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Abstract

To confirm the antioxidant and anti-hemolytic activity in human breast milk (HBM), evaluated
DPPH radical scavenging and anti-hemolytic activities against hemolytic strains. As a result of
measuring the pH of HBM according to the days after childbirth, the pH of the HBM less than 10
days after childbirth was 6.63+0.26, the longer the lactation period, the lower the pH of breast milk.
As a result of measuring the pH of HBM according to the days after childbirth, the pH of HBM
less than 10 days after childbirth was 6.63+0.26 and over 30 days after childbirth was 6.45+0.15.
These results indicated that the pH of HBM decreases as the days after childbirth increases. In
contrast DPPH radical scavenging activity was the highest in HBM of over 30 days after childbirth
(63.72£12.24%), that is presumed to be due to the fatty acid content in HBM. As a result of
confirming hemolysis of HBM, weak hemolysis was observed in some HBM samples, that are caused
to be hemolysis by bacteria produced the hemolysin in HBM. Therefore, result of analyzing the
anti-hemolytic effect of HBM against the hemolytic bacteria, the effect of breast milk against the
gram-positive S. aureus CCARM 3855 was 66.37+21.36%, gram-negative P. aeruginosa CCARM
0223 was 29.74+9.31%. In addition, HBM samples of the less than 10 days after childbirth showed
highest each anti-hemolytic activity against hemolytic strain. Thus, this study can be suggested that
it will be basic study for preventing hemolytic disease in newborns.
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1. M 2

T-9breast milk)= Ao} AT 671 B 1A71A] Aok HkT-FY0 2 (Jang ef dl., 2016),
op7]9] At g3t HSE S5l AT 7Y S YUE 3FT Bt ofet W YA, A
SRy} ZR0 A 1R bioactive factors)S $RGSFT 9lo] AE 6717 of7|of|A ZRJE R
< BT 22 4= tkKang, 1999; Kim, 2010a). ESF Al¥oto] Wy} #HiE $ko woshs]
2 AeketA Rt Al RS EFehL e AoE delA It Witkowska and Kaminska, 2017).

B 8 oF 87-88%, B01E 7%, T 1%, AW 3.8%E F4dE0] 9L.om(Kim and Yi,
2020), 3] 250 TA2 5ot th2A Rl (whey)o] casein® T} 2 H[E-Z HolH, &
THllO] 60% o)== Aok AR YA Uth(Sung, 2000). K- FAHTHO] FHEL SEH|
H(lactoferrin), HIZZEH(slg), BF FRFICE AALA), HA7]5, 4573 L A2 531
59 &5°] LOH(Choi e al., 2015; Kim, 2010b), 71 & FEHHL o] 5] Y=

Oy
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oo gote] Bof Aol AEHS ), A A o]§2 Wakstol A WIS oA AL
B9 ) W 83 THCHRhi of al. 2002). EFF BHAYE Y 9 o] BHjel 2
T =

A A 55 Aok, YREAQl 9-fof viste] XAt AHPAE 24d0] B folRt HoR
UreRTMHe e al, 2021), OlSlolE m9o] Wt B4, TR9] WA F, Aot W o
9 o 53 5 opgRlk o f] theff AtE HF Slth(Jeong and Kang, 2016; Kim er al., 1995;
Noh et al., 2008; Shin, 2000).

SHH, Aol A et dgolls Aot HAW &8, f4, 884 HIE, HEF5 50 3tHAn
et al., 2013; Jang, 1998; Jin et al., 2005; Kwon et al., 2003; Lee, 2002; Park and Shin, 1988). AlAjo}
9] WAy S8 F& v|&oloAA o] AT 4= loH oF 15%2] FHES Hol= Z0E Bl

UCHJin et al., 2005). EFF 4480} o] =937t 912 AEFo wyjE It W FH] 44,
ZoA Loju= vIAAAA HEF 28 (hematopoiesis) Tt 714 AJ7]+= 2] W heme I heme
ehaje] wiglo] ela) wlsl A0 YElA YckUeong and Kang, 2016; Lee, 2006). AVotol 1A
U= 28 5 AMES] 38 9R00] B fidse 794 d2o= 11 Aol group A 2
-hemolytic Streptococcus spp., group B Streptococcus spp., Pseudomonas spp., E. coli, S. epidermidis,
methicillin resistant S. aureus(MRSA) 50| 593 YUAHOZ FZI= itk Belachew and Tewabe,
2020; Jang, 1998). o]=3t QM §ES FI &= lom, Ao} HEFE 5/t Sl
Y TiEES BHER Alole] A% o] O A0 FETKChristensen ef al, 2014
Christensen et al., 2014b; Eickhoff e al., 1964; Gleyesus et al., 2017).

