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Monitoring of Natural Preservative Levels in Food Products
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“Food Safety Evaluation Department, Korea Food & Drug Adminstration, Seoul 122-704, Korea

Abstract

In the current food sanitation regulation, food additives are under controlled by the Food Code. The naturally
derived preservatives such as benzoic acid and propionic acid can be naturally carried over or produced as
metabolites during manufacturing process such as fermentation. To monitor naturally formed benzoic acid
and propionic acid levels, a total of 145 samples were classified into berries (prune, cranberry), functional
foods (propolis liquid, ginseng product), vinegars (vinegar-based drink, vinegar beverage, vinegar), and salted
and pickled products (olive, pickled cucumber, salted/pickled product) and analyzed by HPLC-PDA and
GC-FID. From the results, benzoic acid and propionic acid were each detected and identified in 144 samples
and 64 samples respectively. The amount of benzoic acid ranged from 4.1 ~478.4 ppm in cranberry, from 49.7~
491 in propolis liquid, and from 2.5~10.2 ppm in ginseng, and other tested samples contained very small
quantity. Also, the amount of propionic acid ranged from 179.8~951.9 ppm (av. 553.6 ppm) in vinegar
(persimmon vinegar 100%), which was the highest level among fermented foods, from 13.7~247.0 ppm in
propolis liquid, from 2.0~180.7 ppm in vinegar-based drink, and from 1.6~76.6 ppm in olive. Vinegar beverage
and pickled cucumber each showed 24 and 18 ppm of propionic acid; in contrast, propionic acid was not detected
in prune, cranberry, ginseng, and picked/salted products.

Key words: preservative, benzoic acid, propionic acid, origin of natural
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2RIk FFE FAF B0, Lee 5(14)2 T4k
Q=3 53 Bt Ay TR Ees 255 3ad ¢
218k AT R 3T MAES] gAMIEEA A Tt
S 22324k st Kim¥} Kim(15)9] A2 239
g 7)7bke)] wE ek El Choi 5(16)2) A2 7o
&4 T TSl Leest Pack(17)9] AF2E A|Zx A Z&2
g24ke] A Fol RaEa gt

3 v =] CFR(Code of Federal Regulation)o| A =&

= 51812 4 E-L& bacteria T o) AP

-

, prune, plum, cranberrys 522 ] 5ol
o] ApAH o2 AAHHT YAskA THIS).
WHO Foll o3 23t 2 1 d/e 2F9 BEd e
AHEEH, 71 B3 HA fElsEe AE A HEE T
StutEhe B A 7 3 A HH(19,20).

2F 71F 4 AA] AR B4 Al AR 194
A7 R BE S 23 7|2 AFE 2 E83517] 915k 2006
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A FEARNA “AF T 2025 57F AP A
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SUHRE T 7HeAFE Tl dEERE HAFY 2
TR 22925 HEo]l Rl 3= berry
T, A7 AF 3 vAE] R EA BER] A
Zo] RuHY e AERSEF, 97, SHEAF 55
A8 AdAE= A, F71A S Wi oA 517,
HESAHANA 737, FAAFAEHANA 111 & 12737
SHAFAEHAA 101 5 F 14532 Axed T AT
A 29| 24kE ARSEkA] 92 AERES stk 7Y
sAt dAANEE AHE AFEe 7% 2 FF2 Table

AU BETQ M H(Sigma 242381) 7 Z 23]
2H(Sigma 402907)¢] ZFEAY UWHEIZFEZ crotonic
acid(Aldrich 113018)+= Sigma-Aldrich(St. Louis, MO,
USAALA, AE-AY 2 G358 A9 T2 Junseirt

=7 o) 3 A 1641

Table 1. Monitoring sample list for benzoic acid and pro-
pionic acid analysis

Group Food type Sample No.
Berries Prune 9
Cranberry 19
Functional foods Pr'opohs liquid 17
Ginseng 8
Vinegar-based drink 25
Vinegars Vinegar beverage 6
Vinegar 13
Olive 11
Salted & pickled Salted product 8
products Pickled cucumber 16
Pickled product 13
Total 145

