Journal of Modern and Heritage Science
http://www.j-msh.com

155- 136 : (2) 10 < 2022 < 13'3‘ il 3..’35;;3\ \3\.\.;4 Online ISSN: 2001-6611
(\//\\ @) Sl ot Print ISSN: 2001-662X

) a il il 3 iyl g1

(Al dgana Al gy g Fhay pdl) Ao craa e (bl
Gl /5 ) Al / )31 A0S / B2 dle o
*Corresponding author: enasabdulrahman1990@yahoo.com & enas.ali@uobasrah.edu.iq
2022 /07 /25 : 5l J5b 92022/ 06 / 28 : Cal) adil

dadAl)

Sl G Ll sl 7 gl 3l g adll g aS1 sl e (aldins 4 gmal) cludall g eladly 2613 40l Cliua il 5Y)
5ol g el WU sl QS e Taldel 5,501 (S ¥ (I seally gl S
o (SR il A dganda bl Glaatal A Gl il 8 g A dalill Gl el e Sl 65Y)
il s bl 8 Gl iV oAl gl [E163 Wl e dawall e o dead 3 dadlall lpailiad
pledll lpabimial 3aoh o Amadil) 3y 3 A oo il Glea e Jaxd J o Ml
Co- I—S3 05 88 15 o (g5t Oalban sV ) G5SOS) a6 5 (O 00 (Pl LS 5 5SS peall
Ol 5 s e SV ¢ 55 Sl S hala M e gl iy Sl S8 )5 <y Sl ey JAY1 ¢ 3all5 C5-Cy
GlsY) clina e %80 JSi 13 cpaidlall s er 5SS ¢ Cpanibaual) Al 31l Gl Y1 EST )
ool n s el U se Bany lbans SEY1 A0S ST ¢l V) Clasa (e %50 5 RS Slasa e %69 5
s&LA,})JY\ e&l,g)s.uﬂ\ sr‘.).\gAY\ ua‘.a;‘)!\ cBJ.wS}d\ J\}d\ s:*JJJ;.AX\ A\}AS\ cadaalall J\}d\ c:\:\JM\ Qb}!‘}“ 62,3))51\
Asall &) e gy Sl auS A oo guzall

¢ psi Sy gl ¢ JFAY g BAuSY) Jalge (BansY) Cilabiaa (ALl cilimal) (il Y < g1Y) Aalidal) cialsl)
S

Anthocyanins: A review

Enas A. Al-Shurait* and Rawdah M. Al-Ali
Dep. of Food Science, College of Agriculture, University of Basrah, Basrah, Irag.
*Corresponding author: enasabdulrahman1990@yahoo.com & enas.ali@uobasrah.edu.iq
Received: 28 /06 / 2022; Accepted: 25/ 07 / 2022

Abstract

Anthocyanins are pigments that were extracted from fruits and vegetables. They are soluble in
water and organic solvents, and their color can range from orange to pink to red to purple or blue,
depending on the structure and pH of the medium. Because anthocyanins are bioactive compounds,
they have recently been used as a natural color in the food systems due to their ability to promote
health and symbolizes anthocyanins E163, anthocyanins are present in higher order plants its work
to protect plant from ultraviolet ray by absorbing the light. Its structural consists of two part, first
part known as aglycone or anthocyanidin, contains 15 carbon atoms in the form of C6-C3-C6 , the
second part is made up sugars, the most types that attached in structure of anthocyanins glucose,
galactose, xylose and arabinose. The most available anthocyanins in nature are cyanidin,
pelargonidin, and delphinidin, that make up for 80% of the pigments in leaves, 50% of the pigments
in fruit, and 50% of the pigments in roses. The stability of anthocyanins is determined by a lot of
factors, including pH, temperature, metal ions, preservatives, reducing agents, oxidizing agents,
amino acids, sugars, enzymes, light, sulfur dioxide, oxygen and co-pigment.

Keyword: Colors, Anthocyanins, Pigments, Antioxidant, Oxonium ion, oxidizing and
reducing agents, Extraction
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¢y ey admy e A4S e e Al Al JCA)) ellie Lee B ASsl 8 AN (535 0 quinonoid saclal
AS) ) Al 5 la 3V (e 55 e J 5
)X\ ae C A alal) Cl a3 O e Sd) B (| - “&, 4 Chalcone (d
L,“ A0 2 u “‘ D q ‘A\ [ < ) Q h X| ‘8 u A (s ‘r y‘ & n\j-)g_\é‘
HJ_} 6'4'2} st J}j.’ ,“ u'/. AR d e A 3)3\3 il ‘<)A = “ A c )
e “JH—‘LHSJJJ-‘—“
(Rein,2005; Barnes,2010; Amelia et al.,2013; Alappat and Alappat,2020; Houghton et al.,2021)
‘_A\ cﬂ,g)ﬁ)\ﬂ\ ¢ sﬂ_}nﬂ\ ¢ Lﬂ:d_g_).\ﬂ\ ¢ &l Jﬁ\é&\ oa da J e :U}\Aﬂ\ uaLAAY\ :\Al...a\ u\
JP‘,E640_A‘;.L\A}‘)J.\€J\ 3 1 3aL ) 2 e el et e HA % o) OSa Aalitiad) il §Y)
Qe u)ﬂ\qu UJSJU.\A‘_,JM\ J\_)s.w\‘_;c ;_ch‘_,JLdLU UALA;Y\ PR uAS_)A‘_gd.\_uSJ‘)m @A\A.A
4_1}.4;:1\ uabo;Y\ XYY ) LA\AJ\ @.\;}JL@J\ eﬁj\ <ld
.(Jackman et al.,1987; Gauche et al.,2010; Ngamwonglumlert et al.,2017)

pH >8 \
OH
HO O b-Giu @ OH
— = OH
OH (o]

(Trans)-Chalcone (C)

Kh 0HZO1L-H,0

| Flavy Neutral quinonoid base (A) Anionic quinonoid base (A)
pH <3 pH 6-7 pH 7-8

