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Protein Content, Bioactive Compounds and Antioxidant Activity of Sericin

Extracted by Various Methods
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MATeEIUsrasiitonsasouiinalusiu uasUSinamsesngrisynatanin wasAnwignisuoyyadaszuea
nlviladaanlnaiuggnuas (Bombyx mori) de3snisarineg 4 lunisdnwiléisnisana 335 Ao nsafadothndu
mafinmeasaraeladisumiuen warnsatafeasaranetidnfimannnnisendiavan nan1snaesuansliiii
Ihnsafeeansazaelifsumiueiun Wunan 30 uifi f¥evazveanisaonnnilu (%Degumming) Tisnniign Ao Souas
25.483+4.039 9INN15IATETUSINAIUSAURETR Bradford assay wuinmilmifiadnldainnisaindeansaranetidn
1281 30 U ﬁﬂ%mmiﬂsaumﬂﬁqm (164.073 + 0.059 mg/g dry weight) M ERUSIUaEsUsENOUTUAN WazUSune
ansahuesdwansliifiuiinnlnuiilédannnisaiadisansazatelaiionaisvein (Wuan 30 unit fusuiuves
asusznauluedn (428.254 + 0.099 mg gallic acid equivalent/g dry weight) wagU3unaasvailiusea (7.435 + 0.029
mg quercetin equivalent/g dry weight) Qaﬁqm mﬂmiﬁﬂmqméﬁma%a%aiz wuindenagdoudaei’ ABTS
decolorization scavenging effect waz3s Potassium ferricyanide reducing power assay alnaiildannisatagae
asagarslefouaiiveiun 1Huna 90 unit fqvddueyyadaszgeiian egnslsfnuidionnaoudie9s DPPH radical
scavenging assay wuiniluuildainnisatndieiindu Wunat 90 un fquddueyuadasegeiian deyaiildann

nsfnwtienafivszlevinenisadauaznisiinialunluldlugnaimnssueins ta3esdrene Imnssuiliodo uasdn
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Arddty: Nl Usunadldsfiu anseengvion1e®inan ansdueuyadase

Abstract
This research aimed to determine protein content and content of bioactive compounds and to study
antioxidant activity of sericin extracted from hybrid mulberry silk (Bombyx mori) by various extraction methods. In
this study, 3 extraction methods were used which were extraction with distilled water, extraction with sodium
carbonate solution and extraction with ash solution preparing from waste materials left from Khao-Larm
processing. The results showed that the extraction with sodium carbonate solution for 30 min had the highest
percentage of sericin recovery (%Degumming) which was 25.483+4.039%. From protein content analysis by

Bradford assay, it was found that sericin extracted with ash solution for 30 min contained the highest amount of
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protein (164.073 + 0.059 mg/g dry weight). The analysis of total phenolic and flavonoid contents showed that

sericin extracted with sodium carbonate solution for 30 min contained the highest amount of total phenolic

content (428.254 + 0.099 mg gallic acid equivalent/g dry weight) and flavonoid content (7.435 + 0.029 mg quercetin

equivalent/g dry weight). From antioxidant activity analysis, when ABTS decolorization scavenging effect method

and Potassium ferricyanide reducing power assay method were used, sericin extracted with sodium carbonate

solution for 90 min was found to exhibit the highest antioxidant activity. However, when DPPH radical scavenging

assay was used, sericin extracted with distilled water for 90 min was found to exhibit the highest antioxidant

activity. The data obtained from this study might be useful for the extraction and application of sericin in the food

industry, cosmetic, tissue engineering and biomedicine.

