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A Study on Microbial Aspects of Korean Human Milk

by Collection Methods

Jo-Yoon Lee*, Hyoung-Churl Bae' and Myoung-Soo Nam'
Division of Life Science, Joongbu University
'Division of Animal Resources and Sciences, Chungnam National University

Abstract

This study was carried out to evaluate the safety of Korean human milk. The microorganisms were identified
from human milk of 149 healthy mothers by two collection methods, hand and pump expression. The means
of total bacterial counts were 2.33x10" cfu/mL on the samples collected by the pump expression and 7.83x10°
cfu/mL on those collected by the hand expression. Therefore, the total bacterial counts of pump expression
samples was 9.80x10°~3.06x10" cfu/mL more than that of hand expression samples. The coliform counts of pump
expression was 9.36x10°~8.57x10* cfu/mL more than that of hand expression. However, there was any
significant differences of the lactic acid bacterial counts between the two samples collected by each methods. 100
strains of 5 patterns of total bacterial counts were isolated based on the morphology of colony in the standard
plate count agar. 13 species were identified among the isolated strains. The dominant species in Korean human
milk were Staphylococcus which 7 subspecies identified(81% in the rate of total bacteria, 1. 07x10* cfu/mL). Other
species identified were Micrococcus, Bacillus, Providencia, Pseudomonas, Yersinia and Acinetobacter. 36 strains of
6 patterns of lactic acid bacterial counts were isolated based on morphology of colony in the BCP agar. 7 species
were identified among the isolated strains. The dominant species of lactic acid bacterla in Korean human mllk

were Lactobacillus brevis(50.9% in the rate of lactic acid bacteria, 4.72x10* cfu/mL).

identified(49.1% lactic acid bacteria) were Lactobacillus curvatus, Lactobacillus delbrueckii subsp. lactis,

Lactobacillus acidophilus, Leuconostic lactis and Streptococcus salivarius subsp. thermophilus.
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Table 1. Contents of human milk with time postpartum
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Stage of lactation (weeks postpartum)

Nutrients
1(n=34)" 2(n=56) 3(n=20) 4(n=12)
Fat(%) 296+ 1277 323= 1.38% 370+ 1.68° 246+ 097
Range 0.70~ 6.51 120~ 691 0.74~ 6.92 1.11~ 3.66
Protein(%) 1.96+ 0.39° 1.87= 0.28° 165+ 045° 1.78+ 0.86"
Range 134~ 339 132~ 2.63 0.73~ 229 1.04~ 3.44
Carbohydrate(%) 7.86+ 0.29° 7.89+ 0.43° 7.65+ 1.16" 795+ 048
Range 722~ 831 6.22~ 8.59 335~ 9.01 7.08~ 8.53
Moisture(%) 86.42+ 133° 86.17= 1.45° 85.96x 1.66° 87.12+ 0.85
Range 82.30~89.10 81.80~88.30 81.90 ~ 88.60 86.00~ 88.10
Total solid(%) 13.58+ 1.33° 13.83x 145° 14.04+ 1.66" 12.88+ 0.85°
Range) 10.90~17.70 11.70~18.20 11.40~18.10 11.90~ 14.00
Mineral(%) 0.80+ 0.25° 0.84= 0.38"° 1.03= 0.57° 0.69+ 0.33°
Range 0.48~ 1.54 020~ 1.76 0.07~ 234 027~ 127

" Number of subjects.
2 Values are mean+SD.

® Means with same letter are not significantly different by Duncan's multiple range test.(P<0.05).



272

%

2422 85)%] A 233 A 33(2003)

Table 2. Bacterial colony counts in human milk samples using hand-expression and pump-expression methods