Houghton et al.(2021)
s a8 CDUAL Gl 1Y) JISA) 3(8) Jedl)
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Aalise daian 5 jam ald ) il A 50y ol guad) A5 5 A (e il V) dasa adlAdul e Mei et al.(2014) oS
Al die 9476 Asiiall Lauall dps Cialy oo guall Qlis o4 5 a0 550 20 32 A A Lall Al Je 12-1
Cuaddll 3 5 e eV A 5 el BB Y1 die &5 Al Aasall bl (mlidl) Jgpas 5 a5 20 D e a1 s sl
JB o) @l i 7 e e b s g pnedl A8 die 9650 (e JB () deal s el (850 30l 5 Al dauall A
die %20 Wile) il Loy « 1 uagynedl a8 )l die 946 & jalll a5l (e daliiii) bl YY) aual 28 duus
J e Cyoal ) Al jall 8 e guall iy il 5 s A pn G3AN (e 4883 180 Lse 2 9 e s vl )
. Askar et al.(2015)
Temperature 3\l Sl e -2
> SV P I PR PN Prox] L_sj‘ (S35 Lo :\.U\_);j\ QLAJJJ‘ &Lﬂ)h L ) Eial g Al Aleuall ).1\.33
d.m@.ua.\]\b—ﬂ.w\adj\)ﬂ\ U_\\AJ.J]\ )#LM_L\;:\ ¢ BJ\)JM}\&ALJL\J\ Gluall JES\ &'_I\_tg.\\:\u}:uy‘
J:\MY\ :\.c}a.;.n H‘: 5\3\.&1{:\ QL\:\JQMJLY\ 4 2 3 jnj:? > Ie ;y'aﬂ 292 9By "m;“ j\ ¢ .33-'?‘\
Gl < e S8 JwY) A geae e Bolall A snall aad
@AIA.A Ao }',g\_}ﬁ \ 3.;.3.;1.‘:: u}q aA J\ LG:‘:'J\ \a | > e B 4 n\\\\ 2 ) d J"‘<jJJ,4'€J‘
( Ngamwonglumlert et al.,2017; Xu et A—dlise 4,0 n Gl ayn id e lgd JusSy ngd
. e Xy o5 W sasa Lo et 5l 5100 Zladl 4 jall o all f5 5 3], 2018)

2 wlaa AT c

A auall JNg g u A R PE| BSle 2 A ‘s 302210 = Bl A3l e SLadll
.(Jackman et al.1987;Ngamwonglumlert et al.,2017) 4l saall 5 o a3 5l md s 3

P ~all 3, A oo il SN oy o s le | iyl g6 il e S4 A aaalall b gV aie
daa ~ o ;A-N\H@JQ\.}M\c&\%ﬂﬁ)ﬂ\&&Hi&L}S)«AHJ‘;\@ﬁS\

LGoall JIas oy, 1) o se L SW carbinol JS& S5y S g ondl A 8,11 34l 3y
ES e o (g sSILED S e (S Al e el ) A Slad Jlad S s G iSlSe DA s

L) S ye il g sl Joas Ml g 5 Sl pla g Sl 8l L il SOIST e Jlas Cigas ol o jle S
(Jackman et al.1987;Laleh et al.,2006; Askar et al.,2015; Kangthin (9) JS& A s ge WS ¢ &I A
et al.,2021)

/
. OH
=0
o
N

(b)

(Jackman et al.,1987)
Allal) 31 ad) ey 3 die ciliibuw i3 Jlas 44) (9) Jid)

Jie Alle 4yl s il oy Clatiall Alalaay sa Aiae 530 JshaY phiadll gl 8 dauall o Jaliadl 46 s Juadl ()
Lmddie (lail) A ()55 3 damidie 4 ) ya ey oOA &5 sl e Jaliall 5 juad 53l b yiad) ) aadl
o= .(Markakis et al.,1957; Vargas et al.,2013) ~30-25 3l Gla o ddssiadl cilaiidly 455l Laally
3salall 4003 ol ¢ 55y saaa oA A sale e caliny clinlu Y1 S 55 o) Cag el
s guall &}.\j 3% 63..4.5\)_}]\ dA‘j’J\ ‘:\.:\:..\\le\ dA\}__IJ‘ e g 3..4._;)&\} 4._}3;\&3\ dn\jaj\ Al e c__'a'\_\ Jaa g Lgia
Ala oy 4Rl Aasall Jas Jeasy (Aprodu et al.,2020) 4 jall cagphall 5 dmpiatll Gilidaall ) pall Sl ja
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clall D ga g e Al :“.;\A..g).\\ e lds Eoaad Al ?5'4 BB Q._A‘)J..\ 3..1_);4“ Pl UAG.L.\\ d&uelg- LASA_\A“...]J\)A
.(Poiana et al.,2010) & 3l &1l salall ¢ 55 e Talaie) AlLs A~y

Metal lons 4saall clisgy) -3

u____us.i d)\; u—Ag_:L\.uLm:}.UY\ 4.3_\;44_\.1\_\.1 DJL.\)H\AS_A \)JJ A\_\JJMS\ k_lLI)JY\ - —— X &_\:d.\
m)aat_umukuj\uﬁudﬂ;\d ruall Ll Caglall e 13 & Mainy Aapall ae Giliixa
B 4alall GBM\JLLUJY\ (:___J; u.\;})n@l\ O HAMJJM]\ LY Gl A A e 8 g ddmia
o Dm0 sS5 e 3508l Ll cpan gl 5 Gaasidlall ¢ Gpanland) GUS e a3 Ol R o delg o ea 0SS
(Cavalcanti et al.,2011; Mustika and B 4alall 4 3 a JaS5 0 de gaae (0 S o L gial dauall
G5l Goaidlal) Cpadbaual) SUS e G &l S . Marpaung,2020; Tang and Giusti,2020)
et ) Aaall Gl Ala) JMA e Raaall (5, AY) LGl oy il Y Rraa b

(Jackman et Zssall alie¥ s gdll Jodall s Jully Al ) st e LSl b2 s
) .al.,1987)

‘;“J—.-‘“UJ—.‘S\ cobadll ¢ paadll Colasadll 285 (s il c o1l & Daeall b oY) _)SA\ o
Sl A L) A REVOAIC T I N LR S ally as id¥) aas Loyl
. al<all 4 W(".‘)ﬂ\ 4 .3'.\“1\ Quﬁy\ -« 20 1 Aly by 2uall s i gr S a & EPYON
il G5V I Y e SO0 JCP SR I R B ) PP¢
i sl —e sl Y Sl

