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Abstract

Protein hydrolysate was produced from black tiger prawn head, by-product
from prawn processing plant. Enzymatic hydrolysis of black tiger prawn head protein
was studied using various proteinases, including alcalase, neutrase, and papain. Prawn
heads were ground and defatted using isopropanol with the solid to solvent ratio of 1:3
(w/v) at 50 °C for 30 min. The optimum conditions for hydrolysis by alcalase,
neutrase, and papain were 60 °C pH 9.5, 50 °C pl1 7.0, and 35°C pH 6.5, respectively.
Enzyme concentration and reaction time affected the hydrolysis of prawn head protein.
Hydrolysis products expressed as Ol-amino acid increased when higher enzyme
concentrations were used. Alcalase showed a higher proteolytic activity towards prawn
head protein when compared to neutrase and papain. Degree of hydrolysis directly
affected yields, nitrogen recovery and functional properties of freeze-dried
hydrolysate. At degree of hydrolysis (DH) of 35, 50, and 65%, the yields of 2.54 -
5.72,3.75 - 10.14, and 5.81 - 11,25 % were obtained, respectively. Protein hydrolysate
contained 87.51 - 92.15 % protein and less than 0.3 % fat. The major amino acids in
hydrolysate prepared by using alcalase at 65 % DH were glutamic acid, aspartic acid
and glycine. Solubility of the hydrolysate with 65 % DH prepared by all enzymes was
higher than 80 % over the pH range of 7-9. The hydrolysate prepared by using
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neutrase with DH of 35 % showed the highest emulsion activity and emulsion stability.
However, most of protein hydrolysates had poor foaming properties.

Storage stability of hydrolysate with 65 % DH was investfgated at room
temperature (27-30 °C), 4 °C, and -20 °C. It was found that moisture, color, non-
enzymatic browning and TBARS slighty increased when kept at room temperature,
wherease no change was observed at 4°C and -20°C

Crude oil from black tiger prawn head contained 46.09% phospholipid and
53.99% triglyceride. The oil had iodine value of 101.79 g.iodine/100 g.oil with
peroxide value of 22.86 meq./kg.oil and carotenoid content of 40.46 mg.astaxanthin/
100g.0il, Crude oil consisted of 39.4 % saturated fatty acids and 55.7 % unsaturated
fatty acids, The major fatty acids in crude prawn oil were palmitic acid (25.1%), DHA
(21.9%) and EPA (4.1%)

The stability evaluated by accelerated oxidation test was studied in prawn head
oil in presence and absence of antioxidants. TBHQ and ethoxyquin were shown to be

the effective antioxidants in prawn head oil.
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(Mackie, 1982) wiinveusilwifnlflugammvnssuuazarefitosimungauuda
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a1 10 1 viiaveuen izt Ry imuya

Source Type of protease Common names, tradenames Typical pH  Preferential specificity
range
Animals
Ox,pig Aspartic protease Pepsin, pepsin A pHI-4 Aromatic ~COOH and ~-NH2
Leu-, Asp-, Glu-COOH

Serine protease Trypsin pH7-9 Lys-,Arg-COOH
Serine protease Chymotrypsin pHS8-9 Phe-~,Tyr-, Txp-COOH
Mixture of trypsin, Pancreatin pH7-9 Very broad specificity
Chymotrypsin
Carboxypeptidase A or B

Calf Aspartic protease Chymosin, rennin pH3-6 Rennet specificity

Plants

Papaya fruit Cysteim;," protease Papain, pure pH5-7 Lys~, Arg-, Phe-X-COOH
Mixture of papain, chymopapain Papain, crude pHS-9 Broad specificity
And lysozyme

Fig latex Cysteine protease Ficin pH5-8 Phe-, Tyr-X-COOH
Cysteine protease Bromelain pH5-8 Lys-, Arg-, Phe~, Tyr-COOH

I3




A15191 1 (919)

Bacteria
Bacillus amyloliquefaciens

(Bacillus subtilis)

Bacillus licheniformis

Bacillus sp. Alkalophilic

Bacillus thermoproteolyticus

Fungi

Aspergillus oryzae

Aspergillus niger (4. saitoi)

Metalloprotease

Serineprotease

Mixture of the above

Serine protease

Serine protease

Metalloprotease

Mixture of aspartic protease,
Metalloprotease, Serineprotease

And carboxypeptidase

Aspartic protease usually

Mixed with carboxypeptidase

Neutrase

Subtilisin Novo, Subtilisin BPN

Bioprase, Nagase, Rapidermase,
Rhozyme P 53, MKC protease
Substilisin Carlsberg, Alcalase,
Maxatase, Optimase

