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Quality Characteristics and Antioxidant Properties in Spray-dried and
Freeze-dried Powder Prepared with Powdered Seaweed Extracts

Jae-Won Kim, Yu-Ri Kwon, and Kwang-Sup Youn*
Department of Food Science and Technology, Catholic University of Daegu

Abstract This study was designed to compare the quality characteristics of spray-dried (SD) and freeze-dried (FD)
powders prepared with hot water extracts of sea mustard (Undraia pinnatifada) and sea tangle (Laminaria longissima). The
moisture content of FD seawed was lower than that of SD, and sea mustard had a higher overall moisture content than
sea tangle. The alginic acid content of SD seaweed was significantly higher than that of FD seaweed for both species.
There were relatively higher contents of phenolic compounds in SD powders than in FD powders. DPPH radical
scavenging ability was significantly greater in SD seaweed, and also, SOD-like activity in SD powders was higher than
those of FD powders. However, the nitrite scavenging activity of FD powders of sea mustard (10 mg/mL) was higher than
that of SD. In conclusion, spray-dried sea mustard and sea tangle extracts exhibited higher physiological functionalities

than their freeze-dried counterparts.
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2 AgolA A8-E v (Undaria pinnatifida)® THA»HLami-
naria japonicaye AIAZX B AAFS SLdFIEYE St &
Al Algdol ALgs92™, roller crushers ©]8-51 1-2 mm
712 ZEY3 - circoplex impact mill(Model 50-ZPS,
Alpine Aktiengesellschaft, Augsburg, Germany)S ©]-&3] w]All&
A8l AZ (80 meshyd F Fadte] —20°ColA ¥R A3IHA
AlE2 ARS-3HA

e e
AZ1aL Zzke] Alg 100 gl S/TE L15(wiv)e] HIER 22
T 80°Ce] WE oA 3A1ZHY 33] ke FEach FEY

& Whatman No. 2 o#HAZ o33 v FZAHAZ7|(FD
SFDSM12, Samwon, Korea)2} 5 71Z7](BUCHI Ilabortechink
AG, Swizerland)E ©]-&3t] B A|EE AZsIHeH —70°C
HAsPAA Aol ARt 7713 2712 heating condition
185°C, pump speed 10%, flow control 400-600, aspirator 70%
oAt

o)X $EZ77](HG53, Mettler Toledo, USA)S
AHgste] Z78 33 M= AR}A (Chromameter  CR-200
Minolta, Tokyo, Japan)= Z43l51oH, W7|E Yepll= L*(light
ness), =5 YERNE a*(redness), I =S LERNE b*(vel-
lowness) 2 H°(hue angle value)s 73}t
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Alginates &2

Alginates %2 Yous} Lim(11)9] Wl wat Al& 1gdl
50mLe] 0.1% Na,CO;&E 7l 60°C F253=0lA 2417F
B UHEE v, el FRTE HUIBIT ERES 94
#2](2,000xg, 10 min)dte] L2 F5Aol| 95% methanolS 713F
o] AN T ohA] 458 (2,000xg, 10 min)dte] AHES 3
FIGth AHES TFFE S o HEeS st HA
A7E Z2AL 23] wHEste] GAS &, 5 Axste] Ao
o] FAE 431 alginates &S ST

E2|Yls #E

Z Zg9s T2 Dewanto 5(12)2 Wl wat AIE 100
pLell 2% sodium carbonate 2 mL3 50% Folin-Ciocalteu reagent
100 uL2 7kt & 720 nmollX SR E=E 45192 gallic acid
(Sigma-Aldrich Co., St. Louis, MO, USA)2] ZAZAd| oJsle] 3
Fg =Sk

Az we FH54 717

EfEL0|E §a

ZF ZH o|= RS Saleh®} Hameed(13)2] Wl w} Al
£ 100mLel 5% sodium nitrite 0.15mL-& 7F8F & 25°Col|A 6
E7F w238 o2 10% aluminium chloride 0.3 mLE 7}3}o]
25°Co|A] 57 WA EH At T IN NaOH ImLE 7hshaz
vortex’doll A 7HeE & 510nmellA] SFEEE Z7935192™ rutin
hydrate(Sigma-Aldrich Co.)9] ZH#Mel| 93l Fe-e A3t