.(Zhang et al.,2018; Mollaamin and Monajjemi, 2020)

/ -AP*

Mollaamin and Monajjemi(2020)
Lidmal) il o) ae daal) Jolis 41 2(10) Jsil)

Ll ) 8 (i Ll ) Jeany bl (e S5 8 j0€ HE Ll gyl B,
Ol i Jeany 3.5 () o 5ol a8 50 33 3 s ¢ anl (s ol g diamall i V) a0 3 (e JEY) Lyl
o) O ssebiy S gouell Ay W As) ) o cligVlsda J el M Agiasal) i) Adla) e
(10) JS2) & LS dapally bl Y1 daeall il pB Jenny Ul n8l) axe Quinoidal JSi ¢5Si 3 Jslall
.(Jackman et al.,1987)
Preservatives 4lal) 3 gall -4
30 B33 o Al salall (ailiad 3 3ed AV delia 8wl Glai o A0 Clilaall Cilexia)
Alle Al @y A )5 ol Aaae Aaa) ale asad geall g H a8 ca g geall g Dlilcaddl 23 & (e g dadall
Ol A ay e (E211 W >—npn (FDA J& —n C)——-*AA‘C7H502N8. Sl LeasS 5
Gl 5o Jlenin) diady s ull pada a8 2 200 ey g oml s—S5 A iV Sl
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) 43l 7 samsall p g3 seall Dl 530 e AoV aad) O (4.5 (e JEY) A 5 pnel) B (e (5203 0 522 geal
.(Linke et al.,2018; FDA,2021) %0.1 aguadll ¢)2al)

Reducing Agents (<l sSal) paala) 4 jidal) Jal gl -5
Al sl ey il A0dal) claid) o e R T I ORI PR Al s

(&

& Tiall & 2113zl) 4 all a R G.\\.J:d\ c.u.d\ ) 4 8l ,,\ D oo gallg ety gl
32uSSU 3aliaall 4..1‘)35 o 4..\._.A.U.\\)\ 4.__\4.:3\ Ol el c_m }\ d.\ls.\ d\l ! A (s ‘,,.\\
elu ) Sl Gaala e 4 glall alasial ¢ 38 Jads  (Nikkhah et al.,2010; Arslan, 2015; Gerard et al.,2019)
Gadla 2 s dxpall ppudl a5 D Adla) 3] sl il o Jass sl gy dapall i o Jany Y eailly
D)l ade e Jary 53 Dehydroascorbic acid «S ezl el ) Sl ada Jlad ) el (6 5 5 el ) S
3 all s oy oAl ai o ol ) KUV caela dga e Al A W) (alea) ddlia) o Sy il
waalal Jadll 441 o) (Jackman et al.,1987; Chung et al.,2017) L&Y o le dapall o el 4l
dalal s gy s a5 I 3AY) g 3aSY) Glilee e @l g Sl Adla) DA (e dsall B el ) KLY
dale oy o0 € pll A Fl) s SV a5 a8 —all Hoall A Laul g syl
O 3,53 (8 el ) sSuY) ala g Aianal) o S Cillee Ergaa ) daall e Ul i 31 S
M\guswﬂ“\ O 5 Ll ) Sl (aala g dapall (e IS SISE e iy Lae il 6530 cum@w,n
.(Jackman et al.,1987; Arslan,2015; Gerard et al.,2019) (11)
dm‘;ub}(:«sl;l\@m\)l\ O 30 oA Gl AV Ay e A asneld ;e iy eS8l
e D1 g o Bal) i e Jid) o) Jaiill aaelae 2ol ol L Lo
dg a9 .As:l.u_J Ay < «C aalal) H 4\.:_.1\)3\ U}.’)j\ cJJ H L@JY\ AA&: LJ,).})}S.mY\ UA_A\A
ol ay s Rl il e A luW) b Y 5wl SO S i )

. (Nikkhah et al.,2010; Farr and Giusti.2018) <l <)

Antho+ AR === Antho*+AA*" RedOxreactionwithAA ====% further degradation
| Rl

| . . .
ppp—— > other degradation pathways chemical reactions|

R2

Gerard et al.(2019)
o $A0Y) g dl ) gSu) aaala Jas &) (11) Jsl)

Oxidizing Agents (Crnasusa) 2 g ) Baussall Jalgadl - 6
J—iy LS Cadaall Al o) g aial o Jariun 400 30 o g (pa o yaed) 2uS 5
Sy Sl Gada sa Sl e Sy a 8o eI il G B g il )
Os— A dpaa 0l g OS5 nall Tyl § el 63 2l 5 ¢l Jday s
.(Jackman et al.,1987; Ozkan et al.,2004)
Alide ol 50zl LeSSE 8y Clall Bl BauSs e Bale Gaagpuel A S m Ay
Ol M Sy ds sy dnadall Llul @ (a 433 sa sall Jau}n L
daalgs Guyb e C sl (03 52 adgall A suall Auilaidl 5 o gl pull d8laT G &5 Ea
0- S ezl cpa s uell 2S5 5m ae Anthocyanidin 3,5-diglucoside S el Ll 4 sl &—’Luﬁl\
Ll ¥l 8 W) Gy a8 ¢(12) Sl L LS benzoyloxyphenyl acetic acid esters (b)
3-0- (C) g_;j 4 Gl ’i'«‘\} P A (I A% g’“_,j;; 2 5 4 ;:.A\\ L.\.“(“ Carbinol Jal Adalesdl)
D—S8 PR e Gangoued) 2SS dee A o) acyl-Glucosyl-5-0-glucosyl-7-hydroxy coumarin
cl—tilgambynlldala el K& a8 pa g el MuSgpmed suall o ma Saa Sigdym Hsi—a
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(Hrazdina and Franzese,1974; aasall 3081 8 00 L Al Quinones Jie 43505 LS ja g 6l <5 CO,
Jackman et al.,1987; Nikkhah et al.,2010)

al
0
1]
HO -C
et 0
- [
P pHI-3 H,=C-0GlyS
-Glucose ucose
(c) (v

Hrazdina and Franzese (1974)
il SY) ddpa fa (g o) SS9 SO 4 1(12) JS)

