAR olF SHES WA GRS Axsgon fAdEs] e ofH A}

2]
Aol 10 ml A% AME % lithium-heparinic polystyrene®] Ho} 1000 rpmolA 10&7F ¥4 £

3 & o] platelet-rich-plasmai= ascorbic acid =4S Y3 E&sdt. 3t @&
platelet-rich-plasma® TtA] 3000 rpmol A 156%7F 94 &g & 3% x4 g4ts) vetyl 2
TRAP 4 93] -80°C Ys o] ®A3sFATt. A&7+ isoosmotic phophate buffered saline .

2 A F 25 AL F st a4 248 A8 -80°C WEael nasit £ £
g 5] 3000 rpmell M 5@k A e F & s Bob w4 d7hA -80°C W Hsk

g% T FYlzdHE, HDL Sd2dHE 9 44 53 17 ss veds GOT, GPT &4
A2 kit AleFS o] 83F9] Photometric Autoanalyzer(Biotron Scientific instruments BTR 815)

2 Z4etglth. LDL 28282 Friedewaldd S o] §3te] 724319

onjugated diene (CD) &4

e Ade satst ARer A7l= 3 =dolmE LDL Asgres 1Y) ffs) €4 CD
TS B399, €31 mg/ml EDTA)®| trisoduim citrate buffer (pH 5.05, 5N HCI, 50000
IU/L heparin)E ¥ o] LDLS % A A]7] a2 Na-phosphate buffer (pH 7.4, 0.9 % NaCD)® =%t} o}

O et
o
0

S © 23+ chloroform : methanol(2 : 1) 3m<S A7l SFFE 1 9L T A &4 BEW H
3t rotary evaporator®Z SWAZT o] A& cyclohexane 1 mlZ =9 ¥ 234 mmol A

spectrophotometer 2 #2413} 91 t}.

=74

vk @74 3akst njed
qdAEe] 3 ascorbic acid¥ 2, 4-dinitrophenylhydrazine methodel 23] UV/VIS
spectrometer® A&ttt %S metaphosphoric acid® A gldte] @@ AL HAHA 7|1
ascorbic acidE <4 3 A|Z T Ascorbic acid= copper—-sulfate® *] 2] 8% dehydroascorbic acid=
2k3l¥ T diketogluconic acid® 7FFEa| E T}l o] S 2, 4-dinitrophenylhydrazine & & =] 2] dtH <F
e AZAME 9] osazone®] FAEH =Y o] RS 520 moll Al ZA3ske] @ ascorbic acid®] TEE

2819tk 8% retinol, a-tocopherol, y-tocopherol, carotenoids % conenzyme Q102 ethanol®

—_

e

ol

G ES A ASEA n-hexanel® A M-S FEH3 ¥ rotary evaporator® hexaned FEA|7] 4L,

mobile phase(metanol:dichloromethane=85:15)°l =¢] HPLC®Z 743}

AL 8 F FE7 2H diksts A
o EE 8% F F71E2F 4SS (TRAP, total radical-trapping  antioxidant

potential) =44 H2 &4 W a-tocopherol, ascorbate, urate, protein sulfhydryl groups %< 4k

SAEe BEd 94 s B F fe Y FAREL dehhnE ALY =4S

Aost £ e v 583 WRHoltt. 84 5 TRAP2 Rice-Evans and Miller®] inhibition
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assay Hel gl BT o] wWHe ABTS(2,2'-azinobis(3-ethylbenzothiazo-  line
6-sulfonate), 150 pM)¢} metmyoglobin(25 pM)S H.O0x(75 pM)E ZAISIAZo=2x AA=
ferryl myoglobin radical species®}?] 45 Zgo 9o& WAE ABTS radical cation?
absorbanceE ZA3=d 7|2E 51 o I absorbanced 94 FEE sample (0.84%
plasma)oﬂ E9°] 91+ antioxidant capacity®] H]#3FAl F )l Samples 6% 5<9F 30CoNA w3k

% UV/VIS spectrometer® 740 nme 3}l A absorbanceE A3ttt 39 TRAP 3%+
trolox®] calibration curveE ©o|&3ste] ALtEg o™ TEAC(Trolox equivalent antioxidant

capacity, mM) 2. 2 X &3} ).

