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Prevention of Quality Deterioration in Concentrated Strawberry
Puree by Employing pH Regulators during Heat Treatment

In-Gyeong Leel, Seo-Cheol Minz, Hee-Sun Kims, Gwi-Jung Hang, and Myung-Hwan Kim'

JDepartment of Food Engineering, Dankook University
“}Department of Food Science and Technology, Seoul Women’s University
“National Academy of Agricultural Science, Rural Development Administration

ABSTRACT This study was performed to minimize quality degradation of concentrated strawberry puree after 90°C
for 5 min by heat treatment with citric acid (CA) and acidic sodium metaphosphate (ASM) as pH modifiers. The
highest color value was 1% CA+1% ASM (13.027), followed by 1% CA (9.539) and control (6.905). Anthocyanin
contents were also 1% CA+1% ASM (3.049 mg/100 g), 1% CA (1.140 mg/100 g), and control (0.757 mg/100 g)
in sequence. The DPPH radical scavenging activities of control, 1% CA, and 1% CA+1% ASM were 58.148, 72.638,
and 83.736%, respectively. The color values, anthocyanin contents, and DPPH radical scavenging activities were sig-
nificantly different at P<0.05 between control and 1% CA+1% ASM treatment. For the results of overall preference
for hedonic test, there was no significant difference at P>0.05 among the three samples. During heat treatment, quality
degradation of concentrated strawberry puree was reduced by 1% CA+1% ASM treatment, which is expected for

new acidulants.

Key words: concentrated strawberry puree, citric acid, acidic sodium metaphosphate, anthocyanin, heat treatment

M E

D7) (Fragariax ananassa Duch.)¥ % #(Rosaceae)

off &at= thd
o] thersl aksl Aol

acid, ferulic acid, HJE}FH C
fso] ATH2,3). B7]9] Fe A4S YehE AL §
F7F R HAN o

_9_}\-] xqod/\ﬂ)\o] o}E/\]o}o§/\1 25
(4) 1% pelargonidin 3-glucoside”} ¥ AE o2 E=
o W&l 77~90% HelE AR3stal AH(B). StEA OIS
Al AsH6), AAEAAZASHT), 2H8) 59 A ZASE 4
W Aol Bl

%24 anthocyanin(1), quercetin, caffeic

o}

SHEAlOII e AL s} HEa o) S Berd e S
24 ShEAlole] A e S, bk, B Bo) 7hE 1
AREATH 5o B4, pll, T FE 5o AEe o5
7, 222 (copigment) B F0] & Sol wel #-55)
(9. o 24 B AN oF 70% Aee] HEA o}

Received 22 June 2016; Accepted 20 July 2016
Corresponding author: Myung Hwan Kim, Department of Food En-

gineering, Dankook University, Cheonan, Chungnam 31116, Korea
E-mail: kmhl@dankook.ac.kr, Phone: +82-41-529-3563

o

2

i

g Loy
2

o

Hokar sITH10). 7H 2 A 22 A FEA|
Aol A= Fagt s 259 pHelth(11,
7] AEre] A5 7 R A Aol A A =

—,(dlscoloratmn)o] oju} A2 shelf lifeE &)/
HTH(13). =%l digt FEFe oz 7] Ho|~EL] 7ha
EE 95°CoA 130° =90 24 pelargonidin 3-glu-
coside®] A3t g A7 15.2807F 57kl
th= ®ar) Qvi(14). 27]9) pelargonidin 3-glucoside”}
oJEFS] QFEA| O}

A=

d

—

2).
A

Q)
=

3

C=

2= 1=}
[ B4

Hslo] Zhgap Aol A dell F ekalth
3L 3kl em(15), 23°Ce] ARG EAlA e vt AbF A

Fool Higel @179 b o ol
51 SHIEH16). pHel tl e = 7l de s &

e
Lo 2 FEAol Al —11:—)6‘/11 | ZrolxItk i ¥ 313}
Rom pH7F 6.0 o el A= &= g “37“301 ke
vrebdthar &F3ith(12). pHell ished
F22o Blste] BG40 QEEA|oF
I 3 THI6).

