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Incremental Learning Probabilistic State Machine for Symbolic Sequences

Classification
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ABSTRACT
Symbolic sequence classification can be used in a variety of applications such as DNA sequences

analysis, intrusion detection, electrocardiography (ECG) analysis. The convention methods which can be
applied to this field are for example, probabilistic language model, support vector machine, and artificial
neural network. However, sometime the list of words in very long sequences such as DNA sequences are
unknown. The fix size of imitation words are used for this case. Consequently, the probability and position of
original unknown words are distorted which can lead to incorrect results in long term. Moreover, the update
learning may cause difficulty. This research proposes a novel probabilistic language model that can learn
infinitely increments and do not have to fix the size of imitation words, but still retain the statistical information

of substring accurately as possible while the size of model is tractable. The experiment of classification is
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applied to DNA sequences of promoter and non-promoter bacteria E. Coli. The accuracy of classification is

96.23 % which is highly accurate compared to the other standard methods.

Keyword: symbolic sequence classification, probabilistic language, unsegmented string, probabilistic finite

automata, n-gram

LN

MITWUNEA LAY SNOL (symbolic sequence
dlassification) TN 13T UUNNAVBITEY ALIZLAN
sudnusznIesauaysnEal Fisnunsainluld
dszlordlanainnans 1w A1TILATIZAGLEULE
MIATITU MTYNIN myezieaunlnimle
(Xing et al., 2010) ?%‘ﬂﬁ‘immgﬁuﬁ' 814130
ﬂs:qﬂ@ﬂﬂﬁﬁmémﬁ léun wuudtaasnis g
19210 w (Vidal et al, 2005) 17 % L& WULNTN (n-gram)
(Cavnar and Trenkle 1994) wuu3dtaaIn1saan
LUy (hidden Markov model) (Rabiner, 1989)
(Khreich et al., 2012) LA2LAT8ITNILINLADS
ST 8% (support vector machine) (Lodhi et al.,
2002) (Leslie et al., 2002) LHuen LL@iLﬁaamm‘Taga
soanyizly Jagiu funalbuAndnognouin
"ﬂ”agamaﬂi:mwLﬂumﬂé'ﬂmi:ﬁﬁmmmamﬂ
wazldnsuusdlu sesnuse U a188naIa
dwe tuan liAedymlunsie eyt w6
ﬁﬁwa@iamﬁmﬂ:ﬁiaga fols1M9 wazaasd
AU 15599 aY S9nnataszRaaa
miﬂiﬂﬂgmaamUé’ﬂms:dam&mm Wawdauys
fey ﬁ]:ﬁﬂﬁﬁamaaﬁaylmﬁmfuwvlsjmmm
Famsle laofadunsienedmodnyse dnazld
3FuUUdI809n11 1T Lewas (kmer) laptialy
Sanduduunia (n-gram) Faidussnnden e
snTzdaIANNEIRINe uUnuiziesiaianas
susnTzdaniinue fonszrmdanuymde e
a“'ﬂmi:ﬁLSuLaﬁaﬂﬁagaﬁ'ﬂHm:Lﬁmﬁui 81934
gsnuIzday Afaueanainnaty nsld
{08NVITANNLNITINALEIU v i Tadon
FNAVINITLAAAN LLa:@‘hLmuwauﬁﬂﬁgﬂﬁm Gl
ganald N3l g uinnuaataiadon n13
LLrTﬁrymf:ﬁﬂ"ﬁﬁwﬁmmmamm:amiaﬂ"aga B4
nwispfiduenz 1935n9wnen k (61 n EWIU n-

Aad

gram) NANEA LTW 1 k A liAenuuaneng
maaﬁwmﬂ‘ﬁ'q@ (Rayan and Paul, 2014) %38 ¥1¢1
k tudsinle Taswianadauassrnnuen kg
wod1A7Y (Ron et al., 1996), (Galata et al., 2001)
asin"hﬁmmmmﬁmm;ﬁﬁ'ﬂ msUszanmen k 1
WansauamNwIsanawnisisesls anueiaei
%aﬂ'amlﬁwaaﬁﬁmaaﬂ]’agaﬁ'ﬁﬂmu 817
wenmiteanidmuaaaaadenlyle wananit
miﬁ%mm‘haaﬂﬂL'%ﬁuj’ﬂ’agamul,ﬁuﬁawauﬁﬂ
ANNANALAREN INTIZANNEN IR EN LR an 1T
91332 Lﬂﬁlﬁu"l,ﬂmmamwmadﬁaga RRHEERHL
L%mﬂ’]ﬂ%ﬂuié’;mﬁlumﬂ (Ade and Deshmukh,
2013), (Geppert and Hammer, 2016)
Nwispissaulamsasuuuiaesnsgs
wandusuulnifisursaivsdfvessnosnass
danlw ﬂammgﬂﬁaﬂﬁvlﬁmnﬁ'q@ Tas'ly
i‘hLfluéTaaLLﬂaﬁm%i‘i']ﬁ‘@mmmwaaﬁwﬁiﬁ%uuj’
WAZEANTAREUS srwnwlaansdUszansnan
lumm:ﬁﬁﬁmm‘*ﬁagaﬁﬁuifﬂumm:ﬁmi@:ﬂ'&m
FN309aMT L laedl wwifadn MIlAILRana
YRIFNYBNYILL DY AITNANTHINNRILLANAN DL
LLa:é’ﬂmszﬁngnmwm'sﬁﬁlﬁalﬁuaﬁalﬁma
mn‘ﬁq@ LLazLﬁaiaa%’uaﬁamaaﬁagalmﬁauﬁﬂﬁu
VL@TI@ﬂvlsjﬁmﬁ’mﬁﬁﬂuj‘l%ﬂﬂgwm lasaaans
snuszdenfiliialssloriiioaananauiaes
iagaﬁvlﬁmﬂmiﬁ'ﬂuj NNNWIY (llie, 2011) WLTN
soanyIzNnasIziomanifsoanyIzdan
Laﬂﬁﬂﬂﬂiguqﬂ (minimum unique substring) LRz
Lﬁm‘fu@;ﬁ'uﬁ'uawé'ﬂmi:aiauLﬁ@]sﬁymnq@
(maximum repeated substring) L&u8 %a%ﬁﬂﬂﬁiﬁ%:
LﬂuLmeaﬁ'*ﬁ? alunisaassanuszianans sl
T8 lumm:"?fﬁ'\immmuwuﬂuﬁgﬂﬁaﬂﬁ
NIspislddunasuRar LU U IR eI
lwilaslddadn salanvrandsirazdnwves



MIEIETNd U (Inseaaiuszinalulad) 01 24 adudi 1 anmen - Gguwiow 2564

§108NUTZONaN B TIALANITEN (proper unique
substring finite automata: PUSFA) Faduuuusrased
Iifiuany snuszdaniananwoiNmIN FULAZEY
snuszdauLingn s1ufsnnuhvasausnse
waniw laga1u1sn Uszgndlddiurmniniia
weziduassmuanvizlag Lﬁ"aﬁ‘huuﬂ‘*ﬁaga %30
Lﬁiaﬁwmuiaga suAINe3LATR sesnueh
\Aedwidaada I@UmmsnL'%'mu;;i”mnmﬂé'ﬂmzvlai
Fneanuelalaslaidasimsudsdr inldiaue
TaaudElunIFPILULIS LaZFENNINAReS
ﬁnLLuuaimaavlﬂﬂszﬂqﬂﬂﬁl"ﬁﬁhLLuﬂmjwﬁaya e
nagaudanuuinguniasieslaiofisuny
%‘mimmgmﬁu Las¥inNIITNAREUIN VWAV
wuusaasazidvlaesgnels wazafilduszuaans
indnlaognels Wesunualausiivesans
anuUTY ﬁﬁmu’%wj’ Wafazsuseslain e
wuudnaedllgnuna wuusiaedazdinsaanTn
samsleass luned§ia iilewnluunanaiias
UsznoulUehe 55nsafinnisdsy G9asnsanis
mmg’jl,l,a:ﬁmuﬁl,ﬁmﬁad 588218 UALULI8 097
WLEne DM IFLULINees AFnsiuuudiess
WlF91m nInasssfiietes audenaniiise

a 6
LLNZ@Eﬂ LLRSTIITITUNR

AaA o ) a
2DANBBNITIY

mMsiensianeenase Slag ihenada

o { a l;’ v 3 Qq: v

pasfiiiadulildanugndaigiganu azdas
a a ] dl ‘l/uq:
wasanan seenaszdasndulldninueves S
WINENNALA S = x, X, X,...x, FONVIzHaBVDI S N
Wuldlensnuanulaun snoanaszdasanueni 1,

