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Functional Evaluation of Fish Cutlet Batter Made from the Extracts of Hiziki
Hizikia fusiformis Fig Fruit Ficus carica and Pear Pyrus pyrifolia
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This study determined the optimal mixing ratio of functional materials to enhance the functionality of batter for fish
cutlets. An optimal mixing ratio of the hiziki Hizikia fusiformis, fig fruit Ficus carica L. and pear Pyrus pyrifolia
Niitaka extracts (HFP extract) of 3:1:1 was found. The physicochemical properties of the mixture were as follows:
total phelonic contents of 1187.294+41.55 mg/L, 1,1-diphenyl-2-picryhydrazyl (DPPH) radical scavenging activity of
61.50+2.33%, ascorbic acid content of 23.68+0.02 g/100 g, B-carotene content of 51£3.92 pg/100 g, and sugar con-
tent of 12.7+0.1 Brix°. A mixture of the extract, Korean herbal powder, and wheat flour was prepared as the fish cutlet
batter. The fish cutlet prepared with the batter had a hardness of 166-202 g/cm? and Hunter’s color scale values L of
31.14+2.1 to 34.62+1.3, a of -4.89+0.21 to -2.26+0.19 and b of -20.6542.65 to 28.93+3.14. The FRAP (ferric reduc-
ing antioxidant power) and VBN (volatile basic nitrogen) of the fish cutlets were measured to evaluate functionality
and determine the optimal mixing ratio for cold storage at -12C, -18C, and -24°C. The optimum mixture ratio of
extracts /Korean herbal powder/ wheat flour was 1:6:3.
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A &4 (Kim, 1990; Kim et al., 1994; Lim et al., 1995), 2§ ]|
W} 3F=Zd) 2~E| = (Abdussalam, 1990), 3}4FsHKim et al., 1998;
Kim and Lee, 2004; Park et al., 2005), &34 & 5(Shan et al.,
1999), A A A} 2 71 7 4 B4 of] T3t % 3F(Jung et al., 2001;
Jang and Chyun, 2007) 5] 9Ic}. £ ol 2220|415}
0 gy G322 98k £ ujAlo], u|ed o] Myt wake)
Lo A B H713F B3 o x| & 0] Zau|s gleke] =
7} 37} =) pefsteh 1 8 1] o] 9lek(Tong et al, 2014).
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2T 65 FolA & % SR 5T FEEY Hsd
ShghE e gloll BAIGlo] A8 s =7 FollM w2 AL
2 AHA on, P2 otk FEET Q8 FEE0A =
2 7102 81w o] 9rKim et al,, 2013).

Hi 5559 s 2dS BAT 2y & Eevs g Al
e} ol A A Uebgtthal Ha1stl e m(Jin and Song,
2012), ZU <] A@a}h gholel wy], EubE, 7]9], e, &
SRS g4 &3 299 1,1-diphenyl-2-picryhydrazyl
(DPPH) radical £~7]% oﬂ ofgt ksl &Aool Fakak(Ficus
carica)’t 7V 2 A0 2 A A 9l
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A} BT} RS % 2EE0 /540 HAS R,
3}, 558 S-S HFP (hiziki, fig fruit and pear) extract
mixture2] antioxidant Z3} 9! o|s}slA EAS HES|AL F] 4]
o] vjEH| &S AAT o 2N 7154 Qle]—M%v/] g 9 7}
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S(H. fusiformis)S e Yot B ZHo| A 20161 6L Y
ot Al FHE3HE AA At 2712 E4gh &, &
M= EO] e 1:40 (Wiv)2 Bl& R 7lste] 120C, 2.5
kg/em? o A 5027t 7+ FEdko] Hojl F A 4,200
goIA 2087 AR E o] AedS =elskal what-
man No.2 filter paper= 17} 3F & 40°C oA rotary evapo-
rator (N-N series, Eyela, Tokyo, Japan)2 5%A17] & 52
Axsto] B-E WAL B(-20T)sHA A RE AME-SFS

o} 2 Aol A8t uli(Pyrus pyrifolia)= 20161 ' L

A 27 W) A 7boA] B ARE o8l o, It
oo} 3-8 A AR ARSI Wi Al T Hle] 7]

