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Abstract

Crude papain extracted at optimum condition was purified with an ethanol precipitation method. Four factors
of protein recovery method were optimized by response surface methodology (RSM) and the function was ex-
pressed in terms of a quadratic polynomial equation. Adequacy of the model equation for optimum response
values was tested and optimum conditions of protein recovery were 38.2 mg/mL of protein, ethanol con-
centration of 40% and precipitation temperature of -8°C. The experimental value (68.97%) for recovery yield
was closed to the predicted value (77.28%) under these conditions.

Key words: papaya latex, protein recovery yield, response surface methodology (RSM)

M B
Papain® A% 2ol §72) A4A ° 37

A2 de] Atz 9o ook, AE, A
f TH ST o] A3t Qet?. o9} 2L pa-
pain®] 822 papain A it BL A}
o]Zoi % cl. Kimmel®} Smith®% papayaZ-He] -9
(latex)& 237 F 34 GEFHE o] &3l FHAA
A A1A papain-g 24 3}5}7, papain®]
B w3lel 0w, Syu 572 agarose gelS HAZ 51 af-
finity chromatography & 37}#}¢] A= ©}& ligand (e-
Acp-D-Phe-OCH;, &-Acp-D-Phe-CHs, €-Acp-L-Leu-D-
Phe)E AH$-3}od papaing A A5l 3L, e-Acp-D-Phe-
C2H5§ llgandi A}%—?} -?— llgand-»] 57} Eoly

\: x®

T"} papaya -+ 2 £ 3¢} crude papainS 10 mM ace-
tate buffer (pH 5)E o]-&3}e] £23F F p-amino-
phenyl-mercury “LE-ol FFZALH AHE o] &7 af-

Corresponding author: Jeong-Mee Kim, Research Institute of
Food and Nutritional Science, Yonsei University, Seoul 120-
749, Korea

752

finity chromatography 4] papaing A A s} 2544
AL B 7sldc). Boudart”s papaya #H4) £ 5E]
A %% papaya f-9L SdlA17 F WA Felsie o
Abe] Y458 FAAZS F7)ES AAsI 2
ATl BN 2 sl EF AR 4
AR papaing AZEshelch. o] W BHEE 650 WPA
(Wallerstein proteolytic activity)s].oof, &8 FAH=}
Aol Foi® AAF 9 FH 20%E vheloka
Baste] oy} A g g2 §1slch. Fukal 5
g Kimmel®s) Wl B4 FE 5 o 45o]
12 A-A)Z] F CM-AEFE = chromatography &
papaing A A|5}] 2.0, 280 nmA| X 2] FHERAM 2
AA A =g ZARKACH

£ AFAM e ARDlA B HH 22
= papaya fAe 2 e P& crude papain®| HE-EF
2l 5158 915jo] 2rekt WA ethanol BA
< °l%6}°4 proteing- 3] 5-3}g{t}. £3F proteine] |
A 54 228 TR slakel 2ol e A
X FQ 9z &= AHLE, pH protein3} ethanol
FEe] 40AE AR, 395 29l T FAY
Aol ofaled AgAdA 2 “F—i‘ﬁ Aol 2%t &




Crude protein 3] 279 A3} 753

AR FAE AAS o] A4 w2 FE5Hpel
3 7 E]upe] A A E FuPHoR &
g 4 9y wHEEW ¥AY (response surface
methodology; RSM).2. 2, protein 352 A 71§
#3}3l7] $1351e protein?] 3|5g-oll tH3le] 3527
£+ o3 AT 2dAS A st RSME o]
43 33 S Rt ol 24 papaya fof
FEEolA] protein®] HA 3|5 2L Y}, F
A 270 237 35Ee o&x]e} AP E vz}
o 7 e A2 Y 3 2AE
AU 2.2} 3t

M= ¥ U

M=z

Papaya latex+ Sigma Chemical Co. (St. Louis, MO,
US.A)2] AES F9isted dro v o 2 crude
papaing &3} A1 Gl AHgatalct.

Crude protein 2|5=of| CHEl A MA|

Papaya - &2 A A|3}17] 93l protein
7} ethanol %, pHe} AA 258 7Hzte] 59 W
2 AAs)3, Statgraphics T2 18 9] FAI5HA] Al
2] (central composite design)&- ©]-8-3}%] crude pro-
tein®] 3ol g 35F 42919 F-EAYH A
(fraction factorial block)& A# 8l%icH(Table 1). & +
o (max)2} -a (min) Gk} M 91 Cohn S99} AT 7
2 73t protein FE= FAgE 15.8 mg/mL, F
7zt 30.1 mgy/mL} 3 gt 66 mg/mL-& A3 T,
protein 3]5- $]%} ethanol F%+= # A7 25%, F7F
7t 32%, H gk 40%2 Asldch ARAAA FHL
S a3t 20°C, F73k -8°C, At 5°CE, pH
e Azt 4.8 7 6.6, UL 745 A
BB ool Ao AFPTE Table 13} o] £33}
Aot

Crude proteine| Z& |

Crude protein®] 3|<of dj3le] dAI=ojzl H-EA
3 Ayl we} 30742 2|72 papaya FY F2
22 ethanolE AR A A 319 0wy, JAQES ST
buffer?] AFZol-g 30u] 3|Asle] ALLrHA|EF F
A (Hewlett Packard 8452A)2 280 nmollx F3}E3Z}
(0.D.)2 Z2AF FO il 3552 ohg3) Zo] A
A5l