A v a o
2, 3. vlﬂﬂuﬁdﬂ’)']llil’]’l [ DILADININTIUHIAN

PIRUA 14243+ + [wSe dszunmh (P + /)2 ud
Wasanlunsdifinnuenives S o1aun 1w
Ya9ffardasfarsmn 2 manaan innitas
ANTHH MIAANBUIILENYITZLDHU1IRINB DN L1
ariliaafiuastayaldld amzidoanuazdas
ALK mmuwuﬂuﬁ'gﬂﬁawaaawé’nmzﬂas
W ld e G9arnnisssinanuingnssnyse
sapfssnuiniulanaszidusosnaszifinnss
W@eafunin %aﬁﬁhmumn‘ﬁ'q@ ANTAAN DU LY
Nuispilsedaanzausnaszienanwel IWinde
TR ENEN88NTITLONAN IR INDABNIIEIUI b
ANzt utinny 1 uneledle 14 S=
CACGTGCGA Winsléin GC 1iaduassifion aoiin
ANzl w P(G|GC) Aa 1 uas P(G|TGC) =
P(G|GTGC) = P(G|CGTGC) = 1 s3nudfitiIne
dan1smianuinasin azldiiey GC fine @11
snisinazaanall walunsdl CG 1w mesnuse
ﬁﬂs’mg%’] 2 @39 9% P(TICG) = 12 ust P(TIACG) =
1 w8z P(A|CG) = 1/2 ud P(A|IGCG) = 1 N131T CG
Wuidenludwrmenuiranduasliisine
aanwmamanuinasduaudawlaiasusedosd
gidues MAd CG udidurnefsnningy 9
A0 ACG ua=GCG o dunanitisladiou1tlu
FIUENI BTV IRaINanIA Nz 9z
RTUNNE ARG g@ﬁash\‘lﬂﬁaﬁ*ﬂal,l,uuﬁmaa
Tuds S = CACGTGCGA mugit 1 Banldiaua
TuaanITn13aILUUIIaasiidruduaanis
aaulai Lﬁaﬁa:mmm%‘uﬁaga NNRZALAIFIN
Lﬁaiaﬁumiﬁ'ﬂufmmﬁ'uLﬁaiaﬁumiﬁﬂuj

Lo, a , & ) 9
LL'll']JvLN"DWﬂ@] SWEJGZLBU@E]QSL%L‘H,E]‘VH ﬁ’)uﬂ@‘lﬂ



MIEIENUd U (Insemaaiuszinalulad) 01 24 adudl 1 anmes - Gguiow 2564

d@nus
a ¢
Llanans

4 A . '
anmrdansnuuazaraivasnisiiaflansIne

anuz (Q) ; namus (6, 7) dszinnanganyse
gqAnan (U, R)
i (p) pnustA  onwszC  BnuIEG  anwIzT
£ - (A, 2) (C, 3) (G, 3) (T, 1) Lﬁﬂ‘f‘f‘ﬁ
A - (— 0) (AC, 1) (— 0) (— 0) (g
c . (CA, 1) (—, 0) (CG, 2) (—, 0) (fimein
G - (GA, 1) (ac, 1) (—, 0) (GT, 1) \Aingn
T - (— 0) (— 0) (TG, 1) (— 0) Lﬁﬂ‘t‘l“ﬁ
AC CcA (—, 0) (— 0  (ACG,1)  (—0) wndnwaifuge
CA - (— 0) (AC, 1) (—. 0) (—. 0) Lané’nurié"uqﬂ
CG - (GA, 1) (— 0) (— 0) (GT, 1) Lﬁﬂ‘t‘l“ﬁ
GA GCG (— 0 (— 0) (— 0 (— 0) Lané’nmﬁguqﬂ
GC TG (— 0) (—0  (©CG1)  (—0 londnuaifuga
GT ACG (—, 0) (—, 0) (16,1) (= 0) wndnwoifuge
TG GT (—0)  (BC, 1) (— 0) (— 0) wndnuaifuga
ACG - (— 0) (— 0) (— 0) (GT, 1) lenAnpainanzay
GCG - (GA, 1) (— 0) (— 0) (— 0) ienanpoiinanzay

i1 AI9EILULFIRRIALFE BNV I AT LAL BNV TTLENANEAL

Benafiigtas

fUONVIZ S AIWITOUNWIAAD S =X, X,
Xy X, 0270812989 S Wanunulaaan || Jan
WL/ ®18enutztasuad S uNueiy S = x, x,,
XivgeooX; o i j €I anug1v0IssnuIzdan
wnuea | S, | aansadwamldan (-i) + 1 1w
| S| fdwihi 3 dudurie (suffix) 289 S unuld
o s \umusnuszdenves S NN WAL i
laaudls 1153 61 S= TGCGA ua2 ddurinevas
s Adwlylevianualaun {2, A GA, CGA, GCGA,
TGCGA} UaZ L aUaIRNLANNI8ULY (proper suffix)
289 S winpiiduduronnarsnidu s'ldud (g,
A, GA, CGA, GCGA } i1 11 (prefix) 189 S
unwldadae S, iusmuanusztases S 319N
FuArs 1 JUaudd j 18U 61 S= TGCGA uad M
wnwes s mllwldldvswualdun (£ T 76,
TGC, TGCG, TGCGA} LaztTaUa IR 1% 1R b U
(proper prefix) a3 S %mﬂﬁuﬁwﬁmﬁfmmﬁﬂm{u S

leun {&, T, TG, TGC, TGCG} a188nVI=LAATT
(repeating substring) wuNef9 guanYIzLay S,
A X ' <& v
lag AUsIngIwuInnndn 1 assunsIwaNIE S
A08190 % S = CACGTGCGA LaIR188NUIZLNG
Fleun {€, A, C, G, T, CG} \Waanugzanlung
NINT TRuA RNV TENRANNEITBENTN 2
aanwadumeanaszifiadimvae lddesdsng
AASINANFIZENYIZIaNanal (unique substring)
= o ' A X A
wuneil swsnaszdes S, lag AUnngIuies 1
ATILUUALONUTE S A28819LT% S = CACGTGCGA
LAIRNEONYILLANAN I LG WA AC, CA, GA, GC,
GT, ACG, GCG, CGT, GTG, TGC,.,1 46 % a1 nuve
LaNaN .ol & W g @ (minimum unique substring)
=< o o e & A oA
wineils muanyIsienansiinawngayiig 1o le)
v A A o ' { & .
16 FININNAINTMIRIYONVITHRUNRUN TN UL
aauidusnsonuszinadt nanrlainnindany

U S

s s 6 o‘: U =
aNUIL LANANWEUEA S, ua9:l S,,,

-1
W usnea NIz a1 one8819 % S= CACGTGCGA
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mﬂé’ﬂ"uiuanﬁ'ﬂmﬂiaguq@ﬁﬂuvlﬂvlﬁﬁwm fia
AC, CA, GA, GC, GT, TG aina'laqn anganase
Ha8 VoIS NI AATWNIN 1 arsnwsaziduany
snussAadNaEsNYTIana N OITIRINETY (proper
unique substring) WuN8f9 EBENIIANAN BN
&N ﬁ’]‘lﬁ‘ﬁhLﬂumﬂgﬂm§$Laﬂ§ﬂEtﬁ§uq@]LLﬂﬂ&iﬁﬁ’]
Lﬁu'fﬁmwﬁflumyé’ﬂmuaﬂé'ﬂuniaguq@ﬁaﬁuﬁﬂ
8NA28819 S = CACGTGCGA aeanaszianansah
Amunzaufdulyldvisnualdun AC, CA, GA
GC, GT, TG, ACG, GCG u¢ GTG Liiduiwsz 4
TG (Judfurineg Tasunane amé'ﬂ“nizﬁzuq@nﬂ
ddlumpsnuszienanwol Nmanza
wuyshansiiLEue
nuudnaesiinawelwnuisuil Gonin sale-
v TIdviduvavaeanyssianansal
LANIEEN (proper unique substrings finite automata:
PUSFA) G9i5unlasgadn wan fasddsznay 7
avRvsznoy lduni M= (Q R U, X, 8, T, p) lag
fvaziBuassil Q A Lravasanus (state) lag
waszanuzasfasndainiuly Seezldunuans
ﬁnmi:ﬁaga‘ﬁlvlﬁ nnmaFou dzneavluds e
$nU3HAngn sesnUTHeNaNBAllMNNEN R Ao
[wavasgausiduaiusnasziingn (repeated
substrings) L8z R C Q U fia wravasgniueidn
§188NUIZIONS N OIALMNITEN (proper unique
substrings) b8z UC QX Ao t5@s navasd
fyanual8uwa (input alphabet) § Aa Waridu
WRyNED 1N (transition function) Felaoilaon
sonuzuazBuna lidusniuzdaenn usasldaae
anusunns O: (@ X) = QT fa Warlduanud
(frequency function) a1 I uWangwi il §ouain
aoruzuazBunaliidudwimda uaaslddan
AMURNWUS T: (Q L) = ' P fis WakTusw
ANUILLONANBOLANIZFNABURANN (previous proper
unique substring function) ¥i1% %1 Nawan 1w
Lanﬁ'ﬂmﬁmm:au'ﬁ'ﬁmmmamﬂ'ﬁ'q@ AT
mﬁmmu:mﬂé’ﬂwniazmg@ﬁau’la ULRAIADE
ANUFNNUT PU) = U U (&) mﬂgﬂﬁ' 1 80U

