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Abstract

As a byproduct obtained from cheese manufacture, whey protein was developed as a
functional food that contains multi-functional proteins. In this study, the biochemical activity
of fermented milk prepared by fortifying whey protein with excellent physiological activity
was investigated. Immunoglobulin (IgG) content was higher in 10% fortified whey protein
fermented milk than in the control. The viable cell counts were 20% higher in the fermented
milk with 10% fortified whey protein than in the control group. The antibacterial effect of
10% fortified whey protein fermented milk compared to the control group was shown to be
effective against four pathogenic microorganisms, Escherichia coli (KCTC1039), Pseudomonas
aeruginosa 530, Salmonela Typhimurium (KCTC3216), and Staphylococcus aureus (KCTC1621).
The antioxidant effect by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities
wasincreased two-fold in 10% fortified whey protein fermented milk compared to the control.
The 10% fortified whey protein fermented milk inhibited the expression of the inflammatory
cytokines (interleukin [IL]-6, tumor necrosis factor [TNFl-a, and induced nitric oxide synthase
[iNOS]) in a concentration-dependent manner. In a piglets feeding test, the weight gain with
10% fortified whey protein fermented milk was increased by 18% compared to the control
group, and no diarrhea symptoms appeared. Our results clearly demonstrated that 10%
fortified whey protein fermented milk could be a useful functional ingredient for improving
health.
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2 Q1A =Hof w2KGill et al., 2000; Walzem et al., 2002; Marshall, 2004) 7|54 Al Z1} 28 #|2of| H7HA|29] 714
7} AtH(Huth et al., 2004). 77 T 2 o] A=) A= B2 SFaksol of sl ¥red %=l Marcone 5+(2017)2 -+
2l A2 peptideset 717357 oA S S50l Thsl AF51H3 AL, Walzem 5(2002)2 - Tl A A 2
o] {7 JU= fgt 7| s=ol wet X3hE AFsIAet
R A2 A ZAHAY ZX (Corkins et al., 1999), 32| 22.2] d7(Donnet-Hughes et al., 2000), HY/30| 4=
9] /4713l (Yamauchi et al., 1993), prebiotic & H(Petschow et al., 1999), 5’322 #|7{(Boes et al., 1998) 52| 7]
o] &S Eustlrt Tst ATl A-2 kA AE A7 |3l (Ushida et al., 1998; Tigo et al., 1999; Ushida et al., 1999;
Tsuda et al., 2000), &= A H| S S (Zhang and Beynen, 1993; Beena and Prasad, 1997), ‘=3P Z] 7]-5(Bounous et al.,
1989) 5= B EQIek $hH TS 42 TFRo A A A/ HE peptides] A E/d7]5 ELE HR B
-lactoglobuliner trypsin Q& ] 2]5}0] AJ/dH peptides2] B 5= AH|E A5} 7]-5(Nagaoka et al., 2001), 57 T2
o] 2| AH|E 2|5} 7] 5(Nagaoka et al., 1992), - THH 22 119x]2]s}o] AAJE peptides?] cytokine 'Lad 2]
A|(Piccolomini et al., 2012; Iskandar et al., 2013), -7 T84 o] 7}4=EL5}|of| o] 3l A/ H peptides2] oFE 1] o] B FA4
Z~(Shimizu et al., 2006), lactoferrin®| cytokine 2§+ &} Al|(Haversen et al., 2002), lactoferricin®] T3 7]5(Yan et al.,
2013a; 2013b) 50 R & Qict - chlA 2 B e g-ej¥ &AL )5 peptide (Bounous and Gold, 1991), morphine
T} -2 5523} 7]550] 1= opioid agonists & &2 5= peptides+= lactorphins (a-lactalbumin £50-53, 3-lactoglobulin
£102-105)0.2 B E A, g2H8-0] = peptidest= bovine lactoferrin®} human lactoferrin -3-212] lactoferricins
(Kitts and Weiler 2003; Wakabayashi et al., 2003).2_Z ©]+= pepsin =3l G 40| 2J3l A4 peptides©]T}.
o|e} Zro] Rt Ayt Rl ol Eo] oifst AejdA 7652 ol 8 U7 sA AE LR S8 &
oFS FtA|7]aL 7}50f A-g5to] A 1 S FFAIA HARES A7 =d A 7] A o= 7))
Sttt mebA] 2 Ae §3 T2 (whey protein)©] e WE G 7T} RS/ 7] 5= A tohet L 540]
At