(Tokyo, Japan)ol A -4t A3t

5mL, NaCl 80 ¢ ¥ 575 100 mL& 718t & A5/
(Vapodest 10, Gerhardt, Germany)oll &3 & $£%7] =7
£ 3] 94 250 mLS okt olw] f 3-8 Ay
£ 1% NaOH 30 mL< 718l Wzl7] Eo] A7 e syt

oA kA Ao Z=F NS T E membrane & 35}
AREslg o, 22925k £4E 9t /Y 100 mLE
Hsta A4H85%) 1 mLE 713l &

olglll A ZE S st F5 AFE2 oMAE &34l
71 WEEFEAE o] &3] 5 mLE AH-&3t} ojuf YRR
F8Ne 500 ppm crotonic acid® AM&3FTH

e 3 2E7|7i0f ME =224 st

DAz AZMAZ 57125 2 x 958 239 34 2
23l FAIE o] &3l FFst A2 E Al Futel &, 2
717bol whet FPS AFAEe} FIS WHoeE 2T
ko] Wsles R s

717184

AlgE&d T HEFO B4 AFZA(N ste] 2
42k HPLC-PDA #4 & GC-FID #
GC/MS 49 & o] &3ttt eralgatks B44317] 28t
HPLC-PDA (Nanospace 1I, Shiseido, Japan) & C18 col-
umn(Capcellpak Cis UG120, 4.6 x 150 mm, 5 pum, Shiseido)
& o] &3 o] 52 EM methanold®} 50 mM phosphate
buffer(pH 5.0)(20:80, v/v) ¥ 4S 1.0 mL/min®] < 2
UV 230 nmol A £8] #4313tk 2489 A2 h2ekit &
TEA] £4 vlolEl 9} spectrum T8 Hladte] E1StATE

Z 2324k GC-FID(Shimadzu GC2010, Shimadzu,
Kyoto, Japan) @ FFAP column(50 mx0.25 mm, 0.25 ym,



1642 e - o] ATt - A -

Agilent, Chandler, AZ, USA)& °]-&3td E43Ath ¢
T AE719 &= 747 240°C, 250°Co] ™, carrier gast
helium< AFE3le] #42 1.0 mL/min® 2 3tal A8+
ULE FJ3&FaL split ratioE 1:200.% 3Tt QBT &=
Z7]12 % 100°Co A 287 523 3 40°C/minZ 240°C7}+
A F2AA 2% ¢ FAF F 2°C/minZE 250°C7HA] 52
1A 8% Bt fFAstd 2435ttt 249 4E8S =29
22 RFEAY] B4 dvolEe} vlm, Rl
AFR Ao AFE3E GC/MS #47]7]+= Aglient 5973
GC/MSDS AHg-3l o A7 9] o] &3}+= Electron Impact
ionization(ED®¥H o2 AA|stHtt. GC/MS #4x12
ionization voltage= 70 eV, ion source =%+ 230°CE 3}%
oh 3 2 A M (n/2)v 40~4502.2 A3t
Atk QB L= 27| % 40°Col A 287 #AE F 20°C
/minZ 180°C7}+#] ’“%Al? =2 10"C/mini 240°C7H A &

Al A 8& &t FX E BXxAE5L GC

=

>

o] EAMx =l 1_2 —E‘“‘G}S’i‘:}

A g F Ak =2 ute] g 4] RES
A AFAS Tl AL 7 AR T ey =2
a.eabe] SRS AL ool A& olgahal AL
W, 2E A3he 38 W WS SHA ) BE REY
A= ekl ie

. . Conc. mg/kg x 250 mL

Benzoic acid (ppm)= g/kg

Sample g
.. . Conc. mg/kg x 250 mL x5
Propionic acid (ppm)=
P bp Sample g x 100
T EY