A2 citric acid, CA)=
(acidifier) & o] o] &% a1 o
pH A 3}2 %3 polyphenoloxidase(PPO)

= 3L

o

Ll

(RN
AN -

]_

ZH 2 O

3L
[}
[e)
= 1

[<S]

=



pH ZEAE o] &3 535 7] FAd A A F2A A 1519
A 9o Cu®t AFS dto] Z2HALGS Aojsks Aotk 3.09] 74t QU HEFE SFHE 71ete] 10 mL= g
(17). 2 W EHE 2] AP EF(acidic sodium metaphos- Ae ANFE&H o= 33t pH 3.09] 744t It |UHEF
phate, ASM)> 2]3%9] pH A3} @ &F28& FH5Ho=2 AFAE gxHqo g gt AZF 1 cm, 37 500~540 nm
st HA7bEEA F4 0l B3 (chelating) 2483 o F29 SEFIgAA AFENY FHEE 545
AHAA e 2%5& AY d= AFHIIEI. o 2ol wel A7ME FE it

2 AFAAME 55 27 AdE Ax A 7FAN == 4 AX10

AL EF S A R A o Soe] Axe wgey ol value (B 10% 1 em)=
=719 ZEH =T dEAolY e AEAHEE T, A A: Absorbance of sample
Aoz MMyted M datksl 84 o 24 DPPH radical B: Weight of sample (g)
271 B SOD-like 245 59 AdtE HAsA7]= Ul
AU M

u{m

97)E d ARA 9] 66%E Akl 9}3 N EZo
=712 % (Jeonju, Korea) & ZHE] 48+ & 6A|7} o|u)]
o @71& Xﬂ%‘ﬂ“’“’”ﬂ Wl g (Cheilledang, Incheon,
}(Samchun Pyeongtaek, Korea) ¥ AHd o
F(SDBNI, Hwaseong, Korea)< Z}7+

A2 X2
AT D7l FA 1%(w/v)e] Tate] ¥3ty e

sbo]
|40 Brix)dll 2204 18 3023 AAAZ 5 AUA
A W] 100 g D}ﬁi N EZA38te] deep freezer
(Ilshinlab, Dongducheon, Korea)el]l -70°C& #&&} v}
ojuf FALY AFEN FE W HAAALGL AHHHE F

stel HAxNE HAT olth

S5 7] #Hl M=
AAE s AEE microwave(RE-21CN, SAMSUNG,

Suwon, Korea)& o] &34 33t dl5gt & 2 A 7] (HH-
SBFII, Hurom, Gimhae, Korea)® 3] th 2HAd v el&
AU ER 1%(w/v)E H7Fete] & F9& 600 mL=
WA T A8 79 5% 7] (rotavapor R-124 and water
bath B-480, BUCHI, Flawil, Switzerland)® 40°Ceol A
20 Brix7tA] &538lch. 53 2] HAelo] dAE 100
mL¢] 2% (Duran, Seoul, Korea)ol] &< % 90°C auto—
clave(Vision Scientific, Anyang, Korea)olA] 5&3F 213}

SFAT

pH
pH meter(HI 2211 PH/ORP Meter, HANNA Instru-
ments, Seoul, Korea)& A}&3}e] pHE A 3% o)

A7}
RERREREE =

=7} 0.3~0.79] ¥H97l ¥ == pH

Z} Algo thg ME= AxFA(CR-410, Minolta Co.,
Osaka, Japan)& ©]-&3to] 217+ 1, a, bats 7433 th.
AL M BAS $13] AF8E calibration plate(No.

21933148)9] Lightness), a(redness), b(yellowness) &t

o 7}z} 98.34, -0.17, 1.45% ¢}
SEon=s g

FZ2g9 = %2 Folin-Denis B (18)] whel 2+ A
Z3 AlE 0.1 mL¢} DW 3.9 mLE #3F & Folin-Ciocal-

teu's phenol reagent 500 puL= 7}sfe] £3tal9ict. 58
Zofl E3} NaoCOs3 0.5 mLE E3}8}o] 30%7F ool W]
A7 UV-visible spectrophotometer(Optizen Pop,
£35}o] 725 nmoll A F3 =
T3] f18 BEEA gallic
acid(Sigma-Aldrich Co., St Louis, MO, USA)E A}-§-5}o]