. Total bacterial counts
Stage of lactation

Coliform counts Lactic acid bacteria

(CFU/mL) (CFU/mL) (CFU/mL)
(weeks postpartum)
Mean Range Mean Range Mean Range
Hand-expression
1(n=14)" 4.77°x10° 160~29,667 6.15°x10° 0~ 60 2.10°x10° 23~18,000
2(n=32) 7.22°x10° 90~ 58,000 2.04%x 10 0~5,300 5.39°x10° 39~15,800
3(n=6) 5.67°x10° 677~20,620 1.00°x10° 0~5,000 3.52°x10* 250~65,909
4(n=4) 1.81°x10° 117~ 6,627 1.44°x10° 0~5,095 5.43%x10° 647~25,972
Mean 7.83x10° 2.14x10" 1.29x10* .
Pump-expression
1(n=7) 3.24°x10* 0~180,667 1.43°x10* 0~ 75,000 8.63*x10 28~ 2,722
2An=15) 2.57°x10* 117~110,000 1.10°x10* 0~ 55,000 3.52°x10° 439~ 83829
3(n=9) 8.35°x10° 70~ 40,667 1.08x10* 0~ 55,000 7.64°x10° 884 ~274,600
4(n=6) 8.20°x10° 1,516~18,000 8.57°x10* 345~251,795 6.89°x10° 310~ 67,200
Mean 2.33 x10* 2.01x10* 1.35%10*

" Number of subjects.
ab,c
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Means with same letter are not significantly different by Duncan's multiple range test(p<0.05).
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Table 3. Cultural characteristics, viable cell counts and identifications of microorganism in human milk

Isolation groups of microorganisms

Characteristics

A C D E
Cultural characteristics of colony
Size(diameter) 1~4 mm 0.5~2 mm 1.2~2 mm 1.5~5 mm 0.3~1.5 mm
Shape Irregular Circular Irregular Circular Filamentous
Elevation Umbonate Convex Umbonate Convex Flat
Margin Undulate Entire Undulate Entire Ciliate
Color White Yellow White White White
Surface appearance Smooth Smooth Rough Smooth Coarsely
Consistency Opaque Opaque Opaque Translucency Translucency
Identification

Sl Sl Pl S Syl
Rate of total bacterial counts(%) 11 7 3 19
Means of bacterial counts(CFU/mL)  1.65x10° 2.52x10° 1.07x10° 4.63x10° 2.02x10°
i Sl P Sepllra S
Rate of total bacterial counts(%) 4 3 3 13
I(\g%fm‘f)bwe”al counts 6.00x10° 8.90x10" 4.58x10° 4.63x10° 1.39%10°
Species identification mZZtZZ;m pseudﬁjz:zie’j:ulosis StZZi?CIZZJO:;M
Rate of total bacterial counts(%%) 2 9
Means of bacterial counts(CFU/mL) 2.97x10° 3.05x 10 9.59x10°
Species identification AZZ‘;Z::;:V
Rate of total bacterial counts(%) 1
Means of bacterial counts(CFU/mL) 1.53x10°

coccus aureus?t 7V o]l LG E U™ 1 9] Pseudomonas
aeruginosa, Micrococci®} Coliformse] @@= o] gvin Bu
3 A7} o] 2] RROINE o]k A1 AE Ut
Aok

F Bfo] odE DT F 17%2.52x10° cfuimL)
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o 7t A g Fol o3 AaAEE st FfololA F
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a9, Aole] Al 24 Mol BRAUZ Akt 24

FRE FARAT g, B, 2R Gl
o, R 5ol get GaotEel Fule) Mg B
Ae7t Aolsk e Aoz Gl gov, Sol maegel
o) A% AW Bifodobacterium M| EF FAFC] FRE of
FE TFoE FAst ok g=A AhJin et al, 1999;
Carlsson and Gothefors, 1975; Tannock et al., 1990; Fitzerald,
1977; Bezirtzoglou, 1997). =gk B0l 98 AFF UL &3
e FRotint 268 £k FRole Fude %
B2 fibde] Exsta vk Baskal 3t Balmer and
Wharton, 1989; Haenel, 1970; Moon et al., 1988; Moreau et al.,
1986). o9 o] FfobEe] AU FATE el A$
BH2PE fUUE fabEe] BE Aol AZEo) ne
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Table 4. Cultural characteristics and viable cell counts of lactic acid bacteria in human milk

. Isolation groups of lactic acid bacteria
Characteristics

A B C D E F G

Cultural characteristics of colony

Size(diameter, mm) 1.5~2.0 05~1.8 05~1.0 0.5~1.7 0.1~0.3 0.1~0.5 0.1~-0.5
Shape circular circular spindle circular circular spindle  twin spindle
Elevation raised convex convex flat convex convex convex
Margin entire entire entire entire entire entire entire
Color . " white white white white white . white white
Surface appearance : smooth smooth smooth finely smooth smooth smooth