o} AL AASL B8-S 25850 0.5 em FAR Ho] &
A7 5_7](FD8512 IIshin Lab. Co. Ltd., Yangju, Korea)= &
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AT BAE A RS 1689 E(wiv)yE H7lsta 80T
oAl 3027+ 4> =38kl Watman No.2 oA S ARE-5tod
A At FEAS Aol ARSI Aol ARgRE 73t
YH(Ficus carica)= 2016\ H'd F o o300 A 8-9H o] A
AR SAES]] FF o8 Fol g waatol A Algitoba] 4
AFo] gl ol okzsm 2 70-80%4 SHE A
sholth. S AASIAL e AA Y 7R SRS
£ 1:3 (W) v 2 S35} of-2 24 7](pr0blend 6, Philips,
Amsterdam, Netherlands)= 1027F E45}40t} o] & YA &
2]7](1236MG, GYROZEN Co., Ltd., Daejeon, Korea)E ©]
|35to] 600 g2 1087 Y= st & *opc—?@ﬂ‘% i mst
o] 40°C oA rotary evaporator FEA|71 & SAAZR(-50C
o|ah, 3YAIA EE3FeE & 4T ] WAL B A B4 A
B2 ARSI B(H. fusiformis), F-8F2HE carica) 2 vi(P,
pyrifolia) extract mixture®] 0| 3}e}4] EA4] Z7d-& $1gh i3t v
22 Table 13} Zt}.
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AR ol A7 B0 25T Foto] Sejel e ] Aol

s Rk whEE Sejel e drole YAy A

=
Hof ik 871 St wE) SIS EA o] R 2Uska 4
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o] Slrh(Fig. 1).

=9 20 gofl 80% MWERS 100 mLE 715} homogernizer
(IKA, Staufen, Germany) 2 T3+ &, Ao A 1A]7F F9F
F53}0] o]1}X](Whatman No.2)& ¢]1}5131 200 mL2 -8
SFTE. o] &9 9 mLo) 0.2 N Folin-Ciocalteu (Sigma-Aldrich
Co., St. Louis, MO, USA) 1 mLE H7}sto] AF-2ofA] 327t
13- AIZ1 % 1 mL2] 40% NaCO, (w/v) (Junsei Chemical Co.
Ltd. Japan) £-24-& UV-VIS spectrophotometer (U-1800, Hita-
chi Co. Ltd, Japan)E ©]-83}¢] 750 nmof| 4] &4 =& =435}
Aot F2EA 2 A gallic acid (Sigma-Aldrich Co., St. Louis,

Az 7154 723

MO, USA)S A3}t
Shitst 2 =3

A&l 0.1 mLE 0.2 mM DPPH (1,1-diphenyl-2-picrylhy-
drazyl) 89 3 mLoj| @1 wylsto] A-2ofA 302 5t Hhs-
A1 & 23338 A (Optizen POP, Mecasys Co. Ltd., Daejeon,
Korea)E ©]&sto] 517 nmojlA| &8%=5 573slo] DPPH
radical scavenging activity (%o)=[1-(Al= H7}-2] S43=/A]
2 27} o] FHW)|x 1002) A4kale] ofa) AEstel
=g

B—Carotene &3

A& 4 gof ethyl ether?} petroleum ether &¢H-8-2l1(1:1) 10
mLE 7}sto] w231 3 600 g= 20427 Y4 e AIX o
& A1) 9 £589 10 mLE 7hste] 2B F 600 g
2 2087 214 Helioich AEIS ele] RamhtE
= 7Hl geAl7] & A9 5551 hexane= §-8iAIX]
membrane filter (0.45 um)=2 & 7}5}o] B-carotene= HPLCZ
B4tk

HIEHZ! C

>,
il
)
[0}

tlo
Ml
s

15}5}+0] 10% metaphosphoric acid (HPO,)
HS 10 mLE 7}8lo] &3 thS 600 g2 2027 ¢4
Eogt & A5 N-S membrane filter (0.45 pm )2 o 1}5}¢d

Table 1. Formulation of the HFP (hiziki, fig fruit and pear) extract mixture

Extract combination HFP111  HFP211  HFP311  HFP121  HFP131  HFP112  HFP113
Hizikia fusiformis (H) 100 150 180 75 60 75 60
Ficus carica (F) 100 75 60 150 180 75 60
Pyrus pyrifolia (P) 100 75 60 75 60 150 180

HFP111, Volume ratio of HFP extract in mixture 1:1:1; HFP211, Volume ratio of HFP extract in mixture 2:1:1; HFP311, Volume ratio of HFP
extract in mixture 3:1:1; HFP121, Volume ratio of HFP extract in mixture 1:2:1; HFP131, Volume ratio of HFP extract in mixture 1:3:1; HFP112,
Volume ratio of HFP extract in mixture 1:1:2; HFP113, Volume ratio of HFP extract in mixture 1:1:3.