Keywords: Sericin, Protein content, Bioactive compounds, Antioxidant activity
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2.1. NMsMs8NENSENNAINTINY
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Aesfaufanszunad dsnm nsrususdiuin anauns
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wdsaniiy Feluy 0.5 nfu wduhluadalagdsdudaeh
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2.2. MsAuieyazvasnisasnn1aluu
(%Degumming)

Ulnuiimdeainnisdugrevindu arsavane
Toifauansusiun wazaisazans I Tmaoann1siu
Frimans leuuefigaungil 60 ssrwaldea Wuiian
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2.3. MmsasziUsunalusiuaieds Bradford
assay

ihansimegrennlunysning 80 lulasans wau
iU Bradford solution U3uns 1200 lulasans udqild
valunan 5 uit mnduindinisganduuasiianuen
aay 595 wiluwas Tagldndwdu Blank wald Bovine
serum albumin (BSA) \uansazaneunsgu [9] 21Nt
furumysunalusiutamualuansiogrsniilng 1
N3 ANgAS

C=cV/g

e
C = Vsnaulusiuianun (rethminuedaluy 1 ndu)
¢ = Usinalusfuiidunuldannsmannsgu
V = USunessmvesansanantaluu

¢ = UmtnvesSelyimianann

24. mAwsiUinaansUsznauTuaanavian
(Total phenolic content)

asiegnanluuuiung 20 lulasans waudu
tnduusinns 1,580 lulasans wdnntaLRlasazans
Folin-Ciocalteu’s phenol U3u1ns 100 lulasans Faiha
Vilgauugivienduiia 5 urdl udaufu 20% (w/v)
lonsna1susium Usuns 300 lulasdns waniluvulu
Afodunan 1 §alus thluaemsgandunasiianiuen
Adu 765 wiluuns tneldvasaiiansazaefetieniny
Wudu 0 lulasnSureliadansilu Blank wagld Gallic

acid Wuansazareunsgnu [10]
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2.5. MadnseERUsinamaliueen s (Aluminium
chloride colorimetric assay)

thasmegrennlulinnms 600 lulasdng wau
v 2% (w/v) asarvateegiilleulnsaaslen (ALCL,)
U305 600 Tulasdns wavlidrfuudluvaluiiia
Wunan 1 §alue udnhlufarnisgandutasiininuen
AdL 420 Wiluwns Ineldvaeniiansazaefegaany
Wudu 0 lulasnSuseiadansidu Blank uazld Quercetin

Juansavareumsgu [11]

2.6. MAAwTEVsAusyyadaseA635 DPPH
radical scavenging assay

W3BuaIazany 2,2-Diphenyl-1-picrylhdrazyl
radical (DPPH) ma1utdudu 0.2 fiadluais avanelu
Ethanol Wiuldwuuas annduifnansiegianialug
U305 500 lulpsans wazarsasaneiildaiadn 500
lulasdns TUSunssin 1000 lulasdns luraen
Nasd Lainarsazaty DPPH Usums 750 lulasans
lvnludidafunan 30 wit sanduiluaainis
Qmﬂﬁuumﬁmmmm?{u 517 unlwwns lagld Ethanol
Yy Blank [12] thArmsganduuasiildluiaszsigns
fueuyadatelagliiguiunsnunsgIued Vitamin C
wazthluAuaAT % Inhibition AeauATS

% Inhibition = [(Aconire - AsampteAcont] X 100

e

Acontrol = ANMMINANTULEIVBIYAAIUAY

control

Asample = ANN15ANAULAIBIYANARBITTIAT
Tnflafindneiinseng 1

2.7. measigvsRusyyadassdaeds ABTS
decolorization scavenging effect

W LEIaYaty ABTS laewiasasazanel iy
Wasdaua (K,5,05) AudNtu 2.45 Jadluans avane
Tuthndunauiu ABTS arududy 7 fadluand azane
Tuthndudednsndau 1:1 ivluiiiagaugiifes [y
nan 12 $alue agldansavans ABTS deuwihlulddeaie
esehindulisiinisgandunasiiaaiueniadu 734

wluRs Wiy 0.70 + 0.02 AATEiANUENSaluns
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fnupyyadase lagifnansiegnnilug 50 lulasdng
Tushndu 200 lulasans wéaufiu ABTS 1500 Tulasans
wandlsfid i udninlutaluiifaduna 30 it 9andu
inluind1nnsganduuasiinnnuenandu 734 uilusng
Tagld Ethanol u Blank [13] thensganduuasitle
U nevigrsiuoyyadasslaeifisuiunsvuinsgiu
484 Vitamin C wagirluduiaien % Inhibition fail