wEha, 2 AoAl= E4t 67119 o9 ARt AARERE BRE $sto] ENgE, AR
A, SAETY E Aol wieh 4o dutd S0 it 2T 9 83 Yo7l= 45
et K50 &8 aE ERlstaiAt sigith

. g L HiH

PR AR £H & Ht

2 o= A4 ¥d3](institutional review board, IRB)S] 4591 Hlo} =]
(KGU-20191018-HR-046-04). E-Al2= 20201 2956 2021 290 =A=oH, If 43
A AETES 36-405= Afoofl 4kt AR 671 ofUf9] W 20-404] o= T19RdT PAHTO]
e olgo] gl AT FREE WIA=E Aot Zfe= 1Y 13], 50 mL o 2kF-o}
FE tubeo] FABIHL, SRR Hf= ERFFE, SAPITY, 4] AF F AeseRE Bt
AcTable 1). -3 Hefz -70TOA FEETE T, A7 Al 1| mLY Ffzoz AFste] ALgat%
om, A4 FE F H2 AR H7IsISiH:

2 L & 0

o

99 pH ¥ 255 58
259] pH £42 pH meter(ORION STAR A211, Thermo SCIENTIFIC, Indonesia)E ©]-&5}]
S, 2R AZ2FHE Kim 5(2007)9] B Farsto] 2§ AlEE 217 | mLA 5]

-0
105CoA 7HEste] e SEAR &, A2FFE S5t LYT AF(0 o= HERHIT:

2Q9| DPPH Radical 275 &%

1-5-9] DPPH radical A7%5-2 Blois(1958)9] WIS Z1slo] 2451} RO 0.1%(wWh)
vitamin C& ARE-6}%1.9.H, ethanol] €3}|A]7]1 0.2 mM DPPH solution 500 pLof| X-3-A|& 100 pLE
S3lslo] 3047 k3 & UV/VIS-spectrophotometer(BioTek, Vermont, USA)E ©0]-85}%] 520 nm
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Table 1. The list of the collected human breast milk

No. Delivery type Co}lllee:rted Age Days a?g;yg?ﬂdbmh Gestation period (wks)
A% 30~35 13 40
V2 25~30 25 38
V3 2020 30~35 27 39
V4 25~30 4 39
\A 25~30 7 39
Vo6 Vaginal birth 20~25 5 38
V7 30~35 10 40
V38 25~30 13 40
V9 2021 20~25 7 38
V10 30~35 9 39
Vil 30~35 12 39
Cl 30 108 40
C2 30~35 66 38
C3 30~35 15 38
C4 25~30 72 39
C5 35~40 109 38
C6 2020 25~30 13 38
Cc7 30~35 107 40
C8 35~40 10 38
C9 . 30~35 94 37
10 Cesarean section 2530 ” 40
Cl11 35~40 12 38
Cl12 25~30 12 39
C13 25~30 10 37
Cl4 25~30 8 39
C15 2021 35~40 9 37
C16 25~30 14 36
C17 35~40 15 39
C18 20~25 10 38