Materials and Methods

A& Y Starter

2= E A E-f(Seoul milk Cooperation, Seoul, Korea)Z 10% SHLEA|G-2 A2} A g = 2o
10% -3 =2 22 Samic Milk Cooperation, Seoul, Korea) S F715+0] 85°Col|A] 104 59t E3|2] & 37°C2 Y2t
Skl AEHE 3%E 715l 48A17F B FSEA T ABFE = DVS (direct vat set) typeQ] YoMix 726® (Dupont Danisco,
Sassenage, France)S- 015+ AR8-51RATE. Starter -f-AHt 71/3-2 Streptococcus thermophilus, Lactobacillus bulgaricus,
Lactobacillus acidophilus, Bifidobacterium lactis©| T},

Bovine IgG %2 ELISA Kit (Cygnus Technologies, NC, USA)Z 245131t} 241 -2 Kitol] AJA1E HHHT = Al
ATt

Korean Journal of Agricultural Science 50(2) June 2023 282



Biological properties of fermented milk with fortified whey protein

2T ARATE 0,4, 8, 16,24, 48A1TH LB A 7| HA A pH, B4, F714F, F 2o E S0t pH S
2 pH =7 7| (Mettler Toledo, Schwerzenbach, Switzerland)2 S5t A At A& 9 gof] SH4 9 mLet
phenolphthalein A A|2F 0.5 mL-2 7F5+ £, 0.1 N NaOHZ & 5lo] AASIATE A= 0,4, 8, 16,24, 48A17H 5
oF v st 2hg oS- 10%IHo] wh2} 5] A4St & BCP agar (Eiken Chmical Co., Ltd., Tochigi, Japan)ol] £-5=5}0] 48A|7F
B & colony2] 427} 30 - 3007 ¥¥ 2 LFERH HohS- A= 5}0] log CFU (colony forming unit) mL' 2.2 FAIS}
ot G714k G2 8 g 35 41 E2] 7] (Mega 17R, Hanil Science Industrial, Daejeon, Korea)S A2+ 6,800 X gOf|
A1 20 min &<t HAE2|5H0] caseing A A S G A2 3l 4=o1nt. B2 A A= 2135k 0.2 M membrane
filter (Hyundai micro, Seoul, Korea)S AF&5}0] o1} & HPLC system (600E Multisolvent Delivery System, Waters
Associates, MA, USA)= AF-&5to] A5t} 77|14 2492 UV Detector (2487 UV detector, Waters Associate, MA,
USA), F-2 Refractive Index Detector (2410 RI Detector, Waters Associates, MA, USA)E AF&5HIT Columne -7-7]
Aba} of 248} 240 SUPELCOGEL C-610H (38 cm X 7.8 mm, Sigma-Aldrich Co., MO, USA)S AF2-5F21 1, column
9] 2% = Waters Column Heater Module (serial #F98CHMO095M)= AF-&510] 40°CE- -3-%5% T} Mobile phase=
phosphoric acid (Samchun chemical, Yeosu, Korea)E 32+ 574201 0.1% (v-v')2] E == 3] 45t0] AHg513ct A4
N 40 uLE FY5HO] 1.0 mL-min' F-4502 408 52t 82|51t Ago) AHE-H EFEZE-2 Sigma-Aldrich Co.
(Darmstadt, Germany)°l|A] -J 5}o] 224 of] AR-8-5}3A T}

(2]

DS-PAGE (sodium dodecyl sulfate-polyacrylamide gel electrophoresis)

G/E YA E7](Mega 17R, Hanil Science Industrial, Daejeon, Korea)S- AF-8-510 3,700 X gol|A] 10 min &<
A2 siglth 28 A A2 fd DA Algo|r I H A S casein = 7-2|510] 247} FAJutof| Yo
UAZ S EXAZ T AQF | 52 AZ T A8 Z ARE-5FTE SDS-PAGEE 12% acrylamide gel, 10% SDSZ- 3
-5t 1.5 M Tris (pHS.8)2} 0.5 M Tris (pH6.8), 10% ammonium persulfate (APS)S ZA|5t] AFE-3RATE Gel-2 0.2%
(w-v'") commassie brilliant blue R-250 (Sigma Co, Louis, MO, USA)S &-3-3F acetic acid/ methanol/water(1 : 5 : 5, v-v'-v'")
fohoZ JMTIY o, AL aeetic acid/methanol/water (1: 3 : 6, v-v'-v') &40 2 59T} Standard marker=+=

Precision plus protein ™ standards (Bio-Red, Hercules, California, USA)S AF&-5} T

us

delgd 7|

olr

278

ool

i)

T 9.