Esperase, Savinase

Highly alkaline protease

Thermolysin, Termoase

Takadiastase, Fungal protease
Sumzyme LP, Veron P,
Panazyme, Prozyme
Biozyme A, Sanzyme
Aspergillopeptidase A

{pure aspartic protease),

pH6-8
pH6-10

p-I-I6-9
pH6-10
pH7-12
pH7-9

pH4-8

pH2.5-5

Leu-, Phe-NH2 and other
Broad specificity, mainly
Hydrophobic-COOH
Broad specificity

Broad specificity, mainly
Hydrophobic-COOH
Broad specificity, mainly
Hydrophobic-COOH
Lle-,LEU-,Val-,Phe-NH2

Very broad specificity

Pure aspartic protease : as pepsin
Mixed preparat on : broad

specificity

bl




M5 99 1 (D)

Rhizopus sp.

Mucor miehei

Mucor pusillus

Endothia parasitica

Penicillium duponti

Trametes sanguinea

Aspartic protease
Mixture of alkaline and
Neutral protease plus
Aminopeptidase and
Carboxypeptidase

Aspartic protease

Aspartic protease

Aspartic protease
Aspartic protease with some
Carboxypeptidase
Aspartic protease with some

Carboxypeptidase

Sumyzyme AP, Protase
Molsin, Pamprosin
Sumyzyme RP, Newlase

Pronase

Rennilase, Fromase
Marzyme, Mercurd
Emporase, Meito rennet,
Necury Lab

Surecurd, Suparen

P. duponti protease

T. sanguinea protease

pH3-5
pH7-9

pH3-6
pH3-6

pH3-6
pH2-5

pH2-4

As pepsin
Very broad specificity

Rennet specificity

Broad specificity

Broad specificity

7111 : Adler-Nissen (1986)
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Bromelain

Bacterial proteinase

Animal rennet

Microbial rennet

Fungal proteinase
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Crayfish processing by-product

Lobster head

Shrimp head

Eviscerated mullet

Pacific whiting solid waste

Paroplrys reyulus

Alcalase 2.4L
Prozyme 6
APL-440
Proleather
Trypsin
HT-proteolytic 200
Protease 2ZA
Papain

Bromelain
Protase S

Papain

Pepsin

Fungal protease
Neutrase 0.5L
R;pidase 9319
Bacterial Protease
Alcalase 2.4L
Neutrase 0.5L

Pepsin

Baeck 118y Cadwallader (1995)

Vieira laganlg (1995)

Bhuwapathapun (1996)

Rebeca lLasAME(1991)

Benjakul 11013 Motrissey {1997)

Tarky uasAns (1973)
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SOURCE Compositions(%)
Protein Fat Ash Moisture Enzyme Reference

Freezed-dried hydrolysate 82.25 3.94 13.82 2.77 alcalase Benjakul and Morrissey(1997)
Pacific whiting solid waste 69.36 20.31 20.74 81.10 “ "
Pacific whiting muscle 92.05 253 6.50 84.62 " "
Raw herring 37.9 4.0 12.5 4.7 " "

853 47 9.6 4.8 Papain Hoyle and Merritte(1994)
Hemring presscake 823 3.7 133 39 Alcalase "

83.4 3.6 9.9 32 Papain "
Ethanol extraction herring 83.7 1.8 12.0 3.3 Alcalase "

85.7 0.9 7.5 39 Papain "
White fish 89.00 2.80 6.95 - " Mackie (1982)
Offal 90.46 2.70 7.13 - Alcalase "
Bluewhiting 75.55 11.76 7.08 - Papain !
Sprate 64.49 34.00 5.51 - " "
Cod fillet 84.40 2.00 6.20 - " "
Cod fillet waste 81.80 4.20 6.90 - Y "

£¢
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Amino acid (%) Freezed-Dried Pacific Whiting Pacific Whiting
Hydrolysate Solid Waste Muscle
Alanine 6.53 6.45 5.51
Arginine 7.29 7.71 7.28
Aspartic acid 10.10 9.72 10.50
Cysteine 0.92 0.82 1.13
Glutamic acid 13.80 18.50 15.00
Glycine 7.88 8.09 3.87
Histidine 2.10 2.19 2.35
Isoleucine 4.30 4.28 4.97
Leucine 7.16 7.08 8.05
Lysine 8.33 8.19 10.20
Methionine 3.02 2.96 3.20
Phenylalanine 3.80 3.87 4.06
Proline 6.00 6.25 4.04
Serine 533 5.35 4.80
Threonine 5.12 4.86 4.86
Tryptophane 0.14 0.65 0.95
Tyrosine 3.50 - 3.38 4.18
Valine 4.72 4.61 4.94