GTazfan nzionanualnuizaunonnil A1
ﬁq@ﬁﬁuﬁumamﬁd Ao ACG #2087199uULT
P(GC) = TG LuUs1aesiaruiTaunuldaas
msnmm‘i’mzhalugﬂﬁ 1
IwAandtaanuusias

ﬁwu@lﬁSﬁaia;ﬂaﬁﬁwmﬁﬂujﬁaﬁw
LWUUSIR09 WASRUNALA S=x, X, X, W&
RANMIFEILLLIaeatLNulasaId Aa 8ueng
ONYITEUNAUARZAAIN X, IUD x luvmeiiann x,
uaazaazlanue Qj%awﬁaﬁﬁaoﬁmimﬁagh
ﬁaﬁ'f}dLﬂmﬁn@madﬁnﬁuﬁwwaaé”;ﬁmaﬁqmﬁmﬁa
awarautesldunn Suauls Q #ddnafe &
windidunan Q ludan x, E]%I;LLﬁ’]lﬁ/Lﬁluﬂ’)’]&lﬁ
wanngslifidunis Waesnuslng lagldde
Inddae Q denunu x, wiasdusnuzdanenie
uReENLEUNIT8Y Q ffisnifiwasludn
Hidwmangsanusanonssini %mna%ﬁa’s’w
aouelng swnunanuindmosnuszienanwol
Unngdu ilesandslifidumennnion musnuse
Lﬂﬂﬁﬂ‘]ﬂrﬁfu%uﬂumUgﬂm§:Laﬂ§ﬂH§ﬁ§%q® el
AN Laﬂﬁ’ﬂmﬁa&uqm:ﬁﬁagaamé‘nmi:
anansaideuninfiulidewedsu p iield
Ysuwlaon lunsdia awé"ﬂm:mﬂé'ﬂmﬁagug@fu
Waswduaosnussfadn @mnauﬁmlum&umu
2591 1 SLumﬂﬁﬁLﬁumaﬂﬂﬂgaguiLLﬁaLLa:ﬂmUm{l
Wugaustansnsoinanon niniinauhuan
axdas Rarsonsudondaenisliidnanius
Aademe wazidedSusninzunaaludrlin
FDUSLAATILEY LFUNIT0IFED B A uALAn D
wmasnfisausiitsunuesldidudan oy
lailddndaly mezgmﬂﬁyu usnesnussifiadn
i Sedesnnoaauzdu quasiueneanly Tay
srdoadsmaunisluddionisains sousduan
Inai LLﬁTﬂﬁ@f’fL%wﬁazgnﬂmsmﬂmﬂuamm
Uangnusindaniudidugisrinidely 993
wazidgadauinauInuazTuten goazdua
TunanIBludunawiin 1 uasWsnTuLananIue
Al Tuaaudti 2
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v
n@arId 1 N384 PUSFA

Input: input string S Output: Probabilistic Unique Substring Finite Automata M
for x,in S
{ for Q in activeQueue
{ if (T (Q, x) ==0)
{ if target == null
{ newQ = Q+x, T (Qx)=1, 5(Qj,x,.) = newQ
if (lnewQ)| >= 2)
target = newQ, add newQ to U
add newQ to nextActiveQueue }
else
{ if P(target) is a suffix of Q then
{ T(Qx)=1, 5(le x) = target, P(target) = Q;}
else
{ newQ = Q+ x;, add newQto U, T (Q x) =1, 5(Qj, X)) = newQ
splitNode (target, Q;, x;)
target = newQ }
add farget to nextActiveQueue }}
else
{ nextState = 5(le x;), T (nextState x) +=1
if nextState € U and P (nextState) # NULL
target = nextState
if T (nextState x)) > 1
nextState € R
add nextState to nextActiveQueue }}

copy nextActiveQueue to activeQueue }}
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v 1
2WABWID 2 WINTULANFIULAN (Split Node)

function splitNode(splitState, activeState, x;)

{ newTarget = NULL, splitState € R, add splitState to nextActiveQueue

previousState = P (splitState)

for each Q, where Q, is a suffix of previousState

{ if |Q,| >= | splitState |
{ if newTarget == NULL

{ newNode = Q, + x;, 5(le x)) = newNode, newNode € U

if Q, is a suffix of activeState

{ add newNode to nextActiveQueue, newNode € R }

if |Q,| == |activeState|

{ newTarget = newNode }

for cin X
{ if T (splitState x)) > 0

{ nextOfSplitState = 5(sp/itState, c), T (newNode c¢) =T (splitState c),
P(nextSplitState) = newNode
5(newNode, c) = nextOfSplitState } }

else

{ O(Q, x) = newTarget, newTarget € U

P (newTarget) = Q}} }}

m3Uszgnd IB3unnaya
miﬁ‘huuﬂﬁaga‘tuﬁﬁ%mﬂﬁa ﬁruumﬁ'h 5
NENTaYA 2 N sua@dn NN A Uaz NJY B UAD
mﬁé‘nmszﬁuw@l s Aauleinirezidugundnves
ngudayalawinniinu isfanldifaasiuun
U521An wuuLweet19d18 (Naive Bayes Classifier)
F9ldruagrsunsnansuazdlszansawalunng
d1uunn1BA (Rish, 2001) (Ting et al., 2011) ¢
srunnazaasulaindeltuusiass M Souirays
Auaz Buda Sazaglungula landwam S a1
IEREDK) Liﬁﬂi:qnﬁﬁ'ﬁ'msé’aﬂa’nﬁ'mwuﬁﬁaad
Mnmissitdsmsssuuuiiasswanduan 2
67 ﬁ"sLLsﬂﬁwi‘Tumﬂﬁaganﬁju A guNAuNnladis
M, LLazﬁﬂ@Tmﬁaa%wifumnﬁagamju B unueng

M, nnuwazls M, d1uduna S LN AT W TR A

AN T WV aINITIAARILONYTE S WNUAIY
P(S | M,) uazlt M, 81u8una S ihaduikay
Wz uvesniiiagioanyss S unualy PS |
M) @UBaNN1TiuNT suwnagansszla giaaz
NINTMIIN S agﬂunq’w A %38 B lagRa13mIa1n
a Aa ' = A .
sundgundanuizidu unfiga (Maximum a

L L2 ° o &
posteriori hypothesis) 9 laaunslunssuunasit

l .. = argmaxP(M)- P(S|M)

[ELAE]} (1)

NENNIIN (1) 1 wansdinaatayanidudiaay

q Y}

a1v9zilu A w30 B G9azlantannisifandl M,

n3a M, Nl lasnanusinaziduaugunisnien

anfiga Azidudiaauii s asaglungule doym
daNn Ao =ABMIdwIas P(S | M) laaengls
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[ 1

F5nsemIsanamazin

fmualdaesnuizdesues S NdasnInn
AUz TUAD X, =X, X, X, X, WA ONVTL
FAunaf i unudan x wazanaaziduains
WA X, 08 P(X,| X, Xp Xgoonr X,y X,,) RINIIDAUI T
ldarunannisvas gnlsuninan weiLila991nns
Farsananuinandu dadeuluan x, faundy
Tufia x, éﬁmfuﬁagaﬁﬁ paganniuwesrinlila
sunsasamsled My adunuiseitssfansan
daodanluios x, i x, e x, . duss
snuTzenan BN UUIIRETILULIIRET
FaRganadon1swImANInazLy ‘ﬁlgﬂﬁaa
ﬂ”&ﬁ"[ﬁa%mmmlwaﬁau%ﬁw Formanusinazidulu
mifia x, e P(x| v) e Y fethofenes anus
UanonefldanWentunisls & thenannue
UR18N199INBUNA X, X Xy Xy Xy 1L
MURAU Uaz P(x,| Y) Auwinklaann

P(x;|Y) =

T ¥xi)
ceET(¥c)
()
IINFNNIIA (2) T(Y, ¢) Aa WerlTuawd
209N NURIURDIUTAIBENVIT ¢ NFnIUe ¥ 15%
ﬁ]'m;sﬂﬁ 1 T(CG, T) azdianvinnu 1 1dudn uaz
HaTIMBaIANnasdunndenwIfa T(CG, T+
T(CG, A) = 2 §1%5% P(A|CG) = 1/2. UAZANIAL
\Hupa9MIAARILANYIE X, ;= X, X, XX, EINIID

wildannganls
P(S|M) = P(x4|g) - P(xq|xy) -
P(xj—q|x1%2...X;—3)+ P(x;]¥)