(a5 el Mg - Gl Y 8 e e SAle IV grishaydn ayd sualla bl
O soded) aSg ol iy Jlas g IERNGIN PRSI (] BN W - ST V- G- W)
dala ol <@l ol Josaddl 58 OHC Jall ) GRS SN ¥ IR N [ | RPN SR SIPY PUVVN |
Sondheimer and Kertesz 1952; sb— s oS0 a WKl Az 53y 4 gidl) LS ) 8 oy 3l

.(De et al.,1999; Schwartz et al., 2017)

~ Amino Acid dsiseY) palaal) - 7
Q\ sJ:\ﬂ\Q_A&UgJ\:\u)SSY\Q xua (s “_’ le LM\H‘JJJW\ 3.”\.'\..,\A‘2“ U.'a\.a;‘}f\;.\_dﬁ
il Al w e deldll e Al Gl sl Gy g8 G Le LA
s Sl e Al Quinones S ey 2Vl e mudae by il 8

PR BIBTN Rt S P PRI RL § EUSIL  [p W §-EWCS | JUIEEN. PR SRV R ) P BV EPP P

P2 i wuaill allead) S8 G 23 o) St il Jadll e aS Y g 3
Aaall S 5 e 8 m(j.'\;\.d\ & 1alaa 2 e o) LAS} basll & 2y W d}\ﬂ\ Q\_AA::
3al .:_) 4 kY C .;.‘..‘ Lae il '“}_)t\n % a4 :Q:L‘jﬂ C JAl\A“ O 1 g 13 '\.:.\ d Al ala ') x|
(Bordenave et al.,2014;Chung et al.,2017; Miyagusuku-Cruzado et os—1W & 3k, 4

.al.,2021)

Sugars <k Sudl - 8

e Blaally ¢ Al 3ae A dsall e il $5Y) Aapa ais e Joat 4308 5 Adadla ale SIS 55 S0l jSu aay
wany Jaad ¢ Sl Jalaill md g Ay 3V SOl Ll apd el Slilee Jae 5 Sl (Gaan o Al 1) (5S35 ane 5 o6l
OSSN e dglall Bnall oo 35U st Y OSSO Jie g oml b gem anal) dlad e il S
Ay — Sl dage o Aspall s A culdl a5 (Jackman et al.,1987) Dalldl 5 5 Sl
Q RSNTS! S i ccabiaadl S i — A suall Jad e el ) Lﬁ.\ 1 1nS oY)
s Jaea o) (Ancos et al.,1999; Nikkhah et al.,2007) dasall 8 3Ll (o Sl gy 35 Sbas))
DA Al 4 ) pall Gl pall die J1) 8558 (S 5 0a8-5 5 J st sl DLS je zll s Sl Jlad Jaeay Jasi o daall
Jaad 30 Sl It (e il 55 0585 s W)l 0 JI8) dapall & Sl 58 53305 o oAl B
.(Jackman et al.,1987; Koulani et al.,2016)) La¥l JSull (s diuall Hadi A b ul b ) goan

Enzymes <la 3¥) - 9
Gligh WY 8 Wagay o i Lgisl glasd (o Gl i) e o gt e Sl 1Y) Jand
@5 e Lgie 5 Sl ¢ 3all Juabp il U Al Jlail) e ey 31 Jand 3 e aliiall
(Wrolsted et al.,1994; Anthocyanases <l y¥) sd—a 4wy Gslll a3e S o S )
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& s e Gla W a0 ol Silva et al.(2017) —=3 Jackman et al.,1987; Buchert et al.,2005)
Gl 7 558 Ul s Arseall Llhs aa i 0 AIAD jlas andant A (e LA (il 551 Bisa Dol dlec
.Cellulase s Pectinase ey 3V o2 (a5 z Jladl A 4dall dals (g

Light s sl -10

. (Laleh et al.,2006) dxsall ahaai (pe g o 3 Gl $5Y) drpa 4305 e 5 5 5al) dagall Jal gl 2al ¢ guzall 02y
G (e Ak Lelii 22y Chaba maple <l e daliiuall Glisb 55Y) (5 2ie Kangthin et al.(2021) 2
AN O plaas e (s ging lae §saba Jaly ci A Sl el 45 Hlae WS JS) L) deli 72 330 (3laa (3 a8 o gialY)
Al Sy OOA Aoy die g il SSal) e caile

Sulfur dioxide <y sl swsg) A -11

¢ il S A o ginall A Cilatial) 8 el cudi o Jead Alila sale Cu Sl 2l A 2y
by (N gling ) Lanall o sl A1) ) ade dladl 380 30 (5255 3) o AL 580 51 SISl (AU Janiny
.(Jackman et al.,1987) lezinl (pe 2as Sl PS“ Oslll Je Llaall PAIEPPA A8 9 PCVIEN

Enaru et al.(2021)
s Y e g ) S ) (A (oS A 2(13) JS)

o 3l C 8l Jidaad b Sl AU 6 5a dae A e Tl il ST S0 aaS ) Sy il 53 dhaa 2
Al ol J(Admas 1972) os—U A dllaie Gladie sy Sl Jlaall aie JUlL s cpailban sV g S
@L\Su“_a\_\ﬁﬁﬂ@mﬂ\eww\uﬁ\d&i@u&MﬂY\a);u;ul.eb Lo J cldi hgan o4 J clall
Timberlake o .(Jurd,1964) SN 3208l Lo as ) 4xdy o5l aae Flaven-4-Sulfonic (s z WY <y 50
ol 0585 Ol sEY) (e C Adlall (0 4 aBsall (b Caaay S 450N Sl ) LS, o) and Bridle (1968)
G Sl oS A 0 g s Ll drsall s Y G a8 all 138 8 51 5l Jiie paalae o (5 siad o salédl)
(13) o2e§ ISl 8 xua 5y WS (Enaru et al.,2021)
Oxygen i) (maus ¥ -12
O Il Ailadl 2 ) el il sl ae Tl Sl 22y ) Al Jlas 8 Lega 1) 90 SV Can
&b oS Y dee 43 o) (Nebesky et al., 1949; Jackman et al.,1987) bl si V) dapa ) i) o
ee delindl e haugll b sanSsall el pSall ders 3 5ol e ol 5 alall 52 JNA (e drpal) SlSi
(Daravingas and Cain,1968; Jackman et s (sd I3 Glatiia ol (sl dapn e Ciladig Zli) 5 il Y
.al.,1987)
Co-Pigment 4iual) i) 2 - 13
S Al bl Y B ) e lad Gpaat 6 Al Jalgall o Baall CUlE) e aad
e Joad 3 el 0 iall o S ) Jals B dalall ddagipall A dliaall waelaall 5 e s jull o5l
—e dead Al 5.5 253 s g el B8 1) o e dglall @il adll il dapall das A ) e
OsSis & Sl e odie 1 Jig ool s s s osall e sl OSE slall iy ia B g
(Jackman et al.,1987 ; ) 35l Lali W) Galisl camy QIS i g S S5 Laadl 5 5 N{IVA{ g
. Arslan,2015; Houghton et al.,2021