#1111 : Benjakul 4taig Morrissey (1997)
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i
20 09f  laliiod
0 month 3 month
Sample L a b L a b
Alcalase
Raw herring 912"  -0.8° 125 89.8°  -01% 158"
Herring presscake 86.4°  +0.1° 156° 87.5° 403"  172°
Ethanol extracted 93.5%  -0.4° 08* 942° -09° 77°
herring
Papain

Raw herring 93.0°  -0.5° 1.7 89.6°  +01% 155"
Herring presscake 90.3*  -04° 13.8° 884" +07%  180f
Ethanol extracted 922°  -0.6° g1* 932 10t 71f

hetring

@ o { al o @ e
WIOMe) G0N a,b, ¢, d, e Loy ffmitousuluaandi@ertuvousy lan

H)

uaazaiianu llaNuuana 1N an (p>0.05)

i ; Hoyle and Merritt (1994)
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Amino Acid Content (g./100 g.)
Black Tiger prawn head*  Channel catfish**  Rainbow trout™*

Aspartic acid 8.81 9.74 9.94
Threonine 3.92 4.41 4.76
Serine 4.42 4.89 4.66
Glutamic acid 11.93 14.39 14.22
Proline 3.59 6.02 4.89
Glycine 5.48 8.14 7.76
Alanine 4.76 6.31 6.57
Cysteine 0.85 0.86 0.80
Valine 473 5.15 5.09
Methionine 1.75 2,92 2.88
Isoleucine 3.71 429 4.34
Leucine 5.59 7.40 7.59
Tyrosine 3.55 3.28 3.38
Phenylalanine 4.77 4.14 4,38
Histidine 2.50 2.17 2.96
Lysine 4.24 8.51 8.49
Arginine 4.47 6.67 6.41
Tryptophane 147 0.78 70.93
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£ 1347 : Wilson (1994)
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e
BN

1 sfasaedraTalsin 3-5 ndu nindutses 100 Jaddas

2 mldnszuennisuing 250 Jadaas SauSinasiudu (A)

3 i laliRaviealaelfinseanean (Set No, 4) fhuan 1 ¥
4 ”’a’ﬂﬂ%’mmwmﬁaﬁﬂﬁu (B)

¥
5 dasoeiiald Slunm 30 wil wagimiFuasueseansegmelu 30 wH (€)

AN

Whippability (%) = (B-AYA x 100
Foaming stability (%) = (B/C) x 100
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Q@r

3.3 Myl seHaniansifaeayu

SaauiimsAnoias(Emulsion Activity Index; EAT) (Vaghela and Kilara,1996)

gilnsal

dli L1
1 nFoailunau
5 maesaialas W lndined

LY
3 uiudIne

acy
IBNTI
] £ T
1 999818 1 NI ﬁgﬁqﬂiuﬁ'iﬂau 100 Hanans

aasadesazane TUsau Usues 75 fanans

]

s :‘ o =N ~ oA Y A =4 =
duhrudn Twadsues 25 Yanans S usauNA NS5 19000 S8U/UM

In W

Aovafueisazats SDS iWudy Sevaz 0.1 500 (M1

h

SasmaganaunasfinueIng 500 w1 lus wardnasstinifadia

MSAIHIN
BAl = 2Tde
glo T =23 A/
A= mnsganauidadl 500 1 T
1 = path length (1 x 10 _2)
g g W 1 9
c= ANUHNIUVDINIDYN (3o08%)

b = 025
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MIIATIEHAIINNITIYDIDTaTH (Chobert, ef al., 1988)
d
gilnsol

A 1
1 pTelunay

5 nsedilalas W ladmes

¥
e o 3

3 didudnine

1
4 ar L}

¥ 1
1 sdaedialds@u 1 nfu azaminaudsuing 100 Naaans
by

7 Egazenfiedlant 21 Yagang wuut e 7 Jagans

y { d g a
3 Susauiinnunga 21000 seuan dunat 30 Jud

o 1 & A au @ t c.:J ne < a
4 Sassufimsifnsiadu (BAmax) waztasefiald luna 24 42Tus

3 g 2 ~ = o =1
s shunidaudeudt 80 esmuwaied (umar 30 Wi

] c? vd A ~ Y =t 3

6 UdesilMduNgurliviod iazNIUBNATY

7 Samdrinsnadvasy (EAImin)

IR

EAI% = [BAI (max)— EAI (min)/EAl(max)] x 100
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< . o 1
3.4 msAnennsifatihmaiialitieulasiineades (Hoyle and Merritt, 1994)

gilnsal

1 N5¥AIENTDY Whatman No. 1
2 wnSesaalns W inlnes

4 ,
3 eSeemuLULLnan

e
IHMI

1| Yadmetha 5 ndu azarelwenuea Wuduieoas 50 YSuas 50 Uaddns
. Y A v o8 o <
2 o TaeldnToenmuuuuniman Quszeznal 1 ¥ 19