Consistency . ) opaque opaque  opaque translucency = opaque opaque opaque

Physiological charateristics of cell

Morphology spherical rods rods spherical rods rods spherical
Size(um) - i 05~0.7 05~08 0.7~1.0 03~14 05~1.0 03~08 0.7~1.0
Gram stain + . + + + + . :
Spore formation - - - - - - -
Motility ' - - _ _ - _ _
Catalase test : - - - - - - -
Oxidase test - - - - - - _
Gas from glucose - - .- - - - _
Growth at 10T - - - - - - _
Growth at 45C + + + + + + +
F6PPK test - - - - - - _

Acidification of carbohydrates

L — Arabinose
Ribose
Mannose
Cellobiose
Salicin
Melezitose - - - - - - -

+ +
+ +

+
o+
o+
+ o+
o+

|
t
|
|
|
1
1

I
|
|
|
|
|
1

Trehalose - - - — - _ _
Melibiose - - - _ - _ _
Mannitol - - - - - - _
Sorbitol - - - - - — _
Inulin - - - - _ _ -
D ~Xylose - - - - - + _
Gluconate - - - - _ - _
Starch - - _ _ _
Raffinose
Lactose

Galactose
Fructose

Sucrose

Rhamnose -
Sorbose
Glucose
Maltose
Esculin
Amygdalin -

o+
W+
Ho+
+ o+

+ W o+ +

+
+
+
+
+
+

+ o4
+ o+
+ 4+ 0
+ 4
+ o+
+ o+
o+

t
|
I

Rates of lactic acid bacterial counts(%) 5.2 6.2 25.4 2.6 50.9 2.6 7.1

Means of lactic acid bacterial counts (CFU/mL) 4.87x10°  5.75x10° 2.35x10"  2.41x10°  4.72x10°  2.41x10’ 6.63x10°




" Table 5. Carbohydrate fermentation patterns of lactic acid bacteria isolated from human milk
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No.

Carbohydrates

Isolated lactic acid bacteria

A B C D E F G
0  Control - - - - - - -
1 Glycerol - - - - - - _
2 Erythritol - - - - . - -
3 D-Arabinose - - - - - - _
4  L-Arabinose + + + + + 5 _
5 Ribose + + + + + + +
6 D-Xylose - - - - + _
7 L-Xylose - - - - - - -
8  Adonitol - - - - - - _
9 B Methyl-xyloside - - - - - - _
10  Galactose + + + + + + -
11 - D-Glucose + + + + + + +
12 D-Frutose + + + + + + +
13 D-Mannose + + + + + + 4
14 L-Sorbose + - - + - - _
15 _Rhamnose + + + + + + -
16 Dulcitol * - - + _
17 Inositol - - - - - _ -
18  Mannitol + + + + + + -
19 Sorbitol + + + + + + -
20  a Methyl- D- mannoside - - - - - _
21 o Methyl-D-glucoside + - - + - - _
22 N Acetyl glucosamine + + + + + + _
23  Amygdaline + - — + _
24 Arbutine + + + + + + -
25 Esculine - - - . - -
26 Salicine + + + + + + _
27 Cellobiose + + + + + + -
28 Maltose + + + + + + _
29 Lactose + + + + + + +
30 Melibiose + + + + + + -~
31 Saccharose + + + + + + +
32 Trehalose + + + + + + _
33 " Inuline - - - - - _ -
34 Melezitose + + + + + + _
35 D-Raffinose - + + + + + _
36 Amidon + - - - - - _
37 Glycogene - - — _ _ _ _
38 Xylitol - - - - - _ _
39 [ Gentiobiose + - - + - - _
40 D-Turanose + + + + + 4 4
41 D-Lyxose + - - + _ _ 4
42 D-Tagatose + + + + + + -
43 D-Fucose - - -
44  L-Fucose - - - - - _
45 D-Arabitol - - - - - - -
46 L-Arabitol - - - - - -
47  Gluconate + + + + + + +
48 2 keto-gluconate - - -
49 5 keto-gluconate - - - - - - 4

Identification results sa‘sl';:fﬁgscoscgg‘: b, nggfjgclilgs Lactobacillus  Aerococcus Lactobacillu Lactobacillus Leuconostoc
curvatus viridans s brevis  acidophilus lactis

thermophilus

subsp. lactis
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