®3)
graddnIRIwItmANNzIduwey S = CGTGC
1ne3asinslugud 1 9:1d9n PceTeC | M) =
P(C| EP(G|C)-P(T|CGP(G|GTPC|
TG) = 3/9-2/3-1/2-1-1 = 1/9 88191376 lunns
fArurmaiiuiiraztduuisnsa T(Yx) =0
an@l881d T(TG, Dlugﬂﬁ' 1 99z vinldns
fwams P(S | M) Aenin 0 "ﬁmsLLfTﬂzymf:?ﬁﬁﬁa
A48 WINT RS LLLUSIeINI®1 fe n13U5y
SuunuuLuaaaw (back off smoothing) (Chen,
1999) lanfinann1yin drwasngdaundu 'l
Tnatfin Aveanavluldauas sasufonasianly

auasludunaduiasrinlwldanuiiaziiuila

W 0 dszgndld inafiadeinunisuuaean
(back off) TaglF@ninrofigusvasdfidTyw
Bagwnsnld mwmanﬂuﬁﬁﬁq@ wdoulaunu
fdy asinlunsaimdn T(y, x) = 0 TRINIID
durmanvinandulnaldain soue z dadw
@‘h@uﬁwﬁmaﬁq@maa y At Ty, x)%0 9
alFaunsf (4) unuaunsi 2) leasit
P(x:|¥) = argmax =0
zEsuffiII:ﬂEEEETI'-Z"c}
4)
gra819nIEmImaNNazsiwsasswenYIE S
Froauni13f 4 13w 14 S = ACGCTG ugrazld
P(ACGCTG | M) = P(A | £)-P( C | A) -P( G | AC)
‘P(C|G)P(T|E)P(G|T)=2/9111/3-1/91 =
21243 Tapwariidaduldan nsdurnlasldd

W@uneasauIN (4)
NSNARDY
luaudduhanlainuuuiiasdazaiuiin
o L4 dl o v v ] o J AI
D TLRE RN EARTIRT aﬁmmﬂmagavl,mmummuma
Wisusunuasnisuasgunaadisundaly
A A ' o °
ANE1IAINKIa bl wazlunisiwuusiaely
Souitayanuuuuiiaes wzidvlaadieluazly
a o . A a o
L'smiumnmuyﬂuamﬂimamsunum’mm’s
iaga Wil Tean le19sRINNTDINLLU LR
luSeuinvdayafifiawalngld 1nielariang
NASDI 2 §IWAD 1. NAFBUAINNLEHELWNT
duundoys uaz 2. NAROUNITLAUTARRZIIAN LT
1%mu'§su§maumu§’1aaaLﬁal,ﬁsmﬁ'ummma
Taya N1INARBINENAFAUAINNLEWEN AT
a‘huunﬂ’agaﬁu §1dnazdeaadSouiney
daednfnmnuanuwisedug neldaniuwmaniuae
Toyaraidinu lasnwidnhldifenlddoyadiin
AAa A A & o
w4 wwafliFe 8.la'la Sududayauasguluns
NagaUUILENTNIWUU U889 (Dua and Graff,
2019) lasudsngudoyadiduiaangadaya
a8 2 ndu nguusniudayadidwefiiuad
aiuaRw (promoters) Uazanngunit Lludiawian
laitdu ﬁﬁaﬁuagu (non-promoters) I@Uﬁaaﬁfua%u
' A A & A ' % A P=
asidudiunitivasfiduia Negaruduvasin i
o A a a & o A
pHISTIENRECCICHE frndlalndianizan TN
i FU s Tawinienismeiaaua n1Inasas
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ﬁa:ﬁﬁagaﬁlﬁmaﬁmmmju VRILLUT 1809

MIFIBN T wAIFHY aguua:muﬁvlaj v

=p
©
o Rale

uahuuuaen lavulunasay Suwnaiuaed

BN LR BNLNINaWINIT D UAD aﬁum&w%avl&i

[~3 =

oynALakIaYaILUATITDALH 2 nfuABNguad 53
#8 §02M081E188T 57 G18NHT 190 2 NjUE
FUI% 106 818 mmﬂd"ﬁagaLﬁal"ﬁémfuw@aau
i alFITmaudsdayaituidsaiuitnsnagu
?J‘uﬁvl,éi‘l,“ﬁﬂ’agmﬁmﬁ'uﬁlumw@aau Wi B
wWIsuauns (Towell et al., 1990) (Xing et al., 2008)
Tagldnannisianaannitasy (leave one out) tiva
WafayaanaNNgy lgsanuuinaes ldidudn
nagoufuuUiasslaieanuINtion 1Hu iagaéﬁ
siURY% 53 810 1@1aen 1 ama:m’é‘a‘ﬁ’agaﬁm"l,ﬂ
FILDUS1809 52 818 Laring1811I% 53 A9
LLa:’Sﬂmjwﬁdﬁamﬁ"melu CREPSIEPA VR LR
FILUDIIRRIITNA 53 711 waz¥inluisnns
[ dp il LL@iLﬂ?iﬂwg@ﬁﬁaaaﬂ Furuilanasy
53 ]R8 iagaLL@ia:mﬂﬁﬁaaaﬂmLﬁmmmﬁmlu
LARZAS I axgniumaseuein uuudnaesin &
anwiazduirily uaziianwiazdu lundule
annnrn Tagldnansmasasasit

NanN1328
nmasadlanaawiannisiadoyaaan
duan 106 daudadunguaraiuays 53 a1g Uaz
nau laidudaivayu 53 s wohuuudaeslu
mu?ﬁ'ﬂf:ﬁwmUﬂﬁjuﬁmﬁuaguﬁﬂwm@
WA B9 4 §18970 53 818 lasuuusnasd lavinuie
muﬁﬁmaﬁﬂu@”’mﬁfnagu'jﬂ&iLflu Feforduna
AU (false negative) LLa:ﬂa;uﬁvlaiLﬂuéi'aaﬁfua%u
fful,mm‘haa\‘immim‘hLmﬂmjuvlﬁgﬂﬁmmunnﬁa
ﬁmﬂumwgﬂ@”aﬂﬁﬁd 102 1832710 106 &8
RHAWANALNEY 4 R18371N0 106 e s‘édgﬂﬁaumuﬂw
f930ay 96.23 wIaRanaaLNeITaEAE 3.77
wananiwisoitldinldwisuiis oy
HAANTaNTTLEU Y ﬁLﬂmnmg'lwfiaWﬁagam
WWEINBUAT ATANTNARBLLLLLAEIN U lAUA 1.
Atmialasminsdzamifisuuuuguanay (knowledge
based neural network) 738 KBANN (Towell et al.,
1990) 2. 35n13lassrredzrIniiuuIaIgIn
(standard neural network) WUU&IAHaUNAL (back
propagation) 138 BP (Rumelhart et al., 1986) 3. 3513
NHNMITIWUNAIAL (sequential classification rule:SCR)
wazdwliaagulagmsusrauuunrialy (generalized
sequential decision tree: GSDT) (Xing et al., 2008)
4. A5nawiznalunisiisnsauinaveslaila
(O'neil, 1989) 5. 3Fnmvdulidadula (decision tree)
Sonlasga ID3 (Mingers, 1989) WA=3TATLAUWULATY
1@ 2, 3, 4, 8 un3W G9ldnasIan 9N 1 uaasli
Windn Weldnisutsdlagsaluaiainadinao
ﬂ"nmim]:Lﬂummm?ﬁ'ﬂﬁaxﬁmmLLajm‘hgdﬂd’]

TN LT IRLIFRNNAGIDANNENIAIN
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Study on Carcinogenicity Conditions of Benzene in 25 % Pasteurized Orange

Juice Containing Benzoic and Ascorbic Acid as an Ingredient
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ABSTRACT

The objective of this experiment was to study the possibility of benzene formation at different
conditions used in 25% pasteurized orange juice production and storage : benzoate and ascorbic acid alone
or together, pH, heating temperature and time, storage conditions (temperature, time and light exposure),
metal ions, and chelating agents. An addition of 200 ppm sodium benzoate and 120 ppm ascorbic acid to
25% orange juice, pH 3.7, pasteurized at 100 OC 10 min, stored at 30 °C 24 hrs., did not induce benzene
formation. The amount of benzene increased from 0 - 5.6 ppb at pH 3.7 - 2. Increased pasteurization
temperature from 90 °C to 100 °C for 20 minutes, found benzene increased from 0 to 8.82 ppb and
processing time from 10 to 20 minutes at 100 °C, found benzene risen from 5.32 to 8.82 ppb. Higher storage

temperature (45 °C) caused more benzene formation than storage time. Light exposure did not increase

! gﬁ’)ﬂﬂ’]ﬁ@i’]’%’]ig mﬂ?*’mmﬂiﬂaﬁmmi ALINNRAT UM INLRETUARAS
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benzene formation. Benzene formation in product added only sodium benzoate or ascorbic acid was less

than sodium benzoate and ascorbic acid together (stored at 45 °C). The addition of chelating agent

(disodium EDTA and sodium hexametaphosphate, SHMP) can decrease benzene formation.