Table 2. Composition ratio of the batter for fish cutlet

Sample No. HFP Mixture (mL) *:'vaé‘gregf Green tea powder (g) membraﬁ:gsgslgsw der (@) Wheg)ﬂo“r
1 100 50 50 100 600
2 100 75 75 100 600
3 100 100 100 100 600
4 300 50 50 100 600
5 300 75 75 100 600
6 300 100 100 100 600
7 600 50 50 100 600
8 600 75 75 100 600
9 600 100 100 100 600
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Fig. 1. Schematic diagram of freeze concentration system.

HPLC (LC-10AVP, Shimadzu, Kyoto, Japan)= 245}t
BEHzASRE HE7]+= UV-VIS detector (254 nm), column
2 phenomene X bondclone C18 (3.9 x 300 mm, 10 um)<& Ak
251911, flow rate= 10 mL/min, injection volume= 20 uL,
mobile phasei= 0.05 M KH,PO,:acetonitnile (60:40)2 AH&-
ahaict.

27/

A& 1 g& teflon bottled]] ¥al A 65%E 7 L, TP A4k
65%2} TFAFSF= 4 30%2 72 | mLA Qolth g g 872
w235} B o] 2 8714 B 54 %] (MILESTONE, Italy) & AH5:
sfstlct. AlRE WK F FAF0.1%F o]-8-3to] 50 mL
= 8% 5 HER ARSI 714 5742 Inductively
coupled plasma spectrometer (ICP-IRIS, Themo Elemental,
USA)E AREsfo] 4515 0, B2 A2 flush pump rate
4 analysis pump rate+= 2.00 mL/min, RF power+= 1150W,
nebulizer flow+=20.1 psiZ 3}0] £}t

HsgA

A Y BT s BARLE L AAEES &
271 st AE YA oty @ S 1s
HOo= FE WA 80l 2ol 97 7] 52 =W (Mei-
lgard et al., 1987)2.2 Al(color), &(flavor), SH(taste) L F3}
2 7135 % (overall acceptability)ol] gt #524 54 F7s}

k.

Ferric reducing antioxidant power (FRAP)Z 0|
g-%r 3“.“_@%1 =3y

ZEE L
1 Liquid Inlet 11 | Brine Line
2 Stirrer 12 | Compressor
3 | Cooling Part 13 | Oil Seperator
4 | lce & Liquid Outlet 14 | Condenser
5 | Filter 15 | Receive
6 | Concentrations Tank 16 | Expansion Valve
7 Driving Belt 17 | Brine Cooler
8 Motor 18 | Liquid Seperator
9 Motor RPM controller 19 | Bearing
10 | Brine pump 20 | Moving System

MAAEZLE B2 FRAP =4-& Benzie and Strain
(1996)9] WhH-& Zkarsto] =431l FRAP reagent= 25
mL acetate buffer (300 mM, pH 3.6)Z 37T oA 587t 7}
% 40 mM HCIo] £33+ 10 mM TPTZ [2,4,6-tris(2-pyridy)-s-
triazine] 2.5 mLo]| ferric sulfate (FeSO,) 25 mL-5 7}sto] A%
ATt A 23 0.9 mL FRAP reagento]] 0.03 mL2| A| 29} 5
742 0.09 mLE 42 5 37°Co) A 1087934171 3593 nm
oA 2431 tE AlFE+= 0.5%E ARE-S1% 2™, positive con-
trol24 EGCGE 2% 5 =7} 10 uMo] E =2 313t

3letMHET[EA EH(VBN, volatile basic nitrogen)

P71 Comay Y1 18311 SIS,
016). A1 5 g 0kah A el3ko] P4 §3 FF25 mL
E@%M 8} A7 T 600 g2 20871 L elstol 4

% %0440}01 5% SPARS A}L5}o] okAbY © @ 23A|7] T

A7) Q)4 ol Zof| | mL-E P lth 347] YAlo=0.01 N
94 ARSI mL7ReE 5 2] 94 915 K,CO, 23189 |
mL& 93 HAE go o SoAuhe E9ket F 25CofA 1
Azt A% 0.1 N NaOHE 243 & o} 42 0|85}
VBNZ Alikshiet.

