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Table 1 The effect of the wall type of the microcapsule on the color values of the anthocyanin extract

powder

Type of carrier L* a* b*
WPC 78.09 +0.10° 0.82+0.01" 438+0.02°
MD 66.31+0.05" 23.32+0.01° -721+0.01"
GA 66.63+0.23" 3.18+0.01¢ 2.48 +0.01¢
GA+MD 66.49+0.11° 8.01+0.03¢ 3.19+0.03"
MD+WPC 77.03+0.12°¢ 3.09+0.01¢ 0.26 +0.01°
GA+WPC 80.24+0.01° -0.05 +0.01°¢ 9.64+0.02°
GF+GA 73.42+40.01¢ 1.37+0.01° 7.92+0.01°
GF+MD 69.33+0.01° 16.39+0.01° -4.96+0.01°¢
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VEY e 8 0y53 OTY 6l

doys Voo gl wgad o 1y Gestld o teS lomes
u;)|)§~/~YY' )‘Mh&f@-&i&))r' }JJZ..SJ)SJLA
XYl s

a a
A .
08
06 b
a
o
04
C C
02 :
.
i i i F
¢ O G
&S
& @Q (‘)YZ‘ 6
Ttpe of carrier

Fig 6 The effect of the wall type of the microcapsule
on the polydispersity index (PDI) of the
microencapsulated anthocyanin

on ez 53 (IYAE) OLKes 5 0L, 58 Slides ol
Siad il gl o las Glad g 525 (SABl o oL
AU G il pSSEF s bedd 4 i ol
e e s Sl Jold el lpe D sline o
Ol e iy o S slle Cold S s D s )
DTS (Sasly e L

Lol 531 (5 SIL p Slim i, Hb-0-Y
s Sl g 53

Jde Sal g s d e s el W5 e J S
g ol S sl ax s A gl s ol Sl S0 s
Gl (bl jee wad OL3) 4i3s VoA s
b g odalin A ISE 53 S jglailen S )y il g5l
(25 Ul aS) IS Gl 58T (S8 Dl e
LAJ}M?SJ'UJ.&L» O 3 >ﬁWPC+MD Jj.\..\?SJ'.U e Lﬁf
oils bl laly AN s ls g ol
o3 gnn sk 4 Sl sl Sl 5 S Ol s

235 e S 3 e T I I el

Yo

YA 2l 03 VN 3g 8 o S 2SSl (S35
Sl oS g B L T L ST W
S L35 0l Lol 3 g alie baosluil ¢ Jol> o3l 53 cpl Lol
(s e T 1Sl et U, D3
L] s s 555 sleas SL > sl gl

G JpeS 5y & L5 S edaline (Yo o) 0L 5 s
s fem Sl s eSS sl 1 28 e
oS5 & Cud 555 5 SaS wlie gla o5l
VT s0s ol Lo e U oS izdls o 2S5 e

Cilie oS 5 aSdas e LIS il e gl (cpl
Sl 0l )3 3l Hs Slate Ol pund o (Sloyl s 3l g
Mo S5 5 Gleslps sl g8 My Bl 0 Saw S
ool 3 3l eslizal Lo s 53 S ool 1ol azils (glo s
oIkl s (p<0.05) (glspms ialS Crge oS5l
O (Shoodes Wgw aile) LSl duy oo B 4y (s Ol 3
S e S ol 4 S g KaSK L leyl g 3le
ol sl 3 6510

SASG G g2 el 8 SU-E-Y
DTS 055 mis sk Olssa SAdl e esls
Ot 23 Il SUST Y] el g Sl (658 Bl
035 S5l 5 ol Sasly Os R A AL
o kuaslis +/0 5l B, polis Al e 3 ;J\.‘Slﬁ 13 gad
Al e b s ST,

4 byp SAL e el pie O G Gl
Sloslss slee S5 5 55 GA 5 WPC sls J S,
Ol b JsenS 5y A Gatla b g (6ol pme a8 sl
(108) il ol (Sl e g2t a5 0 2S5 50l
iS5 SA e 2 g JB Son 4 e sl
Lol &3 o3Il s gl s 28 Sast, GA s WPC ls
e Slelgms sl ple b S 503 o8 e 213 e
dle cal ol Sail jw jesls 5y gl xS
Sl el 531y SAil e el o 5855 (1FAY) el

