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ABSTRACT

The objectives of this research were to study the effect of drying methods on
chemical properties, physical properties, antioxidant activity, changes of chemical properties,
physical properties and antioxidant activity, (DPPH assay, ABTS assay and FRAP assay) of dried
Spirulina (Spirulina platensis) during storage. Samples were subjected to solar drying, hot air
drying, vacuum drying, spray drying and freeze drying compared with commercial brand A and
brand B. The results (calculation by dry basis) showed fresh Spirulina had moisture contents
88.17+0.65%, water activity 0.991+0.00, protein 64.04+2.80% and ash 9.09+0.37%. Dried
Spirulina of all samples had moisture contents 2.83-8.11%, water activity 0.417-0.428 and colour
value of all samples was significant (p<0.05). Freeze drying gave the highest content of protein
89.04=1.52%. Characteristics of Spirulina cells of Solar drying, hot air drying and vacuum drying
are destroyed. Samples of vacuum drying and hot air drying gave the highest total polyphenol
contents and antioxidant activity, study of changes of chemical properties, physical properties and
antioxidant activity of dried Spirulina during storage showed moisture and water activity
increased in all sample. The changes of colour value (L*, a*, b*) of commercial (brand A and
brand B) had increased but colour value of hot air drying and vacuum drying was constant. All
drying methods tended to decreas total polyphenol contents and antioxidant activity. It was found
that the vacuum drying had the highest of both total polyphenol contents and antioxidant activity
compared to other samples. But, when calculated percent reduction of antioxidant activity it was
found that the percent reduction of vacuum drying and hot air drying have a higher reduction
than the 2 commercial samples (brand A and brand B). In the production costs it was found that
solar drying had lower costs than hot air drying, spray drying, vacuum drying and freeze drying
with 927, 1,236, 3,092, 1,477 and 8,574, respectively (Baht / kg dry weight).
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1. 109

[ = rgll o c?.’ v
1.1 mwsed ll3aun (Spirudina  platensis) ¥891n¥1TWIZ1Q030M I8
= 1 @ T 1 a L] @ 3 = ¥
1. %o lwi Tasdegnainswaaazgnusigndlugawaraan urenluduiuag Taglasoa
3 = 9 o wa =] @ 3 o @ 1 d', T 9 o
nnhsndaealfianniuna 20 i vasnmiunhdedieidunsdieiinany
v a A 1 2 2 v A = - 5
azonageinilal 2-3 assiwdanue o ludiounguvgil 4 esrsadgee Wuna
@ ' o o o ar = d o oy o
1 31 Ao Il edeiteundsnunaseiiad matuisdieitovanson nisiwds
9/ ! o Y ¥ el A v o LI oy 1M =]
AwaTaugaanma msiudsaaeisianudos nazmsiuad e s usanuAg
12 dwsealganmanism
1.2.1 @H9I8NMIABH0 A 311 600 VIN VTTY 100 uailya
uadgaaz 500 Haansy waalulszmalng
122 @ MTIgnemsmane B 511300 110 U339 100 uailga

unilagaag 500 fTadnsy manludszmelne

2. gilnsal

=3 =l

2.1 nszayezgiilouwood (aluminium foil)

22 Baunseiiios (crucible) V1A 30 aaaas

2.3 nszilesaygiitionnionrhila (moisture can)

2.4 QnaNAAAT (rubber)

2.5 Thimble (whatman cellulose extraction 26 x 60 mm., England)

2.6 Extraction cup

2.7 NAapANAADY (tube) V1A 20 ml. Wiawshla (PYREX, Germany)
2.8 HNINABANATBIVLIA 60 U1 (Rack)

2.9 1nND3 (beaker) VIR 50, 100, 250 1AL 600 ml. (PYREX, USA)



Germany)

(HDPE)