Table 1. Fraction factorial block of experimental
design for protein recovery performance test

Coded variables”

Process variables

Treatment
Noo % X% X% X X X X X
1 -1 -1 -1 +1 48 158 25 5
2 -1 -1 41 -1 48 158 40 -20
3 -1+ -1 -1 48 66.0 25 -20
4 -1 41 +#1 41 48 660 40 5
5 +1 1 1 -1 74 158 25 -20
6 +1 -1 41 +1 74 158 40 5
7 +1 +1 -1 41 74 660 25 5
8 +1 41 +1 -1 74 660 40 20
9 0 0 0 0 6.6 301 32 -8
10 0 0 0 0 66 301 32 -8
11 -1 -1 -1 -1 48 158 25 -20
12 -1 -1 41 41 48 158 40 5
13 -1 +1 -1 41 48 660 25 5
14 1 +1 +1 -1 48 660 40 -20

15 +1 -1 -1 41 74 158 25 5
16 +1 -1+ -1 74 158 40 20
17 +1  +1 -1 -1 74 660 25 20
18 +1  +1 +1 +1 74 660 40 5

19 0 0 0 0 66 301 32 -8
20 0 0 0 0 66 301 32 -8
21 +1 0 0 0 74 301 32 -8
22 -1 0 0 0 48 301 32 -8
23 0 +1 0 0 66 660 32 -8
24 0 -1 0 0 66 158 32 -8
25 0 0 +1 0 66 301 40 -8
26 0 0 -1 0 6.6 301 25 -8
27 0 0 0 +1 66 301 32 5
28 0 0 0 -1 66 301 32 -20
29 0 0 0 0 66 301 32 -8
30 0 0 0 0 66 301 32 -8

UX,: buffer pH, X,: protein concentration (mg/mL), X,
ethanol concentration (%, v/v), X,: treatment temperature.
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Table 2. Fraction factorial block of experimental design
for protein recovery performance test and recovery yield

Coded variables”

Treatment Recovery

No. X, X, X, X, yield (%)
1 -1 -1 -1 +1 38.53
2 -1 -1 +1 -1 49.70
3 -1 +1 -1 -1 32.44
4 -1 +1 +1 +1 36.73
5 +1 -1 -1 -1 38.11
6 +1 -1 +1 +1 61.78
7 +1 +1 -1 +1 31.36
8 +1 +1 +1 -1 55.88
9 0 0 0 0 67.83
10 0 0 0 0 67.83
11 -1 -1 -1 -1 28.97
12 -1 -1 +1 +1 44.97
13 -1 +1 -1 +1 23.39
14 -1 +1 +1 -1 37.34
15 +1 -1 -1 +1 20.22
16 +1 -1 +1 -1 38.39
17 +1 +1 -1 -1 24.88
18 +1 +1 +1 +1 28.27
19 0 0 0 0 67.83
20 0 0 0 0 67.83
21 +1 0 0 0 61.87
22 -1 0 0 0 53.25
23 0 +1 0 0 59.06
24 0 -1 0 0 54.50
25 0 0 +1 0 o 0460
26 0 0 -1 0 4547
27 0 0 0 +1 52.08
28 0 0 0 -1 39.21
29 0 0 0 0 67.83
30 0 0 0 0 67.83

UX': buffer pH, X, protein concentration (mg/mL), X
ethanol conc. (%, v/v), X,: treatment temperature.
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32 73851.4, A4=ke] Al g 1198.70]90 AL §-2] 5
F& AA = A=) Fvaluek oF58 3H(p<0.001)

Table 3. Values of multiple regression coefficients cal-
culated for the protein recovery yield

Independent Coefficient Standard error t-value
variables
Constant 7.4554 5.7034 6.6624
X, -0.0131 0.0086 1.3474
X, 1.2657 0.4031 3.1400
X5 1.0552 0.2068 5.1030
X4 -1.7407 0.3717 -4.6834
XX, 1.9079 2.9749 0.6413
XX, 2.5549 10.3000 0.2481
XX, -0.2120 1.0914 -0.1926
XoXs -0.0076 0.0108 -0.0108
X.X, -0.3144 0.4759 -0.6607
XX, -0.4084 1.6478 -0.2479
X? 47014 2.7694 -1.3651
x?2 -0.0165 0.0050 -3.3367
X: -0.1169 0.0882 -1.3255
X: -0.1134 0.0223 -5.0698

X,: buffer pH, X,: protein concentration, X,: ethanol conc.
(%, v/v), X,: precipitation temperature.

Table 4. Analysis of variance for full regression

Source Sum of square DF  Mean square F-value
Model 73851.4 12 6154.28 92.4122"
Error 1198.7 18 6.59
Total 75050.1 30
"p<0.001.

Protein conc. = 30.1 mg/mL

Recovery yield (%)

Ethanol conc. (%)
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Protein conc. = 66 mg/ml.

Ethanol conc. (%)

Fig. 1. Response surfaces of the protein recovery yield at constant protein concentration of 30.1 mg/mL and 66 mg/

mL, respectively.
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Fig. 2. Response surfaces of the protein recovery yield at constant ethanol concentration of 25% and 40%, respec-
tively.
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Fig. 3. Response surfaces of the protein recovery yield at constant precipitation temperature of -20°C and -8°C,
respectively.
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