AATIUNTN9AU

28, MARTEV VB A ay B FA AT Potassum
ferricyanide reducing power assay

ansied1enialug 40 lulasdns waudu
arsavanenaaninies (Phosphate buffer) Wudu
0.2 §adluans pH 6.6 Usuins 500 lulasans wasg
arsazarelnuvadeuainloslud (K;Fe(CN),) A
WudU 1% (w/v) Usuams 500 lulasans wauliidaiy
ntuihluduilgumgll 50 ssenwaldea iunan 20
w1 Wnansazatensalaninaeliezdfn (TCA) AIY
Wty 10% (w/v) Usums 500 lulasans waulmdniu
W ludumiesfiannuss 1000 rpm et 10 und
vhansavatsdiuuy 500 lulasans Wutndu 500

lulmsans wazifuansavaremesinmanlsn (FeCl,) Aw

WU 0.1% (w/v) naulidntu annduinluiamainng
AANAUKAINANE1IATY 700 Wlwwes tnsldvasnd
ansazausieganududy 0 lulasnSuseliadansilu

Blank [14] srAn1sgandunasnlaliiasiesignasiiu

auyadastlaeieuiunsnannsgIues Vitkamin C

3. NAN15398
3.1. YSuradewazvaenisaannialug
NNANITNAABINUIN 58aLVBINITARAAIUL

(%Degumming) ¢ 35N156N¢ « diAnegse1Ing 1.81-21.59
Tnensaniamansasaneludeouasueius Wuna 30 wii
H5evazvaen1saenn1avy (%Degumming) MuNNgn A

Sauay 25.483+4.039 (Table 1)

3.2. Ysunulusauluasazananiogng

USunalusiuluansiedgrannlvudiatanieds
sina 9 wandlu Table 2 nuiSunadusiutomuaesn
Ivaislenegfiuszana 24.952 + 5948 fia 306,857 + 1.429
lulpsniudedadans wasnuindedmdudiuia 1 nu
sevmtinutwesdsluny 3ansiudeasazanetién 30
i Tﬁﬂ%mmiﬂiﬁumﬂﬁqmﬁa 164.073 + 0.059 mg/g

dry weight

Table 1 Percentage of sericin recovery (%Degumming) by different extraction methods

Weight of raw silk ~ Weight of raw silk

Time
Extraction method (mir) before extraction after extraction %Degumming
min
(¢)
30 0.511+0.009 0.472+0.027 7.470+5.211
Extraction with
60 0.509+0.003 0.485+0.008 4.817+1.545
distilled water
90 0.508+0.005 0.498+0.006 1.881+0.955
Extraction with 30 0.513+0.005 0.382+0.020 25.483+4.039
sodium carbonate 60 0.511+0.005 0.420+0.006 17.894+1.983
solution 90 0.508+0.003 0.409+0.008 19.405+1.624
30 0.507+0.004 0.443+0.005 12.579+1.115
Extraction with
60 0.509+0.004 0.419+0.002 17.531+1.045
ash solution
90 0.507+0.003 0.431+0.004 15.051+1.256
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Table 2 Protein content of sericin extracted by different extraction methods

Total protein

Total protein

Time Protein content
Extraction method content content
(min) (ug/mL)
(mg/mL) (mg/g dry weight)
30 24952 + 5948 7.642 + 0.140 15.532 + 0.073
Extraction with
60 92.095 + 5.408 20.681 + 0.053 40.922 + 0.061
distilled water
90 178.286 + 6.227 22.260 + 0.062 44.435 + 0.041
Extraction with 30 162.571 = 1.429 54.806 +3.460 105.085 + 0.073
sodium carbonate 60 236.857 + 1.429 59.168 + 0.130 117.486 + 0.020
solution 90 323.429 + 2.182 44.308 + 0.108 87.682 + 0.063
30 256.857 + 5.151 83.426 + 0.047 164.073 + 0.059
Extraction with
60 249.714 + 1.429 49.889 + 0.062 98.494 + 0.075
ash solution
90 346.857 + 1.429 47.613 + 0.075 94.439 + 0.052