ObAlERA

ThEAE T oHEAe RFEEAAY HEE A
HPLC-PDA ¥ GC/MS spectrum 5 & Hla3le] 221319

ow oA e FFEE AT A 89 chromatogram™ spec—
trum-& Fig. 1] YeER AT}

TZ2u| 24t

JfEAE F ZE2O 24 E—fr% d3te] W FEE A
GC/MS spectrum 5-& Blusdte] gQlstdon I guleAk

T2

EFEAT A7 chromatogram# spectrum= Fig. 2]

Blaste] ERA AT

22 9 warizol ne z2usy gans

9EP BAZA HE 0 FASD Get 4T AR

o] 3tk M3}E Table 29 UrEMJS’iE}.
719 73 49 TAFHY oA =292k
AEHA Got & 5 AFAFACQDS} AR eH, Fo}

A

B)

Fig. 1. Chromatograms and spectrums of benzoic acid
standard (A) and sample (B) by HPLC-PDA.

. .|, ‘ ey

Fig. 2. Chromatograms and spectrums of propionic acid
standard (A) and sample (B) by GC-FID & GC/MS.

Table 2. Naturally occurring propionic acid level in persim-
mon and vinegar

Sample Level (ppm)” sD?
Persimmon NDY -
Ripe persimmon ND —
10 days after fermentation 1.7 0.20
40 days after fermentation 5.1 0.02
1 year after fermentation 1,773.9 20.8

i)Mean values (n=3).
“Standard deviation.
INot detected.

ol g & F 10€A1U Al8A 1.7 ppm FF9 Z=
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% AzgEMoz £ 137, AZEREE £ 24 27
N2 A FEOM 18D AYR F &

JWEF 9FE 5 F 64ANN AEHNL

F, 249 2 7l 29F 4

A E
23eo] AEEA 2

AAqA Feste REZ ol sl B2 A7+477}
Ry 9lon v=2] CFR(Code of Federal Regulation)
o] prune, plum, cranberry % thFE2] ug]FolA] o2&k
ko] A H o7 HAHY Z2uLae AlFdad o
ARET HAE JTH().

ora)gksto] A, AHF(prune), Ml 2 (berry) 59 A&F
o AdHew EAFT= FEHLS AT 2 TH3,19-21,23-26)
o} 2924k SEAAE EY ofy g IRkl v E

v

o] gAl FES 53 dARIEEZHN A= ERG6S,
1L17)EA RuEa o)

Berry & & FZ(Prunus domestica, AAF)% A 209 2

(Vaccinium macrocarpon, 322 #)2 FUE=E AL&3 7}

=7 o) 3 A 1643

A
%
(<0

o

=2 o
>
L
Sl

A = 27+ 05~5.7
ppm, 4.1~478.4 ppmeollen Z#AH ] w=EZL A=
4784 ppm9] W9 =2 FHS HAFU IAu e}t F
T Y AL el tig A= 19109t H By
7] N &SR TH23). Clague} Fellers(3)= 24 E&o] A #n)

Fom Az A o] ATBAe EAEA
RET B3R o, Zuo 5(26)= WM 2] A kg
3 47 g(eF 4700 ppm)] A FAS 3, ol Fd Y
A, &=, AG72Y, 7 A el wEl Zfol st A sk
3 AT 2 9% F2ol A 34~54 ppm WS A
2ke] AEo] BaEal uh24,25). B AT dze} 9o By
of ol FE MWW E o] &3 AFAME YikA,
Hjgu] g SOl ol YA T HEZE AMESIA FUET