149



Journal of Modern and Heritage Science
http://www.j-msh.com

155 —136: (2) 10 < 2022 ¢ :Ls.ﬂ\ a1) 2":-".-.'453‘ \Z\.S.;A Online ISSN: 2001-6611
(\/’\\ (2) Al st Print ISSN: 2001-662X

References

Adams, J.B. (1972). Changes in the polyphenols of red fruits during processing - the kinetics and
mechanism of anthocyanin degradation. Campden. Food Pres. Res. Assoc. Tech. Bull., p. 22.

Ahmadiani, N. (2015). Red Cabbage Anthocyanins: Horticultural and Chemical Factors Affecting
Color Characteristics of Crude Extracts, Select Pigment Mixtures, and Isolated Pigments.
Thesis of Ph.D. The Ohio State University.

Alappat, B. and Alappat, J. (2020). Anthocyanin pigments: beyond aesthetics. Molecules,
25(23):5500.

Ali, O.AA.; Al-Sayed, H.M.A.; Yasin, N.M.N. and Afifi, E.A.A. (2016). Effect of different
extraction methods on stability of anthocyanins extracted from red onion peels (Allium cepa)
and its uses as food colorants. Bulletin of the National Nutrition Institute of the Arab
Republic of Egypt, 47(2) :1- 24.

Amelia, F.; Afnani, G. N.; Musfiroh, A.; Fikriyani, A. N.; Ucche, S. and Murrukmihadi, M. (2013).
Extraction and stabililty test of anthocyanin from buni fruits (Antidesma bunius L.) as an
alternative natural and safe food colorant. J. Food Pharm. Sci., 1(2) :49-53.

Ancos, D.; Gonzalez, B. E. and Cano, M.P. (1999). Differentiation of raspberry varieties according
to anthocyanin composition. Zeitschrift fuer Lebensmittel Untersuchung und Forschung A,
208(1): 33-38.

Aprodu, I.; Milea, S. A.; Enachi, E.; Rapeanu, G.; Bahrim G. E. and Stanciuc N. (2020). Thermal
degradation kinetics of anthocyanins extracted from purple maize flour extract and the effect of
heating on selected biological functionality. Foods, 9(11): 1593.

Al-Qadri, F. (2018). Kinetics study and thermal stability of red onion skin and it’s use as alternative
colorants in food and textiles. International Advanced Research Journal in Science,
Engineering and Technology, 5(1) :2393-8021.

Arslan, D. (2015). Effects of degradation preventive agents on storage stability of anthocyanins in
sour cherry concentrate. Agronomy Research, 13(4): 892-899.

Barnes, J.S. (2010). Analytical Characterization of Anthocyanins from Natural Products by
Reverse-Phase Liquid Chromatography-Photodiode Array-Electrospray lonization-lon Trap-
Time of Flight Mass Spectrometry.Thesis of degree master, the University of Texas.

Bauernfeind, J. C. (1981). Natural Food Colors. In: Carotenoids as Colorants and Vitamin A
Precursors. Bauernfeind, J. C. (ed). Academic Press, NewYork, 1-45.

Boo, H.O.; Hwang, S. J.; Bae, C. S.; Park, S. H. and Song, W. S. (2011). Antioxidant activity
according to each kind of natural plant pigments. Korean Journal of Plant Resources,
24(1):105-112.

Bordenave, N.; Hamaker, B. R. and Ferruzzi, M. (2014). Nature and consequences of non-covalent
interactions between flavonoids and macronutrients in foods. Food and Function, 5(1): 18-34.

Buchert, J.; Koponen, J. M.; Suutarinen, M.; Mustranta, A.; Lille, M.; Teorreonen, R. and Poutanen,
K. (2005). Effect of enzyme-aided pressing on anthocyanin yield and profiles in bilberry and
blackcurrant juices. J. Sci. Food. Agric., 85(15) :2548-2556.

Cabrita, L; Fossen, T. and Anderson, M. (2000). Colour and stability of the six common
anthocyanin 3-glucosides in agueous solution. Food Chem., 68(1):101-107.

Castafieda-Ovando, A; Pacheco-Hernandez, M.; Paez-Hernandez, Me; Rodriguez, J. and Galan-
Vidal, C. (2009). Chemical studies of anthocyanins: a review. Food Chemistry, 113(4): 859-
871.

Carocho, M.; Barreiro, M.f.; Morales, P. and Ferreira, 1. (2014). Adding molecules to food, pros and
cons: a review on synthetic and natural food additives. Compr. Rev. Food Sci. Food Saf.,
13(4) :377-99.

150



Journal of Modern and Heritage Science
http://www.j-msh.com

155 —136: (2) 10 < 2022 ¢ :Ls.ﬂ\ a1) 2":-".-.'453‘ \Z\.S.;A Online ISSN: 2001-6611
(\/’\\ (2) Al st Print ISSN: 2001-662X

Cavalcanti, R. N.; Santos, D. T. and Meireles, M. A. A. (2011). Non-thermal stabilization
mechanisms of anthocyanins in model and food systems-an overview. Food Res. Int., 44 (2):
499-500.

Chung, C.; Rojanasasithara, T. ; Mutilangi, W. and Mcclements, D. J.(2017). Stability improvement
of natural food colors: impact of amino acid and peptide addition on anthocyanin stability in
model beverages. Food Chemistry, 218: 277-284.