N mg/ 100g = 0.28 % (b-a) f d/w x 100

o]7]4], b, Blank A& ] 225 0.01 N NaOH &H(mL), a,
Aol 422% 0.01 N NaOH §-(mL), w, A|&Z2] F7(g), d,
3|4 i, f, Alglo] 49% 0.01 N NaOH 899 971= 9]

] gh},

@E ~

o

A



=4=747](SUN COMPAC-100 II, Kenis, Japan)2 =745}
Fom, YAAERE 2 emx2 em X2 cm 7|2 FFgH
polypropylene wrap2.= A+ ths 54 2|40 wrap=
plate St L WhHe F2F A9S 33 WhE S4J5ko] Bt4
& paielet
ME 27

A== AWZLA|(JCR01S, JUKI, Tokyo Japan)S ARE-le] L
(light), a (redness), b (yellowness) ¢t 33] 4 510] Htgho
2 UeR o, AM-F calibration plate®] L1 90.48, agk
£.0.50, bgke-2.110] 3]t}
SAzE

B Q7o) ATe 33 whEstel Asiglon, Al §
2]44-2 SPSS system (Statistical Package for Social Science,

SPSS Inc, Chicago, IL, USA) software package (Version 12.0)
< °|-8-31°] ANOVAE HAI5I3iTt

E

FENO] T FojvE oS R(H. fusiformis) 559 7
©L 51.32 mg/100 g, Hi(P. pyrifolia) %52 249 61.01
mg/100 g, F-3}N(F carica) 552 739+ 22.72 mg/100 g
O Yehgow, e 7@l 2e 47 3443.56 g/,
4048.12 ug/g, 1492.53 ng/g ©1¢ic}. Kim et al. (2013)0]] 2]s}
W 29| Hlm3gES 75% olehE = Al 52.82 ug/mg, pH
7.0014 F23F A1H43.82 pg/mg) ok tha 3 Ukt

1 By

5, 1, £t =299 2714 5 AEol £ 529 273.70
mg/100 g, 731} 324 196.20 mg/100 g, v =4 123.50
mg/100 g & 7P wo| 3hf-E] o] 91%laL, Ca, K, Mg= >+
Slapsul =& 0] 02 Fe, Cu, Zn, P Falub>u>% =
FN =0 R #olth X FEe] #7182 K>Na>Ca>Mg
o] &0 7 FhfeFol =A Yo, Tong et al. (2014) %
Kim et al. (1995)0] ®u3t ZAxje} Ax|slgich. Fajale
K>Ca>Mg>Na £2.2 =901, Jeong et al. (2002)0] Hil
3t Ao} A 2|3kt Vision (1999)2 67112] 14&] Zof 4]
State] Caglefo] @dlA] th3 0 & =2 Holglrhal B 1shg]
oh E3H117H9] 3 Fol| A Fakate] Cagtafo] of2 B Kot
2-3f 2 &=ttty ® 118} tH(The Korean Nutrition Society,
2000). B} ] F7] 8L K>Mg>Ca>Na2| 40 & 3hq-eFo] =7
el o, Bolal dl o] 5712 9] kb= xjo| & K giTh.
HFP extract mixtureQ| HiE HI2E & 22|Hlzs et

HFP extract mixture®] & |5 o5 Table 33} 2t}

ool

422 7154 725

S(H. fusiformis) 250 Wo] H7}E &3toie]l HFP211:=
56.69 mg/100 g, HFP311+= 55.95 mg/100 g2 2 & Z2|wis
ol =7 Wt ui(P. pyrifolia)2t 721K carica)= v
H7E AR & Euls ool Aol AR Hilon,
%, v extract mixture®]] & FEHS o AU CEN T =
s IS S7HA7]E A EATHP pyrifolia extracts
47.80 mg/100 g, F. carica extracts 22.72 mg/100 g). ¥l +&=
o & Zejulis ShEHE PR S0]0) o) 25 & Belols
slate ghakol A3k 71.2 mg/100 g, 324l 65.6 mg/100 g, 5
= 70.2 mg/100 gt Bl wsto] OF7F wrou; fARg gk B
CH(Park et al., 2012).

o) Felslls WL B2 5 5, vlol, Al ol A 7h g
o] sk-akal Sl Ao & iy o 9l om(Kang et al., 1996),
2 Aol M= v A vegto L, o A, A FH A7,
T 59 Aol ofgt Aoz AztEm, YHASHE F
A0 ZejulE el S Vs Y ek s A
O AZbETh

