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Abstract

The effects of concentration and pH on the emulsifying and rheological properties of the pine nut's protein
extract(PNPE) and carbohydrate extract(PNCE) were investigated. Emulsifying activity index(EAI) of sample
containing PNPE was minimal at pH 4.0 and the alteration of pH from 4 to 3 or 8 increased EAI regardless
of concentration. The most EAl(about 6.44 m%g solid) significantly(p<0.05) observed in solution containing
1% PNPE at pH 8.0, but that of 3% PNPE(0.10 m%g solid) was minimal at pH 4.0. The emulsion stability
exhibited maximum value(about 20) in 3% PNPE emulsion at pH 8.0. However, EAI of samples containing
PNCE increased gradually with the increase of pH, but it had lower value than that of samples containing
PNPE. At pH 7.0 and 8.0, the rheological behavior of emulsion solutions showed Newtonian flid(n = 1,
>0.99) regardless of concentration in all samples containing PNPE, but the samples containing PNCE
showed pseudoplastic behavior(n<l) in all conditions. The sample with the better emulsion stability
index(ESI) significantly(p<0.05) exhibited the higher L, b, and AE, however, lower a value.
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Table 1. Chemical composition of pine nut, pine nut
protein extract (PNPE), and pine nut carbohydrate

extract (PNCE) (Unit: %)
Constituents Pine nut PNPE PNCE
Moisture 2.53 361 5.72
Crude protein” 13.91 78.89 13.80
Crude lipid 70.90 6.12 1.58
Crude ash 223 3.02 19.24
Carbohydrates? 10.42 8.36 59.67

"Calculation of protein content = Nitrogen(%)x5.30.
“Calculated by difference.

8
—O~ (1% PNPE)
—— (3% PNPE)
I =~ (5% PNPE)

-

—@— (1% PNCE)

s| —& (%PNCE)
~8~ (5% PNCE)

Emulsifying activity index ( EAL m/g )
s

T3 4 5 6 7 8
pH

Fig. 1. Emulsifying activity index(EAI) values for the
emulsions stabilized by pine nut extract as a function of
the concentration and pH at 25°C.
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Fig. 2. Emulsion stability index (ESI) values for emulsions
stabilized by pine nut extracts as a function of the
concentration and pH at 25°C.
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Fig. 3. Emulsion properties on various samples. Emulsion
stabilized by samples at concentration of 1%, pH 8.0,

25°C, respectively, and prepared using a homogenizer
(10,000 rpm, 2 min).
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Fig. 4. Plot of shear stress and shear rate for the

emulsions stabilized by pine nut protein extract(PNPE) as
a function of the concentration and pH at 25°C.
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Fig. 5. Plot of shear stress and shear rate for the

emulsions stabilized by pine nut carbohydrate extract
(PNCE) as a function of the concentration and pH at
25°C.

0 5

=7t TEE A% go, ARG E Fvld o
< AEHe] YA JHoiMB ¥ e et
Wl 222 gpetE 28 98 Y48 w3
442 #5EAFig. 55¢ 2, PNPESH= 28] pH
8.0 1%} 3% PNCE ¥EoAut A= Z7)d)
e Aol Ao dAY HYgL Helon 1 9
8 pHf] # FEME HIEE 7)o wje} e
49 G} FE Aaske YL g =
g, PNPEe] 913 ¥AE felgaig Aoiyes =
€ 2N 2 A e Jehio] B Mt
SEolMe ZR7] HE o] 4L ¢ & U
¥, w24 fAlel 5542 =leEx) A
4 Ale]l Herschel-Bulkley E3¢Ve 2 A8 4= 9l
g, ol A9 4L AT A FEBHL Falo
of &t o] e oo A/‘—Y‘E‘ EA8H= Casson &



1098 T2 A A 32 A A 5 2 (2000)

Table 2. Calculated rheological parameters for emuisions stabilized by pine nut protein extract (PNPE) of different

concentrations at various pH and 25°C

Rheological parameters
Concentrati '
once;;’ on pH Consistency index Flow index Yield stress Coqelauon
(%) K(Pa - 5 @ (Pa) coefficient(r?) for