Escherichia coli (KCTC1039), Staphylococcus aureus (KCTC1621), Salmonella Typhimurium KCTC3216 ¥/ 1]A4
B2 KCTCEXRE EQF ¥k Pseudomonas 5302 SHA TSN -84l Z AT 5}51HAl 5 Alof| A] B2.oF Hlo} AL85}
Act B4 1] A-E-2 LB broth (Difco, NJ, USA)OI| 3% 52 HEAIZ] F 100 uLE 35104 96 well microplate©] &
I, A B (R T2 R Haet AT 10% 74 Z3H HERS0,4,8, 16,24, 48417 &)= well T 100 UL
2 247135t Sof] 37°Col| A 48417t &9 Bl 9F5HH AT 3A1ZHFT} microplate reader (Thermo Scientific, MA, USA)E: ©]-&
510 650 nmOl|A] S EE =51
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FAE} §.—T’—]"—‘:— DPPH (1,1-diphenyl1-2-picryhydeazyl, Sigma Aldrich, MO, USA) Radical 2715 €73 A= Blois

-S-85}o] X3Pt ZF4of 3|4 Al E2 0.2 mM DPPHRF £8519 96 well plateo]] 53t

25°C 44 Oﬂ A 1027+ ¥-3-3F & microplate reader (Thermo Scientific, MA, USA)E- 0|23} 517 nmollA 4 =5

Z3FA ) Blank= 95% ethanol?t 50 mg:mL'2] 5= 2 S|4t A| 25 ARE-811 3L 0.2 mM DPPHR} 95% ethanolS-
2ot AS 22 ARSIt AR E Lascorbic acid & & Y3t 5= 2 -&-oloto] ARSI

O
-+
=

=

Abs(sample) - Abs(sample blank)
Abs(control)
RSA: radical scavenging activity

RSA (%) =(1- ) X 100 1)

G 7= mouse 7|91 RAW 264.7 macrophage cell lineS 1.0 X 10° cells-well ' 2 5 & Dulbecco's modified
Eagle medium (Gibco, MA, USA)O]l 10% (v-v") fetal bovine serum (Gibco, MA, USA)2} 1% (v-v") Penicillin-Streptomycin
(Sigma, St. Louis, MO, USA)= H7}sto] Al 24417 v Fs}Qltt. 578 thZ7HLPS-) (lipopolysaccharide)2} T
ZTHLPSH) (E.coli 0127:B8, Sigma, MO, USA), Al 5(10% EAE R 0, 48A17HEHE, 10% - S sphdla & o,
48AITHEEE)E 712 RAW 264.7 M| 2E0]] 2] 2] 5FRATE 2 2] 2712 6 well plate®l] RAW 264.7 MI2E 1.5 X 10° cells-well'
o I &G 2 mL 255EL 244 HI S T A ZAYEE AY A Soll A 52 M 559 Il mgml!
B2 FEE-S HIFEQI RAW 264.7 Al Eo]| 2| 2]31al 2447 B9 2 2 E 22 X2t T LPSE | pgml’ 5=
2 75 H 302 52t viFoteiet. ZF Al 5.2k LPSE A 2|3t RAW 264.7 M 2] RNAE: eCube Tissue RNA Mini Kit
(PhileKorea, Seoul, Korea)S- ©]-8-51] RNAE- &3} Qubit 2.0 Fluorometer (Invitrogen, MA, USA)E- ©|-8-3l RNA
£ Aot F & RNA 1 pgoll Random Hexamer (100 pmol-pL") 1 pL, dNTP mix (10 mM) 1 pLE ¥ & DEPC-treated
waterS °|-83l & FI]E 10 uLE 245l 65°CollA] 527 RRSAIZ] &, SA] d-3of YZA1Z] T3, M-MLV
reverse transcriptase (Promega, W1, USA) 1 UL, 5X M-MLV RT reaction buffer (Promega, WI, USA) 4 UL, RNase inhibitor
(Termo Fisher, MA, USA) 1 UL, DEPC- treated water 4 ULS 212} 27124 0 2 7kttt 10 7 Al-20f & FHof 14]
ZF 59k 50°Cof|A] HFS-A|# cDNAE 43t & cDNAS 742 1/102 S|4 AJA IL (interleukin)-1{3, TNF (tumor
necrosis factor)-a, iNOS (inducible nitric oxide synthase), IL (interleukin)-62} 3-actin®] mRNA &S qRT-PCRS ©]
2-3) B]w3ict QRT-PCR-2 1/102 3] A]Z] ¢cDNA 5 ULO] nuclease free water 2 UL, 2X Prime Q-mater Mix 10 pL, 10
pmol-uL" forward primer2} 10 pmol-uL" reverse primerS- 22} 1.5 UL Y11 AriaMxZ- 0]-8-5F0 95°Cof|A] 55, 95°C
ol 4] 20, 58°CollA] 20, 72°Coll 4] 202 2 40 cycle A A5t 4385} T Internal standard =2 B-actins AH&-6}+0] TL-1
B, TNF-q, iNOS, IL-62] mRNA 'S HASH 5] LPSE % 2]olA] eb2 thiztol] thiH]gh At ol mRNA BHS
quantitative real-time PCR (GQRT-PCR)Z 2915} CHTable 1).