=
3. @Y

2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17

2.18

2.9
2.20
2.21
2.22
2.23
2.24
2.25
2.26
22T
2.28
2.29
2.30

32

3 £y . .
BNUNIAUENT (stirring rod)
¥ @ = . :
FOUANTITLAN (dispensing spoons)
NILUBNANIL (cylinder) YUI9 100 L2 1,000 ml. (Witeg, Germany)
HARALDEA 10814 (digestion tube)
e ds uazaauddmiulaansiail
N32ATHATD (filter paper: Whatman No. 1)
NG (micropipette) (Gilson, FRANCE)
ilanil (pipette tip)

19151151193 (volumetric flask) ¥17@ 50, 100, 200 ml. (DURAN,

NaRAIANITRANALILEN (cuvettes)

UIWNIDLLIA {stopwatch)

A3 (flask) YA 125 1ag 250 ml. (PYREX, USA)
U39 (burette)

1ula (pipette) (Precicolor, Germany)

Ta@j@mm%&;}u (desiccator) (Glaswerk Wertheim, Germany)
mm‘imﬁ"u (wash bottle)

21AzQiiiiey (aluminum tray)

ARDINAEANAUT I

W11 G (Parafilm “M”, USA)

untlegaler e 0 wnia 500 TuTasnsy

PanaIganau1ur tnae N19InTag high density polyethylene

3.1 Methanol (A.R. Grade, RCI Labscan, Thailand)

3.2 Ethanol (A.R. Grade, RCI Labscan, Thailand)

3.3 Folin-Ciocalteu’s phenol reagent { MERCK, Germany)

3.4 Sodium carbonate (Na,CO, MERCK, Germany)
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3.5 Gallic acid (Sigma, Germany)

3.6 2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma, Germany)

3.7 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(Sigma, Germany)

3.8 Potassium persulphate (K,S,0,, Ajax, Australia)

3.9 Sodium acetate (trihydrate) (RCI Labscan, Thailand)

3.10 Acetic acid (glacial) (MERCK, Germany)

3.11 IRON(II) chloride anhydrous (FeCl, Ajax, Australia)

3.12 IRON(II) sulphate (FeSO,.7H,0, Ajax, Australia)

3.13 2.4.,6-Tris(2-pyridyl)-s-triazine (TPTZ, Sigma, Switzerland)

3.14 Hydrochloric acid (IICI, A.R. Grade, RCI Labscan, Thailand)

3.15 Kjeltabs (FOSS Analytical, Sweden)

3.16 ngagayin (H,S0,) (J.T. Baker, Thailand)

3.17 TaAeu'lansonlas NaOH A.R. Grade (RCI Labscan, Thailand)

3.18 Bromocresol green (MERCK, Germany)

3.19 Methyl red (BDH, England)

3.20 AFAVDIA boric acid A.R. Grade (MERCK, Germany)

3.21 Anhydrous Na,CO, A.R. Grade (QReC, Newzealand)

35M15NAa0Y
=1 Qs I=} 1 =
1. msAnmAnENTamaaitezMImamnveImm e llsainan

= s d [
1.1 U5naTilsAudie3tieaaivia (Kjeldahl) (Aaulasnin AOAC, 2005)
Ha108190 11150520 M 03 Y AuAToaFINATeY 4 A K
(SARTORIUS Cp224S, Germany) ldasldlunaonados nazladnsalfnionmie Kjeldahl
v = a as =y Y o a oo 9 ar T 9/ A 1
catalyst 2411 1 1l @unsadayinduduaddy 5 dadans udrdosdiadaaiemiosdos

(Tecator Digestor 2012, Sweden) Ngungil 420 asrtusaFod auasazateldmass la vdsn

¥
a o

TINATUA81AT 04 Kjeltee System 51 1026 (Tecator, Sweden) Iaaldansazatoninuosn
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¥ Yy o o aa A v e “‘d-’:;qe?? ¥ o (Y]
WPUUIVOAL 4 91UIU 25 UARaAT HoanIumMwLey ltaninayu Liﬂ’J“LH'Jﬂll@]mﬁ@ﬂ‘iJ