nand K

Control 70 0012 024 6066.4 0.9742
30 0018 074 1855.0 0.9573

40 0015 0.82 1102 09814

50 0017 0.79 2228 0.9821

1% PNPE 6.0 0.021 0.64 9370 09978
7.0 0.005 094 159 0.9997

8.0 0.004 093 7.1 09993

30 0.003 097 1.4 0.9995

40 0018 0.82 130.3 0.9873

50 0.009 0.88 1610.4 0.9493

3% PNPE 6.0 0.029 067 12724 0.9922
70 0.004 0.94 00 0.9982

8.0 0.004 1.04 4.1 0.9990

3.0 0.004 0.98 0.1 09997

40 0018 0.73 561.0 0.9866

50 0.044 0.85 353 09730

5% PNPE 6.0 0.005 0.88 328 0.9990
70 0.004 0.97 0.7 0.9991

8.0 0.006 091 83 09935

@g o) g3le] BW o2HE Falgich =& o
PEHE A3l logr-OFll AT log(y)e] #AE =
Al Ay JaAsHes 71e7)s AW gozy
B 47 4544 o3 AREAS Kghe T8l g
Y3t §A4 =2 AHE Table 2 ¥ 3¢ ehiigich
PNPE 9 PNCE® ¥=o| B f2-849) 554
& Table 2 ¥ 392XE AvHa, §EAS g
PNPE®] 7% =l A gle] pH 7.0 3} 8091 +
$EA $Al(n=1, 0990 77 B Bgen
pH 3.091M% 3%9} 5% PNPESENAM 7984 HA
o 7i7He 4L Jelisiedt, PNCESY A9 5=
o] #AAIgo]l A pH WA 27kbA FAle] B4
(n<1)& Jehigich. =3, PNPEY A4 AZE A4
(K) 32 ngke] 19 717 A 28deAM 5 27}
a4 A9 B4E deplie AaddEg W2 3t
€ Jehiglct. ol8idk 542 PNCEE ##% a4
JANE shAA 2 7kay fA) 34 Kgtel 2
A ebgtc}, =3 gEE) H$ AR 27 3= 9
pHell #Aglel oi7keA fAH9) BAE vehhe A
2 YoM 73BN e Ze 54 vEi
T ARgds) Afes e 2 Qg deiisic:

RElEAe| Mx
A il F2E Y AFHE F2E0) o3 ¥4

H e Yo vlXE= = Y pHe| W 3
318 AN A= Table 4 @ 59 k). PNPES
et Ala-gele] 13k (Table 4) & s BAIge)
pH 40 ¥ 509 7% =273} & {oAE Helx
ket 1 9] pH HHolME o 30004 400]442
2 Rl F7iske A%E Jeide. =3 5=
o] FAGel pH 80004 7 & e Bgov} 3%
PNPEE 33 7%l pH 7.09] L gte] pH 8.0%
FOAHE Ho|R] st} =31 PNPEY =371 o
£ 39 pHolMe Lk 199X 3% F71sid e
= & FXE Rl FUlEs o, 39N 5%
2 7RIS de AY a8 BolA el Lk
o] "X PNPE?] F= HAE= 3%A 7 & A
2z ¥gor #2 HHAA FAHYL Fhe] = A
22 A=, 8, PNCEdY| 23 3yAls A)24
A2l 1Z}(Table 5y X0l FAge] pH 3.0414 5.0
Ato]9] e M= & FAE RolA] kg, pH
50 o|AellME 1% vzl 3%} 5% Litel ¥4
3] vkl AL e 22y PNPESR:= 2
2] 3%l 5%2 PNCE®| =7} 371§l we} <
7He) FEAE Kol Flsic

I3 PNPEE 3#% A& 849 a 3} b3t
(Table 4)%] A= Aukgo = 13034 A 3¢S
elsicl 2 pH 40 2 50004 o2 pHel| w3}
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Table 3. Calculated rheological parameters for emulsions stabilized by pine nut carbohydrate extract (PNPE) of different

concentrations at various pH and 25°C

Rheological parameters
Concentrati -
nce;o on pH Consistency index Flow index Yield stress Correlation
(%) KPa - ) (Pa) coefficient(r*) for

nand K

Control 70 0012 0.24 6066.4 09742
30 0.039 0.66 2706.0 0.879%

40 0.040 055 2989.4 0.8960

50 0.042 0.62 1495.7 0.9955

1% PNPE 60 0012 087 5344 0.9265
70 - 0016 073 379.5 0.9987

8.0 0.059 091 1993.7 0.8736

30 0034 0.66 2160.9 09765

40 0027 0.60 1776.9 0.9740

50 0.026 0.60 2073.6 0.9833

3% PNPE 60 0.024 0.59 3080.0 0.9893
70 0013 0.72 540.2 0.9986

8.0 0.017 071 758.6 0.9961

30 0034 0.76 22350 0.7898

40 0.029 0.84 36787 0.8656

50 0.026 0.84 6091.0 0.8330

5% PNPE 60 0.028 067 2047.8 0.9846
70 0032 0.63 1857.8 0.9949

80 0038 0.75 2856.1 0.9554

Table. 4. Color of emulsions stabilized by pine nut protein extract (PNPE) as a function of the concentration and pH at