[e)

ohalgkato] AEE & &S 9ujd

o] F23 i ]S FURE AMES 73 E 2
FoA TRY LS AEHA It

HL7|SAE

HAA dojAl= A& EFAL Z2E e £, 9,
Tee TeERH e waxd resinEd S EHE0]
ol ¥ zpxle A EE g EFs vtee =24, A
2k, nFge] EAER bkt s18hE 4, S polyphenols,

sesquiterpene, quinones, coumarins, steroids, amino acid
2 inorganic compound$} & 1607} o]4te] AEo] i
o] glom 48 F3} AGHo2 WS 1 FF7F ol
ta BuEa Qh9,10,13). Z2EY2: FEE AFS
2EEz FH FEE FIAEN T2 ZASYSAY
A2 E e YA S EFste AxFTAHA 93l A
Zgx

zHEH g T2 SEAF Ax A AR =22

L

Table 3. Naturally occurring benzoic acid and propionic acid level in foods retailed in market

Benzoic acid Propionic acid

Group ’Sl;e;teii Detected Level (ppm)” Detected Level (ppm)
D sample min ~max sample min~max
Berries Prune 19 19 05~5.7 =2 —
Cranberry 9 9 4.1~478.4 — —
. Propolis liquid 17 17 49.7~491.5 17 13.7~247.0
Functional foods e 8 8 25~102 - —
Vinegar-based drink 25 25 0.3~5.3 13 2.0~180.7
Vinegars Vinegar beverage 6 6 0.4~05 2 14.4~23.8
Vinegar 13 13 0.1~1.0 13 8.8~951.9
Olive 11 11 04~1.0 10 1.6~76.6
Salted & pickled Salted product 8 7 05~1.1 — —
products Pickled cucumber 16 16 0.1~0.8 9 1.6~18.0
Pickled product 13 13 02~2.7 - —
Total 145 144 64

Y"Mean values (n=3). ?No sample detected.



1644 e - ol A - FeAl - FEA - BN - P83 - olB s

Ze2= FEE uFHIEol wet 49.7~4915 ppm FE 9 Z9o TFAEL AYF 1219 A X 100% A Fol A
ChAlgEAto] AEHJOH, AF T ZE2EZ 2 FEE 1) 179.8~951.9 ppm(F T 5536 ppm)o] HAEHo] AdH ZE
FHES 1T W T2 F FEE100%)]= oF 1987 A F 7M & 559 220 5bo] AE&HA o] 4
~1,377.8 ppm H 99| A2 TS FH3 A5S FHT = Oh 5(8)o 23 AFAEAE 5 Aoz Az
F AUt B d7AnE 222 225 PANRCER 2 zo) A4 1002 ppme AET Ao} LA FT o T2
A A FE B AFR S} P X5 (14,27-30), Lee H22kE BAG AFRIAM Y A ZE(EHE~140.0 ppm)