'/WO/\)]JJZAL:&JG'C«-«&M)J\' }dﬂ)ﬂb“))‘\'

3. molecular weight distributions (MWD)



wOlLe s SIS il 5l ol S5l g3l

Oy A 5 0L plo el

< < C

& &g g sy
& $\o‘ F ¢ ¢
Type of carrier

Fig 9 The effect of the wall type of the anthocyanin
microcapsule on the a* value in the model drink

G o Reeo 4 L3S sdalin (T OLes 5 Sy
Sl e 4 Wl S ad bl Bl ol Rl
A2l e e IS0 585 S e L il s
ol s 53 b BT L o rie a0l mls G
Pl b s Jols e pes Ao )s /0= YO
Skl A e Ao 00 4 e pews hile
3 e sl 5 U el (S Wl cpl S b s
e oS LV gls B s e e sla US040 s
See angtiny Ssdp peo g 03,05 5SSO
R T R
2 bhes o deo 0] A8 Iy GalS 5, S80S
Rl gl Olssas slos 1S jba 1K 5 Sad s bt
S ASr Glr be sily Kl 5 s elinad

Al andls S 5Kl el 5 g 3 il 5T o 50
Gl oo gee HE (Y10 K3 5 OIS
Glales 3 Lol (g ymme (PHZS) e Jlom 3 15 ool g
oon 2ose 43y Avmr Oloy 5 a8 Sl a3 1T 5 A
A ele S e 0V sl e Jsee sls 13
A ke S eV 8 s e Sl sy il
A e e e D353 LS S
VA 3 Y 5w ol S Sl a3 WY s Ay s el sl

S WS sdalie cpmens LOT [YA] C3b nlBl Al

4. Overcrowding

A

Type of carrier

Fig 8 The effect of the wall type of the microcapsule
on the retained anthocyanin in the model drink

osb a bdseShs ol Jb GAds b perls
s 4y 23S I Sl Dles SU o (gl e
Ly el olssme sk w5 o)l ¢ 50 23l Lals
ISP FRCI

o et g 503 Gatli e & S Gillae
dobe Slis e s MDAWPC lad S, sl
bp i b patls S 35 WPC JseS ) 5>
b e 5 o8 Fee byl oo S @
ol S 3eS 51, 3l oslizd (bl oply 55 (GA+GF)
2 SpA el Sl crpe o fee b 0l e
S35 Sl S JaeSis 5 Sl el e Sl Sl
St 03 b g el (p S Sl 03 Lo
el 03 S sl

e 5 ol sl Gl Clibbes) (golL Ol op ri
MD+WPC s> Jue Jais j5 58 Larli oo i
e St 53 JS pbuml Lasls e 81l oy
srp ool blosy alie bdeSh, 2l o
bl poe ol b Sy ol e gla gl s
A &S JsSny 5 S el Ol 4 g e
2 Lsrp st (peS Cwl ey e ) 600
50 (VY O 5 i (sadge Tl 03,8 sloel Sl g
sl Sligsy gbeslas o 1) IS Ky i Olps op 2o
Ll 04 slesed 5l S o L35 sdalin 8 fans L

18] ol 035



VEY e 8 0y53 OTY 6l

Slagdds bl L Csllas Jsame W55 Gl ol (Sas
Sl b ok oy 565 WP Jjlous i3 52 iz WPI 551>
o2 Sl S e s Gt o) 56 adl WPT & s
5013 oyl &l OF Sl oS 5y 5 f 5 Sy (k)
b ol st b 28 ) Gl S 55 5 O (5 5i 8
(ks Gl oy S B S I o o S e s
3ok o, 503 WPL &S 55 cpl Ol aus 5 .0sl esls il 33l
il S sSal Al b ST L b T b STy b
Slor T3 cpl o8 553 bl 81 OIL 35 sl
S bl eSS slalsasl ax Sl 0 pnlileSy 58
2 Ay Gl Bl Bl ST L s ST S s O
S Sl 03y dhe Gty 53 byl 5 ) S S
R e N e I e