25°C
Sample pH L a b AE
Control 7.0 3435+ 1.98f -0.8910.16° -1.03£0.07
3.0 43.83+1.39° -1.53£0.06%* 3.3410.33¢ 9.96+1.33°
40 29.04+0.51" -0.10£0.04* 0.56+0.07 5.671048f
1% PNPE 50 29.67+0.76" -0.08 £0.03° 0.731+0.10 5.1110.72%
6.0 49.34+3.66% -1.89+0.34% 506+1.11% 15.43+£3.63¢
7.0 44.71+0.24° -1.47+0.03¢ 3.10+0.158 10.77+0.24°
8.0 49931091 -1.63+0.08* 473+031f 1596091«
3.0 53.75+1.15* -1.89£0.08% 5.46 £0.33%f 19.76 £1.12%*
40 30.09+0.36" -0.1610.03® 065t 0.09f 4.70+0.34%"
305 PNPE 50 32.99+1.76% -0.30+£0.08° 0.72+0.46' 2.6511.09"
° 6.0 4842+ 1.44¢ -1.96+0.19¢ 4.72+0.85° 14.51+1.46°
7.0 55.67x+0.61° -1.95 £0.068 6.78 +0.32% 21.71+0.62*
8.0 56.06 +1.05* -1.61+0.08* 5.3210.61%f 22.01+£1.07*
30 53.03+041° -2.16£0.03" 6.6610.21% 19.131£0.41°
40 31,01 £0.90*" -0.26+:0.04* 0.4310.36' 3.82+0.88%
5% PNPE 50 32.54+0.08% -1.57 £0.04* 2.15+0.11* 3.18 £0.06%
% 6.0 52.78+£0.55° -1.98+0.03% 6.07 £0.17>¢ 18.84£0.55°
70 51.66+2.06™ -1.72+0.19¢ 5.90+1.05%% 17.72£2.08>
8.0 55.54+1.29" -1.45+0.04¢ 6.96+0.61* 21.57+1.29°

*Supersciptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple comparison.

o agl & IS, b2 AL FE Heln & fox)
£ Jehisie}. =8 PNCEE §-8 A-$-(Table 5)l
= a @3 b3t EF pH 3.090A4 508 e)ol M= 1%}
3% Fxo 7S S HolA dgker), pH

50014901 agkd F43 sk A%E, b A

37131 AL Bl & #2218 Jehign. o
v} 5%2] PNCEE 73 ZA$<lE a 3t qleoiAl
pHell wle} S8lgt foxE Reolx] geten bk
pH7} F713e] de} Frisle AEE el

=8, A8 449 L, a b EWEZ 2Tl
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Table. 5. Color of emulsions stabilized by pine nut carbohydrate extract (PNCE) as a functlon of the concentration and

pH at 25°C
Sample pH L a b AE
Control 70 34351 1.98% 0.89+0.16" -1.03+0.07"

30 32.52+1.63¢ -0.68 £0.09* 1.27£0.14% 299+1.118
40 32.7410.25¢ -0.66 £0.04* 1.24 £0.06% 2.69£0.138

1% PNCE 50 34.06£0.88% -0.66 £0.08 1.20£0.13% 2.26£0.178
6.0 43.42+1.80° -1.57£0.17%¢ 4.89£0.69° 9.73+1.76
7.0 4257+0.13¢ -1.72£0.03%! 3.29+0.08° 8.7710.12¢
8.0 44321057 -1.78 £0.27 473+097° 11.55+£0.68%
3.0 323213158 -0.89£0.13* 1.40£0.22f 3.831+1.21%
40 33.16:1.74 -1.2440.19* 2.55+0.88° 3.281+0.208

3% PNCE 50 36.0710.85° -1.38£0.01°* 3.52£0.06° 3.5610.448
6.0 4755+ 1.67° -1.35+0.14% 6.22+0.90° 13.75+£1.67°
70 50.73+£1.11° -1.36 £0.04% 6.01£0.42° 16.81£1.11°
8.0 51.15+£0.53® -1.57£0.03* 5.83£0.14° 17.21£0.53°
3.0 38.35+0.28° -0.98£0.73* 4411014 5.2210.22¢
40 38.8710.24° -1.37£0.03* 5.04+0.17° 5.73+0.21°

5% PNCE 5.0 4258 +0.55¢ -1.19£0.02% 6.26+0.06° 9.08+0.50¢
6.0 51.32+£046® -0.97£0.03* 7.37+049 17.451047°
7.0 53.46+1.38° -0.89+0.02* 7.93+0.62* 19.57+1.38°
8.0 52.08+£0.34% -0.91+1.49® 7.17+£0.27* 18.18 £0.34®

*"Supersciptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple comparison.
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