3 N5ENEIUNTZATHASDAULDST 1
o =) 0 e 1 - Ju| d'l
4 vhasazatefinsedldiammaganiuuasiinamuerintu 420 uluwms -
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MAHUIN U Nams’am‘s'lwmmuﬂsﬂs'mmmm

! ~ J o o ~ A i
@1151\1Nu’3ﬂ‘ﬁ 1 Naﬂ'ﬁ?lﬂi']g‘ﬁﬂ'nullﬂﬁﬂﬁauﬁjﬂﬁﬂjmqagﬁ"ﬁﬂﬂuﬂiﬁ’llﬂg’:qmﬁaﬁ'ﬁ
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=3

SV DF SS MS F

Treatment 7 154.8743194 22.1249028 3648.43 **
Solvent (S) 148.1611703 148.1611703 24431.98 **
Temperature (T) 3.8282579 1.2760860 210.43 **
SxT 2.8848911 0.9616304 158,57 **

Error 16 0.0970277 0.0060642

Total 23 154.9713470

CV=22%

#* = P UUANA1INWTDA (p<0.01)

{ a d or 4 o
ﬂ'ﬁ’l\‘lF\l‘l«nﬂﬁ 2 Nﬂﬂ'ﬁ']l.ﬂﬁ'lgﬁﬁﬂ'ﬁ'muﬂiﬂﬁ?ﬂﬂﬂﬁﬁgﬁgmﬁnmgﬂﬁi']ﬁ'lu‘ll'f)ﬂ'lﬁq

~ 1 e a a &t ] ar ar
ﬂumammazmﬂaum’%'ﬂﬁmmaﬁmamsﬁﬂﬂ‘lwu

SV DF SS MS F

Treatment 11 5.05372330 0.45942939 532.19 **
Time(T) 0.07087860 0.02362620 27.37 **
Ratio(A) 494561656 2.47280828 2864.41 **
Tx A 0.03722814 0.00620469 7.19 #*

Error 24 0.02071889 0.00086329

Total 35 5.07444219

CV=43%

#% = §iaUUANATIINWADA (p<0.01)
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A5 NUINN 3 mamﬁmﬁ1::ﬁ’mmszﬂﬁammﬂ?mmwamﬁm‘lﬂiﬁu‘la’[m‘la

anildnnmsdesamoTsaunniafegaid Tagiew lasisanua

dansd wazihaly
SV DF SS MS F
Treatment 229.5074296 28.6884287 4186.96 **
Enzyme (T) 2 154.7104963  77.3552481 11289.68 **
DH (D) 2 612993185  30.6496593 447319 **
TxD 4 13.4976148 3.3744037 49248 **
Exror 18 © 0.1233333 0.0068519
Total 26 229.6307630
CV=15%

s = IANULANAIINNTRA (p<0.01)

z:i =Y ~ P c‘l I~
A1T1INUINT 4 wami’smswﬁmmuﬂsﬂsaumaqﬂ'smmTﬂﬁﬂumﬂumﬁﬂsxﬂau

volalaslaemitldnnmsdevaaie lavou laddanuas dumsd

uasthihy fissaumsdosaarviosas 35 50 Uag 65

SV DF SS MS F

Treatment 8 54,35293333 6.79411667 184.83 **
Treatment (T) 2 17.79162222  8.89581111 242.00 **
DH(D) 2 21.58162222  10.79081111 293.55 ®*
TxD 4 14.97968889  3.74492222 101.88 **

Error 18 0.66166667 0.03675926

Total 26

CVv=02%

#x = JiAUUANANNINEDA (p<0.01)




A o 'd = ¥
MR 5 wamamTeianulsdsauvealSum

voalalas laanit ldainmsdesaais Tnaeu |

at

nazd iy fsedumsdesaaisdesas 35 50 uaz 65

UUNL

=y
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Tueanilszneu

YUDAA U UWANTY

SV DF SS MS F

Treatment 8 0.00354074 0.00044259 6.29 **
Treatment (T) 2 0.00027407 0.00013704 1.95 #*
DH(D) 2 0.00134074 (.00067037 9.53 ns
TxD 4 0.00192593 0.00048148 6.84 **

Error 18 0.00126667 0.00007037

Total 26 0.00480741

CvV=31%

*% = fIANUUANA TN NADA (p<0.01)

ns = JWIAMUUANARMEADA

o o ' oy 9/ A o
A151MHUINT 6 Hams RS zraNnulsdsuveadTinautniiuesnslseneuves
H 1 o ot =Y
Yalas lanildsinnissesaain Taseu leddanuas Hunsauay

iy fszdunistesaaisiosas 35 50 uag 65

SV DF SS MS F

Treatment 8 13.24960741  1.65620093 1847.83 **
Treatment (T) 2 149976296  0.74988148 836.64 ==
DH(D) 2 1.69991852  0.84995926 948.30 **
TxD 4 10.04992593  2.51243148 2803.18 **