= o s ]
Tcmaiza'mmmgmqaimﬂaaim@ﬁ’n% 0.1 HDTHIR DUATASDTHTVUHNIN

UsinaTilsau Gosay) = 0.0014 x A x (B-C) x 100 x 6.25

0.1xD

~ s a '3
Tao A = anududunudveuvellalasaasiadudu 0.1 vasuoa

A o o oY Y o = @ '

B = d51aivedlalasnaeTadudu 0.1 uosuea A lansanu@led1a (ml)
a T s ~ w

c = 15masueslalasaassadudu 0.1 uosuoa N lamiady blank (ml)
7

D = 1 1HPA 10819 (N5Y)

6.25 = maandmsumaasudsualuTaswwduldsau dSmsudeda

91413 M50A100190U9 N liszymHIz

1.2 15uaud (AOAC, 2005)
Fasroor9d sz 5 ndu i T wnlweeud) Muffle furnace (CARBOLITE
ol = = =t WY Y A Y 4 o o w o dyw
ELF 11/14, England) Naanil 525 ssausaiFos aulaidnddu udadaimingi ld lag

9
AMUINNIVUN VI LNAI0819 100 NN

NSATUIN
9

USinaud Fooaz) = i x 100

v v
rindlad1usudu

a

1.3 U5y (moisture content) HIA11I5 AOAC (2005)

i Tl A qougwd o ; & ;

Fa10819NA0Im A NuEU I lahwdnudueu 1-2 a3y laaslunisue

9 v b1 v N
wianusuinuhmineiveu hldeuludeunguvgi 105 osmmadoe v 3 ¥ 104
- & e - d o Y A S s o

w3e wilhimiinasi dheonningould 13 lulagannusu udrFuihminasuznio

A1
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TR

@ o
USunannuiu Goeaz) = FAATNUIIHUNA 190N VLA HAIDY (NTW) x 100

¥ v
o o ar 1 = 2 ar
dvindled1a5uAY (NF1)
- f
1.4 AINAINTIUVDIUN (water activity)
¥ ¥ ¥
M5 IARININGTUVBITD (water activity) W30 a, AI8IN504TAMININTTUVD I
o ) 4 ) o = ¢ 3 =
(Aqualab 3TE, U.S.A.) 12A09711MI91A3 03n8UMINT 1A IZHET AT 30 U9 1Az calibrate
dI!, 1 3 as 5 o 1 1 Voo 1 4 = a
wIeanou ¥y vasnniuihaled e vens lagas laaedielumsinngiszun s
@ 0’: - o = & A y ar qaj o 1 A s 1A
ATN NARSINTIINMTIATIZA oaraNuAMaaou 1t lanioaiamnanisuved

9 v ' ' i i
101 vi3ualu A load S0AURTERUAT RIS IUMANUUOUN Ja9INA28E19

1.5 ad (colour value)

= e - A @ ' =
lunsmsiy afauaTeIad (Tri-stimulus colorimeter U JC801) W

¥ 9
o v ' = =4 s ar = '
HNluminant D65 3zA0aiIATgAIesnowduna 100 WA wasnndudenunusoald

=y

ar a o o W [ 1 ] 1 a 4 @ A
Fuiutduvruiavesingiegia Muuseesinawiiy udalivuasguniosindale
standard white plate AOUNTIARTUDIHI0611 Taodiodiezgnuasylufanaud damsia
Adszuu CIE Ysznoudiom
2 3 ! oL A Ao = A
L* H1e09 7191081190038 F43a1910 0 Asdd1 53 100 Aadv1l
=2 ' = == = P = = ==
a* DI AnNUduARe e TuAd 11D a* TAUIN dziaaInIn i ud
A ISR = A
LA UAZID a* Hmay wuaasauiudive
= 1 3 =t : = =t = A P =
b* ¥uad MadludiuTua e We b* AN 1wHTAIDInIY