T(14)2 F34ke) 1,383 ppm, EF4Hl 1,318 ppm, I 4F (22)R Rt} o #2 o] A=H U

o 1,049~1,130 ppm, E2t24F 1,007 ppm £ 2 A AF-2 S FhlA A TEH S o] 83 AlxE B
QA g2t HES Kenneth 5(30)2 @M=L A 170 FoF = ALt FF oA R AAA]~E S o]&
~630 ppm¢] A TS HE HIFH E} 2] S o] 83l AxH A2 FH o] 2F9} HlwEly
ZE AL A 137~247.0 ppm®] LEFEEE HEE S B o, el BEy S o] 83 gzl 7 =4 U
o W HE 1HT W T F~ ér:% (100%)°l = Eldth ol A daHHe Tad o] &= vAES
oF 23.3~6215 ppm B9 T2 LS FHEla Y-S Agto] glo} o) mAEFo] 283t ok 3 st
FAE Atk ol ZREL L EE FEE| AR B2 AR, A e AR S 4735 BAS
oZM RIS FAHT Kim 51D Russ dX H SAd s ooldetd HE AxSsRE Axs
gt o)} Be AFE TREZE A FZES ALE A X 7] W&ol f712k 59 A 3= Aol Algo] w=
AFoA e W& ol 2ol YAT HESE AMES) A Aok web Ao AHeE A ZSBHO| AR ABEL
2 gujets oA Ty ate] NFELEE HEE F U2 g e A 7FEE A7) Wil A Al
ASS 9w Eeh Fol v Z2uestke] AEET AEHo] A A LA
TN LAHARY ARHA, AWAE B =5 YER T
o] Bxo 7 A2 4 Panax ginseng C.A. Meyer)S A Lactobacillus sanfrancisco= WA 34 £ T Z 0] 2AHS
AAReZ de o] &, AT=EHe AL F9 she|H, AlE QBB Z(3]) ©] 5 o] &3 AFoAM = T2 24S AHE
d Hs54, ZgotAgd, o= 39E, g3 58 3t2] gttty stuEt=s A&l 2 4 Utk kS T2
a3t JAuHi12). 2 04?01]*1 Te=d A e 2ol A 5 mAEo] obd AukF Q) v S AR S
2 4% A9 25~102 ppm & Qb2 gAto] HEE A E3) AMIEZ FAEE Edolgte RuE Ut
o, TRl HEHA °L9M °o]E Tt f‘mi mo|=
Z o] oA 3EA-S B3] AL A7 w o =TT
_6‘*/]\__|01_ = I{Imo<2)/] :FL"’]’ T %ﬂi%%%gié}@ﬂ%ﬁ?}ﬂ%ﬂﬁﬂ-go 1_7;‘_
5 A AEYE 9 G gae B8 ?i?iuﬂ@l) v ’
. . 52 AYE T AR ALY AF BTN vk qhalE
o] TitEEdo FAFR A4t 317 ppm, FAZE AL . )
= - A 04~1.0 ppm, 05~1.1 ppm)°] AEHUTE E3F 2
H Wzlokol] 654.03 ppm 52 Ao} vlwE] B w) B Ay N - _
s i o] @ b, FE AZo] AYY oW F L Jeh 2AY
o BAARAE A7 e ARV AF oA A ’ ]
o y N < %01]*15 ulge] QFAEHZAZ 0.1~0.8 ppm, 0.2~2.7
5= ok gake A A Hote gEkA g YuER
o 5 ppm)e] AZE N o= B AF e 20| F F9
H fHE dagads & 5 ok
_ . Az RIEE ALE AH, vis 5 FAlg0 93 Ao
Table 394 Ho]Xo] Z2Ee|X~ FEE AFS U2 Ae Tl
e Eol HlEte] 9RERE 78 IR REEQ = }E;i )7ﬂ° s = 10A
3L hvl Ao A= 3L ~
GAPps} Teaede] My wEEe Fheold o oo ST EFR AE 10494 L6766 pom
oo o FEE HAEHoH, 988 AH8d SYBE Uy B
o deons RFSAS o 1AL olA o we o) =
Axems 2uesto] AEHAT. 2o HEAE BE 1Y &
HANZ2E FUAFZ AL SFEW ), EFSE, B4 B At o8] wart A2=E ™ Propionibacterium
2z 447004 Y] kA F1Et T ©]= Kim sp.ol 93 4l A FFAA N ZTEH 248 PAsE A
T2 Bie} o] gHHlo]L T FURZ o|§H A o2 4#A e, ol wAEF 7|l Propionibacterium
2z 9480 B EE BAZE HrlE A8 YR sp.o] AgoZ ko] o3l AAFE FAS 7|A R o] &3
B e Aos Asdn 42FE8F0 T2uqhe 4 o] oF 04~11 mM F&9 Z23hs e 1 ke
Z&guol2dA 2.0~180.7 ppm, AZEFTSH A 144 8B A, dEYH Fo] Z2I24F B 7E F714F
~238 ppm 283 FAX (A R)NME 1FEY T2 Aol T3 FFAXE BuE JATH5E6)
g&ite] AEHAY 13719 A2 F Fx22 x99 714 LolgFFAAE 1.6~180 ppme] FEE ZE I 24}o]