D] S (6,8 sl Sy Sl ol s &
b JseSs @B S Sope Sk Ll il
G 3l s A3l s 6,5 Sl sles b Llg o WPC
2oodhe il el OF 5l bl o g (sl g5l b 28T
sl o yo ol Sae MD 3 WPC L glse 51 aslizad ¢
e 5T ) gy abls 5 0 2S5 e 05l S

Sl el

S S ot

b Slign, @y odd esliul gla oyles Ole
ol gsl 5 3 S ple 5 aeSa gl (b g
O3 S )y bl gl Lo 055 S b s
sl (b Gl Bl G the e Goeds 00 b JpeSis
osdke .55 WPCHMD JsmS50s 4 by ye (ehd Clable)
Al sl e Gt s IS Gl sl el
Jhe gl gdd s30 8 ol bl og alie s JpeS 5
DA 4 8 e b el peo ol b d S s sl
o35 b pes pl 653 pp Gl &S S 5 3L Al
Lol 03 S bl Sdids 3 1y S8 petld eSS Sl
3 3 b Sl e @ o S8 Ol Rl
ol sl 3l bl (2t Sote 36 (o 2S5l

Sl azdls Gl lae 53 Sl > 6&.);;_1,.& P

Yv

S dl LS sl Sl e Jsleee 303 el
ks 5 sl S 0558 3, ces Sl cde 4 LIS s
corlpodle il bl IS0 53 C aid> 685 Ly
s b Lls e (LB L S8 b sl U3
I R R Y R P
SolS (T008) 0Les 5 bsla [F4] 555 (G303 ialS
AL 3 4 530 O 5 Jsbs Galdn s S S s S
ol 8 Al 05elBleSy S il Gib Sl Ll 53T
Golo 3 Ol s Jlos o oo S el Sae ilSe
[8+] xat

o e bl osbegml (YY) O pla
S okl b o S gl g8 e Bjln 5 0 1S 51ls
o 53 s ol 2y 5 L3S S, L SSES
W 5 A A lales s 5 e3ged glueslel Y L 4 PH L
Dl 8T B L i S a0 S Sl s
Sl @sad aline 3l S Sl am 5o W gles 55 J S 4sad o
Ll 5 0 pnSoslle (sl sladigad ax Sl o5 8 e
Av glos 53 sls L 1) (6508 o 55 aane 5 (S0 50le
Sy0d 52 Gl Bl B sas aed i 0l S Bl 4
a3 N los )3 35 J RS W gad Sl Gl S e e S5
5,5 1y 3 5mp bk s aen 3 Lapslw 5T (ol ol 5 sl
ST 53 sk gla Shdn g S 36 Wl e OF e oS
LY0] il 0 sl S e b

Lol Gl e (T OLKes 5 aos
S olas oL SFsnl Shds s el Slayn,
Lokl (iS5 o5 oo S0 sl bl Lol
Lol 5 S sdalive o 2S5l Lok Sli gy ojlas s
Gl S QUL L S dle o)l S ol Sle
OLer 5 gl 3 [YV] s 8 Ol Wl LS5 55 S5
Sl a0l ol 4o ke gla el s S 0L (YY)
OS5l NS e b el bl Sl eslinal 5 A e
LEV] s claslee

Ol s dapl S WS edalin (Y410) O Ken 5 Sl
05 bl i Gl e S 4 e
S8 1 dhe Gy b i A e Sl



w0lyie s SIS il T o jlas ol = 3leslul

Oy A 5 0L plo el

[9] Khazaei, K..M., Jafari, S.M., Ghorbani, M.,
Hemmati Khakki, A. (2014), Application of
maltodextrin  and  gum  Arabic in
microencapsulation  of  saffron  petal’s
anthcyanins and evaluating their stability.
Charbohydrate polymers, 105: 57-62.

[10] de Moura, S. C., Berling, C. L., Germer, S.
P., Alvim, I. D., & Hubinger, M. D. (2018).
Encapsulating anthocyanins from Hibiscus
sabdariffa L. calyces by ionic gelation:
Pigment  stability  during storage of
microparticles. Food Chemistry, 241: 317-327.