== 2 A = =3 =T ;; =
lﬂuﬁ'mﬁ@ﬂ LAZLIe b* uaial LLAAINIA NV WU

1.6 fnvmadaie
Tumsqusadaviie azl¥ndosganssaiuunlfuas (Olympus, Japan) Tu
Y ¥ < Y &4 g @ s
mMsganyae Insaas9veuyad uazl¥3s wet mount FuluMIATIIADVANYUEIHAG
4 o oA A [T ) o !
Woesdu Tasmsihasazagenienwsoyd (3eaalealdinagw) neaasuua laqunla

'
= o

Yy ; o i o ] = @ 1
uAAA 0 cover slide udnir Il dosndosgansseni lao ludosdond Nhidsees 40
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= ac o b4 ' “a
2 ﬂ1Sﬂﬂ%l1’Jﬁﬂ1‘§1‘n!!‘}’i\1§ﬂ“r‘ii1ﬂﬁnl“l_|§ﬁu1
o == o o ' = = ¥ @ ciy
WWﬂ?SﬁﬂBWﬂWSTﬂLMQﬁTﬂ‘E1ﬂﬁhlﬂ§,ﬁﬂ”liﬂﬂil‘ﬁﬂﬁgnﬁc] A

o Y Y A o A 4 o w 1 P
2.1 MR 0ITOUWAINUUAIDINAY (solar drying) 11A08190AY
=y = { 3} =
V199 U52ana 0.5 udwas vuoialave (eaiiou) NHva 131930 1BUALAT 817 40
= = - 9 T = Y o at 9 N a0
IBURAIAT 74 2 1uAmes Nsesdouduwaraan udnih lleuwieludeundsnuudioiinag
Taoflgmugiilumsiudalszana 55 asrusagod
2.2 MIRnuiaaeIteuaniou (hot air drying) thdaeg1undenieq Uszuim
0.5 1uANAs Luma lang (egiiion) Nilvuia 031930 WUAWAT 817 40 LEUALAST ¢4 2
= - 9 1 =) Y o 9 9/ YV . o
uAAs Hiosaourdunaraan uanh leuudsludouaniou (hot air drying) (Termaks,

= =

TS8000, Norway) N9l 60-70 afUaLGY e
2.3 MINIRIA03T0UARAINIA (vacuum drying) 1hAaed 19 tnae Tagld
Y v
danunudszana v i Tunirug (hasawanadn) llvue 19 12,5 wuawas 817 19
IURIAT 94 suawas Uadoudueedniimismizg Tnediniaae 15 3 iduriy
o = A b g} ¥ Qs 5
Auinga13 0.5 wuAns o1 lethaninszma ldazan nazdosiumsfainszanvvas
o ! Y o w A o Y ¥ w i i <
IV LATU UV UATOINIVIAWADUHYYINIA (vacuum drying) (WTB binder, Germany) 1
aunnil 70 BarIrAIToE ANNAY 60 aals
o 8 Y =t 2 ! s o a v 1 =
2.4 MITMURIRTTRANUHDY (spray drying) ThAred1senwswa l)gaudaa
Fd o v
waniuiihlusasid 1 de 1 (@mswan 10 Alandu @o 11 10 Alansy) Aouhagiii
uuvRaviudes Aruasosiuiauuianudes (J.C. Machinery and Civil Work, SDES0,
Thailand) NigaIMRLU T 210 DeFITRTOT
o LTI oy 1A = z " o T = Yt
2.5 DTNUAIA I IBLUFLEDNLUL (freeze drying) HIRIDLIWUNDY T¥nau
Y i
= U = 9/ = =)
vz v 12 Tunaug (naeswanadn) ANvua 013 12.5 UAAT 817 25 LEUAIAT
= 1 o o v 2 A = =t o3
79 4 U3 Iasnauhud sz iimaundonudsigumnl -20 osrnaaded Wumal 1 Au
& A a o oA A ¥ & = v w
1Ny Tadonaadnmnnuiinsmzpie i lothawsasada laazanuazdoedu
mMsHanszaeuasdieis Taekiniseiz 20 3 duruguinats 0.2 wudmas udniud
4 o 1A < o =t =
AT ORIV ULATDALT (freeze drying) (Dura Dry, Il MP, USA.) Taoi s afigmumnil -26