M 0.D.F S 275 U2 AR A7RHAT ARE H7FHA] G52 blankw(Ao) ] &3
= H(%)E eI

DPPH radical scavenging(%) = [(Ag-A) / Ag] x 100

259 884E ERIsl7] 93l blood agar base(Kisan Bio Co., Seoul, Korea)ol| 5% defibrinated
sheep blood(Kisan Bio Co., Seoul, Korea)E #7135l blood agar plate] HE-FAFEQ} R0 =
hemolysing AJAJS= HrE|2|o} S. aureus CCARM 3855, P. aeruginosa CCARM 02232 A =Zs}
o] 37T 48417t BEGAIZ] &, Argyri 5(2013)9] Rprio] wiet 88742 RISkl
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H50] 8 A5 Bezerra 5(2020)9] WS Farste] SASISITE. HAAIREE 22 0TOA
SE7F 9A4EE](20,000 x g) 510 0.45 pm filter(SM13P045SL, Hyundai micro Co., Seoul, Korea)=
ojfslo] Ao ARgSIHCH, hemolysing AFAJSH= HHEl2]ob S aureus CCARM 38559} P.
aeruginosa CCARM 02232 Z+Z+ Tryptone Soy Broth(TSB, Difco)ol| 2%(v/v) HEslo] 37Co)A 24
A7b Hi%F &, 5E7F GAIEE|(20,000 x g)dte] 0.2 pm filter(Hyundai micro Co)& ojz}slod
hemolysing E3}Fol= HjFNS A3lo] ARE5H3E 88 852 =7517] Ydll, 0.1 M Phosphate
Buffered Saline(PBS, pH 7.0) 775 uLo] defibrinated sheep blood(Kisan Bio Co.) 25 L2} hemolysin
< EFPohe HigAT BRARE 22 100 ul A H7lsto] £ &, 37ColA 24A1%F BEGAIZH:
o]% 5E7F AAE](20,000 x g) 5Ho] AFSMNLS F5] UV/VIS-spectrophotometer(BioTek)E 0]-8-)
543 nmoj|A| FF=E S7Y510] ofFjet o] BRAlR H7RHA), Stk (blank, A), FAHET
(B) 7t 8= H|(%)E AXtete] F&E A5 vl

Anti-hemolytic activity(%) = 100 ~ [{(Ao — AYB} x 100]

A=A

2 JFoAE BE AFS 33] oA} WIS 4905l3 0, A= SPSS(Statistical Package for the
Social Science, Ver. 20, SPSS Inc., Chicago, IL, USA) o]-85l0o] BAEA5IL}. ZF Adto] dist
BAL FAREA(ANOVAYS AAJste] p<0.05 $EollA frolde HESIAL AlmEe] EA4°f digt

91491 A}o]= Duncan’s multiple range test® 7450

X

2 AFoAe A FEE Al dERPE AR A AEAE B oE RUEEH, Sk,
tAgRe] A%, AT, e 5 EAAIRS] YubAQl A4S ERIsHthTable 2). -
HiAas & 29712 AAEst 9 At BA=RE o8 BaAlas 242 1170(37.93%),
1870(62.07%) e}, 2020 %] = BFAIRO] ¢ AARTRE 570(45.45%), AFEM= 671
(54.55%) %0, 20210 $-H HARE AR 1170(61.11%), ADE7H 77H(38.89%) Tt

VARl g =0 53t 23, 25304 sl BRAIETF 117H(37.93%)= 7V Wok
11, TR0 2L 3035471 107](34.48%), 35-40417}F 570(17.24%), 20-25417}F 371(10.34%) <=0]%ch.

STl et EFoRE o, 109004 309 |l BRAIET} 1671(55.17%) & 7P B3k
37, 109 HREZ 771(24.15%), 309 o)l sfFE= EfAlas 671(20.69%) 0 AT &
2971 BRAE 5 AI7IZE0] 3450004 3652Q1 F71RANlate preterm)o]] SfFohs ZRAIE VIS
AQJslar mEF 375 ol o] SFE Uk

HR9| pHet AXFE

287} Aok acidification)d 3¢ G W AE Z AR HglE AL
Erickson 5{2012)] ¢1Lo] oJsh, AHdale mqofA widT 9 F child gefo] 7h4ge Hugth

9] pH B A2FF2| AolE Aol Table 3).
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Table 2. General characteristics of the collected human breast milk

Delivery type N (%)
Characteristics Total N (%)
Vaginal birth Cesarean section

Collected year

2020 5 (45.45) 11 (61.11) 16 (55.17)
2021 6 (54.55) 7 (38.89) 13 (44.83)
Age
20-25 2 (18.18) 1 (5.56) 3 (10.34)
25-30 4 (36.36) 7 (38.89) 11 (37.93)
30-35 5 (45.45) 5 (27.78) 10 (34.48)
35-40 0 5 (27.78) 5 (17.24)
Lactation stage
Less than 10 days 5 (45.45) 2 (11.11) 7 (24.14)
10-30 days 6 (54.55) 10 (55.56) 16 (55.17)
More than 30 days 0 6 (33.33) 6 (20.69)
Gestation period
less than 37 weeks 0 1 (5.56) 1 (3.45)
37 weeks or more 11 (100.00) 17 (94.44) 28 (96.55)
Total (N) 11 (100.00) 18 (100.0) 29 (100.00)