EEEgRRoRRY FFE THA

Mecasys, Seoul, Korea)E ©]
& A3 FoE g5

EQtEA|OH! B

FREAlold 32 Lee 5(19)¢] pH differential me-
thodoll we} SA3} e} 2t /\] 0.1 mLell 1,900 pLe] pH
1.0 buffer(0.2 M KCI+ 0.2 M HCD<} 1,900 pLe] pH 4.5
buffer(0.2 M potassium phosphate+ 0.2 M citric acid)&
2+7} 7vsle] HFEH-9E 2 mLE 3 S 520 nm 2 700
nmol| A Rk ] FFE=E 77t A5 FEA obd
9] &8 cyanidin-3-glucosided 2333 744(e=26,900
Mlem™)E o]&ate] th-9] o] wpe} A8t}

Total anthocyanin _ AXMWXVX1000
contents (mg/100 g) e

A(absorbance value)=(A510 nm—A700 nm)pHio—
(A510 nm—A700 nm)pH4s

MW (molecular weight of cyanidin—3-glucoside): 449.2
e(cyanidin-3-glucoside molar absorbance): 26,900
M tem™

V: Final volume of sample (mL)
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DPPH 2iC|Zt A7s

giksbsS F743st7] 918ke] DPPH(2,2-diphenyl-1-
picrylhydrazyl)e] &<lel o3t 24 @izt 2759 s 5
A H20). 7 A EENE 7H7E 0.3 mg® 2.0x107' M
DPPH methanol solution 2.5 mLol| 7}sle] & Fuk-s-oH
o] 2.8 mL7} M=% &t 1023+ Hgste] Ad2elA 30
£ 9k$-A171 & UV-visible spectrophotometer(Optizen
Pop, Mecasys)Z ©]&3}o] 517 nmoll X &3 =& 5435}
At @& A= dgxzTol i 2ATH (R = YE
AT,

DPPH radical scavenging ( B

= X
activity (%) ) 100

A: Absorbance of sample

B: Absorbance of control

SOD-like EMs

SOD-like €452 Marklund®} Marklund(21)¢] %=
S WFsto] ARSI dAF =S AR 0.2 mL, tris-
HCI buffer(50 mM tris—hydroxymethyl aminomethane+
10 mM EDTA, pH 8.5% ®%) 3 mL, 7.2 mM pyrogallol
0.2 mLE A7Fate] 25°ColA 1023F ¥H-g-A17]aL 1 N HCI
1 mLE 7hste]l WSS GAA A WEo] F 45 py-
rogallol?] 42 420 nmollA FH=E SH3s% 2™ SOD-
like 45 A5 &9 Hrbrek 537k Afolel F4
=o] Aol & W& R eIt SOD-like &5 of
Bhe] 48 o] g3te] Astaint,

SOD-like activity (%)= (1- )x100
A: Absorbance of sample
B: Absorbance of blank

Hydroxyl radical AHs

Hydroxyl radical 22752 Gutteridge(22)2] ®Hol
2} Fenton ¥h&-ol 2|3t 2-deoxyriose”} hydroxyl radical
o o3&l *F3}= o] malonaldehyde® ¥ $¥ 3 chromagen
S FAete ARE S UHE o] 8319 2.8 mM
2-deoxy-D-ribose$} 1.4 mM Hy0.E 3+ 10 mM
potassium phosphate buffer(pH 7.4) YA &2 F7F4=
=9l Z+Zto] AR89} premix ® EDTA/FeCl:(100 uM
EDTA pH 7.0, 20 uM FeClo)& #7}slo] FFHk-g-Mo] 2.0
mL7} A § § 37°Coll A 4417t &9t WA FTE 10%
trichloroacetic acid(TCA)Z W88 F X A7)l 1% thio-
barbituric acid(TBA)$} 2 &£313}o] 95°Cell Al 203t 1t
SAZ & Ao A Wzhsle] 532 nmol A SHE=E S5

3Tt ZF AJgol W3l hydroxyl radical 275 (%)< o}
o] A& o]g3te] ALkt
Hydroxyl radical A—B
=(1- —)x

scavenging activity (%) ( C-D ) 100

A: Absorbance of sample (4 h)

B: Absorbance of sample (0 time)