ol g+ ggitsl a4 E FH

g glutathion peroxidase(GSH-Px), catalase %S¢ 3#4tggaiel EXL UV/VIS
spectrometerd] 93] A3ttt GSH-Px+= #4F3}E (t-butylhydroperoxide)oll €3] glutathione
o] A3ty &= WSS Zwjdlt}, o] uwj 4FslEl glutathione glutathione reductase®t NADPHO &
A 3toll thA] glutathioneo. 2 391% 37 NADPH+= NADP= 4F3lEHc) o] & o] &3] &85 HIF
o] glutathione, glutathione reductase, NADPHZ H7}stxz  37C, 10&7F wjdst o
t-butylhydroperoxideE @0l WH-&A|ZH on o] w 7HA® NADPH&EEE 340nmoll A 90x3F 54
gto g X GSH-Px9 aatd AE=E =A3 Y. Catalased AL £383d HAdFo 50mM
phosphate buffer(pH 7)9} hydrogen peroxideE 7 7}3F Fhydrogen peroxide? #A %S 240nm
ol A 307+ Z743H3A

A}, Alkaline Comet assay< ©]-83%F 37 oxidative DNA damage 574

A= Mgt A8 70 WS 1 mle] PBSOl 42 % Histopaque 10775 °]-&3le] &3] U
At Yot DNAO] 4tsta ~Ed2E 7bshz] §8) 200 pM Ho0o5 AM&3tith Alkali lysis
buffer& A}-&3le] DNA<Q| double strandE ZF% o™ lysis7/F 4 slided 7|95 buffer®
40% F¢F unwinding A7 DNAZ®Q| alkali labile sites’7} =& UAl 3 % 25 V/300+3 mA°] AL
S Aol 2087 A9 5S AASETE 20 w/ml X9 ethidium bromide® 3E 334 Ml
cover glass® €< ¥ ¥33dn 7 (Leica, Germany)2 2 T#3HA CCD camera(Nikon, Japan)
£ E3 B el AHEI imageE Komet 4.0 comet image analyzing system(Kinetic
Imaging, UK)o] AX¥ HFE AolA EA83ch 379 DNA &4A-AEE do2HE o)F
3 DNA 33#H 9] AP (tail length, TL) T+ tail lengthol tailt] 3$Ff%¥ DNA%ES ¥+ tail
moment(TM) #& 43 Yetdiden z gz 2 2719 slides "HEo] 7242 50714 &
100712 dFFo - DNA £AAHAEE S5 9

A Age A 9 2 alve] A B4

EE AEE= MSY excel database systems ©]83t9 483 & SPSS-PC+ F74 package
(version 12.0)05 AR&3te] Attt 2b o] wel WE &3 FHA2H 7 AHSE)E T30S
W okl &R AR A3 8F AFH Fo HA e tFk o4l Aol Paired t-testE T HS
EIs
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Table 8-2. Changes of Anthropometric data during 8 week trial

WPC HWPC HWPC+Pro
0 week 8 week 0 week 8 week 0 week 8 week

Age (years) 269 + 04 264 + 0.8 260 = 04
Height (cm) 1730 + 2.3 1769 + 15 1723 + 14
Weight (kg) 7356 + 390 7040 + 3.14 7838 + 455 7878 + 475 6865 + 2.29 69.23 = 2.70
Body Fat (%) 2226 + 154 2288 £ 157 20.08 + 1.86 20.46 + 2.07 21.81 £ 1.08 2350 + 1.22
BMI (Kg/m2) 2426 + 097 2477 £ 117 25.02 £ 143 2211 + 283 2330 + 0.74 23.49 * 0.87

Waist
Clrcuzlﬂlegence 8266 + 333 8576 + 3.11 8347 + 260 86.44 + 3.71 8331 + 233 83.19 = 2.06
Circué'l(;:%%ence 98.90 + 2.23 101.92 + 2.22 9745 + 1.80 102.67 = 2.54 9875 + 1.35 98.86 = 1.54

WHR 083 +0.02 084 £0.02 08 =002 084 +0.02 084 +£001 084 =0.01

Values are Mean + S.E.

Significantly different at p<0.05 by paired t-test.