3.3, Usunuansusznauiluednianan

asananmlrueeisnsing 9 dansussneufiuedn
ae/lut9 30.778 + 4.111 §11 326.333 = 3.819 pg gallic acid
equivalent (GAE)/mL waziilofmduusuiude 1 ndu
Yhoinusteesdslv Famsuseluieumsusin 30 wil
TiBnauensUsznoufiuednunniigaie 457.574 + 0.063

mg GAE/g dry weight (Table 3)

3.4. Y3unaumanliueensiu

Usnauanhuesdlunilvuiiaindaedseng 4 &
A1egludag 20932 + 0.819 fia 182.447 + 1.612 ug
quercetin equivalent (QE)/mL wagiilodnduusunase
1 nfuhinustwesddlv Fensfudelnienmiveun
30 Wil TiSunamanlausssdunniignde 8.230 + 0.013

mg QE/g dry weight

3.5. VisAuayyAdaTEANEAI835 DPPH radical
scavenging assay
asananlunfaiameisang q dauaunsa

a

Tun1siueuyadaszegluyae 0.931 + 0.172 i1 7.822 =

34

0.044 pg vitamin C equivalent (VCE)/mL Tag@1sain
nmlunfadanie35n1sdudrsuinau 90 uril 4
ANNEsaluNIIAIUBYadasEuIniian Ae 7.822 +

0.044 pg VCE/mL (Table 5)

3.6. qiduoyyadaszAnuadae33 ABTS
decolorization scavenging effect

ansafianlnudiaindaeizene 4 danuananse
lumsiueyyadaszeyluyiig 2.018 + 0.059 fis 18.390
+ 0.139 pg VCE/mL lavansadanilvaiiatnsiedsnng
fumsasazatelafenAIFUoLUn 90 Wl denuaiusn
Tunisdnueyyadaszanniign Ao 18.390 + 0.139 g

VCE/mL (Table 6)

3
ay a

3.7. ainuayyadeaszAne1die3s Potassium
ferricyanide reducing power assay

IInNnIsNAaBINUIIaIsatanialnudiadadae
WnsaudarsazatelgiienaIsusiun 90 Ul i
mwansalunsiueyyadaseanniign Ao 123.487

pg VCE/mL (Figure 1)
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Table 3 Phenolic content in sericin extracted by different extraction methods

Phenolic Total phenolic Total phenolic
Time
Extraction method (mir) content content content
min
(ug GAE/mL) (mg GAE/mL) (mg GAE/g dry weight)
30 30.778 = 4.111 38.396 + 0.086 76.587 + 0.060
Extraction with
60 43278 + 2.546 38.889 + 0.079 77.103 = 0.052
distilled water
90 66.333 + 0.833 33.159 + 0.051 66.078 + 0.049
Extraction with 30 176.889 + 3.469 229.904 + 0.051 457574 + 0.063
sodium carbonate 60 225.500 + 1.443 225.502 + 0.008 447.292 + 0.044
solution 90 318.556 + 4.739 175.215 + 0.027 346.110 + 0.064
30 167.722 + 2.546 218.109 + 0.072 428.254 + 0.099
Extraction with
60 241.889 + 3.938 193.487 + 0.057 381.901 + 0.015
ash solution
90 326.333 + 3.819 179.460 + 0.047 335597 + 0.028

Table 4 Flavonoid content in sericin extracted by different extraction methods

Flavonoid Total flavonoid Total flavonoid
Time
Extraction method (mir) content content content
min
(ug QE/mL) (mg QE/mL) (mg QE/g dry weight)
30 20.932 + 0.819 0.843 + 0.037 1.707 + 0.029
Extraction with
60 34.492 + 0.572 1.050 + 0.058 2.053 + 0.048
distilled water
90 26.689 + 1.050 0.438 + 0.027 0.883 + 0.008
Extraction with 30 95.477 + 0.227 4.082 + 0.068 8.230 + 0.013
sodium carbonate 60 118.508 + 0.473 3946 + 0.018 7.822 + 0.016
solution 90 159.492 + 1.513 2919 + 0.017 5693 + 0.116
30 87.295 + 0.787 3.744 + 0.074 7.435 + 0.029
Extraction with
60 106.386 + 1.041 2.818 = 0.017 5539 + 0.115
ash solution
90 182.447 + 1.612 3.336 + 0.021 6.641 + 0.038
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Table 5 Antioxidant activity determined by DPPH radical scavenging assay of sericin extracted by different