Keywords: ascorbic acid, benzene, benzoic acid, orange juice

Introduction

Benzene (C¢Hg) is recognized by the IARC
(International Agency for Research on Cancer)
(2018) as carcinogenic to humans and cause
damage to germ cells (cell mutagen). Foods or
Beverages containing high levels of benzene can
cause vomiting, irritation of the stomach, dizziness,
sleepiness, convulsions, rapid or irregular
heartbeat, death. Long-term exposure to benzene
effects  on the bone

cause harmful

marrow, resulting in anemia and excessive
bleeding. It can also affect the immune system,
increasing the chance of infection. Some women
who breathed high levels of benzene for many
months had irregular menstrual periods and a
decrease in the size of their ovaries (ATSDR,
2018). Its toxicological aspects, occurrence,
formation mechanisms, mitigation measures and
analyzes data reporting benzene levels in foods
has been review by Dos Santos et al. (2015). No
limits for benzene levels in beverages and food in
general studies have adopted references for
drinking water in a range from 1-10 ppb. The
presence of benzene has been reported in various
food/beverage substances with soft drinks often
reported in the literature. Although the analyses
reported low levels of benzene in most of the
samples studied, and some exceeded permissible
limit. The available data on dietary exposure to
benzene is minimal from the viewpoint of public
health. Often benzene levels were low as to be
considered negligible and not a health risk to the
consumer, but there is still a need for more studies

for a better understanding of their effects on
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human health through the ingestion of

contaminated food. Factors that influence the

formation of benzene in foods have been
investigated by many scientists. McNeal et al.
(1993) used aqueous models containing 0.025 %
ascorbic acid and 0.04 % sodium benzoate the
same concentrations used in processed beverages
to study the effect of temperature and U.V. on
benzene formation. A total of 300 ng / g of
benzene formed in models solution stored at 45 °C
or under intense U.V. light (wavelength and light
intensity not reported) for 20 hours. On the other
hand, only 4 ng / g of benzene formed in the dark
and at room temperature. However, after 8 days,
the benzene concentration had risen to 266 ng / g.
Chang and Ku (1993) conducted a study similar to
that of McNeal et al. (1993) using the same
ascorbic acid and sodium benzoate concentration
but did not add copper and iron ions to the
samples. After eight days stored in the dark, the
solutions had a benzene concentration of 176 ng / g.
The addition of chelators, such as 0.1mM sodium
EDTA and diethylene-triaminepentaacetic acid
(DTPA), prevented benzene formation;100mM
ethanol solutions decrease benzene formation by
90% (Chang and Ku, 1993). Nyman et al. (2010)
investigated the influence of accelerated thermal
conditions (40 °C or 60 °C for 24 hours or 40 °C
for 15 days) and U.V. light (known wavelength and
intensity for 24 hours or 7 days) on liquid models
containing 0.025 % ascorbic acid and 0.04 %
sodium benzoate or processed beverage samples

containing one or more benzene precursors (0.04 %

sodium benzoate and ascorbic acid are added to
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cranberry juice). Polyethylene terephthalate (PET)
bottles stabilized with Tinuvin (U.V. light filter) were
used to determine how well this U.V light filter
inhibits benzene formation. Benzene formation was
more significant in sample heated to 40 °C. than in
those exposed to U.V. or visible light. However,
stabilized PET bottles reduced benzene formation
in beverages containing orange juice only marginally.
Among the samples not exposed to U.V. light or
heat, only those with cranberry juice contained
benzene (2.6 ng / g) after the storage period,
possibly because benzoic acid is naturally found in
cranberries. Casado et al. (2011) studied pickled
green olive, cucumbers, and caper berries
containing ascorbic acid and benzoic acid under
three experimental conditions to determine the
chemical and sensory changes induced by these
additives: (0) without additives; (1) sodium benzoate;
and (2) sodium benzoate and ascorbic acid. The
samples were stored in plastic bottles at room
temperature (20 °C — 24 °C) or refrigeration (6 °C -
9 °C). Benzene only formed in treatment 2 under
storage at room temperature and plastic pouches.
For refrigerated or short storage periods
(<14weeks),benzene concentrations were similar to
those found by McNeal et al. (1993) for pickled
vegetables. Green olive stored in plastic bottles
had 1.5 g / L of benzene at the end of 67-week
period. Depending on the vegetable matrix and
packing material, benzene concentration in
samples stored for more than one year can exceed
10 g / L, which is the maximum the acceptable

concentration of benzene in water

Methods
1. Effect of benzoate and ascorbic acid on
benzene formation.

25% orange juice was prepared by using
the same recipe as practiced in the commercial
83.5%,

fructose syrup 5.4%, sucrose syrup 5.8%, sodium

factory (water conc.orange juice 5%,
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benzoate 0.02%, citric acid 0.04 %, orange flavor
0.15 %, sunset yellow 0.005 %), pasteurized at
100 °C 10 min., cool to 70 °C then fill in PET.
bottle and cool to room temperature (30 °C).
Testing models consisted of sodium benzoate (0,
200 ppm) and ascorbic acid (0, 60, 120 ppm) was
added to orange juice before pasteurization.
Finished products were analyzed for benzene
(Central Laboratory (Thailand) Co., Ltd, 2010),
benzoic acid (Techakriengkrai and Surakarnkul,
2006), ascorbic acid (Kafkas et al., 2006), copper
and iron (William, 2002) after storage for 24 hours.
The amount of benzoate and ascorbic acid added
to orange juice, which forms the highest benzene,
were chosen to continue in experiment 2.

2. Effect of pH on benzene formation.

25% Orange juice was prepared by the
same method as 1. The amount of sodium
benzoate and ascorbic acid, which formed the
highest benzene (result from 1) were added. pH of
orange juice was adjusted to 2, 3, 3.7 (commercial
product) and 4 with citric acid. Finished products
were analyzed for benzene, benzoic acid and
ascorbic acid after storage for 24 hours. pH, which
formed the highest benzene, was chosen to
continue in experiment 3.

3. Effect of pasteurized conditions on benzene
formation.

25% Orange juice was prepared by the
same method as 1. Sodium benzoate and ascorbic
acid were added the same amount as 1, pH of
orange juice was adjusted to the result as 2. Time
and Temperature of pasteurization was varied from
100 °C, 10, and 20 min.; 90 °C, 15, 20, and 30
min. Finished products were analyzed for benzene,
benzoic and ascorbic acid after storage for 24
hours. Pasteurized conditions which form the

highest benzene was chosen to continue in

experiment 4.
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4. Effect of storage conditions on benzene
formation.

Prepared pasteurized orange juice the same

method as 1. Sodium benzoate 200 ppm and
ascorbic acid 120 ppm were added, pH of orange
juice was adjusted the same as 3, then
pasteurized at Temperature and time which form
the highest benzene (result from 3). Products were
stored at 4 °C, 35 °C, 45 °C. with and without light
exposure. Benzene were analyzed at 1, 15, 30, 45,
60, 75, 90 days of storage.
5. Effect of sodium benzoate and ascorbic acid
on benzene formation in pasteurized 25 %
orange juice stored at 45 °C for a different
period.

Prepared pasteurized orange juice the same
method as 1. Sodium benzoate 200 ppm and 120
ppm of ascorbic acid were added, pH was adjusted
to 2 (result from 2), pasteurized at 100 °C 20
minutes (result from 3). Products were stored at 45
°C with light exposure (result from 4). Benzene,
benzoic, and ascorbic acid were analyzed at 1, 30,
60, 90 days of storage.

6. Effect of metal ions and chelating agents on
benzene formation.

Prepared pasteurized orange juice, then
added with sodium benzoate and ascorbic acid,
adjusted pH, pasteurized and storage at the
conditions which formed the highest benzene.
Chelating agent tests were disodiumethylenedia
minetetraacetic acid (disodium EDTA) and sodium
hexametaphosphate (SHMP), each of which varied
from 75, 150, 500, 1000 ppm of orange juice.
Metal ions were added in the form copper sulfate
(CuS0,.5H,0) and ferrous sulfate (FeSO,.7H,0)
calculated as Cu 5 ppm and Fe 15 ppm of orange
juice. These two levels were the maximum
allowance limits of Thai regulation (FDA, 2013).

Products were stored at 45 °C with light exposure.
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Benzene, benzoic acid, and ascorbic acid in the
products were analyzed at 1 and 30 days of
storage.
7. Statistical analysis

All experiments were performed in duplicate
and results are presented as mean £ S.D. Primary
data and regression analyses were performed
using Microsoft Office Excel (Microsoft Corp.,USA).
Comparison of means was carried out using
Minitab version 14 (Minitab Inc., USA) to determine
significant differences (P < 0.05) between

treatment tested.