Error 18 0.01613333  0.00089630

Total 26 13.26574074

CV=04%

= = JANWARA 1INARA (p<0.01)
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P r=y I'd =y 1
AT NUINN 7 wammmsnwmmuﬂsﬂmummﬂsmmmmfﬁumm‘laTﬂs‘lmﬁﬁn
P T & a2 PN H
#Znmsdovaaie laveulmidanuarn daunsauazihnlu #

sEeUMIIBEdaI8TauaT 35 50 LAY 65

SV DF SS MS F

Treatment 8 7.11991852 0.88998982 603.76 **
Treatment (T) 2 1.20831852 0.60415926 409.86 **
DH(D) 2 0.84191852 0.42095926 285.58 **
TxD 4 5.06968148 1.26742037 859.81 **

Error 18 0.02653333 0.00147407

Total 26 7.14645185

CvV=05%

o = PANUUARANNIADA (p<0.01)

s eHuAnd 8 mamsinsizdamualsalsauseiid (@n Lyvedlalaslaanila
1 1 ¢ o =9 ai a’
M5 dssaaid laaey lsidanuad fwmsauaztuly nszay

msdesdaiuosay 35 50 Uag 65

SV DY S8 MS F

Treatment 8 108.8042000  13.6005250 60.24 **
Treatment (T) 2 84.1592000  42.0796000 186,38 **
DH(D) 2 1.1396222 0.5698111 2.52 ns
TxD 4 23.5053778 5.8763444 26.03 **

Error 18 4,0640000 0.2257778

Total 26 112.8682000

CV=0.5%

#* = §iANULANATENNADA (p<0.01)

ns = liTaNUHANATINSADa




i =S r'd 1 1 H
M5 1HUInT 0 mamsiinsgiaulsisavesid (i yvedlelaslamild
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¥

T o ar F=N 1 o
nnmsdesaansiaeuleidamag dansauaziniy Asva

SV DF 5SS MS F

Treatment 8 17.82345185 222793148 797.80 **
Treatment (T) 2 17.57845185  8.78922593 3147.34 **
DH(D) 2 0.00036296  0.00018148 <1
TxD 4 0.24463704  0.06115926 21.90 **

Error 18 0.05026667  0.00279259

Total 26 17.87371852

CV=84%

s = §ia U AR NNE DR (p<0.01)

a{ = ' ] T H
A1 1HUINT 10 namseseHaulsdsnmeed (mi pyvedlalaslaenild
] ¥ o =Y Py ot
nmssesaainlasoy loNsanuad imsguazalilu vy

Msdeuaaluouas 35 50 UaY 65

SV DF SS MS F

Treatment 8 231.5466840  28.9433355 397.27 **
Treatment (T) 2 221.0078082  110.5039041 1516.76 **
DH(D) 2 5.6784749 2.8392374 38.97 **
TxD 4 4.8604009 1.2151002 16.68 **

Error 18 1.3113940 0.0728552

Total 26 232.8580780

CV=22%

% = S UUANANNEHA (p<0.01)
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MSIRUINT 11 Han1saasenauiilsilsauvedTunn niogen recovery Y09

Tdsaulalas laemit ldninmsdesanioTusAumniidana

Tamovlaisanuaa  Tunsd uazihnlu

SV DF SS MS F

Treatment 8 3802.644467 475.330558 955,84 **
Enzyme (T) 2 2535.867489 1267.933744 2549.69 **
DH (D) 2 995.738600 497.869300 1001.17 **
TxD 4 271.038378 67.759594 136.26 **

Error 18 8.951200 0.497289

Total 26 3811.595667

CV=13%

w = PAMUUANA1INIEDA (p<0.01)
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c; ~ 'd = 2y o c:.r =}
A5HHUINT 12 Han1sans1zianuulsdsiuveamsinastaruue 1sau

1815 laani ldnnmsdesaars lasou laddanuaa dunsd

wazthilufseduanududuvedlalas laranaiaiy

Sv DF 38 MS F

Treatment 35 7330010.972 209428.885 57902.69 **
DH (D) 2 1458517.141 729258.570 201624.69 **
Conce. (C) 3 2474056.596 824685.532 228008.24 **
Enzyme (E) 2 1091459.811 545729.905 150882.86 **
DxC 6 879948.750 146658.125 40547.89 **
DxE 4 590962.738 147740.684 40847.20 **
CxE 6 385616.068 64269.345 17769.12 **
DxCxE 12 449449 868 37454.156 10355.29 **