AHE 2o AP

et A HEDHE 22 A= 2072 /35t A 25, 2597, 3297, 39480l 2 At
AABIACE BEf Fole 1Y 33), i8] 50 mL FoIsHHA S8 AL 544 ZAKSHICH
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Table 1. gRT-PCR primer on inflammatory related cytokine.

Gene Primer sequence (5°to 3°) Product size (bp)
IL-1B F AGGTCAAAG GTTTGGAAG CA 129
R TGAAGC AGC TAT GGCAACTG
TNF-a F AGG GTC TGG GCCATAGAACT 103
R CCACCACGCTCTTCT GTCTAC
iNOS F CAG CTG GGC TGTACAAACCTT 95
R CATTGGAAG TGAAGC GTTTCG
IL-6 F GTC CTT CAG AGA GAT ACAGAAACT 113
R AGCTTATCT GTTAGGAGA GCATTG
gRT-PCR, real-time reverse transcription-polymerase chain reaction; IL, interleukin; TNF, tumor necrosis factor; iNOS, inducible nitric oxide
synthase.
SAIXzE]

Results and Discussion

IgG &2
HoZF2E52(1gG) &7 Z3H= Table 20] LR BER} o] thR191 10% skim milk (0 h)= 21521 £ 12.10
ng-mL ]| B|3}| 10% skim milkZ 48A|7F 2F G0l 192.60 + 2.52 ng'mL"' & 2F 23 ng'mL"'°] Z+AE =4 o]
+ BAHE R I F 1gG7F Y 2ol of UEhd d/d o= AbEE T BEEF 10% T AP E R0 h=
39843 + 348 ng'mL "0 2L} 10% - T2 ZF5HEE 5448 hyoll A= 362.50 & 3.67 ng'mL" 0] 75| of {lof
A 10% -4 —'.‘é A3 a-48 h)7F 36 ng'mL" RA| SH-E| AT o] T 48AI7H e I F 1gG7F A E5]
o] Yehd Ao R ALR QE} 10% whey protein®] 347}l e /7t 27 HTt =2 59 Sao] =2 42
whey protein©l] -+ HYZFZ 52 (1gG) gHFe] 7] mf&olc}
Table 2. Change of IgG contents in control group (10% skim milk) and 10% fortified whey protein group for
48 h fermentation.
Sample IgG concentration (ng'mL ")
10% skim milk (0 h) 21521+12.10
10% skim milk (48 h) 192.60+2.52
Fortified 10% whey protein (0 h) 39843+£348
Fortified 10% whey protein (48 h) 362.50+3.67