Results
1. Effect of benzoate and ascorbic acid
on benzene formation

Benzene was not detected in 25%
pasteurized orange juice added with 200 ppm
sodium benzoate and ascorbic acid 60 and 120
ppm (Table 1). The analysis result found benzoic
acid 165.00 + 2.00 - 170.00 £ 2.05 ppm in a
finished product, which was in the range of 97.36 -
100.31% of original benzoic acid, means that no
significant loss occurs in pasteurized juice. Benzoic
acid present in the product was within Thai legal
limit of beverage in a sealed container (200 ppm)
(FDA, 2013). Ascorbic acid remained inpasteurized
juice were 32.00 = 3.00 - 35.00 £+ 2.00 ppm from
60 ppm added; and 73.00 + 8.00 - 81.00 £ 9.00
ppm from 120 ppm added, percent losses were
25.00 - 45.83. Copper was not detected; only iron
found but not exceed the legal limit (15 ppm)
(FDA, 2013).
2. Effect of pH on benzene formation

25 % pasteurized orange juice added with
200 ppm of sodium benzoate and 120 ppm of
ascorbic acid, pH were adjusted to 2, 3, 3.7 and 4.

pH did not change after pasteurization. Significantly

(p<0.05) Higher benzene concentration was found at



MIEIEnud e (Anmemaaiuszinalulad) 09 24 a1 anmen - Gguiou 2564

pH 2 (5.6 £ 0.24 ppb) than pH 3 (4.40 + 0.28 ppb)
and did not detect at pH 3.7 and 4 (Table 2). It
showed that pH influence the benzene formation in
food. Benzoic acid in products did not change by
pH, but more destruction of ascorbic acid occurred
at higher pH (Table 2)
3. Effect of pasteurized conditions on benzene
formation

25% pasteurized orange juice was prepared
as 2, adjusted pH to 2 (highest benzene
formation), then pasteurized at 100 °C for 10, 20
minutes and 90 °C for 15, 20, 30 minutes.
Benzene, benzoic acid, and ascorbic acid was
analyzed in the finished product. Benzene was
detected only when pasteurized at 100 ¢, found
5.32 + 0.16 ppb for 10 minutes and 8.82 + 0.22
ppb for 20 minutes, benzene formation was
significantly (P < 0.05) more significant at the
longer heating time and higher Temperature (Table
3). The amount of benzoic and ascorbic acid
retained in pasteurized juice were not significantly
different (P < 0.05) (Table 3).
4. Effect of storage conditions on benzene
formation

25% pasteurized orange juice was prepared
as 3, pasteurized at 100 °C for 20 minutes
(highest benzene formation), then storage at 4 °C,
35 °C, 45 °C ; with and without light exposure.
Benzene were analyzed every 15 days until 90
days of storage. Benzene in orange juice samples
stored at 4 °C with and without light exposure
showed non-significant different (P > 0.05) and did
not change with the increase of storage time
(Table 4). Benzene in the samples store at 35 and
45 °C. with and without light exposure increased
significantly (P < 0.05) as storage time increased.

Benzene formed in the samples stored at 45 °C

was higher than at 35 °C and 4 °C respectively.
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5. Effect of sodium benzoate and ascorbic acid
on benzene formation in pasteurized 25%
orange juice stored at 45 °C for a different
period.

Benzene formation in the sample contains
both benzoic, and ascorbic acid was significantly
(p < 0.05) more than in the sample containing
only benzoic acid or ascorbic acid. When stored at
45 °C for 30, 60 and 90 days. (Table 5).

6. Effect of metal ions and chelating agents on
benzene formation

Two chelating agents were used : disodium
EDTA 75 and 150 ppm, which is the maximum
allowance in multivitamin solution (https:/iwww .fda.govfood
fingredientspackaginglabeling/foodadditivesingredie
nts/ucm091048.htm, 2018) and SHMP 500 and
1000 ppm, which is the maximum allowance in
water-based flavored drink by codex alimentarius
(2017). Metal ions used were CuSO,.5H,0 and
FeSO,.7H,0, calculated as copper 5 ppm and iron
15 ppm which is the maximum allowance in
beverages of Thai FDA (2013). Benzene concentration
in orange juice samples added with iron 15 ppm
(31.67 ppb) and copper 5 ppm (35.38 ppb) was
not significant different (p >0.05) but significantly
much more than (p < 0.05) in the sample without
metal added (26.64 ppb) (table 6). The conditions
without metal ions, with or without disodium EDTA
and SHMP were not influenced on benzene
formation at 1 day storage, but at 30 days, the
amount of benzene in the sample added with
disodium EDTA was higher than SHMP and
without chelating agents (Table 7). Without the
addition of metal ion, copper was not detected but
found iron 1.87 + 0.01 - 2.19 + 0.07 ppm (Table 1)
in orange juice sample. After storage for 30 days,

the addition of SHMP 500 and 1000 ppm did not

cause a significant different in
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benzene formation. The same result also occurred
with the addition of disodium EDTA 75 and 150
ppm, but benzene formation was significantly less
when added SHMP than without chelating agent
and when added disodium EDTA 75 and 150 ppm,
but benzene formation was significantly less when
added SHMP than without chelating agent and
when added disodium EDTA respectively (table 8).
Addition of copper 5 ppm, SHMP 500 and 1000

ppm did not cause benzene formed significant

different, the same pattern also occurred with the
addition of disodium EDTA 75 and 150 ppm, but
the addition of SHMP at two concentrations caused
significant less benzene formation than added
disodium EDTA and without chelating agent,
respectively. This finding means that disodium
EDTA can chelate with copper better than iron, but
SHMP is the good chelating agent for both iron

and copper.

Table 1 Benzene formation, benzoic acid, ascorbic acid, Fe and Cu content in 25 % pasteurized orange

juice® added sodium benzoate and ascorbic acid

Sodium Benzoic acid  Ascorbic Ascorbic Benzene Fe Cu
benzoate after heating acid added acid after (ppb) (ppm)"® (ppm)
added (ppm) (ppm) heating
(ppm) (ppm)
0 Not detected 0 Not detected  Not detected 1.87 + 0.01  Not detected
200 168 £ 2 0 Not detected  Not detected 1.92 + 0.02  Not detected
(169.48)
0 Not detected 60 32+3 Not detected 1.91 £ 0.03  Not detected
0 Not detected 120 738 Not detected 1.98 + 0.01  Not detected
200 165 + 2 60 35+2 Not detected 2.04 + 0.02 Not detected
(169.48)
200 170 £ 2 120 81+9 Not detected 2.19 + 0.07  Not detected
(169.48)

@ pH 3.7, pasteurized at 100 °C 10 min., stored at room temp for 24 hrs. before benzene analysis

Number in parenthesis calculated as benzoic acid

ns in the same column indicate non significant different (p > 0.05)
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Table 2 Effect of pH on benzene formation, benzoic acid, ascorbic acid content in 25% pasteurized

orange juice?

pH Benzene (ppb) Benzoic acid (ppm)™ Ascorbic acid (ppm)
2 5.60°+0.24 176 £ 4 892 + 10

3 4.40°+0.28 171+ 6 712+ 6

3.7 Not detected 177+ 2 65> + 6

(commercial practiced)

4 Not detected 177+ 5 52°+ 3

@ added 200 ppm sodium benzoate and 120 ppm ascorbic acid, pasteurized at 100 °C 10 min., stored at
room temp for 24 hrs. before benzene analysis.

ns or same letter under the same column indicate non significant different (p>0.05)

Table 3 Effect of processing conditions on benzene formation, benzoic and ascorbic acid content in

25% pasteurized orange juice?

Processing conditions Benzene (ppb) Benzoic acid Ascorbic acid
(ppm)™ (ppm)™
90 °C 15 min. Not detected 171+ 4 80+9
(commercial practiced)
90 °C 20 min. Not detected 176 £ 2 75+ 9
90 °C 30 min. Not detected 172+ 3 71+7
100 °C 10 min. 5.32" 0.16 176 £ 2 72+ 10
100 °C 20 min. 8.82%+0.22 169+ 2 65+ 6

@ added 200 ppm sodium benzoate and 120 ppm ascorbic acid, adjusted pH to 2, stored at room temperature

for 24 hrs. before benzene analysis.

ns or same letter under the same column indicate non significant different (p>0.05)
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Storage
Benzene (ppb)
time
(day) Stored at 4 °C Stored at 35 °C Stored at 45 °C
Dark™ Light™ Dark™ Light™ Dark™ Light™

1 7.31+£007 7.31+0.07 7.31+0.07 7.31 £0.07 7.31 £ 0.07 7.31 £ 0.07
15 6.13+0.39 6.87+058 10.56 + 0.58 10.28 £ 0.37 19.46 + 0.92 18.89 + 0.94
30 5.95+0.34 6.53+0.07 1223+0.24 1252 £+ 048  31.89 + 0.66 36.01 + 2.29
45 553+044 717 +£019 14.66 +0.29 14.98 + 0.50 36.16 £ 1.92 35.48 + 3.07
60 6.82+058 743+0.32 17.96 %0.17 18.4 + 1.47 4431 £ 2.68 39.14 + 0.71
75 729+089 7551097 24.62+451 2478 + 2.83 4454 + 1.35 45.65 £ 2.68
90 723+018 7.84+043 2915273 30.17 £ 3.70 43.16 £ 043 4717 £ 3.95

2 added 200 ppm sodium benzoate and 120 ppm ascorbic acid, adjusted pH to 2, pasteurized at 100 °C
20 min.
ns benzene concentration stored at each Temperature was non significant different (p>0.05) between dark

and light exposure condition

Table 5 Effect of sodium benzoate and ascorbic acid on benzene formation in 25% pasteurized orange

juice® stored at 45 °C for different period of time

Additive (ppm) Benzene (ppb)

Sodium Ascorbic 1 day 30 days 60 days 90 days
benzoate acid storage storage storage storage
0 Not detected Not detected Not detected Not detected
200 10.35% + 0.34 21.82° +1.12 37.28° + 0.01 40.45°+ 0.42
200 7.31°+ 0.07 36.01% + 2.29 39.14% + 0.71 47.17% £ 3.95
0 Not detected Not detected Not detected Not detected

2 pH 2, pasteurized at 100 °C 20 min.