DPPH 2iC|& A7{Ety

Blois(14)2] wHel wal A& 02mLel 04mM DPPH
(1,1diphenyl-2-picryl-hydrazyl)&-<} 0.8 mLE 75t 1027k W3]
g o 525mmelA FHEHEE F5HRem AL, electron
donating ability(%)=100—((0.D of sample/O.D of control)x100)°]|
oste] BHES M2

Superoxide dismutase(SOD) A

Marklund®} Marklund(15)9] ol wah Al 200 pLoll pH
8.52 243 tris-HCI buffer 8} 3mLe} 7.2 mM pyrogallol 200
uLE 7hsial 25°CellA] 1087 ¥H3-A1Z1 $ 1N HCI 1 mLE 7f
gte] W35 BAAZIAL 20nmelH FEEE SR eH A
k2] SOD-like activity(%)=100—((O.D of sample/O.D of control)
x100)9 ofste] A& AHE3HA T

OFalLtd A0

Kato 5(16)2] *el w2} 1mM NaNO, €< [mLol| Al
1 mLE 7}k 0.1N HCI 02 M citrate buffer(pH 2.5)% 7}3}
& F9E 10mL2 2SR vl 37°ColAM 1417 ke
AR 1mLE F8ke] 2% 24089 3mLet 30% ZAME "
3|8t Griess reagent(1% sulfanilic acid:1% naphthylamine=1:1)
4 cAHO R 71 & ALolA 1587 WA, 520nmel|A]
FEE =3I th hZTE Griess reagent Al SHFE A}
3tlom AL, nitrite scavenging activity(%)=100—((0.D of
sample/O.D of control)x100)°l] ]3] AHE35 T
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Thiobarbituric acid reactive substances(TBARS)+= Buege®} Aust
(17)2] Wl wet =43k Fish oil 0.5mLE 3= 0.1
M maleic acid buffer(pH 6.5) 8 mL3Z} tween-20 50 uLS &3t3}
o] A|Zg fish oil emulsion 0.5mLdl FeCl, ¥ CuSO,-5H,0&
Fe* & Cu*¥22 50ppmo] HA & &9 0.1mL ¥ F7FF

= 7ksted 37°ColA 1A17HERE RESAIZ] F 7.2% BHT(dibu-
tylhydroxytoluene) 50 pLS 71sled RES-S HAAIZATE thaoll 35%
TCAS} 0.75% TBA 1mL¥ 7}8te] 100°C 8734 1587 7+
&t th 3,000 pmellA 1587 A4 SFlom el
BEE 531 nmolA =3k A4, TBARS(%)=100-(0.D of
sample/O.D of control)x100°] 2]3}e] 4t&3}T).

SH X2

RE A¥L 33 EoR sto] Yo} HFUARE e
WAL, 294 HASLS version 122] SPSS(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) programs ©]-&
319 t-test 2 Duncan's multiple range testS 3§ 5}t
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Table 1. Yields, moisture content and color parameters of spray-dried and freeze-dried powders prepared with sea mustard and sea

tangle extracts

Hunter’s color value

. . Moisture
Samples Drying method Yields (%) contents ' L* a* b* He
(Lightness) (Redness) (Yellowness)  (Hue angle)
Sea mustard Spray-drying 11.57£1.070N  8.57+0.44° 66.48+0.01° -3.544+0.01° 14.92£0.01*  95.13+0.06"
powder Freeze-drying 12.43£1.23 5.88+0.32° 75.00+0.02° -5.21+0.03° 13.82+0.02°  109.00+0.10°
Sea tangle Spray-drying 25111479 11.112024°  65.06£0.05°  -1.10£0.02°  15.14£0.01°  93.57+0.12°
powder Freeze-drying 41.30+2.67° 8.31+0.45° 74.62+0.10°  -2.15£0.01°  13.63£0.04°  98.13+0.15°

YValues are means+standard deviation of triplicate determinations.
INS: not significant.

dDifferent superscripts within a column (a-b) indicate significant differences (p<0.05).
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Fig. 1. Changes of water absorption depend on spray-dried and freeze-dried powders prepared with sea mustard and sea tangle extracts.
Values are means+standard deviation of triplicate determinations. Bars/mean values with different letters are significantly different (»<0.05).
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Table 2. Alginic acid contents of spray-dried and freeze-dried powders prepared with sea mustard and sea tangle extracts

Measurement Drying method Sea mustard Sea tangle
AACY (/100 o. dry basi Spray-drying 39.38+2.322%) 47.25+3.23°
(&/100 g, dry basis) Freeze-drying 25.88+2.21° 37.13£2.93

YACC; alginic acid content.
?Values are means+standard deviation of triplicate determinations.

dDifferent superscripts within a column (a-b) indicate significant differences (p<0.05).