HFP extract mixture? DPPH radical AHs %
HIEI2] CoF & §hf

HFP extract mixture2] DPPH radical 275 9 v]elgl Ce}F
o 3FeF2 Table 49} ZFt}h. DPPHE QFA 31 free radical S 2H=
A2 A AR A TR radicalo] A B E|o] gFAE
3= A%5l=d| AME-Eth DPPH radical 227 %-& HFP3119]

7} =9k=d], o]= HFP311°] DPPH radical A7 %-©] 714
£ % FEE 7 =07 YR o AHEr (R &

Table 3. Total phenolic contents of the various HFP extract mix-
ture

Total phenolic content

sample

mg/100 g Mg/g(dry base)
HFP111 49.34+1.73° 3292.7+69.13°
HFP211 56.69+2.15° 3788.6141.672
HFP311 55.95+0.832 3784.4+56.76°
HFP121 42.43+1.31° 2831.8+27.402
HFP131 48.77+2.04¢ 3256.9+91,19°
HFP112 49.34+2.21°¢ 3456.0+38.012
HFP113 51.86+0.932 3389.1£84.72¢

Experiment was performed in triplicate. Data is expressed as the
mean +SD (P<0.05). Different lower-case letters above the values
(a, b and ¢) indicate significant differences at P<0.05. HFP, mixing
of the hiziki, fig fruit and pear; HFP111, Volume ratio of HFP ex-
tract in mixture 1:1:1; HFP211, Volume ratio of HFP extract in mix-
ture 2:1:1; HFP311, Volume ratio of HFP extract in mixture 3:1:1;
HFP121, Volume ratio of HFP extract in mixture 1:2:1; HFP131,
Volume ratio of HFP extract in mixture 1:3:1; HFP112, Volume ratio
of HFP extract in mixture 1:1:2; HFP113, Volume ratio of HFP ex-
tract in mixture 1:1:3.
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o) B} &l 9l bl =& 9] DPPH radical 47152 7H2}
24.78-26.97%, 13.51-18.58% 2 22.95-25.53% $3-S). Jeon et
al. (2012)2 of|eh-e 3=%31 7] U 3 =% o] DPPH radical 4
Aso] Z¥7F 47.4 9 13.3%2 YERdthal B 1519117, Kim et
al. (2012)2 1|93} thA|ute] 32 wk-9.t) o] DPPH radical
2750] 10% FZ2] A2 11.20%2 E-2 215151t Park et
al. (2012)2] A} A} 28171 9] 33E5(Y, v, F3uH)
o] ®old DPPH radical 27%2 1804 6.6-10.1%, 7}u]
6.6-28%% LEFGTH= 19} GARSE A7E A1t Jeong et
al. (2002)0]] w}-2 F3tto] d4=FEH 2 2kt 1/10 (1.3 g),
1/52.6g),1/2(6.5g),1(13 g) X 2 (26 g/100 mL)7} 5= A
747+ 4.49,8.23,19.57, 35.42 W 47.14%2] ghALs} S-S H Y
o, 1/2 (6.5 g)7H 2] FArsFE 3t FAlsEATE.

FZ 29t o] vleby] Cok2 9] Hl&o] 2 - 21.09-
23.80 mg/100 g, v 2] 7-%-10.13-11.58 mg/100 g, F-3}}o]| A]
L 6.88-7.71 mg/100 g © & LERF o v, T8l Zaf 535} 0| &
of| A Aol wh2 Hletyl Co FaF2 E, uf, F3lae] o'
High vl&o| obdes & gk Jeh i Qloh. IRty o2 A,
Epof, A, m At -2l ukR-o] vlekyl Cak2 10.5-20.6
mg/100 g& 2 B 1|0} Q1 © m(Hendrik et al., 1992), Jung et
al. (2006):> A2 H]EHH] C2] 32 7.3 mg/100 go] ¢l aL 7}
|7} ahSE ) 26 A W2 vlEy] CERRS VR QITE &
Z &3tofo] vletyl Co] g dlulFot FAlSt AIE Bl
o} &850 o 3k o] Hjgo| 2 - 83+0.2-
8.8+0.4 Brix’, #]<] 4 9.840.1-10.2+0.3 Brix’, F-3}3}9
M= 102+0.3-10.540.2 Brix’® Uehgon, 233t gl by

Table 4. DPPH radical scavenging activities, ascorbic acid contents
and sugar contents of the various HFP extract mixture