[11] da Rosa, J. R., Nunes, G. L., Motta, M. H.,
Fortes, J. P., Weis, G. C. C., Hecktheuer, L. H.
R., .. & da Rosa, C. S. (2019).
Microencapsulation of anthocyanin
compounds  extracted blueberry
(Vaccinium  spp.) by spray drying:
Characterization, stability and simulated
gastrointestinal conditions. Food
Hydrocolloids, 89: 742-748.

[12] Khazaei, K. M., Jafari, S. M., Ghorbani, M.,
Kakhki, A. H., & Sarfarazi, M. (2016).
Optimization of anthocyanin extraction from
saffron petals with response surface
methodology. Food Analytical Methods, 9(7):
1993-2001.

[13] Jafari, S. M., Mahdavi-Khazaei, K., &
Hemmati-Kakhki, A. (2016).
Microencapsulation of  saffron petal
anthocyanins with cress seed gum compared
with Arabic gum through freeze
drying. Carbohydrate polymers, 140: 20-25.

[14] Chung, C., Rojanasasithara, T., Mutilangi,
W., McClements, D.J. (2015). Enhanced
stability of anthocyanins based color in model
beverage systems through whey protein isolate
complexation. Food Chemistry, 76:761-8.

[15] Chung, C., Rojanasasithara, T., Mutilangi,
W., & McClements, D. J. (2016).
Enhancement of colour stability of
anthocyanins in model beverages by gum
arabic addition. Food Chemistry, 201: 14-22.
[16] Bolourian, sh. (2020). Optimization of the
extraction the anthocyanin extract of the
saffron petal. ACECR, Research institute of
the Food Science and technology. (In Persian)
[17] Rahimi, S., & Abbasi, S. (2014).
Characterization of some physicochemical and
gelling properties of Persian gum. Innovative
Food Technologies, 1(4): 13-27.

from

YA

u.?b).\.; K Jg..ﬁ -0
sl usld 5 Shasn Cisles b Coles Lo~ b
olas Sl il Olps b~ b LG s A
sl iy Ol eslial L Ohies SIS bl
L gl Je 53 0T 5,8 5 Slip s 5 OselileSs S

el 0 rL>u\ Yoo oYY

gl =

[1] Carocho M, Barreiro MF, Morales P,
Ferreira ICFR. 2014. Adding molecules to
food, pros and cons: A review on synthetic and
natural food additives. Comprehensive Review
of Food Science and Food Safety, 13:377-99.

[2] Li X, Xu J, Tang X, Liu Y, Yu X, Wang Z,
Liu W. 2016. Anthocyanins inhibit
trastuzumab resistant breast cancer in vitro and
in vivo. Molecular Medicine Report, 13:4007—
13.

[3] Dia VP, Wang Z, West M, Singh V, West L,
Gonzalez de Mejia E. 2015. Processing
method and corn cultivar affected anthocyanin
concentration from dried distillers grains with
solubles. Journal of Agricalture and Food
Chemistry, 63:3205-18.

[4] Jackman RL, Smith JL. 1996. Anthocyanins
and betalains. In: Hendry GAF, Houghton JD,
editors. Natural food colorants. 2nd ed. New
York: Springer US. p 244-309.

[5] Agricultural statistics. (2018). Ministry of
agriculture. (In Persian)

[6] Einafshar, S. (2018) the production of the
colorants and natural antioxidant from the
saffron petal waste, Journal of Saffron, 1(1):
25-33. (In Persian)

[7] Cortez, R., Luna-Vital, D. A., Margulis, D.,
& 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.

[8] Sui, X., Dong, X, Zhou, W. (2014).
Combined effect of pH and high temperature
on the stability and antioxidant capacity of
anthocyanins in aqueous solution. Food
Chemistry, 163:163-70.



VEY e 8 0y53 OTY 6l

microencapsulation. Food Hydrocolloids, 91:
238-245.

[27] Tonon, R.V., Barbet, C., and Hubinger,
M.D. (2010). Physicochemical and
morphological  characterisation of agai
(Euterpe oleraceae Mart.) powder produced
with different carrier agents. Food Research
International, 43:907-914.