C: Absorbance of blank (4 h)

D: Absorbance of blank (O time)
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SAH X

2 A Ay 3R o R Sl gy} aEAAE
el o SAS 9.3(SAS Institute Inc., Cary, NC, USA)
2 s o] g3te] EAHEA(ANOVA) ¢ $ 7X0.05 47
o4 Duncan's multiple range testZ 3}o] 2] 7+

o4 14 sl

dat o nF
S5 ©7| #Halel 2
dAe A3 Fo] w5 @] FAde] JHAE Fig. 13
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Fig. 1. Appearances of concentrated strawberry puree before and
after heat treatment. A: control, B: 1% citric acid, C: 1% citric
acid+1% acidic sodium metaphosphate.
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Table 1. pH of concentrated strawberry puree after heat treatment

Sample pH
Control 3.77+0.00”
1% CA" 3.72+0.00

1% CA+1% ASM” 2.85+0.00

"Citric acid. ?Acidic sodium metaphosphate.
The values represent the mean+SD (n=3).

A€ Wl ul#}A blanching, boiling, steaming]
Z+Zy 59, 41, 29%9] ¢tEAJoldo] £AEQltta 3}
(23). ¥kAo] ASMS dA 2] oA tEAo} A
FaE ARG EZN AFo AstE: Aot dES
= Zlog FelEgin).

.(]7_.
o}
g]

219, onl

ﬂlo HE

ols
=25

= pH

dAH 2% 5% @7] FHue pH 54 2= Table 17

2 dz2dte] 3.77R 7Y =kew 1% CA AH2latollA
A

3722 F AR 7ol & W3 193, 1% CA+1% ASM
A]ato] 2.858 74 2o ke LERIQT) dto] =2 A7)

(-0 E 7= va7] 7M1 CAE ot V\}Oi
A pH AatAle] gt Fate= 7A = Yehken, 25
o] g HER C A o= o] &5 ASMS DH
Zroo] 2 4TS A= Ao ‘%E]r})i‘ﬂr. pH 2% (modu-
lation)< phenolic 3}3H&2] o] 3}, ¥4} U5} J5 7he]
TN A48}k (co-pigmentation) 2 A7} A & (self-associ—
ation) 59 3}ehH-Eo JTS H R TH(24).

S5 HI -|—|E1|°| M7 Mz

AT F5 D] Ao A7 % s S A=
Table 29} zgguq A7b= 1% CA+1% ASM A 2lso]
13.0272 7b¢ =9ka 1% CA Aol 9.539, tl&to]
6.9059] o= YEelRtom, Al X 1hell 5% Wl A
oA zpolE BT A7F 542 dukd o2 3-O-gluco-
sylated StEAJoPIS] H &4 dfel 510~530 nm
(25)E o] &3t AY T3 o 24 malvidin 3-O-gluco-
sided] Hth &4 gl 540 nm(26)2 FSH A &
AR M = A FHJ7METAAA Y 37 %21 500~540 nm
o F 3 ol Aol FRER A5 oM tEAJo
g w2 FAAAE THR I JTH2T).

[e=]

Aeld 5% @) A Aw] S AAEE tehy

Table 3. Phytochemical contents of concentrated strawberry puree

after heat treatment

Total polyphenol Total anthocyanin

Sample contents (mg/g) contents (mg/100 g)
Control 28.402+2.939" 0.757£0.352°
1% CA" 28.937+3.307° 1.140+0.469°

1% CA+1% ASM? 42.358+4.312° 3.049+0.777°

Citric acid. ?Acidic sodium metaphosphate.

)The values represent the meantSD (n=3).

Means with different letters (a,b) within columns are sig-
nificantly different by Duncan's multiple range test at P<0.05.

= agol M= 1% CA+1% ASM A E|to] 24.3602.2 717
Eokom, 1% CA Heto] 15.616, x| 13.182% 1}
Ebgta A7tel vz A 2 A A2t 7kl 5% el A -9
2 ApolE BT WEE YER= Lk bakel A= Al A
g holl fre) A Apol & HolA &gttt pH7t RS F &
25 WA HE AL red flavylium ionl 7]21%kchar sf
SATH28).