Table 8-3. Changes of Plasma lipid profiles and Liver function during 8 week

WPC HWPC HWPC+Pro
0 week 8 week 0 week 8 week 0 week 8 week
Triglcfides 933 + 158 1017 + 7.8 1193 + 132 1242 £ 165 1151 = 113 97.8 + 86
Total cholgsterol 1741 + 102 1534 + 78+ 1702 £ 70 1513 £ 7.7 1701 + 81 1583 * 59
HDL cholgsterol 594 + 52 630 +52 544 £29 599 £42 634 £59  7L1 * 60
LDL chojesterol 960 + 109 701 + 62+ 919 £ 69 666 £ 106+ 837 £ 98  67.6 + 60
Atherogenic 21+03 1502 22+02 1703 18+03 1302+
GOT (U/L) 223 +19 281 +30 269 +24 306+74 207 +19 290 * 35
GPT (U/L) 266 +23 258 +26 30044 282 +21 269 +25 260 27

Values are Mean + S.E.

Significantly different at * p<0.05, ** p<0.01 by paired t-test.
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Table 8-4. Changes of Plasma lipid peroxidation, total antioxidant status, antioxidant vitamin

levels and erythrocytic antioxidant enzyme activities during 8 week trial.

WPC HWPC HWPC+Pro
0 week 8 week 0 week 8 week 0 week 8 week
Plasma
omueated, 215 £ 047 170 + 048 273 + 051 237 + 062 186 + 027 1.84 * 0.37
TRAP (mM) 145 + 002 147 + 001 147 + 002 152 + 001 148 + 0.02 149 + 001
vitamin C 033 + 003 030 = 0.03 034 + 0.03 026 + 0.02 036 + 0.06 0.29 + 0.04
Retinol (ug/d) 514 + 42 652 + 39« 544 £ 38 627 £+ 80 609 69 606 £ 46
yotocopherol 797 & 146 1286 + 179 100.1 * 139 1417 + 189 1262 + 240 1367 + 226
a-tocopherol 1051.1 + 871.0 + 931.0 +
coplis 7625 + 5.1 WL E 7470 + g3 STLO S0F 9216 + 6.7
Iycoperie 53+ 10 130 27+ 79+25 77+19 94 +18 142 + 40
a-garotene 36 £ 09 90+ ldwx A7 +13 43 £09 4306 48 £ 09
8‘(%agr gne 123 + 32 Z%S*i 168 + 40 141 +36 112 +23 127 +21
coeprymeQl0  5p3+ 113 (30, 465+ 55 715+ 81r 760 £ 163 838 * 135
retino TC 030 £ 002 O03.% 032 £ 003 044 =007 036005 039 0,04
y-tocopherol T 45 + 007 084  0.11x 058 007 098 016 077 £ 017 086 £ 013
a-tocopherol. T 433 + 040 OJO 436+ 045 595 + 079 558+ 074 591 * 055
lycopene TC ~ 0.03 + 001 900 % 005 = 001 005+ 002 005 001 0.09 * 0.02
a-carotene_TC 002 + 000 D905 003 + 001 003 + 001 003 +0.00 003 + 001
B-carotenc_TC ~ 0.07 + 002 a5 010 £ 002 0.0 + 003 006 = 0.01 0.08 * 0.02
coenzymeQl0- 029 + 005 061 Y o027 +o003 Q0% 0434008 053 009
Erythrocytic antioxidant
enzymes
CAT (K/g Hb) 8298 + 759 80.04 + 570 85.10 + 575 96.80 + 6.54 8431 + 6.97 8398 + 543
GSHIX (U8 2779 + 485 2039 + 356 2271 + 433 2734 + 327 2058 + 362 3262 + 251

Values are Mean + S.E.

Significantly different at * p<0.05, *x

p<0.01, = p<0.001 by paired t-test.
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Table 8-5. Changes of Lymphocytic DNA damage during 8 week trial

WPC HWPC HWPC+Pro

0 week 8 week 0 week 8 week 0 week 8 week
Head DNA mo0+16 it etseis 5 ma2e1s 5B
Tail DNA 200+ 16 79 +04sxx 325+18  GlE o715 027
Tail Extent 538 £ 55 40 + 07+ 660 £ 56 74 + 14wex 490 53 7.0 + 13exs
Tail Length 959 69 562, 112066 Saor 90858 0.

Values are Mean + S.E.

Significantly different at *** p<0.001 by paired t-test.
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