extraction methods

Time Antioxidant activity
Extraction method % Inhibition
(min) (ug VCE/mL)
30 5.891 + 0.184 47.180 + 1.409
Extraction with
60 7.217 + 0.115 57.338 + 0.882
distilled water
90 7.822 + 0.044 61.973 + 0.337
Extraction with 30 1.764 + 0.011 15.568 + 0.083
sodium carbonate 60 1.670 + 0.013 14.846 + 0.096
solution 90 1.268 + 0.006 11.765 + 0.048
30 1.626 + 0.031 14.513 + 0.240
Extraction with
60 1.445 + 0.017 13.125 + 0.127
ash solution
90 0.931 +£0.172 9.184 = 1.317

Table 6 Antioxidant activity determined by ABTS decolorization scavenging effect of sericin extracted by

different extraction methods

Time Antioxidant activity
Extraction method % Inhibition
(min) (ug VCE/mL)
30 2.018 + 0.059 7.789 + 0.305
Extraction with
60 2.302 + 0.095 9.265 + 0.491
distilled water
90 2.420 + 0.034 9.876 + 0.176
Extraction with 30 14.253 + 0.106 71.317 + 0.551
sodium carbonate 60 15.488 + 0.281 77731 + 1.457
solution 90 18.390 + 0.139 92.799 + 0.722
30 12910 + 0.162 64.343 + 0.841
Extraction with
60 15.665 + 0.206 78.647 = 1.069
ash solution
90 18.067 + 0.236 91.119 + 1.225

=

-E, 140

g 120 =

= 100 =
@

El I

& 60

4 k)

< 40

=

£ o

> Distilled water Sodium carbonate

Ash solution
solution

30 min [ 60 min 90 min

Figure 1 Antioxidant activity determined by potassium ferricyanide reducing power assay of sericin extracted with

distilled water, sodium carbonate solution and ash solution
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4. aAUTIINANTSINY

ATl ingusrasdifonmasouyTinalusi
warUTumanseangnin1edinin uazfnuiqnidiu
ouyadaszvesnlvuiatnanluuiusgnuas (Bombyx
mor) #2833n1588A 3 33 Ao nsatARIBtIndY N1
annAeansazaelylfuAIsUDIUA LagNISENAAIY
ansazanetidimdonnnisundovany Wunan 30 60
way 90 Wit levinisTausunadild Wethunfuaam
Sovazvein1sasnn1lim (%Degumming) AnTable 1
wundleldinalunisada 30 uift arsadaneusiegns
alvufidudearsazarslaieuasueiun Tsosazveq
nsaonnluy wndige fo 21.59 wagsideldnailuns
affm 90 w1 @rsafaverudaedren1luuiidudie
asavaneluifisun1suolun dSesavaesnisasnnialng
17.85 Faunndransatane udiegraniatnuiidudae
ansazaneiiduaziindy druitnan 60 unil ansafa
veuinogan I idudsasaranetin f¥evazues
n1saennialng 16.45 Feiifesazvesnisasnniilny
1INNINNsanaansAlegan1luudn 2 35 uriinany
LANF19IINNNTANAIBAITaTANELYLATUAITUBLUR LB
wA¥eway 0.19 avifiuldinnsldansazanetidnlunmsasn