Sample DPPH ra_di_cal Ascorbic acid Sugar_content
scaveng activity (%)  (mg/100 g) (Brix %)
HFP111 19.0+0.3° 13.5+0.1° 9.5+0.3°
HFP211 24.7+0.8° 21.0£0.8° 8,8+0.4°
HFP311 26.910.6° 23.841.12 8.3+0.2°
HFP121 18.5+0.2° 7.7+0.1° 10.20.3°
HFP131 13.5+0.12 6.8+0.1° 10.5+0.2°
HFP112 22.9+0.4° 10.1+0.8° 9.8+0.1°
HFP113 25.5+0.5° 11.5+0.2° 10.240.3°

Experiment was performed in triplicate. Data is expressed as the
mean +SD (P<0.05). a,b and c are statistically different. HFP,
mixing of the hiziki, fig fruit and pear; HFP111, Volume ratio of
HFP extract in mixture 1:1:1; HFP211, Volume ratio of HFP extract
in mixture 2:1:1; HFP311, Volume ratio of HFP extract in mix-
ture 3:1:1; HFP121, Volume ratio of HFP extract in mixture 1:2:1;
HFP131, Volume ratio of HFP extract in mixture 1:3:1; HFP112,
Volume ratio of HFP extract in mixture 1:1:2; HFP113, Volume ratio
of HFP extract in mixture 1:1:3.
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HFP extract mixture®| p—Carotene &k

p-Carotene> H[EFI] A2] -4 = A A[RpIsle o] Zfstal
Xt} Ah] Uhsio] Efste] AlZate] A18HA o] o)
o S A TakskEol A5 Ab-gsto] A4S A A
okl A A It Go, 2011). o4 100 g B-Carotene 2]
sk SHollAl 100 ugoeli(good), 1 ug-100 ug v]TH(fair),
1 ug "9Hpoor) o2 EF35}o] goodolli= A(1,784 ug), &
11, Az, <=8, 7 A7) o)1, fairofli= @ #1%], o0, A2,
719), i, 2, A, Al wE, 2, ©), Baa, B},
5 501l poorofl= v, k=, 0], afRlofE, A, #lzo]
&3} Hll (poor), 7-2HK(fair, 12 ng/100 g)= w75 Attal B
A5 EH(Yoo, 2012). 4] Ato] oJ51H B-Carotene?] &=
< &, ek vio] o g uigt vlgo| ot o] 2+
Al YebsithFig. 2). v 259 7M1= p-Carotene 9] =F
0] 22-59 ug/100 g =2 fair level 2 A53192.H 7|54 < &
gol 7]t
HFP extract mixture?| £7|& &

2717 24 2= Table 50 eI $7102 A
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>HFP211>HFP111>HFP121>HFP132>HFP112>HFP113
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Fig. 2. B-carotene contents of various HFP extract mixture. HFP,
mixing of the hiziki, fig fruit and pear; HFP111, Volume ratio of
HFP extract in mixture 1:1:1; HFP211, Volume ratio of HFP extract
in mixture 2:1:1; HFP311, Volume ratio of HFP extract in mix-
ture 3:1:1; HFP121, Volume ratio of HFP extract in mixture 1:2:1;
HFP131, Volume ratio of HFP extract in mixture 1:3:1; HFP112,
Volume ratio of HFP extract in mixture 1:1:2; HFP113, Volume ratio
of HFP extract in mixture 1:1:3.
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% 7)1 A S 340.17-369.62 mg/100 g, Fate] Ao HFPI319] 27|14 B7} Z9E 8215199tk Jeong et al. (2002)
267.64-272.71 mg/100 g, B2 7-9-= 243.69-262.46 mg/100 o] 2Jah Falate] A% E ul2 7)1 9] $Kmg/100 g) 2
go & Uehton PFHINS] 274 Fhebo] v 2Zoo] 3 A= Ca 32.23+0.95, Mg 19.66+0.42, Na 3.14+0.07,
7} W]go] =& HFPI12 @ HFP113¢] 712 defrct &= K 193.98+1.10, Fe 0.42+0.0524 HFP3119] 272 3

o Ao B =250l ofgfold o 4= 9o E3| HFPI21, Q1 Ca 31.05+1.30, Mg 25.27+1.13, Na 43.35+0.43, K
Table 5. Mineral contents of the various HFP extract mixture (mg/100 g)
Mineral