Table 3. pH and solid content rate of the collected human breast milk

Characteristics pH Solid content rate (%) Total (N)

Delivery type
Vaginal birth 6.64+0.38 11.274+0.78 11
Cesarean section 6.48+0.19 11.33+0.80 18

Age

20-25 6.56+0.32 11.1240.32 3
25-30 6.56+0.34 11.58+0.73 11
30-35 6.56+0.26 11.11£0.90 10
35-40 6.4440.25 11.1940.86 5

Lactation stage

Less than 10 days 6.63+0.26 11.72+0.69 7
10-30 days 6.53+0.33 11.09+0.67 16
More than 30 days 6.45+0.15 11.40+1.05 6
Gestation period
Less than 37 weeks 6.50 10.70 1
37 weeks or more 6.54+0.29 11.33+0.79 28

Data are expressed the mean = SD of milk samples of mothers who followed the delivery type, ages, lactation stages and gestation period.
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U EHE AT LA ERARY pHE 743 27 AAENt Ef A= pH
6.640.38, A|GE7 X5 AlE+= pH 6.48+0.192 AFE ol == B AlES] pH7F Lo
T 57 pHY f9Jgt Alol= l9TH(p>0.05).

dAS] Aol 35-4040] SHFE= K AES] pHi= 6440258 T2 Aol == 2
AlgEth @oro; A 7+ 2-R-2] pHoll thet Fofet Aol gl3ithp>0.05).

E3F SAPETHdo] 109 w]eto] SidE= 2R AlE9] pHE 6.63£0.26, 10 o4 30 m[Tte]
HO AlRE 653:0.33, 302 oA9] G A|RL 64540158 LER}, 2AP4TY0] g4 ny
9] pH7} Wopgout 7+ 287t pHO o Aol AATHp>0.05).

A7t 375 H9he] TR ARO] pHE 6.50, T SFEh= BG AlR9] pH 6.54+0.29
2 YR 373 mgte] 25 A|59] pH7F Wokowt 7k T1E7t pHO| #9)4 Zpol= §llth(p=0.05).

Qb o2 .30l pHE 6.8-7.322 L&A QIth(Kim, 2010a). Erickson 5(2013)9] d7oA =
g8k 259 pH EZH 6.8+0.12 HIF|} o 2 Aol 3% 259 pHE tha A SA=
t}. o]2{gt Z¥H= Hung 5(2018)0] E 113t v} o], Waatgo] oJof -5 29| ZA3= Qlgh
AR BH(fat globule membrane)o] <4}=]0] $-5-2] AHHESH7F Lofut FEIAHFAR ftgko] =olzla]
ofgt Zo=® FEE 4= Utk ER]F Hung 5(2018)2] AAHoflA] H-F-2] acid value= H¥H7|7to] Zof
4T oA, FEAHALY] §7F T3t $713RE Balotgl o, Floris 52020y $~73-717t0] 2
ool wiet B W At eFo] $71ehE B arst vt glo] £ dollA] 343t HR9] pH Wsh=
28 W Al 93t Ao 24 4= itk

45 280 AzxFY 2447 ARG 280 AL 11.27+0.78%, AYAN 299 AL
11.3320.80%% AGFE7N EfolA B &=A Uepgod & 181t A25FY f23t Zol= it
(p>0.05). g3ALY] AHEREE 25-3040]] == BRAIES] ARFT0] 11.58+0.73%= 7P =
%O, 35-40417F 11.19£0.86%, 20-25417}F 11.1240.32%, 30-35A]7} 11.11+0.90% =0 & Lyeptort
tjARte] e ARETF] SoI5t Aol QYTHp>0.05). BAETIIZ B3t Al 109 vlgkel
HOAFET} 11.7240.69%2 7 =9kom, theoa 60U o4t 100 H|qto] 11.52+1.48%, 100
oJAJo] 11.29+0.72%, 102 o4} 602 w]gto] 11.09+40.67% <202 VERFOoL} 24471 ¥ AxZ
O FoJ3t Aoli= YUATHP>0.05). Lee(1988)S] Aol OJohd H-R-0] & 1P o] 12%R1 A
o2 Bus9iEt, ol E A7EHet FARI:

22| DPPH Radical £2Hs

Ak reactive oxygen species, ROS)S| T3 AJ/JS WA 29 gy, AA
] olAtR, vl4ot ks, TAPY o 3} 22 Aot Wala} welo] Qow, 7t
53 A=Y ANE U 55 /310 e W=t Trindade and Rugolo, 2007). 248 &
o7} AF sk E-fofl= vitamin A, C, E, superoxide dismutase, catalase, glutathione peroxidase 5-2]
FAI} Ado] Bol HrElo] e Ao' A=A SAtk(Seo, 2010; Xavier ef al., 2011). WbA] 41480}
o] A% 4 & W9 9 slo]] BR3t HRE AFiches Zlo] AEERE & A= ST
e H39] AL a0 thet Aolg A5k s 3=k

AT ¥ 289 DPPH radical 4275 £33 2= Fig. 13 Zth ti229 0.1%
vitamin C2] DPPH radical A75-2 96.65+0.52%, 535t IR0 A= SAFIF0] 30 oAl &
71 63.72412.24%% 7 =A YR, thEoz= 109 o4 30Y Het 2871 60.51+11.10%,
10€ URke] W7t 57.27+4.00%= UEREOL -2t Aloj& IAThp>0.05).

Ramiro-Cortijo “5{2020)°f] &J5HH ZSMARMAL oo 2kt defollM B && Aoz HiEgl
ot E3t 7|7to] Q#E4E ORI palmitic acid(C16:0), capric acid(C10:0), lauric acid(C12:0),
myristic acid(C14:0)2} E-3XSFRHFAR] linoleic acid(C18:2n-6), e-linolenic acid(C18:3n-3)2] Sl=¥z} H|S:

=

AJA]

o of

%
of [L]-bjl
ol
X %

e, e
T N)

HE

3

= 0
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Fig. 1. DPPH radical scavenging activity of human breast milk according to the lactation stage.
[ 0.1% vitamin C, |l ; human breast milk samples. Data are expressed the meantSD of
human breast milk samples of mothers who followed the lactation stages. No statistical
difference among groups was found by one-way ANOVA coupled with Duncan's multiple range
test (p<0.05).

o] A ZVHAY A oZ GX|= M, arachidonic acid(C20:4n-6)2} docosahexaenoic acid(DHA,
(22:6n-3), eicosapentaenoic acid(EPA, C20:5n-3)9] A o] B 1% v} QIth(Bobinski and Bobifiska,
2020; Floris et al., 2020; He et al., 2021). ESFAHFALS] BEAARE 420f H|F|5}o] DPPH radical 47
0] oA Han SQ008)2] A7z | moE o), 2 Q7014 Z93 H99] DPPH radical
27k Fe B o A TR St Aog 23w

DRl 8d &l

2733t o] Hfrolle Alato] EAISIAL, AHe] FAlThe S3f =R E nlgEo] FUEA,
entero-mammary pathwayS E3f A3lo] 9J8f 7]Q15l0] 28 ) njEo] 2Asl= Aoz AeA
Qlth(Fernandeza et al., 2013; Jost et al., 2015). TSF H-5-0] n|AIEL SAFTY, Bt Fej, At o]
7 4H T BN, SoHY A& off 5o Rlof o3 ke W2 S ATkl Hil Qlth(Lee
and Kim 2019). webd 5.49] $:8% L3HE SIs7]o] 94 & Gipol 240 884 958
solste] vl 1 23, AART 11 ZGAE F 87H(72.73%), ALEA 187] BqAl=
5 870(44.44%)00A ot -§8/4d2 Uehdi= Hlelelot eto] o], A/ AART Hf
AlmoA A CR B w2 vlEo] §Fo] ERIEQItHFig. 2). EZ o] FRIH 16719] BFA|

Fig. 2. Hemolysis of human breast milk samples.
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il

T SAPEUo] 10 IRl AlE+= 470(25.00%), 102 o1 302 HIRHS] Alg= 107](62.50%),
30 obze] Al 27j(1250%)2 103 o1 300 w3t Ao 7 8 vigz 8ol Fels
ot

