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Effect of Apple Dietary Fiber on the in vitro Growth of Intestinal Bacteria

Hyeon-Ah Lee*, Sang-Sun Lee*, Hyun-Kyung Shin
Department of Food and Nutrition, Hallym University
*Department of Food and Nutrition, Hanyang University

Abstract

Various fractions of apple fibers such as crude pulp, total dietary fiber, soluble dietary fiber, and insoluble
dietary fiber were prepared and added to the proteose peptone-yeast extract-fildes (PYF) medis to see their ef-
fects on the growth of type cultures of intestinal bacteria. Most microbes tested in this experiment grew well
in PYF media with the soluble dietary fiber of apple than with the insoluble dietary fiber. Especially Bi-
fidobacterium species such as B. adolescentis, B. animalis, B. infantis, B. longum, B. thermophilum showed
higher growth in PYF media containing the soluble dietary fiber than other fiber fractions. However, pectin-
added media didn't promote the growth of most microbes used in the experiment. In the in vitro mixed cul-
ture using rat feces as starter, the addition of the soluble dietary fiber or pectin to the basal medium showed
larger proporttion of Bifidobacterium species in total bacteria than that of glucose.
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Dried sample (1 g)
|

Add phosphate buffer 50 mL (pH 6.0)
add heat stable o-amylase 0.1 mL
incubate in boiling water bath, 15 min

Add 0.2 N HCI 50 mL (pH 1.5)
add pepsin 100 mg
incubate in 40°C water bath with agitation, 6 h

Neutralize with NaOH
add phosphate buffer 50 mL (pH 6.8)
add pancreatin 100 mg
incubate in 40°C water bath with agitation, 1 h

L
Add 600 mL 95% Et-OH (4 vols)
set for 60 min

|
Centrifuge (3,000 rpm, 30 min)
~\

Sediment Supernatant
(TDF)
l
Add D.W. 50 mL
solublize

l
Centrifuge (3,000 rpm, 30 min)
7N

Sediment
(IDF)

Supemnatant

Add 600 mL 95% Et-OH (4 vols)
set for 60 min

|
Centrifuge (3,000 rpm, 30 min)
SN

Sediment

(SDF)

Fig. 1. Flowchart for the preparation of total dietary

fiber (TDF), soluble dietary fiber (SDF) and insoluble
dietary fiber (IDF) of apples
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Table 1. Composition of PYF (proteose peptone-yeast
extract-fildes solution) broth

Yeast extract 10 g
Proteose peptone No.3 S5g
Trypticase peptone S5g
Fildes solution” 40 mL
Salts solution” 40 mL
L-Cysteine HCI- H,O 05 g
Distilled water 920 mL
Sugar” 10 g
pH 7.5

YMix 150 mL of saline, 6 mL con. HCl, 50 mL horse blood
and pepsin (1:10,000), overnight at 55°C; Fix pH to 7.6
with 20% NaOH solution and filtrate it; Here horse blood
was replaced with cow blood

IDissolve CaCl,- 2H,0 0.204 g, MgSO,- 7H,0 0.48 g, K,HPO,
1.0 g, KH,PO, 1.0 g, NaHCO, 10 g, NaCl 2.0 g in order
and make up to 1000 mL with distilled water

"Blank, glucose, crude pulp, TDF, SDF, IDF or pectin
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Table 2. List of strains used in this experiment

Bacteroides fragilis (ATCC 25285)
Bifidobacterium adolescentis (KCCM 11206)
Bifidobacterium animalis (KCCM 11209)
Bifidobacterium bifidum (ATCC 29521)
Bifidobacterium infantis (KCCM 11207)
Bifidobacterium longum (KCCM 11963)
Bifidobacterium thermophilum (ATCC 25525)
Clostridium butyricum (ATCC 19398)
Clostridium paraputrificum (ATCC 25780)
Clostridium perfringens (ATCC 13124)
Clostridium ramosum (ATCC 25582)
Enterococcus faecalis (ATCC 19433)
Escherichia coli (ATCC 11775)
Eubacterium limosum (ATCC 8486)
Lactobacillus acidophilus (KCCM 32820)
Lactobacillus brevis (KCTC 3102)
Lactobacillus plantarum (ATCC 14917)
Pediococcus cerevisiae (KCTC 1628)
Staphylococcus aureus (ATCC 12800)
Streptococcus faecalis (ATCC 18433)
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Table 3. Bioavailability of the crude pulp of apple by intestinal bacteria