5o, 718 vhs, $9 5 AL{E O]
T QDAY AR s Z2u24to] 4
o

]
| AEHA @2 ATFRI(22)9 I3

rx to fHooY

o

A, 9 Ao, Fups A, BrA FolA) xevle

o oF
i =

o
)

[o

fu
i)
)
ol
N
52

1o}

oo
=2

il

) m
) b
4 ro
ooy [

My

Hu o

WA EEA s AFT

0 ox
oxl
ol
ol

folr U
No®

=
oo M

=~
a1
A
o
>
il
e
)
o X
> g
o
2
&
i & of

K
f
,
o
r

o

An)
o
o fo
4
o
ol
2
o
ol |
o
ol
0,
>
%
r')v

2
(|
"0,
>~
w o
o FI
W
P
fo
o=
S
1> o
B N,
o2 oo off

S~
>
ob
)

ok
i)
dlo
[
i)
>
>
tN/, d
o
iis
=il
o
Ack
(m
Y
p{iﬁl

ﬂz\l o
ftl
> g

o
I

o 1% Z o oo T
o
Eobe
iy b
4
[\
i)
aloA
Hu
ol
5
AL
ot
iR
H
5

> 3t
o to

oy
—
>~
>~
)
>
o %
il
i
32,
[o

2

[T O 1
)
=
Ach
10
&
fru

% i

rr & Lo
[>
;HWI f
)j,
w2
2
i
ol
=2
ir
)
=2
o
a1
S

do o
(@)}
NN

oY
=2
>
2
o
i

o i,

fr
1r
o,

9,
il
f
-z
)
)
re
Jo
£

=)

[0
o |
g

>
Jo > W -

1o ro
ol
rﬁ

o,

Lo o
ro{uE

o
r>~:>"-a
W e
HUE

X o
P

re

L oo [o |
R A TR T

oo

il
H>%
2

A7
Jo) A7) 2] 9 (KFDA-07191 7] 2A1853)0] 2] 5}¢d
Sasgon oo gA=HUG

2
o

2 = 200795 AFofoFFetd A o AA A g

i
ot

1. Mustafa E, Kemal UM, Ozgun EM, Certel M. 2006. Effects
of fermentation and storage on the organic and fatty acid
contents of tarhana, a turkish fermented cereal food. J Food
Compo Anal 19: 294-301.

2. Kim MC, Park HK, Hong JH, Lee DY, Park JS, Park E]J,
Kim JW, Song KH, Shin DW, Mok JM, Lee JY, Song IS.
1999. Studies on the naturally occurring benzoic acids in
foods (1) —Naturally occurring benzoic acid and sorbic acid
in several plants used as teas or spices—. Korean J Food
Sci Technol 31: 1144-1152.

3. Clague JA, Fellers CR. 1934. Relation of benzoic acid con—
tent and other constituents of cranberries to keeping

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ook

FeFoll ik A} 1645

quality. Plant Physiol 9: 631-636.

. Siber R, Biitikofer U, Bosset JO. 1995. Benzoic acid as a

natural compound in cultured dairy products and cheese.
Int Dairy J 5 227-246.

. Montano A, Sanchez AH, Casado FJ, de Castro A, Rejano

L. 2003. Chemical profile of industrially fermented green
olives of different varieties. Food Chem 82: 297-302.

. Sanchez AH, De Castr A, Rejano L, Montano A. 2000.

Comparative study on chemical changes in olive juice and
brine during green olive fermentation. J Agric Food Chem
48: 5975-5980.

. Korea Food and Drug Adminstration. 2005. Food Code.

Munyongsa.

. Oh KS, Kang KJ, Lee JH, Lee KB, Kim JH, Park DH, Ko

KH, Lee MH, Ahn SM. 1998. Quantitative analysis of or—
ganic acids on traditional fermented foods and separation
of antioxidative compounds in persimmon vinegars. The
Annual Report of KFDA 2: 140-153.