Sample Total

Ca K Mg Fe P Na

HFP111 22.77+0.322.  226.50+3.39°  18.12+0.222 0.04+0.012 0.93+0.04° 26.50+0.29° 294.86°
HFP211 27.3410.60°  252.70+3.53°  22.33+0.64° 0.07+0.012 0.87+0.03¢ 36.86+1.32° 340.17°
HFP311 31.05£1.30°  269.01+2.42°  25.27+1.13° 0.10+0.03° 0.85+0.02° 43.35£0.43° 369.62°
HFP121 19.7410.45%  215.954+2.38° 15.67+0.57° 0.07+0.012 0.96+0.02° 20.32+0.41° 272.712
HFP131 18.6240.182  215.80+£1.94°>  14.53+0.082 0.07+0.012 0.99+0.012 17.6340.19° 267.64°
HFP112 18.4610.42> 207.70+2.28°  15.39+0.48° 0.04+0.012 0.95+0.02° 19.92+0.69° 262.46°
HFP113 16.24£0.09° 195.95+0.16°  14.00+0.122 0.42+0.022 0.95+0.04¢ 16.13£0.15° 243.69°

Experiment was performed in triplicate. Data is the mean value £SD (P<0.05). Different lower-case letters above the values (a, b and ¢)
indicate significant differences at P<0.05. HFP, mixing of the hiziki, fig fruit and pear; HFP111, Volume ratio of HFP extract in mixture
1:1:1, HFP211: Volume ratio of HFP extract in mixture 2:1:1; HFP311, Volume ratio of HFP extract in mixture 3:1:1; HFP121, Volume ratio
of HFP extract in mixture 1:2:1; HFP131, Volume ratio of HFP extract in mixture 1:3:1; HFP112, Volume ratio of HFP extract in mixture
1:1:2; HFP113, Volume ratio of HFP extract in mixture 1:1:3.

Table 6. Sensory evaluation of the various HFP extract mixture

Sample Color Taste Flavor Overall acceptability
HFP111 7.1310.41¢ 6.33+0.35° 6.13+0.37° 7.13£0.48°
HFP211 7.20+0.56° 7.40+0.48° 7.07+0.122 7.73+0.52¢
HFP311 7.67+0.282 8.1310.74° 7.27+0.25° 8.07+0.212
HFP121 6.20+0.42° 6.13+0.51° 7.33+0.46° 6.93+0.46°
HFP131 6.53+0.35° 6.07+0.66° 7.13£0.31b 6.13+0.35°
HFP112 5.3310.172 5.27+0.42° 5.20+0.292 5.80+0.34°
HFP113 5.2040.232 5.1340.212 5.07+0.232 5.67+0.43°

Data are expressed as the mean standard deviation of three experiments. a, b, ¢ are different and statistically significant at P<0.005. HFP,
mixing of the hiziki, fig fruit and pear; HFP111, Volume ratio of HFP extract in mixture 1:1:1; HFP211, Volume ratio of HFP extract in mixture
2:1:1; HFP311, Volume ratio of HFP extract in mixture 3:1:1; HFP121, Volume ratio of HFP extract in mixture 1:2:1; HFP131, Volume ratio of
HFP extract in mixture 1:3:1; HFP112, Volume ratio of HFP extract in mixture 1:1:2; HFP113, Volume ratio of HFP extract in mixture 1:1:3.

Table 7. Physicochemical properties of freeze-concentrated HFP311

Concentration Total phenolic DPPH radical B-carotene Ascorbic acid  Sugar content  Latent Heat of
ratio (%) content (mg/L)  scavenging activity(%)  (pg/100 mg) (mg/100 g) (Brix®) freezing (J/g)
0 822.82.£9.05° 26.97+0.67° 45+1.04° 11.58+0.26° 8.3+0.2 213.20+9.2°
25 1136.48+7.95° 46.70£0.93 48+1.34 @ 23.20+0.16° 9.24¢0.2 195.2£10.5°
35 1187.29+41.55¢ 61.50+2.33¢ 51+3.92° 23.68+0.02° 12.740.1 176.8£7.3°
45 1221.61+25.65 72.74+0.81° 52+1.46° 25.310.27° 13.740.1 176.4+8.7°
55 1257.76+15.09° 78.86£0.71° 5442 85 25.750.48° 14.840.2 171.1£11.2¢
65 1381.77+46.98° 82.96+0.10° 58+3.41° 31.69+1.07¢ 19.640,2 139.79.8°