IgG, immunoglobulin G.
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g EM

pH-‘Z]' Ax

0,4,8, 16,24, 48A17 559k 27} QRE|EA WBSHE pHS AHEE Fig, 10]) LiERc ulo} 21ek 0A17h8) 672
atetel 412 43 ot 03, A 625 LB 8412 Ak e ] ol e 4,3
2] 442 el n), 16417 A3} s 212} pH 43, pH 429101 24A17F, 48417 A3} o= = el w2

7} 223X pH 422} pH 4002 YRt wetbA] Bha 16A17F o] Holl= A7} EHESLOH HIsH pH7} B 23t
a1, 16A17F o] SR E] FUSIATE S AR = 0AIZFA 0.27%2 Al &Fsto] 4A12F 733t wff chzrel A3 T= 04%
2 kA, 8AIZE A3 ol = 0.8% % koL, 16417t O] S RE = TR A= 1.2%, AP T 1.0%= HEFEIL, 244]
ZF 733 wis 242 1.3%2F 1.1%2 WEREAL, 48412t 3t th= 242 1.6%2F 1.4% % YERt g ko) tj27-7F
AL AJgo] SRzt ottt uebA tha et AYT B AkRo] Bk Agstel ST Aol A4HoR T ol
ot
2
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2
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Fig. 1. Changes of pH and acidity of general fermented milk (control) and fermented milk with 10% fortified
whey protein for 0, 4, 8, 16, 24 and 48 h fermentation. @, general fermented milk (control); M, fermented
milk with 10% fortified whey protein.

A4 HIH= Fig, 20 LERD BEQE ZH0] 0, 4, 8, 16, 24, 48A17F S0 Wha 7} 28| H A 16A17H7HA] Z27)6kaL
16 - 24A1271A] HAVGEHIE ATh7t 21 o] SRE] = ZHASHITE 0A17HA] 8.8 X 10° CFU-mL' @& A|&Fsto] 4A1%F
747}t wff th2F=3.08 X 10° CFU-mL", 10% ]3] 7= 3.51 X 10° CFU-mL", 8A1ZF 43} w= th2F+= 4.8 X 10°
CFU-mL", A% 6.7 X 10° CFU-mL' @& Yehgl, 16A17F A3} wj= 7k2E 735 X 10%,9.15 X 10° CFU-mL' &
31 M| EY o) =I5t a1, 24417 A3 w= ZFzE 725 X 10%,8.8 X 10° CFU-mL”, 48A17F A} wlj= 72k 2.4 X
107,49 X 10’ CFU'mL'& 7**&7] AIACE web A = & 2|t F A7 IR 44Xt o| R E] fAbe] At
716 =7 Yelstt ol = R Tz o] e 1y F 2ol = RA fAE ol Badt R o 286t w
Lo AR HY,
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Viable cell count (log CFU-mL")

0 - B 16 24 48
Incubation time (h)

Fig. 2. Changes of viable cell count of general fermented milk (control) and fermented milk with 10%
fortified whey protein for 48 h fermentation. @, control group 10% skim milk; H, experiment group 10%

fortified whey protein.

7 29

5 Bl ke Fig. 3a, boll LIER vle} 24T} 0, 4, 8, 16, 24, 48A|7F S BE& 7} 28] = E0F Gk 7hAax]
o] glucose®} galactose=. 5% 1L E-5]% glucose= F4H0| 01—9"3]'04 b 1 2=k B galactose= HHEA]
7

ko) Zl =% L O 5] kel O }o — o 0 O
Zro] Zakgte] whet Haf S7hE = Ae FAE 4= ATk 77 23l 2 F AT B A0 LT P2
Bk
800 800
] (@) ] | «— Lactose (b)
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2I z; Eli é 1|0 1‘2 1‘4 1‘6 1I8 2:) 2‘2 2‘4 2‘6 2‘8 :;0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Retention time (min) Retention time (min)

Fig. 3. Changes of lactose hydrolysis in general fermented milk (control) (a) and fermented milk with 10%
fortified whey protein (b) for 48 h fermentation. A, 0 h; B, 4 h; C,8 h; D, 16 h; E, 24 h; F, 48 h.