Error 72 260.418 3.617

Total 107 7330271.389

CV=05%

¢ = {laUUANANNIADA (p<0.01)
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A5 9NUINT 13 KNS RTIEHa IS UsvvesnunIdIvesaNatue

TalsaulaTas laani ldvinmsdeodais Taseu laidanuaa

famsa naztudy Aseauanududuveslalas laanaiedu

SV DF SS MS F

Treatment 35 21767.92935 621.94084 2682.37 **
DH (D) 2 19506.95199  9753.47600 42065.86 **
Conce. (C) 3 630.17567 315.08784 1358.95 **
Enzyme (E) 2 13.19799 4.39933 18.97 **
DxC 6 1208.34582 302.08646 1302.87 **
DxE 4 43.75835 7.29306 31.45 **
CxE 6 164.13024 27.35504 117.98 **
DxCxE 12 201.36928 16.78077 72.37 **

Error 72 16.69407 0.23186

Total 107 21784.62342

CV=2.6%

# = JAMULANANNNADA (p<0.01)
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M15eNuandl 14 manmsdenedanunlsdsiuvesanuguesisveslysin
v v A ¥ ' v 2w .
laTas laanfldsnmsdseaaralaoey lydoanuae Hunsd ag

Py Aszavanududuvedlelas lawmnaranuy

sv DF SS MS F

Treatment 35 9475.599961 270.731427 690175 **
DH (D) 2 1635.001478 817.500739 20840.52 **
Conce. (C) 3 5035.092476  2517.546238  64179.72 **
Enzyme (E) 2 497.437662 165.812554 4227.05 **
DxC 6 1524.858321 381.214580 9718.29 **
DxE 4 128.566354 21.427726 546.26 **
CxE 6 520.619974 86.769996 2212.02 **
DxCxE 12 134.023697 11.168641 284.72 **

Error 72 2.824309 0.039227

Total 107 9478.424269

CV=25%

#* = JIANULANANINTDA (p<0.01)
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o a ¢ A v v y
ATTINHUINN 15 Naﬂ1‘§’JLﬂ513Hﬂ’J1MLﬂﬁ‘lJi'm‘lJENﬂ’J‘llJ‘]fu‘Uﬂﬂ lgTﬂﬁ lalﬁﬂuﬁQﬂ

1&dnmsdesaats lageu leidanuan serimanunm

Tusdulelns laaniigungiifos 4 esriaraiBod uaz -20 938

=1 Qt
wraee Wuszesina 8 et

Ssv DF SS MS F

Treatment 23 80.26753333 3.48989275 4119.22 **
Temperature(T) 2 30.56610000 15.28305000 18039.01 **
Time (S) 7 27.94973333 3.99281905 4712.84 **
TxS 14 21.75170000 1.55369286 1833.87 **

Error 48 0.04066667 0.00084722

Total 71 80.30820000

CV=04%

= ATUUANANNTDEA (p<0.01)
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[ 1 8
AN HLINT 16 HANTIATIEHAIINIANA ST M BsvesnNus e laTas la
k1 v 9 ] b o ar ] I~
e ldonmsdesaatelaseu lwudanuad sEHANMIINY
$mn Ts@ulelas lasanitgungiives 4 esraaifve uag -20

sarnaiod Wuszezat 8 duawt

szoznal (dand) gaungl (esruraion)
gungiives 4psusalBod -20 saRalEYa

1 6.21° 621" 6.23°
2 6.26° 626 621°
3 6.66° 6.27° 6.21°

6.76" 6.34° 6.22°
5 9,11° 7.22° 6.24°
6 9.14" 7.28° 6.24"
7 9.15° 7.33° 6.24°
8 9.15° 7.35" 6.25°

@ a { o o ar i [
Mume F8NET ab.c.de uay £ Amfloudiuluaandifoaiu lilianuuand

N9E8A (p< 0.05)
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1 o o [] T H 3
A1T1HUINT 17 Hams A HaNNIana eI unasvenNsuvedlslas la
o AU Y ] v & 3 I~
ruten ldninmssesaatsTasou lediunsd 5eHIINIIAL
fnuTalsaulalas laamfinamgiives 4 esrivaidod Loz -20

= o ar Ed
aasalged 10uszesnal 8 alann

sgozran (Fland) aaungll (easniraldod)
gungiines 4 pasnalfion 20 e uwalded
1 4.24° 4.24° 425"
2 4.25* 4.24° 4.25°
3 428° 426° 425"
4 4.27° 4.24° 424"
5 4.29° 4,28° 425"
6 434" 430" 425°
7 436" 4.29° 4.25°
8 435" 429° 426°

