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Antimicrobial Effects of Naringenin alone and
in Combination with Related Flavonoids

Seong-Sun Han*, Chong-Kil Lee and Young-Soe Kim
College of Pharmacy, Chungbuk National University, Cheongju 360-763, Korea

Abstract—As part of our search for less toxic antimicrobial substances from natural resources,
naringin was isolated from feels of Citri fructus and then hydrolyzed to naringenin. The antimicro-
bial activity of naringenin was examined by measuring the minimal inhibitory concentration(MIC)
against fourteen species of bacteria. The antimicrobial activity of narngenin in combination with
rutin or hesperetin was evaluated by checkerboard method. Among fourteen species tested, the
antimicrobial activity of naringenin was the most prominant against Staphylococcus aureus and Shi-
gella boydii showing MIC of 100 yg/mi for both species. Combinations of naringenin with rutin
or hesperetin showed synergism against several species of bacteria, but no antagonism was obser-

ved.

Keywords [] Naringenin, antimicrobial activity, minimal inhibitory concentration(MIC), combination,

checkerboard method.
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Table I—Test strains of gram positive bacteria

Bacillus cereus ATCC 27348

Bacillus subtilis PCI 219

Micrococcus luteus ATCC 9341
Mycobacterium smegmatis ATCC 14468
Staphylococcus aureus ATCC 12598

Table I1—-Test strains of gram negative bacteria

Escherichia coli ATCC 31030

Proteus mirabilis ATCC 25933
Pseudomonas aeruginosa ATCC 10145
Salmonella paratyphi B(S-3)

Salmonella typhi D(S-58)

Salmonella typhimurium ATCC 14028
Serratia marcescens ATCC 11105
Shigella boydii C2, L1, S2 ATCC 8700
Shigella somnei D1, L1, S2 ATCC 9290

7.0) ¥ Mueller Hinton broth medium< A3}
o] Mycobacterium smegmatist= Dubos medium2
AHE-3te] ul) Fatedch

Alg2eol Z=M|—A)H<Ql naringenin, rutin, hes-
peretin® o] & o 7% AXAZ F L= di-
methyl sulfoxide(DMSQO)e]] £8JA]7]Z nutrient
broth® Z3¥%7} 1000 uyg/mi7} HEE A2 49L
ZA 8tk

oo =M ABEF F Serratia marcescens+
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oA, 2ute] FFE 37C ol A 18417 il oalo]
UV-Spectronic 212 540 nmell A T(%)=30°) Hx =
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Table III—Antimicrobial activity of naringenin against
gram positive bacteria

Strains MIC(pg/mi)
Bacillus cereus ATCC 27348 300
Bacillus subtilis PCI 219 125
Micrococcus luteus ATCC 9341 200
Mpycobacterium smegmatis ATCC 14468 200
Staphylococcus aureus ATCC 12598 100

Table IV—Antimicrobial activity of naringenin against
gram negative bacteria

Strains MIC(ug/ml)
Escherichia cali ATCC 31030 550
Proteus mirabilis ATCC 25933 550
Pseudomonas aeruginosa ATCC 10145 500
Salmonella paratyphi B(S-3) 600
Salmonella typhi D(S-58) 400
Salmonella typhimurium ATCC 14028 600
Serratia marcescens ATCC 11105 500
Shigella boydii C2, L1, S2 ATCC 8700 100

Shigella sonnei D1, L1, S2 ATCC 9290 450
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Table V—Antimicrobial activities-of naringenin, rutin and hesperetin

. MIC(pg/m)
Strains - - - -
Naringenin Rutin Hesperetin
Bacillus ceveus ATCC 27348 300 800 900
Bacillus subtilis PCI 219 125 900 700
Escherichia coli ATCC 31030 550 700 800
Micrococcus luteus ATCC 9341 200 500 800
Mycobacterium smegmatis ATCC 14468 200 600 500
Proteus mirabilis ATCC 25933 550 700 500
Servatia marcescens ATCC 11105 500 700 700
Shigella sonnei D1, L1, S2 ATCC 9290 450 650 650
Staphylococcus aureus ATCC 12598 100 750 700
Table VI-FICs and FICIs between naringenin and rutin
Strains - - FIC - FICI
Naringenin Rutin
Bacillus cereus ATCC 27348 0.500 0.063 0.563
Bacillus subtilis PCI 219 1.000 0.062 1.062
Escherichia coli ATCC 31030 1.000 0.063 1.063
Micrococcus luteus ATCC 9341 0.500 0.062 0.562
Mpycobacterium smegmatis ATCC 14468 0.125 0.250 0.375
Proteus mirabilis ATCC 25933 0.500 0.500 1.000
Serratia marcescens ATCC 11105 0.250 0.500 0.750
Shigella sonnei D1, L1, S2 ATCC 9290 0.500 0.500 1.000
Staphylococcus aureus ATCC 12598 1.000 0.063 1.063
Table VII—FICs and FICIs between naringenin and hesperetin
Strains - - FiC - FICI
Naringenin Hesperetin
Bacillus cereus ATCC 27348 0.127 0.126 0.253
Bacillus subtilis PCI 219 0.128 0.250 0.378
Escherichia coli ATCC 31030 0.251 0.250 0.501
Micrococcus luteus ATCC 9341 0.250 0.250 0.500
Mpycobacterium smegmatis ATCC 14468 0.500 0.250 0.750
Proteus mirabilis ATCC 25933 1.000 0.062 1.062
Serratia marcescens ATCC 11105 0.500 0.250 0.750
Shigella somnei D1, L1, S2 ATCC 9290 0.500 0.500 1.000
Staphylococcus aureus ATCC 12598 1.000 0.063 1.063

AP gFol i MICS) FFAueh $53 dade ¢ FH29 A3 gz FEFHI glon
veligdn, whd gram&Ad el whstede Shigella 30 Y5 3t 3o 733 Pseudomo-
boydii ©)9]ell 5% HFA| oldte AL el nas aeruginosad] ¥ MICE 500 pg/miE el
stk @A naringenin® gramSAFelA Brke gl

gram A Foll diste] 33 #3He Jehliddoh = Naringenin®} rutin®] H-4-FodA|qel QM=
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Fig. 1—Isobologram showing a synergy between nari-
ngenin and hesperetin against Bacillus cereus
ATCC 27348.
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Fig. 2—Isobologram showing an additive action bet-
ween naringenin and hesperetin against Myco-
bacterium smegmatis ATCC 14468.
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Fig. 3—Isobologram showing an indifferent action bet-
ween naringenin and hesperetin against Sta-
phylococcus aureus ATCC 12598,
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