7148

714 HSh= Fig, 4a, bol] LFERS BEe} T} 0, 4, 8, 16,24, 48A|17H 3 7 1H 5Q10]] oxalic acid2} citric a01d“ =)
7 o] /=] of ’E7t gllet. LU g 4A|TE o] SR E] Jactic acid” A d | of EaA|7ko] Y gl whek &
5| 373l o= f4tte] Bt o 2 fakd Hol AAdR7| ulol . wheba] haAlto] Z3 ks A pH
T AV 0 &2 Hoj2| 1 At = F7Fet o] folth {714 A 2 T A BT B 9] S Ud = BT

Korean Journal of Agricultural Science 50(2) June 2023 287



Biological properties of fermented milk with fortified whey protein
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Fig. 4. Change of organic acid in general fermented milk (control) (a) and fermented milk with 10% fortified
whey protein (b) for 48 h fermentation. A, 0 h; B,4 h; C,8 h; D, 16 h; E, 24 h; F, 48 h.

Caseini’-]- Aokl o] W3}
M3} cascind] ISk Fig. 501 Liebd vl ek, tl7e] oA 2 21 Al 48412 %3 79

%‘f—'ﬂé‘ #5+2 Lrehd Zolt) Lane 12 Sh2TH0 b, S THIZ) lane 2= TIETH48 h, 94T A), fane 32 A%
THOh, FPgEHIZ ) lane 4= A48 h, AT Q) o] o}, th2FH0 h, F- T Z)at AF (0 h, casein)oll H] 5
HHET @8 h, R E)eL AR Es h, FATN)= AT o] Ba 3y F 2=, 53] e 48
P _é%ﬁ_ﬂ A Eol7h ol YU & 4 AU EFF lane 5= THET (0 b, casein), lane 62 T
(48 h, casein), lane 7> A& (0 b, casein), lane 82 A (48 h, casein) ©]t}. Lane 52} 701 H]5H Lane 63} 82 casein
AR7HEhg 3Py S BEASS & 4 At uehs] BE aPY S 7 Bl 3 T T} casein -FAF

o] Rulshs Rl 5 Aol ofs] RalPe & 4 ek

!— Whey nrot:ln —! !— Casein ’ —1

Fig. 5. Electrophoresis analysis of general fermented milk (control) and fermented milk with 10% fortified
whey protein for 0 and 48 h fermentation. S, standard; 1, C (0 h, whey protein); 2, C (48 h, whey protein); 3, E
(0 h, whey protein); 4, E (48 h, whey protein); 5, C (0 h, casein); 6, C (48 h, casein); 7, E (0 h, casein); 8, E (48 h,
casein); C, control group; E, 10% fortified whey protein group.
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Fig. 6. Antimicrobial activity against E. coli (KCTC1039), Pseudomonas aeruginosa 530, Salmonella Typhimurium
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Table 3. Antioxidant activity of control group (10% skim milk) and 10% fortified whey protein group for 48 h

fermentation.

Sample ABTS radical scavenging activity (%)
10% skim milk (0 h) 22.07+0.18

10% skim milk (48 h) 25.28+0.24

Fortified 10% whey protein (0 h) 29.22 +0.48

Fortified 10% whey protein (48 h) 68.70 £ 4.61

ABTS, 2,2-anziobis 3-ethylbenzothiazoline-6-sulfonic acid.

Table 4. Feeding activity for piglets of control group (10% skim milk) and 10% fortified whey protein group
for 48 h fermentation (n = 20).

Treatment 0 day 25 days 32 days 39 days Diarrhea
Control weight (kg) 1.3+0.32 6.3+0.94 6.6+0.63 94+1.02 5
FWP 48 h weight (kg) 124029 73+1.05 8.6+0.72 11.4+0.98 -
Difference (kg) 0.1+0.02 1.0£0.06 2.0+0.08 2.0=0.07 -
FWP, fermented whey protein.
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Fig. 7. Cytokine expression (TNF-q, IL-1B, IL-6, iNOS) on inflammatory effect of general fermented milk (A
and A48) and fermented milk with 10% fortified whey protein (B0 and B48) for 0 and 48 h fermentation. A0,
0 h; A48, 48 h; B0, 0 h; B48, 48 h; LPS, lipopolysaccharide; TNF, tumor necrosis factor; IL, interleukin; iNOS,
inducible nitric oxide synthase. * p <0.05, ** p <0.01 vs. the LPS only treated group.
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Conclusion
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