[28] Chranioti, C., Nikoloudaki, A., & Tzia, C.
(2015). Saffron and beetroot extracts
encapsulated in maltodextrin, gum Arabic,
modified starch and chitosan: Incorporation in
a chewing gum  system. Carbohydrate
polymers, 127, 252-263.

[29] Ferrari, C. C., Marconi Germer, S. P.,
Alvim, 1. D., & de Aguirre, J. M. (2013).
Storage stability of spray-dried blackberry
powder produced with maltodextrin or gum
arabic. Drying Technology, 31(4), 470-478.

[30] Matini, S., Mortazavi, S.A., Sadeghian, A.,
Sharifi, A. (2018). Study of physicochemical
properties of the encapsulated extract of red
grape peel of Sardasht and its stability in
yogurt. Innovation in food science and
technolog, 7(3): 241-254. (In Persian)

[31] Jafari, S. M., Mahdavi-Khazaei, K., &
Hemmati-Kakhki, A. (2016).
Microencapsulation of  saffron petal
anthocyanins with cress seed gum compared

with  Arabic gum  through freeze
drying. Carbohydrate polymers, 140, 20-25.
[32] Abdollahzadeh, M. (2019).

Microencapsulation of barberry extract using
spray dryer technique and evaluation of its
physicochemical and stability properties. M.S.
Thesis. (In Persian)

[33] Legako, J., and Dunford, N.T. (2010).
Effect of spray nozzle design on fish oil-whey
protein microcapsule properties. Food Science,
75(6):394-400.

[34] Hundre, S.Y., Karthik, P., and
Anandharamakrishnan, C. (2015). Effect of
whey protein isolate and beta cyclodextrin wall
systems on stability of microencapsulated
vanillin by spray-freeze drying Method. Food
Chemistry, 174:16-24.

[35] Fang, Z. X., and Bhandari, B.(2011). Effect
of spray drying and storage on the stability of
bayberry polyphenols. Food Chemistry,
129:1139-1147.

[36] Ansari, M., Hojjati,

M. R. (2018).

AR

[18] Ge, J., Yue, P., Chi, J., Liang, J., & Gao, X.
(2018).  Formation and  stability = of
anthocyanins-loaded nanocomplexes prepared

with chitosan hydrochloride and
carboxymethyl chitosan. Food
Hydrocolloids, 74: 23-31.

[19] Ersus, S., and Yurdagel, U. 2007.

Microencapsulation of anthocyanin pigments
of black carrot (Daucuscarota L.) by spray
drier. Journal of Food Engineering, 80:805—
812.

[20] Kouroshian, M., Sharifi, a., Mahdavian, h.,
Bolourian, Sh. (2016). Investigation the
physical properties of the microcapsule of the
Rubus fruticsos prepared by spray drying,
Innovative in Food Science Technology, 7 (4):
85-94.

[21] Fan, L., Wang, Y., Xie, P., Zhang, L., Li,
Y., & Zhou, J. (2019). Copigmentation effects
of phenolics on color enhancement and
stability of blackberry wine residue
anthocyanins: Chromaticity, kinetics and
structural simulation. Food chemistry, 27: 299-
308.

[22] Jiménez-Aguilar, D. M., Ortega-Regules,
A. E., Lozada-Ramirez, J. D., Pérez-Pérez, M.
C. L., Vernon-Carter, E. J., & Welti-Chanes, J.
(2011). Color and chemical stability of spray-
dried blueberry extract using mesquite gum as
wall material. Journal of Food Composition
and Analysis, 24(6): 889-894.

[23] Desai, K.G.H., and Park, H.J. 2007. Recent
developments in microencapsulation of food
ingredients. Drying Technology, 23(7):1361—
1394.

[24] Cruz, L., BRAs, N. F., Teixeira, N.,
Mateus, N., Ramos, M. J., Dangles, O., & De
Freitas, V. (2010). Vinylcatechin dimers are
much better copigments for anthocyanins than
catechin dimer procyanidin B3. Journal of
agricultural and food chemistry, 58(5): 3159-
3166.

[25] Idham, Z., Muhamad, 1. 1., & Sarmidi, M.
R. (2012). Degradation kinetics and color
stability = of  spray-dried  encapsulated
anthocyanins from hibiscus sabdariffa. Journal
of Food Process Engineering, 35(4): 522-542.