Same letter under the same column indicate non significant different (p>0.05)
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Table 6 Effect of metal catalysts on benzene formation in 25% pasteurized orange juice®

Iron (ppm) Copper (ppm) Benzene (ppb)
1 day storage™ 30 days storage
0 0 8.19+ 1.67 26.64° £ 0.36
15 0 8.12+0.39 31.67% £ 1.26
0 5 10.44 £ 0.24 35.38% + 0.51

2 added 200 ppm sodium benzoate and 120 ppm ascorbic acid, adjusted pH to 2, pasteurized at 100 °C 20
min. stored at 45 °C.

ns or same letter under the same column indicate no significant different (p>0.05)

Table 7 Effect of chelating agents on benzene formation in 25% pasteurized orange juice®

Chelating agents (ppm) Benzene (ppb)
Disodium EDTA SHMP 1 day storage"™ 30 days storage
0 0 8.19+ 1.67 26.64° £ 0.36
75 0 7.04+0.18 28.77° £ 0.25
150 0 5.84+0.35 28.39 £ 0.25
0 500 6.71+0.83 25.35° + 0.21
0 1000 6.64 + 1.26 24.77°+£0.18

2 added 200 ppm sodium benzoate and 120 ppm ascorbic acid, adjusted pH to 2, pasteurized at 100 °C 20
min. stored at 45 ©C.

ns or same letter under the same column indicate no significant different (p>0.05)
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Table 8 Effect of chelating agents on benzene formation in pasteurized 25% orange juice added with metal

catalysts®

Chelating agent (ppm)

Benzene (ppb) at

Benzene (ppb) at

1 day storage 30 days storage
Disodium SHMP Fe 15 ppm Cu 5 ppm™ Fe 15 ppm Cu 5 ppm
EDTA

0 0 8.12° £ 0.39 1044 + 0.24 31.67° £ 1.26 35.38%+ 0.51

75 0 12.42% 9.61 £ 0.94 38.31%+ 0.80 30.45°+ 0.35
0.16

150 0 10.76% = 8.16 £ 0.5 38.827+ 0.95 32.36°+ 1.13
0.42

0 500 7.87° + 1.05 10.13 £ 0.50 25.29°+ 4.05 23.09°+ 0.15

0 1000 8.44° + 0.66 7.47 +1.91 22.59°+ 0.30 22.45°+ 0.64

3 added 200 ppm sodium benzoate and 120 ppm ascorbic acid, adjusted pH to 2, pasteurized at 100 °C 20

min. stored at 45 °C.

ns or same letter under the same column indicate no significant different (p>0.05)

Discussion

Benzene was not detected in all products
consisted of sodium benzoate (0, 200 ppm) and
ascorbic acid (0, 60, 120 ppm), maybe due to a
short storage time (24 hours) before analysis.
Sodium benzoate can breaks down into benzoic
acid in acidic conditions such as fruit juice (Aprea
et at.,, 2008); 200 ppm benzoate equivalent to
169.48 ppm benzoic acid. The analysis result
found benzoic acid 165.00 + 2.00 -170.00 + 2.05
ppm in the finished product, which within Thai legal
limit of beverage in a sealed container (200 ppm)
(FDA, 2013), means that no significant loss occur
in pasteurized juice which due to the heat stability
of sodium benzoate (melting point at 249 °C)
(Aprea et al., 2008). Losses of ascorbic acid

caused by oxygen, higher pH, and heat in the
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pasteurization process (Cvetkovic and Jokanovic,
2009). At low acidic condition (high pH), ascorbic
acid will change to unstable L-dehydroascorbic
acid, then to diketogulonic acid which has no
ascorbic acid activity (Lawrence, 2010). Medeiros
et al. (2011) described benzene formation from the
decarboxylation of benzoate to be pH - dependent
and favored at acidic pH. This is why benzene
formation was lower or not detected at higher pH
(with a sharp drop from pH 3 - 5). When
pasteurized samples at 90 °C and 100 °C,
benzene was detected significantly (P < 0.05)
more significant at the higher Temperature and
longer heating time. It showed that more heat
would accelerate the reaction to form more
benzene in the product (Gardner and Lawrence,

1993; Aprea et al., 2008). The samples storage at
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35 and 45 °C with and without light exposure
increased significantly (PS0.05) as storage time
increased. Benzene formed in the samples stored
at 45 °C was higher than at 35 °C and 4 °C
respectively. The same pattern also found by
Aprea et al. (2008) studied the influence of
Temperature on benzene formation using aqueous
models with the same ascorbic acid and sodium
benzoate concentrations as those found in
processed beverages. The solutions were stored at
25 °C and 45 °C for 72 hours. Benzene formation
remained constant for the first 12 hours (<0.1 pg/L)
but increased to 0.44 ug/L after 70 hours; in the
solution stored at 45 °C, 118.5 pg/L of benzene
formed after 24 hours, increased to 125 ug/L after
48 hours. In the experiment by Morsi et al. (2012),
soft drink samples were incubated at 20, 45 and
90 °C for 21 days before the determination of
benzene, resulted in a significantincrease in
samples subjected to Temperature of 45 °C
(ranging from 5.5 ppb to 7.4 ppb) and 90 °C
(ranging from 25 ppb to 55.1 ppb) compared to the
stored samples at 20 °C (ranging from 0.7 ppb to
1.5 ppb). Nyman et al. (2010) investigated the
influence of accelerated Temperature (40 °C or 60
OC for 24 hours or 40 °C for 15 days) and U.V.
light (known wavelength and intensity for 24 hours
or 7 days) on liquid models containing 0.025 %
ascorbic acid and 0.04 % sodium benzoate.
Benzene formation was greater in samples heated
to 40 °C than in those exposed to U.V. or visible
light. Benzoic acid can react with the ascorbic acid
in a metal catalyzed hydroxyl radical reaction
(copper and iron) to form benzene (Gardner and
Lawrence, 1993) or could be formed from benzoic
acid change directly to benzene or change to
benzaldehyde first then to benzene later (Lange et
al., 2002). Disodium EDTA can react with ascorbic

acid and form benzene (http://www.ehow.com -
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[facts5007478-whatdisodium-edta.htmal,2010). After
storage for 30 days the addition of SHMP 500 and
1000 ppm and disodium EDTA 75 and 150 ppm
did not cause a significant difference in benzene
formation. Disodium EDTA can chelate with copper
better than iron, but SHMP is an excellent
chelating agent for iron and copper. This could be
explained by the stability constant (log K) value of
copper (18.8) is higher than iron (14.3); metal ion
with higher stability constant value can form a
complex with chelating agent better than metal an
ion with lower stability constant value
(http://www.georgeebyresearch.com/htm/stability

constants.htm, 2011.,Igoe and Hui, 2001)
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Investigation for the Antibacterial Activity of Five Citrus Fruits’ Peel Extracts
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ABSTRACT

Bacterial infections are very important problems of world population. Many countries have to pay large
budgets dealing with these diseases. However, there were lots of studies currently reported that fruits and
folk plants were rich sources of medicinal compounds those have high potential as antimicrobial agents for
alternative treatments. In this study, fruit peels of five citrus fruits including Citrus maxima, Citrus reticulata

Blanco, Citrus reticulata Blanco cv. Sainampueng, Citrus hystrix DC and Citrus aurantifolia were extracted by
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using four methods including boiling, maceration in absolute ethanol, blending of fruit peels powder in
water and blending of fresh fruit peels in water. The antibacterial activities of citrus fruits’ peels were
evaluated using the agar disk diffusion method towards Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa. The results showed that crude extracts of these five fruits’ peels from ethanolic
extraction showed antibacterial activity to S. aureus and those using dry powder blending extraction had good
antibacterial activity to P. aeruginosa. No inhibition zone was found in all five extracts that used boiling
extraction and fresh peel blending extraction.This study also showed that the activities of those extracts
depended on many factors such as species of fruits, solvent, and the method of extraction. This preliminary
study demonstrated that these citrus fruit peels crude extracts at concentration 250 mg/200 ML had
antibacterial activity against P. aeruginosa comparable to that of the positive control. Further study for the
type and quantity of those important substances should be performed. This will lead to proper applications in

pharmaceuticals or other antimicrobial products in future.