Table 3. Total polyphenol and flavonoid contents of spray-dried and freeze-dried powders prepared with sea mustard and sea tangle

extracts (mg/g, dry basis)
Measurement Drying method Sea mustard Sea tangle
Polvohenol GAE/ Spray-drying 3.94+0.12949 3.55+0.10°
olyphenols (mg ) Freeze-drying 3.46+0.15" 2.93+0.11°
. Spray-drying 3.46+0.11° 3.18+0.13*
2)
Flavonoids (mg RHE"/g) Freeze-drying 2.89+0.11° 2.75+0.11°

" Abbreviations: GAE, gallic acid equivalents; RHE, rutin hydrate equivalents.

Values are means+standard deviation of triplicate determinations.

“Different superscripts within a column (a-b) indicate significant differences (p<0.05).
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Table 4. DPPH radical scavenging ability (RSA) and superoxide dismutase (SOD) like activity of spray-dried and freeze-dried powders

prepared with sea mustard and sea tangle extracts

. DPPH RSA (%, mg/mL) SOD-like activity (%, mg/mL)
Samples Drying method
1 5 10 1 5 10
Sea mustard Spray-drying 6.120.52249  9,04+0.42°*  11.20+0.49** 28.52+0.87*  32.94£1.09**  36.65+0.86™
powder Freeze-drying 6.08+0.10°* 6.910.18" 7.77+0.42° 26.50£1.07*  29.59+1.07**  36.68+£0.91*
Sea tangle Spray-drying 5.98+0.37°* 6.87+0.31" 7.77+0.42% 28.26+1.07*  31.02+£0.71"*  33.34+0.86™
powder Freeze-drying 5.50+0.21"* 5.70+0.21°8 6.39+0.27°" 18.26+1.20  25.53+0.62°®  27.03+£0.62®
Positive control: BHT" 34.32+1.20 23.08+0.97

YBHT; butylated hydroxytolune. The concentrations of positive control solutions were measured at 1 mg/mL.

DValues are means+standard deviation of triplicate determinations.

Different superscripts within a row (a-c) and column (A-B) indicate significant differences (p<0.05).

Table 5. Nitrite scavenging activity (NSA) and thiobarbituric acid
powders prepared with sea mustard and sea tangle extracts

reactive substances (TBARS) of spray-dried and freeze-dried

NSA (%, mg/mL)

TBARS (%, mg/mL)

Samples Drying method 5 o 0 5 0
Sea mustard Spray-drying ~ 20.49£1.997*"9  22.5741.64°  25.29+0.89" 47.15£2.66°*  55.65£1.71"*  61.14+1.26"
powder Freeze-drying  17.66+0.89® 21.62+1.71"  31.73£1.58" 24.57£1.89®  43.33£1.35®  50.24+1.06™
Sea tangle Spray-drying ~ 10.48+0.56* 14.73£0.75"  21.81+£1.42* 497241204 59.47£1.51°*  64.52+1.42*
powder Freeze-drying ~ 10.95+1.66% 13.79£1.45"  18.13+1.13*® 32.37+1.30%  48.57+3.73"®  58.42+0.76®
Positive control: BHT" 20.89+1.04 71.50+1.73

DAbbreviation: See Table 4.
?Values are means+standard deviation of triplicate determinations.

dDifferent superscripts within a row (a-c) and column (A-B) indicate significant differences (p<0.05).

AL eI oy ditd oz tz272] BHT(butylated hydroxy-
tolune)2t} 2 &S YERAIH. 1-10 mg/mL =141 SOD
AN = vl 79 5 2 FAAZRNA Zhzt 28.52-
36.65% 2 26.50-36.68%% FAFSE E4S vERH dhE ThAlujo]l
e 77 2826-33.34% E 1826-27.03%% EFAZANM =&
28-S Yeili e, uY, tAet BT BF7AZ A BHT
(23.08%, 1 mg/mL)Ett ¥ &8 JepliSlth ddAgdM &
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T 2 SAAZREANE 242 61.14% 2 50.24%2] ANEAS,
thAmke] 7 Bl FAAZRENAME 2 64.52% B 58.42%°
A &GS vepo] EFAREC] XAk} ARG =2
Aoz yehdt) g ok thEzE< BHT(71.50%, 1 mg/mL)dl
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