Cortez, R.; Luna-Vital, D. A.; Margulis, D. and Gonzalez De Mejia, E. (2017). Natural pigments:
stabilization methods of anthocyanins for food applications. Comprehensive Reviews in Food
Science and Food Safety,16(1): 180-198.

Daravingas, G. and Cain, R.F. (1968). Thermal degradation of black raspberry anthocyanin
pigments in model systems. J. Food Sci., 33(2): 138-142.

De, A. B.; Cano, M.; Hernandez, A and Monreal, M. (1999). Effects of microwave heating on
pigment composition and color of fruit purees. J. Sci. Food Agric., 79(5): 663-670.

Delgado-Vargas, F., and Paredes- Lopez, O. (2002). Natural Colorants for Food and Nutraceutical
Uses. CRC Press, Boca Raton.

Delgado-Vargas, F.; Jiménez, A. R. and Paredes-L6pez, O. (2000). Natural pigments: carotenoids,
anthocyanins, and bet alains - characteristics, biosynthesis, processing, and stability. Crit. Rev.
Food Sci. Nutr., 40(3):173-289.

Deman, J.; Finley, J.; Hurst, W. and Lee, C. (2018). Principles of Food Chemistry. 4th edition.
Gaithersburg: Aspen Publishers, 478: pp446.

Downham, A. and Collins, P. (2000). Colouring our foods in the last and next millennium. Int. J.
Food Sci. Tech., 35(1):5-22.

Dyankova, S. and Doneva, M. (2016). Extraction and characterization of anthocyanin colorants
from plant sources. Agricultural Science and Technology, 8 (1) :85-89.

Enaru, B.; Dretcam, G.; Pop, T. D.; Stanila, A. and Dianconease, Z. (2021). Anthocyanins: factors
affecting their stability and degradation. Antioxidants, 10(12): 1967.

Gauche, C.; Malagoli, E. D. S. and Bordignon-Luiz, M. T. (2010). Effect of pH on the
copigmentation of anthocyanins from Cabernet Sauvignon grape extracts with organic acids.
Sci. Agric., 67: 41-46.

Farr, J. E. and Giusti, M. M. (2018). Investigation the interaction of ascorbic acid with anthocyanins
and pyranoanthocyanins. Molecules, 23(4): 744.

FDA: Food and Drug Administration (2021). Sodium benzoate. In: CFR-Code of Federal
Regulations Title 21, Department of health and human services.PART 184—Direct food
substances affirmed as generally recognized as safe. Subpart B- Listing of specific substances
affirmed as gras. Sec. 184.1733 Sodium benzoate. 2p.

Frick D. (2003). The coloration of food. review of progress in coloration and related topics. Color
Technol., 33(1):15-32.

Fuleki, T. (1967). Development of Quantitative Methods for Individual Anthocyanins in Cranberry
and Cranberry Products, Thesis of Ph.D. University of Massachusetts, Amherst, pp. 1-286.
Gerard, V.; Ay, E.; Morlet-Savary, F.; Graff, B.; Galopin, C.; Ogren, T.; Mutilangi, W. and
Lalevee, J.(2019). Thermal and photochemical stability of anthocyanins from blackcarrot,
grape juice, and purple sweet potato in model beverages in the presence of ascorbic acid.

Journal of Agricultural and Food Chemistry,67(19): 5647-5660.

Gurses, A; Acikyildiz, M.; Gunes, K. and Gurses, M.S. (2016). Dyes and Pigments: their Structure
and Properties In: Dyes and Pigments. Sharma, S. K. (ed.) Springer, Cham. pp13-29.

Harborne, J. B. (1963). Distribution of Anthocyanins in: Higher Plants. In: Chemical Plant
Taxonomy, Swain, T. (ed.) Academic Press, New York. pp359-388.

151



Journal of Modern and Heritage Science
http://www.j-msh.com

155 —136: (2) 10 < 2022 ¢ :Ls.ﬂ\ a1) 2":-".-.'453‘ \Z\.S.;A Online ISSN: 2001-6611
(\/’\\ (2) Al st Print ISSN: 2001-662X

Harbone, J. B. (1973). Phytochemical Methods. A Guide to Modern Techniques of Plant Analysis,
First Edition. Chapman and Hall, London, UK.

Harborne, J. B. (1984). Phytochemical Methods. A Guide to Modern Techniques of Plant Analysis,
Second Edition. Chapman and Hall. NewYork, USA.

Houghton, A.; Appelhagen, I. and Martin, C. (2021). Natural blues: structure meets function in
anthocuanins. Plants, 10(4): 726.

Hrazdina, G. and Franzese, A.J. (1974). Oxidation products of acylated anthocyanins under acidic
and neutral conditions. Phytochem, 13(1): 231-234.

Ibadi, A. A.(2015). Extraction of anthocyanin pigments from different plants and study the effect of
solvent, temperature and pH variation on it. Journal of Missan Researches,11(21): 37-44.
Jackman, R.; Yada, R.; Tung, M. and Speers, R. (1987). Anthocyanins as food colorants- A review.

Journal of Food Biochemistry, 11(3): 201-247.
Joshi,V. K. and Preema, M.(2017). Anthocyanins: chemistry, extraction, stability, significance and
application as a biocolour . Intl. J. Food. Ferment. Technol., 7(2): 201-22.

Joshi, V.K.; Attri, D.; Anju, B. and Shashi, B. (2003). Microbial pigment, Indian Journal of
Biotech., 2: 362-369.

Jurd, L. (1964). Reactions involved in sulfite bleaching of anthocyanins. J. Food Sci., 29(1): 16-19.

Kang, H.; Ko, M. and Chung, M.(2021). Anthocyanin structure and pH dependent extraction
characteristics from blueberries (Vaccinium corymbosum) and chokeberries (Aronia
melanocarpa) in subcritical water state. Foods, 10(3) :527.

Kong, JM.; Chia, LS.; Goh, NK.; Chia, TF. and Brouillard, R. (2003). Analysis and biological
activities of anthocyanins. Phytochemistry, 64(5): 923-933.

Koulani, M. K.; Jamei, R. and Marjani, A. P. (2016). Influence of sucrose and high temperature on
grape anthocyanin stability and furfural formation. Jounal Food Safety and Hygiene, 2(3-4):
54-62.