2 AYNE B8 55 9] AdY A5 52 dEAeI
TS el E ARE o) 85+ 2
A= 2 agh(29)S 7o ® B v 55 2] HAd9 €A
g FAgell A ASML FEAopd Aie] ZFAE oA|A 7o
2H A7E 9 e o] ozl AtE AAlstE S ke AL

2 glE sl

55 @7 Halel 5 Bas W GHEAO B
BALE 55 2] Aol F Felols e Gl
shere =738 Anj=

Table 37 2}, 2= 3}3
22 gAEE 2A vhFeh 725 7 221 el i?}
H&=4 o] =52 (phenolic hydroxyl, OH)7]7} w4
Ad] 2t Ao = aksk(30), #9H31) o A
95 YEldY. 3 a-amylase®}t a-glucosidase]
S AloJ3H32) o= HNEL type T TR (33)<
T Atk FEYAE FEAAE dE2T T 1% CA A
o] A3} gko] Z+7} 28.402 mg/g¥} 28.937 mg/gl =
o# Apol7F gl o, 1% CA+1% ASMe| A3} g
42.358 mg/mLZE 7MY =& Zd9E IS B o
Az 5% WelA F974 kol 7t Al
StEAOPHE 84 TR o)t AT A AlE-A
AP Ao A H o) o] 2= theke A& T A

do T oZ gt M w2 o (T
]
X,
O

il

Table 2. Color value and chromaticity of concentrated strawberry puree after heat treatment

Sample Color value Chromaticity

P (E 10%, 1 cm) a b
Control 6.90510.256:)3)4) 47.622+2.197" 13.182+1.046° 6.806:+0.918"
1% CAV 9.539+0.394 46.938+2.598" 15.616%1.152 6.644+0.878"

1% CA+1% ASM? 13.027+0.496"

48.026+2.026"

24.360+1.458" 6.570+0.820"

"Citric acid. ?Acidic sodium metaphosphate.
The values represent the mean+SD (n=3).

Means with different letters (a-c) within columns are significantly different by Duncan's multiple range test at P<0.05.
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Table 4. Antioxidant activities of concentrated strawberry puree after heat treatment (%)
Sample DPPH radical scavenging activity SOD-like activity Hydroxyl radical scavenging activity
Control 58.148+3.778™" 18.0511.947° 12.658+1.598"
1% CA" 72.638+0.541 28.198+3.709 24.367+2.447"

1% CA+1% ASM? 83.763+1.012°

37.728+1.264" 25.123+2.403"

Citric acid. ?Acidic sodium metaphosphate.
The values represent the meantSD (n=3).

Means with different letters (a-c) within columns are significantly different by Duncan's multiple range test at P<0.05.

Table 5. Sensory scores of concentrated strawberry puree after heat treatment

Sample Color Viscosity Taste Overall preference
NS3)4) NS b5) NS
Control 5.364+0.924 5.455+1.864 4.545+1.368 4.783+1.265
1% CA" 5.455+1.214 5.329+0.786 5.818+1.537" 5.273+1.104
1% CA+1% ASM? 5.818+2.483 5.147+1.612 5.162£1.673% 4.927+1.104

Citric acid. ?Acidic sodium metapho )phate
The values represent the mean+SD. "Not significant.

Means with different letters (a,b) within columns are significantly different by Duncan's multiple range test at P<0.05.

Ao]al J_—Cr ¢FtE Ao}y ¢ (anthocyanidin) Wl @A 24 <F
EAolyde flavylium(2-phenyl-1-benzopyrylium) 2]
]E:rLzoﬂ FAL7) e W EA 7)) j];&}g]q P= FxE
7hzIet, Zg aiks) 2bgo] @RAAE, o, dix, AAAA
3t 5o 5ol a37F JTh34). vkHol| FEAJold-2 Hoj
wzbste] B ] e Az 49 95°Cel A &3
A Al 43%9] T TFa7F dojwrhs A7 Aot vk
(35). FRtEAlob FHFol A= 1% CA+1% ASM A2
o] 3.049 mg/100 gl & 7} &2 S Boy & F=
Az o= 5% el A #9748 ztel7F AL 1% CA A e,
Zae #ﬂ 1.140 mg/100 g, 0.757 mg/100 g&. & }E}
&3l ASM A7}t DHi wEo RN AT
Aol A #%ﬂ‘]b’ﬂr O}E"]C‘]’L g AAE AN