DI ALY A
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0 ' Y Ay Y ™ ) o y Y o 1 A y
Wiaed1seuunan lannaltosrs wimsiluldidumsdnnioaiy

=3 o @ = g
(Panasonic, MX-J210GN, PRC) auazidomiuma udnirhlasiaiavmnlsuiannuiu
P ¥ oY ' v -~ Y Ao A ) A g v
(AOAC, 2005) Taonnitzass laamiedllgaueuuisniinnudu binuiaeas 7 mald

a o L3 4 ' =
ADARRDIAMNULIATTIUHAAD MUNYUFU 13090 M3 e Tlganne (U, 542/2549)

3. marngaauIAMaAiinaz mamamuvesm s wa ll3auuda

3.1 maaiznmlSuallsdudiedtnania (Kjeldahl) (Aaudasnn
AOAC, 2005)

MNT AT AEIRUTD 1.1

3.2 SR A (moisture content) ¥ANITA AOAC (2005)

MNI IR UReIRULe 1.3

33 mAanssuveai (water activity)

MMIIANzfoIfuYe 1.4

3.4 A (colour value)

MINMIIATIEHBUREIR UL 1.5

3.5 MIAANHULITAAAING Y

a = ad = 9
MIMTUATIZHIBURAEINUTO 1.6
4. Banamsidszneunealueanimuavesmnsioa s

4.1 AFMSATENAITANA (Jittawan and Sirithon, 2011)

AR 103y afadowsueaududooas 80 $1uu 10 Tadaas A
quvnlined [WE1A201A3 8916 (orbital shaker) (Ratek, Australia) in 133501 180 rpm 15y
a2 %2 Tus 11 liumSesf 2400 g drenTeailumies (Sorvall, RC 5C Plus, USA) iluran
20 Wit vzlganuudurosamsada 0.1 niudeiaaansndanninidnlaming

¥ @
suimasszneunearusanviug Al
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4.2 smnaastszneunearlusananua (Singelton et al., 1999)

idr0013a1sadany 100 1IATaaT ANE13a2a18 Folin-Ciocalteau 0.5

£y

a an o o aa Y 4 . . e -
UAANNT 95% ethanol HAZUTS UAAANT wﬁwmam?m vorlex mixer (Scientific Industries

= =t a o a aa
G560E, USA.) ?IN‘I% ) ‘L!”Iﬁ LGIELJETT?ﬁ%ﬁWﬂI“ﬁL@ﬂNﬂﬁU@&U@%@ﬁlﬁﬁ SUTUIY 1 Uaanans 1y

a

w1 $2lueRguupides i ldSadimsganiuuasd 725 wilumas drunies
Spectrophotometer (Rayleigh, VIS-723G, China) Wl3suifiauafi ldnunsmuinsgiuvasnia
unadn danaasluniasuan a enuiiiuliadnfuauyadvensaunaindeimiinud
100 N4

mﬁﬂﬁzﬂauﬂuaﬁﬂﬁwm@ﬁnlﬁﬁ?mﬁu Folin-Ciocalteu reagent 15690813
12QN3A2% 1A phenolic hydroxyl groups vosasilsznauiluadnianuaRaiiy tungsten Mg
molybdenum blue c’fq1ﬁ’§ﬁy1ﬁuuagamﬁuumﬁmmmmé"u 765 W1 THWAT 1AE 189U

poNUNIIU mg GAE/100 g dry weight
5. AnyEInIalumMsmuesnFmiuvesmnnea lilzauuma

IBNTIASEUEITAN (Jittawan and Sirithon, 2011)
MU 1 05 afadomnueauduiooay 80 $1uIu 10 Haaans N