Khoo, H.; Azlan, A.; Tang, S. and Lim, S. (2017). Anthocyanidin and anthocyanin: colored
pigments as food, pharmaceutical ingredients, and the potential health benefits. Food Nutri.
Res., 61(1): 1361779.

Laleh, G.H.; Frydoonfar, H.; Heidary, R.; Jameel, R. and Zare, S. (2006). The effect of light,
temperature, pH and species on stability of Anthocyanin pigment in four berberis species.
Pakistan Journal of Nutrition, 5(1):90-92.

Lazze, M. C.; Savio, M.; Pizzala, R.; Cazzalini, O.; Perucca, P.: Scovassi, A. L.; Stivala, L. A. and
Bianchi, L. (2004). Anthocyanins induce cell cycle perturbations and apoptosis in different
human cell lines. Carcinogenesis, 25(8): 1427-1433.

Le, X. T.; Huynh, M. H.; Pham, T. N. and Than, V. T. (2019). Optimization of total anthocyanin
content, stability and antioxidant evaluation of the anthocyanin extract from Vietnamese
Carissa carandas L. fruits. Processes.7(7): 468.

Liamas, N. E.; Garrido, M.; Sussan, M.; Nezio, D.; Susana, B. and Band, F. (2009). Second order
advantage in the determination of amaranth, sunset. Yellow FCF and tartrazine by UV-Vis and
multivariate cure resolutionalternating least squares. Analytica Chimica Acta, 655(1-2): 38-
42,

Linke, B. G. O.; Casagrande, A. C. and Cardoso, L. A. C. (2018). Food additives and their health
effects: A review on preservative sodium benzoate. African Journal of Biotechnology,17(10):
306-310.

Lozovskaya, T.; Brenner-weiss, G.; Franzreb, M. and Nusser, M.(2012). Recovery of anthocyanins
from grape pomace extract (Pinot noir) using magnetic particles based on poly (vinyl alcohol).
Cellulose Chem. Technol.,46(7-8) :427-433.

152



Journal of Modern and Heritage Science
http://www.j-msh.com

155 —136: (2) 10 < 2022 ¢ :Ls.ﬂ\ a1) 2":-".-.'453‘ \Z\.S.;A Online ISSN: 2001-6611
(\/’\\ (2) Al st Print ISSN: 2001-662X

Malien-Aubert, C.; Dangles, O. and Amiot M.j. (2001). Color stability of commercial anthocyanin-
based extracts in relation to the phenolic composition. protective effects by intra- and
intermolecular copigmentation. J. Agric. Food Chem., 49(1):170-176.

Markakis, P.; Lmngston, G.E. and Fellers, C.R. (1957). Quantitative aspects of strawberry pigment
degradation. Food Res., 22(2): 117-129.

Martin, J.; Navas, M. J.; Jimenez-Moreno, A. and Asuero, A. G. (2017). Anthocyanin Pigments:
Importance, Sample Preparation and Extraction In: Phenolic Compounds - Natural Sources,
Importance and Applications. Soto-Hernandez, M; Plama-Tenango, M. and Garcia-Mateos,
R.(eds.) INTECH, 117-152.

Mei, X.; Qin, H.; Wang, J.; Wang, G.; Liu, C. and Cai, Y. (2014). Studies on physicochemical
characteristics of anthocyanin from super dark maize. Journal of Food and Nutrition
Research, 2(3) :109-114.

Miyagusuku-Cruzado, G.; Jimenez-Flores, R. and Giusti, M. M. (2021). Whey protein addition and
its increased light absorption and tinctorial strength of model solutions colored with
anthocyanins. J. Dairy Sci., 104 (6): 6449-6462.

Mollaamin, F. and Monajjemi, M.(2020). Thermodynamic and IR spectral study of metal cations—
anthocyanin chelation: mechanism of formation of pigments. Russian Journal of Physical
Chemistry A, 94 (9): 1887-1901.

Mortensen, A.(2006). Carotenoids and other pigments as natural colorants. Appli. and Pure,
Chem., 78(8): 1477-1491.

Mustika, S. R. and Marpaung, A. M. (2020). Color properties and stabilizing effect of metal ion on
anthocyanin from buni (antidesma bunius) fruit. In 5™ International Conference on Food,
Agriculture and Natural Resource (FANRes 2019). Atlantis Press, 194: 223-225.

Nebesky, E.A.; Esselen, W.B. JR.; Mcconnell, J.E. W. and Fellers, C.R. (1949). Stability of color in
fruit juices. Food Res., 14: 261-274.

Ngamwonglumlert, L.; Devahastin,S. and Chiewchan, N.(2017). Natural colorants: pigment
stability and extraction yield enhancement via utilization of appropriate pretreatment and
extraction methods. Critical Reviews in Food Science and Nutrition, 57(15): 3243-3259.

Nikkhah, E.; Khayamy, M.; Heidari, R. and Jamee, R. (2007). Effect the sugar treatment on stability
of anthocyanin pigment in berries. Journal of Biological Sciences, 7(8): 1412-1417.

Nikkhah, E.; Khaiamy, M.; Heidary, R. and Azar, A. S. (2010). The effect of ascorbic acid and
H202 treatment on the stability of anthocyanin pigments in berries. Turk. J. Biol., 34(1): 47-
53.

Oancea, S. and Draghici, O. (2013). pH and thermal stability of anthocyaninbased optimised
extracts of romanian red onion cultivars. Czech J. Food Sci., 31(3): 283-291.

Ozkan, M.; Kirca, A. and Cemeroglu, B. (2004). Effects of hydrogen peroxide on the stability of
ascorbic acid during storage in various fruit juices. Food Chemistry, 88(4) :591-597.

Poiana, M.; Moigradean, D.; Raba, D.; Maria, L. and Popa, M. (2010). The effect of long-term
frozen storage on the nutraceutical compounds, antioxidant properties and color indices of
different kinds of berries. Journal of Food, Agriculture and Environment, 8(1): 54-58.

Ramadan, K. M. and El-Hadidy, E. M. (2015). Color stability of anthocyaninbased extracts innon-
traditional sources: improvement of thermal stability by tannic acid. J. Biol. Chem. Environ.
Sci., 10(3): 1-19.