HRof|A AR 7 &5t B 2lok= Staphylococeus, Streptococcus, Pseudomonas, Lactococcus,
Enterococcus L Lactobacillus < 5°] THJost T et al., 2013; Witkowska and Kaminska, 2017). L
% Staphylococcus, Pseudomonas, Enterococcus 4~ hemolysing- AJ4slo] §83 Yoy|= 7oz H
375 B} Qlo](Bhakdi ef al., 1988; Braick and Smaoui, 2019; May et al., 2000; Oh et al., 2020; Schwan
et al., 2003), ¥ A7oA FH BRQ] 8FHL o|2fet #o ol §FE Hols AeE 4
e, 2§ U nEE 25t FH, SAETY 9 EES 59 39 A& offo] w9l
o Sl=o] B v, B A58 E3E of=gk HRlof| 7IRIgE ALoE whetETh

¥2,

2R A28 g4t

S. aureus®} P. aeruginosa’} EHIS1= @, -hemolysin ZHHE S& HdloA] £33 =4 AxlE
8510 ofe] AJoA EFL Fslol= Aog B 1EQrhBhakdi ef al., 1988; May et al., 2000;
Schwan et al., 2003). ©ebA] BHe|golr} AASH= hemolysino] 2Jgt Al4dole] SRS dHl5}7]
Hal, S. aureus CCARM 3855, P. aeruginosa CCARM 02237} S5l= €80 tfst 0-9] 9A|&
IE Ik

1% /il S, aureus CCARM 38550] Tt H3-9] @8 b7t 1%t 273991 P. aeruginosa
CCARM 02230] gt -8d aaphtt 94513101, R-5-0] pH7F 7 &1L, AR50l 7F &%
¢ 109 "R E{A|RolA BE 7P 943t AE ERItkFig. 3).

Aol WE 1.59] 488 G SRISH AT, S aureus CCARM 38559] 749 A4}
o] 109 mFHIl ZEAIRT} 66.37+21.36%F 7FF =3koH, Tha-0 2= 30Y o}Afo] 53.48+22.03%,
102 o4 30 mulo] 50.42422.13% &0 Ot Alol= UATKp>0.05). E3t P. aeruginosa
CCARM 02239] 72 10¥ H[HI] HEA|Z7} 29.7449.31%2 7P &=9koH, thgo2= 10Y olAF
302 ujato] 21.68+12.96%, 302 OPJo] 21.1447.77% =08 UeRtol} Sofst Jjoj= it
(p>0.05).

100.00

20.00 1

Anti-hemolytic activity (%)

0.00 4

less than 10 days 10-30 days more than 30 days

Fig 3. Anti-hemolytic activity of human breast milk according to the lactation stage against .S.
aureus CCARM 3855 and P. aeruginosa CCARM 0223. W ; S. aureus CCARM 3855, [] ;
P. aeruginosa CCARM 0223. Data are expressed the mean+SD of human breast milk samples
of mothers who followed the lactation stages. No statistical difference among groups was found
by one-way ANOVA coupled with Duncan's multiple range test (p<0.05).
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249] 389 Tk AWole] W, B3, 9k, IS U kst 5 ek Jlsol ofsl 2
Aol A+d 25 W A, A o5 2325k 9K(long chain polyunsaturated fatty acids), THH2
9 thoFst AlEAJE] ot Ao 48 4 QIthKim and Yi, 2020; Ramiro-Cortijo et al., 2020;
Witkowska and Kaminska, 2017). & A2 F3f HE|2|op} -FE6ks 414Jore] g2t of
% 290 AT YEse] 27 o]ttt vH4e) A7k WaT Aow et

V. 2% U #=

2 AFolAl= Algote] GBS Aol sl &4k 6711 o] ARt AR ERE HRE
Fsto] ERIEE), AlO] A, S4PETY 2 Aol et 2Go] ket avt 9 84S A
Sk Bhe|Ejotol] tigt 88 FIE FRIstaA} shgict. ERgE, tiaRte] dF, AP, Aef
o WE B9 pH 9 ARFTFY AJolE £A45F 23}, H79| pHi= SAPT o] 445 Wot
How, SiE 1R Y| Be- 24| 2 A UEiETh W, BR9] Ak} ait
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