Data are expressed as the mean standard deviation of three experiments. a, b, ¢ are different and statistically significant at P<0.005. HFP,
mixing of the hiziki, fig fruit and pear; HFP311, Volume ratio of HFP extract in mixture 3:1:1.
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269.01+£2.42, Fe 0.10+0.03 3} B 231 Ca®t FeS A 2|a}
= 2513lo] B7) 2 W k= HEP3110] 3Fao] =7 Lhepytct.
Tong etal. (2014)2] & 23+ oA\ =& 52 vt & 2o 3
-2 (ppm)} B|3H, Ca 159.98+0.21, Mg 192.94+0.19,
Na 366.36+0.46, K 1419.32+0.89, Fe 8.35+0.0124] 4]
HFP3110] %2 32 71& & 4= ik

L

HFP extract mixture| ZsZA

HFP extract mixture2] -5 AL A}= Table 69f LFelY
Atk Ao ARESE B E AR 5 oo 2 BE o]Afo]
5 eSS 29] EFo] 5ol skl HFP311 A
B AR 02 R E BEAA w2 HeE 2 A2 1)

g 31t H7tol| w2 B okavta gekE
HFP extract mixture? s=

s AL A3 7P B E £ 2 0= Uehd HFP3119] 5
A skl mhE &1, 3Fsha] 4] W3HE Table 7] LEH ¢
th sErt wot AesE FAEEY s S, A% E
(latent heat of freezing) 2] &4 AT} 2 E 52T 35% 0|4l
A= HFP extract mixture2] 2% A| $~5.9] =Zof L Q5
YE&iohe & H3kE HolA gsken, 3455 340lA &
A= g0 kel & Wt gl A o2 Yyt it s
227} 45% ©]AFe] HFP extract mixtureS A3 A1 7 S31-8 §7]
20 A7 = ARG B9 A= S7HR HES5o] golsHA| o]
o] 22| ¢k} 71 A el & 35%<] A o2 whE| Qi)
35%% %230 24] DPPH radical 2752 26.97+0.67%
o] A] 61.50+2.332 =o}A| 11, Z]| 9|52 44.3%2] 2712 1
ek HlER C= 11.58+0.260] 23.68+0.02 mg/100 g&. &
S7FokL, G 53.0% 5ok BiE UERR SITh

Table 8. Hardness and color of fish cutlet which was put in the bat-
ter and fried for 2 minutes at 180 C

sample Hardness

No. (glcm?) L a b

1 190 33.49+1.22  -3.55+0.07°  28.93%3.14°
2 168 32.55+0.9°  -3.86x0.09° 26.72+2.21°
3 198 31.75+2.6° -2.26+0.19° 26.72+1.89°
4 178 32.34x1.92  -2.80+0.21° 25.40+2.13°
5 194 32.22+¢2.1°*  -3.01£0.11%  22.04+1.92°
6 202 33.77+1.87  -4.62+0.132 2547+1.73°
7 166 34.62+1.3° -4.09+0.26° 23.61%£3.21°
8 174 31.14£2.1°  -3.09+£0.09 23.15+1.282
9 166 33.56+1.78  -4.89+0.21°  20.65+2.65°

Data is expressed as the mean+standard deviation of three experi-
ments, (P<0.05). a,b and c are statistically different. L, light; a,
redness; b, yellowness.
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HFP extract mixture2] ¥ ] £ 1 (Table 29] 1, 2, 31H):3
(Table 22] 4, 5, 6):6 (Table 2] 7, 8, 9H) 0. & t}2 A 810 A
23 FAS A3 $ 57 AAASEY H e 9 LS HFP
extract mixture | Wi HH]&3} Y-S HolA] gk on, A4t
9] H3}2 = HFP extract mixture®] Bj&H]| &0 =0}%|H a &
b gto] Aast= 29E HAlth 224 KAt A ASE
9] a, b2 3.62+0.09, 26.95+0.142A] ARG 4HS 7HA]+=
HiEH]-8-2 No. 14, 6, 8¢ THTable 8).
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Fig. 3. FRAP (ferric reducing antioxidant power) of fish cutlet put
in the batter after 24 hours storage at -18 C, Sample number of 1-9
refer to Table 2.
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Fig. 4. Volatile basic nitrogen (VBN) of fish cutlet put in the batter
after 120 days storage at -18°C, Sample number of 1-9 refer to
Table 2.
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ey 971849] 2% 23 No. 3, 5, 89] VBNgHS 217}
13.79+2.36, 13.96+1.45 214.12+2.93 mg/100 g& 2 A
$] groupo|™, No. 4, 6, 9= 21241574 +1.42,1732+191 Y
17.34+2.60 mg/100 g 2 %¢] group, No. 7, 1, 29] VBNt
219.174+3.63,19.23+2.11 ¥ 22.11+3.32 mg/100 g& 2 =+
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