Y] H @ & s (= 1
Winolre AIBNHT ab,c Lazd Amtousulugaudidoriu Lilanuuanaanig

aaf (p<0.05)
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H ~ 'd 1 1 .:; 4
ATSNHIING 18 HamTAATIZHaNuLandvesrnasvanuiuyeslalasla
nutatlgnnnsdesaasTaseow laflugy sendemsiiy
$nwnTalsduleTas lavamiigungiivios 4 ssruyaiiod uag 20

= o ar o
aamsadan 1ussezna 8 dlan

szoznm (fla) gamgll (esrnusaiiie)
gaunines 4 pasuvaien 20 eaITAIdN
1 471° 4.71°%° 471*
2 4.72° 4.70" 470"
3 4.74° 4,71% 4.71°
4 4.75° 471% 471"
5 4.78° 471%° 471"
6 479" 4.71° 471"
7 4.80° 472° 472"
8 4.82° 4.72° 4.72°

o a . l ar o at ] 1
WUIe AIONYS ab,c lazd Awioufulugand@ondu danumnaiena

a0a (p< 0.05)
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M519RUINT 19 Hamsdnsziauulsdssuvesnnuduvelalay lammnvei

L] o a 1 d o
1dmnmsdesaan ! 3 in
1&9innisdaadate Inemu Il dunse I$HINMIINDIAY

Tdshulelas lawmiigargiites 4 serniwadod uag 20 031

wadea Shiszeznal 8 dlad

sV DF sS MS F

Troatment 23 0.08782400 000381844 30,43 **
Temperature(T) 2 002020433 001460217 11635 %*
Time (S) 7 0.03641600 000520229  41.45**
TxS$ 14 002220367  0.00158598 12,64 %

Error 48 0.00602400  0.00012550

Total 71 0.09384800

CV=03%

w = [ANULANARNITDA (p<0.01)
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P! ~ o A b Y Y o
A5 19HUINT 20 Han e ziauulslsuvssnusuved laTas laranuiah
1&anntsdesaarnneu ladduily sevinmanusam
Tilstulolas lamniigungives 4 esmisadiod uag -20 99N

Iy 4
wawea dluszoznal 8 dand

SV DF SS MS F

Treatment 23 0.07951111 0.00345701 36.60 **
Temperature(T) 2 0.04461944 0.02230972 236.22 **
Time (S) 7 0.01835556 0.00262222 27.76 **
TxS 14 0.01653611 0.00118115 12.51 **

Error 48 0.00453333 0.00009444

Total 71 0.08404444

CV=102%

w = JATULANANNNADE (p<0.01)
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i =N ' Py 3’ 1
A1519HUINT 21 samssinsianualsysauvesamsifadiea lag lufiew L

Fuszoznm § dalat

4 ' g o 3 { =
AuatessnamsiuininTilsduleles lamiigamgiives

a4

SV DF SS MS

Treatment 23 0.00232533 0.00010110 1.08 ns
Enzyme(T) 2 0.00123258 0.00061629 6.59 **
Time (S) 7 0.00065022 0.00009289 <1
TxS 14 0.00044253 0.00003161 <1

Error 48 0.00448667 0.00009347

Total 71 0.00681200

CV=19%

# = TIANLARATIN TR (p<0.01)

s = i uuana1an19aon

o = < = :’ Ho1a t Ed
T NHUINT 22 F\l'ﬁﬂ'li'JLﬂiT%?’iﬂ’TlﬂJLL‘lJ3ﬂ3?ﬂ%@ﬁﬂ?3lﬂﬂﬁu1ﬁ1ﬁiﬂﬂ 1111!&?3'1! lGIﬂU

Qs o
Fluszezim 8 e

~ 1 g o P i
Andasseniamsiuine lsau e Tas lawemi 4 efIaLTE

SV DF SS MS

Treatment 23 0.00092054 0.00004002 |
Enzyme(T) 2 0.00004408 0.00002204 <1
Time (S) 7 0.00056365 0.00008052 1.79 ns
TxS 14 0.00031281 0.00002234 <l

Error 48 0..0‘0216333 0.00004507

Total 71 0.00308388

CV=13%

ns = lfiauuana1an1eaos
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~ a 7 oo r.? 0 oret ! F
M51aHUINT 23 amsAnT sl silsuvesmsatitaia Taglufiew L

Fluszoznan 8 et

H ] g o Ci =
Audasszniamsiutau lalsanleTas laemi 20 serraidos

SV DF S8 MS F

Treatment 23 0.00323265 0.00014055 3.96 **
Enzyme(T) 2 0.00000853 0.00000426 <1
Time (S) 7 0.00278576 0.00039797 11.21 **
TxS 14 0.00043836 0.00003131 <1