Keywords: Antibacterial activity, Bacterial infections, Citrus fruits, Peel extracts

Introduction potential but lower problem drugs is a big
Infectious diseases are nowadays major challenge that gives benefit to human. In Thailand,
threats of world population. They caused by a vast a great deal of plants are interesting as new
variety of pathogens with difference virulence candidates for sources of antibacterial agents
levels (Ramadan et al., 2017). Those pathogens (Ramadan et al., 2018; Van Vuuran and Holl,
may be bacteria, fungi, protozoa or viruses. For 2017; Panda et al., 2016). In this study we aimed
bacterial groups there are lots of important to investigate for the antibacterial activity of fruit
pathogens such as Staphylococcus aureus, peels of five citrus fruits those were most common
Streptococcus sp., Salmonella sp., Shigella sp., and widely consumed in Thailand including Citrus
Escherichia coli, Bacillus cereus and Listeria maxima (Pomelo), Citrus reticulata Branco
monocytogenes (Ranibar et al., 2018; Barco et al., (Mandarin orange), Citrus reticulata Branco cv.
2014; Choi et al.,, 2014; Bloch et al., 2012; Sainumpueng (Sainumpueng orange), Citrus hystrix
Campion et al., 2004). DC (Kaffir) and Citrus aurantifolia (Lime). The
The rapidly emergence of antibiotic resistant research data will be very useful for efficient uses
bacterial pathogens has made infectious diseases of these fruit peels as antimicrobial agents in future.

be more terrible to human and animals than

previously (Bengtsson-Palme et al., 2018; Sharma Methods

et al., 2018; WHO, 2014; Levy and Marshall, 2004; Bacterial strains

Anderson, 1999). Chemical drugs have been Antibacterial activity of five citrus fruits’
generally used for treatment of infectious diseases peels was investigated against three bacterial
but adverse side effects in some of them and high strains including Staphylococcus aureusATCC25923,
cost still be problems (Tagel et al., 2018; Tayel et Escherichia coliATCC25922, Pseudomonas aeruginosa
al,, 2013). So there has been much attempt to ATCC27853. All strains were maintained intrypticase
search for another sources of antimicrobial agents. soy broth containing 15 percentglycerol at -70°C
Searching for high and subcultured onto blood agar before used.
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Plant materials and preparations

Plant materials to be studied were fruit
peels of five citrus fruits from local markets in
Bangkok and nearby areas. The species of those
citrus fruits were Citrus maxima (Pomelo), Citrus
reticulata Branco (Mandarin orange), Citrus
reticulata Branco cv. Sainumpueng (Sainumpueng
orange), Citrus hystrix DC (Kaffir) and Citrus
aurantifolia (Lime).

Those fruit peels were washed in tap water
and rinsed with distilled water followed by cutting
into thin pieces with 0.2 cm long. After being dried
by a hot air oven at 50°C for 8 hrs, then they were
made to powder by using electrical blender and
kept at 4°C in sterile airtight bottles.

Extract preparation

In order to compare the biological activity of
fruit peels using different extraction methods, we
prepared crude extracts by using four methods
including boiling in water, maceration in absolute
ethanol, blending of fruit peel powder in water and
blending of fresh fruit peels in water.

For boiling method, 40 g of fruit peel
powder was soaked in 200 mL distilled water for
20 minutes followed by boiling for 45 minutes then
evaporated to get the crude extracts. In maceration
method 40 g of peel powder was soaked 120 mL
absolute ethanol for 7 days with everyday agitation
then collected the extracts and evaporated. The
last two methods also used 40 g of peel materials
mixed with 200 mL sterile distilled water followed
by blending for 5 minutes.

Assay for antibacterial activity of citrus fruits’
peel extract

The antibacterial

using agar disk diffusion method (CLSI, 2012).

activity was evaluated

Bacterial suspension at the concentration of
1.5x10% cells/ mL was spread on Mueller Hinton
agar and allowed to dry for 5 minutes. Sterile 6
mm diameter paper discs, each containing 25 L

of each extract dissolved in dimethyl sulfoxide
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(DMSO) at 250 mg/200 [L, were put on surface of
the culture. A positive control (Chloramphenicol, 30
Mg) and a negative control (10% DMSO) were
included. All culture plates were incubated at 37°C
for 24 hrs then examined for inhibition zone and
recorded the zone diameter.
Statistical analysis

All experiments were replicated three times

and results were repressed as means + SD

Results

Fruit peels’ crude extracts prepared from
those four methods including boiling in water,
maceration in absolute ethanol, blending of fruit
peels powder in water and blending of fresh fruit
peels in water were assayed for the antibacterial
activity using chloramphenicol 30 [lg and 10%
DMSO as positive control and negative control,
respectively. The results summarized in Table 1
showed that antibacterial activity of citrus fruit
peels depended on the species of citrus and
methods of extractions and these factors should
also be concerned in further applications of citrus
fruit peels in order to best

get activity
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Table 1 Antibacterial activity as determined by inhibition zone diameter of citrus fruit peels’ crude extracts

from different extraction methods against E. coli, S. aureus and P. aeruginosa

Inhibition zone diameter (mm)

E. coli S. aureus P. aeruginosa
Citrus peel
) ) )
Samples £ £ £
B 2 B 2 3 2
o < 2 Q2 o < 2 2 o9 ¢ 2 o
= b 5 - £ 2 5 2 £ 2 5 o
S ° c © S ° € o 73 © = ©
= ¢ 3 & & ¢ 3 &8 & 2 3 &
© = © < © <
[72] [72] [72]
g g g
L L L
Pomelo - - - - 9.0£0.0 - - - - 14.314.0 -
Mandarin - - - - - 10.0£0.0 - - - - 16.7£3.5 -
orange
Sainumpu - - - - - - 8.0+0.0 - - - - 8.3+0.6 -
eng orange
Kaffir - - - - - 11.0+1.0 - - - - 10.0£0.0 -
Lime - - - - - 11315 - - - - 11.7x2.5 -
Pos. ctrl. 288 288 288 288 27 27 27 27 85 85 8.5 8.5
Neg. ctrl. - - - - - - - - - - - -

(=): No inhibition zone
abs ethanol: Absolute ethanol
Pos ctrl: Positive control

Neg ctrl: Negative control

The ethanolic extracts of Citrus aurantifolia ,
Citrus hystrix DC and Citrus reticulata Branco
exhibited antibacterial activity against S. aureus
with the inhibition zone diameter of 11.3 mm, 11.0
mm and 10.0 mm respectively. Whereas the
blending extraction of peels’ powder of Citrus
reticulata Branco and Citrus maxima showed very
good antibacterial activity against P. aeruginosa
with the inhibition zone diameter of 16.7 mm and
14.3 mm respectively and was higher than the

positive control. However none of crude extract

had antibacterial activity against E. col

30

Figure 1 showed the comparison of antibacterial
activity of different citrus fruits’ peel ethanolic extracts
(Figure 1A) and blending extracts (Figure 1B) against
S. aureus, E. coli and P. aeruginosa. Antibacterial
activity expressed by inhibition zone diameter
obviously showed that two ethanolic extracts and
three blending extracts had a good antibacterial
activity against S. aureus and P. aeruginosa

respectively.
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Figure 1 Antibacterial activity as determined by inhibition zone of five citrus fruits’ peel ethanolic extracts(A) and blending

extractsof peels’ powder (B) against E. coli, S. aureus and P. aeruginasa

Discussion and Conclusion

Traditional medicine of Thailand has used
citrus fruits for some treatments for long time.
Citrus peels have also been used in many aspects
such as antimicrobial agents and anti inflammatory
agents. The extract of Pamelo’s peels was
recorded for treatments of some skin infections,
abscesses and inflammation. Other citruses such
as lime and kaffir were also recorded for traditional

uses (Otang and Afolayan, 2016, Suryawanshi,
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2011). Scientific research data is necessary for
supporting the used of all citruses in future.

In this study fruit peel crude extract of
Citrus reticulata Branco, one citrus species that
was used in traditional medicine to treat some skin
infections, showed the outstanding antibacterial
activity to P. aeruginasa which was an important
skin infectious agents at inhibition zone diameter
of16.7 mm, higher than the positive control.

Furthermore it was also found that peel extract of
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Pamelo, another citrus species that was also used

in traditional medicine, showed an interesting

antibacterial activity against P. aeruginasa at
inhibition zone diameter of 14.3 mm. Ethanolic peel
extracts of these two citrus fruits also showed
antibacterial activity to S. aureus, a very important
skin infectious agent, corresponding to that
reported by Chen et al. (2018) who reported the
significant antibacterial effect of Pamelo oil to S.
aureus. Lime and kaffir are also citrus fruits of
interest those habor antibacterial activity to both S.
aureus and P. aeruginosa, consistent with that
reported by Makni et al. (2018) on the significant
inhibition of lemon peels against these two
pathogenic species.

However, the level of activities were found
to depended on species of citrus fruits, method of
extraction and the species of tested bacteria. Many
factors revealed to concerned in efficient uses of
these plants. The consistent of traditional
applications and bioactivity data will provide more
confirmation for treatments uses and for the potential
of citrus fruits’ peels as antimicrobial agent in
developments of household products, medical

products and other value added applications.
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