= T 4 1 i =1 =
AUNNINDI 1WGIAI0IATPUVET (orbital shaker) (Ratek, Australia) 17213153591 180 rpm 111

'
@

ran 2 % Tu 1h 1w Seeh 2400 ¢ a5 0981113684 (Sorvall, RC 5C Plus, USA) (111381
20 w19 g lauiiinsasaedaemwniueasn 10 11 32 ldanududuuoamisana 0.01

ar I A Ao o = s = @ [ dy
NIUADUADDANT LLﬁ%HTﬂJTJL’ﬂﬁTSJ’ﬂﬂTlNﬁ?MW'Ei{lUﬂWé’hu@@ﬂcﬁm%u ONEE

5.1 DPPH radical scavenging activity (Shimada et al., 1992)

hdetaianududu 0.8 Taanfudeiasans s1uam g0 lulasaas U5
Usmesdaemmuealinsy 0.5 asaas libinlgnsenuouyadass DPPH udu 0.1 3ad
Tuars $1wau 2.5 Taddaas Ao 13idauu 30 il udrTamnsganduuaed 517 1 Tumns
A0ia504 Spectrophotometer (Rayleigh, VIS-723G, China) dw5udad1aniuaulfumiuea

HNUADES
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' ] ) v w = ¥
ﬂqﬂqﬁﬁljﬂﬂﬁu&Lﬁﬂﬁﬁﬂaﬂllﬁﬂﬂ')’]ﬂJﬂﬂWﬂ?f']ﬂJ’?ﬁﬂGLUﬂWﬁﬂUﬂU@ig?aljﬂ@ﬁﬁgnlﬂ

)
NV ATUIUDIN

% inhibition = {Acontrol-Asample) x 100/Acontrol

=} = = i
DPPH %139 1,1-diphenyl-2-picrylhydrazyl iluens oUYADNTE (free radical) #l
#1315051 electron W30 hydrogen radical Lﬁ@ﬁWﬂﬁﬁ?ﬂiﬁUﬁﬁﬁiﬁﬂﬂ% antioxidant 9241 1A

21904 Teold anwenaaulumsiaminisganiuudan 517 nm

5.2 Ferric reducing antioxidant power (FRAP) assay (Yen and Chen, 1995)

M3 dasanua1nninlunisiaad (reducing power) 1A8N139AINEIN5A
Tumssadesdsznoumesn Tasn1smeay 300 ad a3 acetate buffer Iaoiaa pH Ade
19584 (Mettler toledo, Switzerland) 11871 pH 3.6, 20 a8 1817 Ferric chloride solution 1A%
10 JadTuas TPTZ (2.4,6-Tris(2-pyridyl)-1,3,5-triazine) solution TudATIEIU 10:1:1 HA39IA

¥ T ¥ v
v i lguiiqungii 37 ssnwaioa funat 4 i ndenminhdediinmion 1

i

v Ea v 1
ladaas wauiu msimson 2 Taaans N9 inguvgiivewms lunila Taninisganfuudan
: sw : : ! '

AMNEIINAY 593 W1 1UINAT ABIATDI Spectrophotometer (Rayleigh, VIS-723G, China) A1N13

=) A = a%’ L= e oy ¥ :.3} o
ganduuaIlmuIuuaasndanuasalumsiaslanniy - Tasdwsannni v
INT91U FeSO, AAAI1UAIANIIN A

% ‘ : 3 3 @
FRAP (Ferric reducing antioxidant power) assay !1UN13IAAINEINNTOVDY

¥ = Y= 2 = . ! . L .
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