Error 48 0.00170467 0.00003551

Total 71 0.00493732

CV=12%

* = TRUUANANNNADA (p<0.01)
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MSHUINT 24 amsnseranulsisausid (@, o, byvsdleTas laani 14

o ot
Fluszezing 8 dlanvt

' ¥ L= A 8w r| =
‘fl'lﬂﬂ'l'ifjﬂﬁiﬁa'iﬂiﬂﬂlﬂu 151?5111!'Jm'iﬁmﬂlﬂ'ﬂﬁﬂy'lﬂ 4 9y ale

SV DF SS MS K

AL

Treatment (T) 7 5.51980000 0.78854286 72.21 **
Error 16 0.17473333 0.01092083

Total 23 5.69453333

fila

Treatment (T) 7 0.77073333 0.11010476 3.87 **
Error 16 0.45560000 0.02847500

Total 23 1.22633333

A1b

Treatment (T) 7 1.07571667 0.15367381 36.02 **
Error 16 0.06826667 0.00426667

Total 23 1.14398333

CVaL=0.1%

CVala =16.8%

#% = [l IO AR NN DA (p<0.01)

CV f1b = 0.4%
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a13199U2n A 25 mamslmsedanulsUsiumd @, o, bveslalas laemin 14
' A d e A
nmsoesgats laveylehhnluiienuinuh 4 ssrsaFoe

Sluszezina 8 ddant

Sv DF SS MS F

AL

Treatment (T) 7 34.19409583  4.88487083 793,75 *x*
Error 16 0.09846667  0.00615417

Total 23 34.29256250

flla

Treatment (T) 7 0.14198333 0.02028333 99.35 **

Error 16 0.00326667 0.00020417

Total 23 0.14525000

fi1b

Treatment (T) 7 4.69519583 0.67074226 299.77 **
Error 16 0.03580000 0.00223750

Total 23 473099583

CVAL=0.1%

CVfla =44%

wx = {2 NUARA IR (p<0.01)

CVYATb=0.5%
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SV DF SS MS F

L

Treatment (T) 7 6.97100000 0.99585714 16,77 **
Error 16 0.95040000 0.05940000

Total 23 7.92140000

fila

Treatment (T) 7 0.28532917 0.04076131 17.31 **
Error 16 0.03766667 0.00235417

Total 23 (.32299583

b

Treatment (T) 7 12.13398333 1.73342617 36.03 **
Error 16 0.76980000 0.04811250

Total 23 12.90378333

CVA1L=0.3%

CvVala =4.1%

#* = A NUUANA 19N WA DH (p<0.01)

CVAlb=15%
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Y

[ \ o ar A 3 w P2 ~ Y
vinmstesdaislason lsidannamienuineh gangiines

SV DF SS MS F

1L

Treatment (T) 7 7.26466667 1.03780952 164.95 **
Error 16 0.10066667 0.00629167

Total 23 7.36533333

fia

Treatment (T) 7 0.20000000 0.02857143 3,43 **
Error 16 0.13333333 0.00833333

Total 23 0.33333333

b

Treatment (T) 7 7.05009583 1.00715655 69.50 **
Error 16 0.23186667 0.01449267

Total 23 7.28196250

CVaAL=0.1%

CVAla =82%

% = 1ANUIRNATIN A DR (p<0.01)

CVA1b=0.8%
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MINHUINT 28 Ham s zranulsilsumd (@, a, b)veslalas laani'ld
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Fluszazing 8 dlav

J

SV DF SS MS F

L

Treatment (T) 7 4,60229583 0.65747083 3.80 %
Error 16 2.77100000 0.17318750

Total 23 7.37329583

flla

Treatment (T) 7 0.54226250 0.07746607 12.40 **
Error 16 0.09993333 0.00624583

Total 23 0.64219583

b

Treatment (T) 7 7.05009583 1.00715655 69.50 **
Error 16 0.23186667 0.01449267

Total 23 7.28196250

CVML=05%

CVila =74 %

= JATIULANAIN DA (p<0.01)

CVAIb=08%
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N4Y DF SS MS F

L

Treatment (T) 7 33.59753333 479964762 21.95 **
Brror 16 349840000  0.21865000

Total 23 37.09593333

fila

Treatment (T) 7 096736250 0.13819464 705.67 **
Error 16 0.00313333 0.00019583

Total 23 0.97049583

A1b

Treatment (T) 7 7.05009583 1.00715655 69.50 ¥*
Error 16 0.23186667 0.01449267

Total 23 7.28196250

CV AL =0.5% CVela =13.9% CVAIb=08%

#* = flaNUUANA NN RERR (p<0.01)
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