PYF’ PYF+CP” PYF+Glucose
Microorganisms
growth ApH growth ApH growth ApH
Bacteroides fragilis + + + + ++ ++
Bifidobacterium adolescentis + + + + +++ +++
B.animalis * + + + +4++ +++
B.bifidum + + + + + +++
B.infantis * + + + +++ +++
B.longum + * + + +++ +++
B.thermophilum + + + + +4++ +++
Clostridium butyricum + + + ++ +++ +++
Cl.paraputrificum + + + + + ++
Cl.perfringens + + + * ++ ++
Lactobacillus acidophilus + + + + +++ +++
L.brevis * + * =+ + +
L.plantarum + + ++ ++ ++ +++
Escherichia coli + + + + + 4+
Staphylococcus aureus + + + + ++ ++
Enterococcus faecalis + + ++ + ++ + 4+
Streptococcus faecalis + + ++ ++ ++ + 4+
Judgement of bacterial growth: +: 0.0-0.199 (Agw/5) ApH: +: <0.5
+: 0.2-0.399 (Aw/5) +:0.5-0.99
++: 0.4-0.599 (Ae/5) ++:1.0-1.99
+++: >0.600 (Aw/S) +++4:>2.0
"PYF: proteose peptone-yeast extract-fildes broth.
CP: crude pulp of apple.
Table 4. Bioavailability of total dietary fibers of apple by intestinal bacteria
PYF’ PYF+TDF’ PYF+Glucose
Microorganisms
growth ApH growth ApH growth ApH
Bifidobacterium adolescentis + + + + ++ +++
B. animalis + + + + +4+4+ 4+
B. infantis =+ + + =+ ++ +4++
B. longum + * * * +++ +++
B. thermophilum + + + + + 4+ 4+
Clostridium butyricum + + + + +4++ +++
CL paraputrificum + + + + + +
Cl. perfringens + + + + +++ ++
Cl ramosum + + -+ + + ++ +++
L. plantarum + s + + + +++
Escherichia coli + + + + + +
Staphylococcus aureus + + + + + ++
Judgement of bacterial growth: +:0.0-0.199 (Aw/5)  ApH: +: <05
+:0.2-0.399 (Ag/S) +: 0.5-0.99
++: 0.4-0.599 (Ayw/S) ++:1.0-1.99
+++: >0.600 (Agw/S) ++4++:>20

UPYF: proteose peptone-yeast extract-fildes broth.
2TDF: total dietary fiber.
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Table 5. Bioavailability of soluble dietary fiber and insoluble dietary fiber of apple by intestinal bacteria

. ) PYF" PYF+SDF? PYF+IDF” PYF+Glucose
Microorganisms
growth ApH growth ApH growth ApH growth ApH
Bacteroides fragilis + + ++ + + =+ +++ ++
Bifidobacterium adolescentis + + ++ + =+ + +++ + 4+
B.animalis + + ++ + e =+ +++ + 4+
B.infantis + + ++ + + + +++ +++
B.longum + + ++ + + + +++ Lt
B.thermophilum + + ++ + + + +++ + 4+
Clostridium butyricum + + ++ + ++ + +++ ++
Cl.paraputrificum + + ++ + + + +4 4
Clperfringens ++ + ++ + + + +++ ++
Clramosum + + ++ + + + +++ ++
Lactobacillus acidophilus + * ++ + + + +++ + 4+
L.brevis + + + + + + +++ ++
L.plantarum + + ++ + + + +++ +++
Escherichia coli + + +-+ + + + +++ + +
Staphylococcus aureus ++ + ++ +(+) + + + 4+ +4+
Enterococcus faecalis + * ++ + + + +4++ +++
Streptococcus faecalis ++ + ++ + ++ + + -+ +++
Eubacterium limosum ++ b + + + + +++ ++
Pediococcus cerevisiae + + ++ + + + + 4+ + 4+
Judgement of bacterial growth: +: 0.0-0.199 (Ayw/S) ApH: +:<0.5
+:0.2-0.399 (Aw/S) +:0.5-0.99
++: 0.4-0.599 (Ag/S) ++:1.0-1.99
+ 4+ +: >0.600 (Agw/S) +++:>2.0
UPYF: proteose peptone-yeast extract-fildes broth.
?SDF: soluble dietary fiber of apple.
*IDF: insoluble dietary fiber of apple.
Table 6. Bioavailability of high methoxylated pectins by intestinal bacteria
PYF’ PYF+HMP? PYF+Glucose
Microorganisms
growth ApH growth ApH growth ApH
Bacteroides fragilis nd” nd nd nd nd nd
Bifidobacterium adolescentis =+ + + + + -+ +++
B.animalis + + + + ++ ++
B.bifidum + + + + + -+
B.infantis + * + + ++ +++
B.longum * + + + ++ +++
B.thermophilum + + + + + 4+ 4
Clostridium butyricum =+ + + ++ 44+ 4
Cl.paraputrificum + + + + ++ ++
Cl perfringens + + + + +++ ++
Cl.ramosum nd nd nd nd nd nd
Lactobacillus acidophilus =+ + + + ++ +++
L.brevis + + + + + +
L.plantarum =+ + + + ++ 444
Escherichia coli + + + * + ++
Staphylococcus aureus + + + + +4 ++
Enterococcus faecalis + + + + ++ ++
Streptococcus faecalis + + + + ++ ++
Eubacterium limosum + =+ + + +++ ++
Pediococcus cerevisiae + + + + +4++ + 4+