Aluyldiisaiusgansanildunns1sainaisazaie

' P

safilduilulugramnssudmeiiiy mndadusing
fedwandeundounadunisuervendeain
nszuaunIsHandatududuninfueviosduun
Uszgnaldlviinuselevidneeg
dorinashnsiziniusuialusiudaeis
Bradford assay luansafnaneiuiiegnsnialum a1n
Table 2 devinisasan1luaduiian 30 waz 90 Wit
wuansataneuiiegrannvuiildainiznissudie
arsazaedidnivsinalsfunniigelu 2 9aanai
nadeu Wellsufunisdusistindunasaisazans
loiAgnA1SUBLUR Ao 164.005 mg/g dry weight Wag
94.497 mg/g dry weight dlevhnsatmduan 30 way
90 wfinudndy wsdudulsiufiazanetldd wsned
aqﬁﬂizﬂawaaﬂimazﬁiuﬁmauﬁmﬁjqq \ow3tuazans
Tugviazaredifids wiegndesdisieules protease
NIONIUNTZUIUNTS hydrolysis AIUEITATAIUNTANTO
A19 vunveuesduiilmileniunszurunisiingnes

¥
9

FuegiunanraneUadeidu gaumagll pH uag Liaildly
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nsaie Bnsadn nulufemetusvomuoulmmdivmm
anneae [15]
MseERUSInaEsUsyneuiueantavan Tu
arsataniilvy aziuladn devinisadanialnadu
a1 30 war 60 Wl wuansataneusiegan1 v
Taanisnisaumeasavatslunennsuoiun dUsunm
ansUszneuiiuednunnninasataniilnudilaaniinig
Fugeansazaneiénuavinngu Ao 457.623 mg GAE/g
dry weight Wag 447.332 mg GAE/g dry weight anug16iu
wAiiaan 90 wfinuansatanalnuiildennisnisdy
fruansavanetLin fUsinuasUsenaufiuednuniign
f 355.624 mg GAE/g dry weight
n1snaasumUsuIuarsHalauesaluansana
a1l dlevhnisadanluadunan 30 uway 60 uail
ansatan1luadildannisnissuseaisazaeleiien
mfusiun TUTinuaswaluesdinniian fe 8.234 mg
QE/g dry weight Waz 7.836 mg QE/g dry weight mudsiu
wATiaan 90 unfl ansadaveusiegenluadildann
F3ns8useasazateidaivunaarsatlivesd
UINNIINITANAIYANTAL A LULAYNAITUDLUA LT Y S
dnteey
mmmf‘ﬁaﬁmumwudﬂqwéé’huawgaaaiwm
TUsAwasu wona1ntunavesans Polyphenols way
Waﬂauaﬂﬁﬁwuaaﬂuaﬁaﬁmm’ﬂmmé’a Tulassasneves
\w3uiiinsmexiilulungy Hydrophilic amino acids 1
BaAUsENOUBELTY 76% Afldwieadeddunszuiunisnis
Aueyyadasziduiu lagdsieauiinineziily Serine
wag Threonine Anuunluwiduviniifiddaylu
nsrUUNNIAUEYLABaTElAY My ~OH Y84 Serine Ua
Threonine @u1saluduiusineie 9 1w wdnu3e
vowatld drmnsneziuid aromatic ring WuesiUsyney
191 Phenylalanine, Tryptophan tag Tyrosine 22811150

vuth iy Electron donors Walinufisendveyya

Baszeng 9 [16], [17]

5. unagy

nsanaE3duIINnMlnuAe3deng 9 Ao N1sAu
frethndu mssudeasazarslaiounsuasiun uay
msfudeansaratstidn wuin Msatawstuienisey

measarareiiiUsalusiuinnige wilunsdives
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¢
2

Usuuansuszneufluedn Ysunauaiswaliuesd gns
Fueyyadassiinaasusieds ABTS decolorization
scavenging effect Lag3s Potassium ferricyanide
reducing power assay Wuitasataiildainissusae
arsazangluifouaisusiunlidiminiian dulunis
AABUAVEF1UEYYABaTEA BT DPPH radical scavenging
assay Wuinansafnneuseganluuiilaannisause
¥ndu ﬁqwéﬁmawaﬁaizqaﬁqm N3¥UIUNITABNN
TnuanansavhldvanuateiBuinnidinariandneiu da
Tunnsnageunseilifunismaas i didriindeann
nszvauntswdnanuuldlunisade dalinals
Weuwihiunisidansazanelaiouasusiun wazidunis

annsUanUdesuaiiveangduindes
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