[26] Cai, X., Du, X., Cui, D., Wang, X., Yang,
Z., & Zhu, G. (2019). Improvement of stability
of blueberry anthocyanins by carboxymethyl
starch/xanthan gum combinations



w0lyie s SIS il T o jlas ol = 3leslul

Oy A 5 0L plo el

malvidin 3-glucoside. Journal of the American
Chemical Society, 99(26): 8461-8468.

[40] Sadilova, E., Stintzing, F. C., Kammerer, D.
R., & Carle, R. (2009). Matrix dependent
impact of sugar and ascorbic acid addition on
color and anthocyanin stability of black carrot,
elderberry and strawberry single strength and
from concentrate juices upon thermal
treatment. Food Research International, 42(8):
1023-1033.

[41] Gharsallaoui, A., Roudaut, G., Chambin,
0., Voilley, A., & Saurel, R. (2007).
Applications of spray-drying in
microencapsulation of food ingredients: An
overview. Food research international, 40(9),
1107-1121.

Y’.

Optimization of the extraction and
microencapsulation of anthocyanin from red
onion peel anf red cabbage. Journal of food
research, 28 (1): 73-91. (In Persian)

[37] Burin, V. M., Rossa, P. N., FerreirallLima,

N. E., Hillmann, M. C., & Boirdignon-Luiz,
M. T. (2011). Anthocyanins: optimisation of
extraction from Cabernet Sauvignon grapes,
microcapsulation and stability in  soft
drink. International Journal of Food Science &
Technology, 46(1), 186-193.

[38] Guan, Y., & Zhong, Q. (2015). The
improved thermal stability of anthocyanins at
pH 5.0 by gum arabic. LWT-Food Science and
Technology, 64(2): 706-712.

[39] Brouillard, R., & Delaporte, B. (1977).

Chemistry of anthocyanin pigments. 2. Kinetic
and thermodynamic study of proton transfer,
hydration, and tautomeric reactions of



JEST No. 132, Vol. 19, February 2023 ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Thermal stabilization of the anthocyanin extract of saffron petal
using encapsulation and its application in the model drink

Saberian, H. 1’2*, Pasban Noghabi, V. 3

1. Assistant Professor of Food Additives Department, Food Science and Technology Research Institute,

ACECR, Khorasan Razavi, Iran.

2. Technical Center for Agriculture, Academic Center for Education, Culture and Research (ACECR),

Isfahan University of Technology Branch, Isfahan, Iran.

3. MSc. Student, Department of Food Science and Technology, ACECR Kashmar Higher Education Institute,

Kashmar, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2021/ 05/ 04
Accepted 2022/ 10/ 26

Keywords:

Thermal stabilization,
Anthocyanin,

Saffron petal,
Encapsulation,

Whey protein.

10.22034/FSCT.19.132.17
DOR: 20.1001.1.20088787.1401.19.132.2.5

*Corresponding Author E-Mail:
Saberian@acecr.ac.ir

One of the most important challenge about using anthocyanin, is its low
stability, especially against light and heat condition. Therefore, the main goal of
this research was to increase the stability of the anthocyanin extract of the
saffron petal in thermal and light condition. To reach this goal, encapsulation is
the common method. Optimization of the anthocyanin encapsulation by Arabic
gum, Persian gum, whey protein and maltodextrin was conducted to investigate
the thermal stability in the model drink. Anthocyanin half- life during heat
treatment (at 90 °C) was 100.8 min, which became the base of the heat
treatment for the model drinks. Among the different wall material used in
encapsulating of the anthocyanin extract, the highest total anthocyanin content
was related to the maltodextrin microcapsule (191.7 mg cyaniding 3- glycoside/
100g saffron petal powder). After that, there were the samples with two-part
wall that one was maltodextrin. The lowest total anthocyanin was related to the
microcapsules containing gum Arabic. After applying the microcapsule to the
model drink, the highest anthocyanin retained (63.55%) was related to the
microcapsule containing the combined maltodextrin and whey protein
concentrate (at ratio of 1:1). Therefore the protein wall had the more positive
effect on the retention of the anthocyanin in the model drink during thermal
treatments.
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