. Lee HJ, Bae YI, Jung CH, Sim KH. 2005. Biological activ—-

ities of various solvent extracts from propolis. J Korean
Soc Food Sci Nutr 34: 1-7.

Jung CH, Bae YI, Lee HJ, Sim KH. 2003. Chemical compo-
nents of propolis and its ethanolic extracts. J Korean Soc
Food Sci Nutr 32: 501-505.

Kim JT, Kim CJ], Cho Y], Choi AJ, Shin WS. 2002.
Characteristics of propolis extracts from ethanol extraction.
Korean J Food Sci Technol 34: 941-946.

Lee JW. 2000. Determination of total phenolic compounds
from korean red ginseng, and their extraction conditions.
J Ginseng Res 24: 64-67.

Woo SO. 2006. Production and application of propolis
extracts. J Apiology 305 29-33.

Lee SW, Kim HJ, Hwang BS. 2001. Studies on the chemical
characteristics of korean propolis. Korean J Food Sci Ani
Resour 21: 383-388.

Kim JK, Kim CS. 1980. The taste components of ordinary
korean soy sauce. J Kor Agric Chem Soc 23: 89-105.
Choai JY, Lee TS, Park SO, Noh BS. 1997. Changes of vola-
tile flavor compounds in traditional kochujang during
fermentation. Korean J Food Sci Technol 29: 745-751.
Lee IS, Paek KY. 2003. Preparation and quality character-
istics of yogurt added with cultured ginseng. Korean J
Food Sci Technol 35: 235-241.

Center for Devices and Radiological Health. 2007. Benzoic
acid. Code of Federal Regulation 21:3. 184.1021.

Brul S, Coote P. 1999. Preservative agents in foods mode
of action and microbial resistance mechanisms. Int J Food
Microbiol 50: 1-17.

WHO. 2005. Concise International Chemical Assessment
Document 26. Benzoic acid and sodium benzoate.

Korea Food and Drug Adminstration. 2006. Study on food
additives (preservatives) identified as Natural Compound
in Food materials. The Annual Report of KFDA.

Korea Food and Drug Adminstration. 2006. Monitoring of
propionic acid Levels in foods and foodstuffs. The Annual
Report of KFDA.

Radin M]J. 1914. A note on the quantity of benzoic acid and
contained in prunes and cranberries. Ind & Eng Chem 6:
518.

Zhang K, Zuo Y. 2004. GC-MS determination of flavonoids
and phenolic and benzoic acids in human plasma after con—
sumption of cranberry juice. J Agric Food Chem 52:
222-221.

Chen H, Zuo Y, Deng Y. 2001. Separation and determination
of flavonoids and other phenolic compounds in cranberry



1646

26.

27.

28.

oo

juice by high-perfermance liquid chromatography. J
Chromatogr A 913: 387-395.

Zuo Y, Wang C, Zhan J. 2002. Separation, characterization
and quantitation of benzoic and phenolic antioxidants in
american cranberry fruit by GC-MS. J Agric Food Chem
50: 3789-3794.

Bankova VS, Popov SS, Marekov NL. 1983. A study on
flavonoids of propolis. J Nat Prod 46: 1-9.

Marcucci MC. 1995. Propolis. chemical composition, bio—
logical properties and therapeutic activity. Apidologie 26:

Col A - G4l - BE

29.

30.

31.

F4 - 48 - ol BE
83-99.
Walker P, Crane E. 1987. Constituents of propolis.

Apidologie 18: 327-334.

Kenneth RM, Kevin AM, Alistair LW, Julia AD, Yinrong
L. 1996. HPLC and GC-MS identification of the major or-
ganic constituents in New Zealand propolis. Phytochem 42:
205-211.

Gobbetti M, Corsetti A. 1997. Lactobacillus sanfrancisco a
key sourdough lactic acid bacterium: a review. Food
Microbiol 14: 175-187.

(2008 11€ 129 A4 2008 12€ 8 A4d)