S5 =] Hallol Sats Y
A G 55 w) Aedel ek BYL =4
Al

Table 49} 2t} DPPHE Hd4

w48k vl Eol O]”Q“Quq H| 3% Q43 free radical 24
ALEHA|, HFEEE o}l E Sof $k9lE|o] Alo] EHAlE = 9y
= o] g3l SH3A Hh36). 29 DPPH &z &

A2 58.148%, 1% CA HB w2 72.638%, 1% CA+1%
ASM A7 83.763%9 #h< UERUI o™ Al AT
Zholl 5% WA o)A ApolE Hth. ]3] Aol A
FEY = STEA P ko] M =W 1% CA+1%
ASM A €] (Table 3)ollA &4t3l5<l DPPH o)z &7
5 9A M =2 A FE Hole AE ER1E g dTh

SOD(superoxide dismutase)= AA WelA 0% (su-
peroxide)®] AA ol Fsli= @Al AAA Yol AAH
Ak AelA AbstA FellE Y5 FlE® o]y
F Ao A ArE BAE7] 9ste] SOD-like activity
=23} A ©H37). SOD-like activity =43 A3} =%

mlm rO('

T 1% CA A& 242 18.0513 28.198% =2 eI
1% CA+ 1% ASM A g]to| 37.728%% 7} =& Ax =
Hom Al At 1l 5% WelA frol4 Apolg BT

Hydroxy radical &7 &A= iz, 1% CA A&
T, 1% CA+1% ASM Aol A3 o] Z+7F 12.658,
24.367, 25.123%% ebtoh.

AT A dAE HAA ASM A2 7F @4ksk 2
Aste JANTE 9T8 st Aoz YERT

7] HEﬂ«] 713% =74 A3 Table 59
1% CA+1% ASM A @li-o] 7} =3k
Uﬂl 1% CA xﬁﬂiﬂ gzt oAt ARE dZatol 7}
F =9kom 1% CA A2, 1% CA+1% ASM A2+ <=
2 Ut ol e 1% CA AgTo] /M E9kon 1%
CA+1% ASM A2, T =019 1% CA A& a3}
izt gl A 5% Wlell A frol %] Afel& Rtk AR
Z|ZEA A= 1% CA Aol 7Fd =%il 1% CA+ 1%
ASM Al tizat ook A, A 9 AA AR 75
gdEo A= Al HEl kel 5% WellA 94 ol &
Holx ekttt

o (o]
B8 =

= 7] AU E Ax Al FALKHCA) EBE A
ERIMUEF(ASM)S At 52 o] g3te] g 2ol
5 27] Ade] YHEd FEAOI Y 2 71b**
wo} gkt o] AstE HAasA7E g
Aelet 55 2] Ao M7= 1% CA+1% ASM ﬂwﬂ
o] 13.027% 7} ¥k, 1% CA A& To] 9.539, thx
°] 6.9059] o2 et FUEA 0P et A=
1% CA+1% ASM A 2]i*e] 3.049 mg/100 g, 1% CA 2]

L

ATE B3
o

off

H
o

SUNICURNI RN A - 7



pH ZAAE °1&3 55 27 A

o7 Z+ZF 1.140 mg/100 g, 0.757 mg/100
go & vtEbwtth &4k @4 024 DPPH #uZ A2A%
o] A9 xS 58.148%, 1% CA AT+ 72.638%,
1% CA+1% ASM A g2 83.763% = UElWth R E &
AR A Nz 1% CA+1% ASM A&7+ 7HllE 5%
el A Fre)d &feol 7k At 715 % AAF A HA A
71EE A= 1% CA Aol 7HE =% 1% CA+1%
ASM A&, T ol ot Al Al 7ol 5% ol A
Fro) A 2po]Z Holx] gt} B AxnE Ea ASM A7}
dAe HAHANA V1T AR A A3HE A )
TE 98-S o= 2R YEgon MR s RA &

T b
£ 5 & Boz s

A =
B AFdE 525 H F5ATFAAMPI010919)9] Aol
ot A AR old FAAL=HYt)
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