Rein, M. (2005). Copigmentation Reactions and Color Stability of Berry Anthocyanins. Thesis of
Ph.D Helsinki, Russia: University of Helsinki,.

Salehi, B; Sharifi-Rad, J.: Cappellini, F.; Reiner, Z.; Zorzan, D.; Imran, M.; Sener, B.; Kilic, M.: El-
Shazly, M.; Fahmy, N. M.; Al-Sayed, E.; Martorell, M.; Tonelli, C.; Petroni, K.; Docea, A.O.;

153



Journal of Modern and Heritage Science
http://www.j-msh.com

155 —136: (2) 10 < 2022 ¢ :Ls.ﬂ\ a1) 2":-".-.'453‘ \Z\.S.;A Online ISSN: 2001-6611
(\/’\\ (2) Al st Print ISSN: 2001-662X

Calina, D. and Maroyi, A.(2020). The therapeutic potential of anthocyanins: current
approaches based on their molecular mechanism of action. Frontiers in Pharmacology, 11.

Schwartz, S. J.; Cooperstone, J. L.; Cichon, M. J.; Von Elbe, J. H. and Giusti, M. M. (2017).
Colorants. In: Fennema Food Chemistry. Damodaran, S. and Parkin, K. L.(eds.). CRC Press,
pp 681-752.

Shamina, A.; Shiva, K. N. and Parthasarathy, V. A. (2007). Food colours of plant origin. CAB Rev.
Perspectives Agric. Vet. Sci. Nutr. Nat. Resour., 2(87): 12- 24.

Sharif, A. ; Saim, N. ; Jasmani, H. and Ahmad, W.Y.W.(2010). Effects of solvent and temperture
on the extraction of colorant from onion (Allium cepa) skin using pressurized liquid extraction.
Asian Journal of Applied Sciences, 3(4): 262-268.

Shetty, M.; Geethalekhimi, P.R. and Mini, C. (2017). Natural pigments as potential food colourants:
A review. Trends In Biosciences, 10 (21): 4057-4064.

Shindy, H. A. (2016). Basics in colors, dyes and pigments chemistry: a review. Chemistry, 2(1):
29-36.

Silva, C. H. C.; Rocha, F. C. and Silva, L. L. G. G. (2018). Production of organic compost from
different plant waste generated in the management of a green urban space. Rev. Ciénc.
Agron.,49(4): 558-565.

Silva, S.; Costa, E. M.; Calhau, C.; Morais, R. M. and Pintado, M. E. (2017). Anthocyanin
extraction from plant tissues: A review. Critical Reviews in Food Science and Nutrition,
57(14) :3072-3083.

Sondheimer, E. and Kertesz, Z.1. (1952). The Kinetics of the oxidation of strawberry anthocyanin by
hydrogen peroxide. Journal of food science., 17(1-6): 288-297.

Stintzing, F. C. and Carle, R. (2004). Functional properties of anthocyanins and bet alains in plants,
Food, and in human nutrition. Trends in Food Sci. Technol., 15(1):19-38.

Tang, P. and Giusti, M. M. (2020). Met al chelates of petunidin derivatives exhibit enhanced color
and stability. Foods, 9(10): 1426.

Timberlake, C.F. and Bridle, P. (1968). Flavylium salts resistant to sulphur dioxide. Chem. Ind.,
oct., (43): 14809.

Todaro, A. ; Cimino, F. ; Rapisarda, P. ; Catalano, N. E. ; Barbagallo, R. N. and Spagna, G.(2009).
Recovery of anthocyanins from eggplant peel. Food Chemistry, 114(2): 434-439.

Vargas, M.; Cortez, J.; Duch, E.s.; Lizama, A.P. and Mendez, C. H.(2013). Extraction and stability
of anthocyanins present in the skin of the dragon fruit (Hylocereus undatus). Food and
Nutrition Sciences, 4(12): 1221-1228.

Wahyuningsih, S.; Wulandari, L.; Wartono, M. W.; Munawaroh ,H. and Ramelan, A. H.(2017). The
effect of pH and color stability of anthocyanin on food colorant. IOP Conference Series:
Materials Science and Engineering, 193(1): 012047.

Wang, W.; Shen, X. and Chen, Y. (2013). Effect of pH, temperature and iron on the stability of
anthocyanins from black-skinned peanuts (Arachis Hypogaea L.). African Journal of
Agricultural Research, 8(18): 2044-2047.

Wong, D. W. S. (2018). Colorants. In: Mechanism and Theory in Food Chemistry. Jackson, M.
0.(ed.). Second Edition. Springer, Cham., pp 169-218.

Wrolstad, R.E. (2004). Anthocyanin Pigments-Bioactivity and Coloring Properties. Journal of
Food Science, 69(5): 419-425.

Wrolstad, R. E., Wightman, J. D. and Durst, R. W. (1994). Glycosidase activity of enzyme
preparations used in fruit juice processing. Food Technol., 48(11):90-98.

Xavier, M. F.; Lopes, T. J.; Quadri, M. G. N. and Quadri, M. B. (2008). Extraction of red cabbage
anthocyanins: optimization of the operation conditions of the column process. Brazilian
Archives of Biology and Technology, 51(1) :143-152.

154



Journal of Modern and Heritage Science
http://www.j-msh.com

155- 136 : (2) 10 < 2022 < i;:\ il 3..’35;;3\ ‘;u%‘ Online ISSN: 2001-6611
(\/’\\ @) Sl ot Print ISSN: 2001-662X

Xu, Q.; Zhou, Y.; Wang, D.; Li, B.; Luo, L. and Gao, G. (2018). Study on improving the stability of
blueberry anthocyanins. Advances in Engineering Research, 163: 1747-1750.

Zhang, M.; Lou, B.; Zhang, Y. and Fu, H. (2018). Stability and antioxidant activity of anthocyanins
from flowers of Rhododendron pulchrum sweet. Asian Agricultural Research, 10(10): 88-92.

Zori¢, Z.; Dragovi¢-uzelac, V.; Pedisi¢, S.; Kurtanjek, Z. and Garofulic, 1. E. (2014). Kinetics of the
degradation of anthocyanins, phenolic acids and flavanols during heat treatments of freezedried
sour cherry Marasca paste. Food Technology and Biotechnology, Zagreb, 52(1): 101-108.

155