Judgement of bacterial growth: +: 0.0-0.199 (Agw/S) ApH: +:<0.5

+: 0.2-0.399 (Aqw/S) +:0.5-0.99
++: 0.4-0.599 (Ax0/5) ++:1.0-1.99
+ 4 +: >0.600 (Agw/S) +++:>20

"PYF: proteose peptone-yeast extract-fildes broth.
HMP: high methoxylated pectin.
nd: not determined.
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Table 7. Bioavailability of low methoxylated pectins by intestinal bacteria

PYF’ PYF+LMP® PYF+Glucose
Microorganisms
growth ApH growth ApH growth ApH

Bifidobacterium adolescentis + + =+ + ++ +++
B.animalis * * + + +++ +++
B.bifidum + + + + + +
B.infantis * + * + ++ +++
B.longum + + + + +++ +4++
B.thermophilum =+ + + + +++ 4+ 4
Clostridium butyricum + + + ++ +4++ +4++
Cl.paraputrificum + + + + + +
Cl perfringens + + + =+ + ++
Lactobacillus acidophilus + + + + ++ +4+
L.brevis + =+ + + + +
L.plantarum + + + + ++ +++
Escherichia coli + + + + + +
Staphylococcus aureus + + + + ++ ++

Judgement of bacterial growth: +: 0.0-0.199 (Aw/S) ApH: +:<05

+: 0.2-0.399 (Age/S) +:0.5-0.99
++4: 0.4-0.599 (Aww/S) +4:1.0-1.99
++4: >0.600 (Ago/3) ++4+:>20

YPYF: proteose peptone-yeast extract-fildes broth.

PLMP: low methoxylated pectin.
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Table 8. Effects of apple fiber fractions on the growth of rat feces' bacteria in PYF broth cultivation

24 hour
Microorganisms 0 hour
No sugar Glucose CP’
Total counts 5.9+0.37(4/4)” 8.940.2(4/4) 8.940.1(4/4) 9.2:+0.2(4/4)
Lactobacillus 53+0.2 (4/4) 7.610.2(4/4) 8.01+0.2(4/4) 7.7+0.2(4/4)
Bifidobacterium 25105 (4/4) 4.9+ 1.6(2/4) 4.2+0.4(4/4) 5.5+0.8(4/4)
Clostridium 2.5+0.1 (4/4) 5.240.3(4/4) 5.14+0.4(4/4) 5.2+0.44/4)
E. coli 29+1.8 (4/4) 8.240.4(4/4) 6.31+0.8(4/4) 8.1+0.3(4/4)
Staphylococcus 15104 (4/4) <2.0 (4/4) <2.0 (4/4) 23 (1/4)
CP: crude pulp of apple.
“Mean + SE (log CFU/g feces).
)Frequency occurrence=detected number/examined number.
Table 8. Continued
24 hour
Microorganisms —— > 5 " ”
SDF IDF HMP LMP
Total counts 9.3+0.172/2)" 9.31+0.2(4/4) 8.9+0.1(2/2) 8.810.3(3/3) 9.1£0.1(4/4)
Lactobacillus 7.5£0.3 (2/2) 7.8+0.2(4/4) 7.6+0.5(2/2) 7.8+0.2(3/3) 8.2+0.2(4/4)
Bifidobacterium <5.0 (0/2) 6.2+0.7(3/4) 7.4 (1/2) 6.710.3(3/3) 7.2+0.5(¢4)
Clostridium 4.9+0.1 (2/2) 5.1+0.3(4/4) 5.4+0.1(2/2) 5.1+0.2(3/3) 5.2+0.4(4/4)
E. coli 831+0.0 (2/2) 8.1+0.2(4/4) 8.1+0.002/2) 8.310.3(3/3) 8.0+0.2(4/4)
Staphylococcus <2.0 (2/2) 3.1 (1/4) 23 (1/2) <2.0 (3/3) <2.0 (4/4)

"TDF: total fiber of apple.

“SDF: soluble dietary fiber of apple.

*IDF: insoluble dietary fiber of apple.

“HMP: high methoxylated pectin.

“LMP: low methoxylated pectin.

“Mean + SE (log CFU/g feces).

"Frequency occurrence=detected number/examined number.
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