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The Effect of Processing Condition on Physicochemical
Characteristics in Pine Nut Gruel

Xian-Zhang, Fan-Zhu Lee, Jun-Seok Kum' and Jong-Bang Eun*

Department of Food Science and Technology and
Institute of Agricultural Science and Technology, Chonnam National University
'Korea Food Research Institute

The physicochemical characteristics of pine nuts gruel were investigated to find the effects of processing condition
during the processing. Three-dimensional response surface methodology was applied to investigate effects of ratio
of water volume and pine nuts weight to rice weight and heating time on dependent variables of the
physicochemical characteristics. The dependent variables in physicochemical characteristics were viscosity (cP),
spreadability (cm), pH, soluble solid content (%), color, total sugar (%) and amylose content (%). The F-value
~of ratio of water volume and pine nuts weight to rice weight and heating time to viscosity were 8.91, 4.54 and
5.02 respectively and they are significantly different at 5% level. The F-value to spreadability were 5.44, 7.88 and
8.04 respectively and they are significantly different at 5% level. These results suggest that water volume, pine
nuts weight and heating time greatly affect the viscosity and spreadability of pine nuts gruel. The processing
condition also affect the soluble solid content. The changes of the processing condition did not affect the pH of
pine nuts gruel. We found that the L, a, b value were affected more by ratio of water volume and pine nuts
weight to rice weight than by heating time. The water volume affected more the total sugar and amylose content
of pine nuts gruel than pine nuts weight and heating time.
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Table 1. Central composite design for the manufacturing pine
nut gruel

Experiment ~ Water volume  Pine nut weight Heating time
number (viw)P (wiw)? (min)
1 7.00(-1® 0.10(-1) 11(-1)
2 7.00(-1) 0.10(-1) 17(1)
3 7.00(-1) 0.20(1) 11(-1)
4 7.00(-1) 0.20(1) 17(1)
5 10.00(1) 0.10(-1) 11(-1)
6 10.00(1) 0.10(-1) 17(1)
7 10.00(1) 0.20(1) 11¢-1)
8 10.00(1) 0.20(1) 17(1)
9 8.50(0) 0.15(0) 14(0)
10 8.50(0) 0.15(0) 14(0)
11 8.50(0) 0.15(0) 14(0)
12 5.50(-2) 0.15(0) 14(0)
13 11.50(2) 0.15(0) 14(0)
14 8.50(0) 0.05(-2) 14(0)
15 8.50(0) 0.25(2) 14(0)
16 8.50(0) 0.15(0) 8(-2)
17 8.50(0) 0.15(0) 20(2)
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Table 2. The physical properties of pine nut gruel manufactured by central composite design

Exp. Viscosity Spreadability Soluble solid Color

No. cP) " (em) pH %) L . b
1 860.69 7.82 6.50 12.99 78.93 -1.22 4.39
2 2121.26 7.26 6.52 13.61 78.83 -1.21 4.62
3 925.04 8.24 6.50 14.04 80.60 -1.08 631
4 1024.46 7.98 6.34 14.74 80.65 -1.00 6.96
5 560.00 8.31 6.50 10.37 76.11 -1.34 2.46
6 1122.66 7.68 6.48 1093 77.95 -1.20 292
7 390.61 8.40 6.53 11.10 78.75 -1.17 3.59
8 778.71 7.98 6.43 11.84 78.29 -121 327
9 877.46 8.19 6.48 12.53 78.64 -1.24 439
10 857.18 8.15 6.40 12.17 78.36 -1.10 4.55
11 819.19 8.15 6.47 12.17 79.01 -1.19 492
12 1851.07 7.70 6.37 15.86 80.38 -0.94 6.41
13 569.40 8.25 6.44 1041 7691 -1.17 332
14 1269.86 7.67 6.42 11.25 76.10 -1.38 2.69
15 582.95 8.25 6.44 13.62 80.25 -1.02 6.53
16 448.19 8.62 6.50 1153 78.52 -1.20 4.49
17 830.04 8.05 6.40 12.42 79.24 -1.19 5.09

Table 3. Polynomial equations calculated by RSM program for processing pine nut gruel

Response Polynomial equation R? P>F
L value = 80.589481-1.056395X1464.727355X2-0.197678X3+0.000531X, > 09558 0.0006
—0.850000X,X,~46.521739X,>0.039722X,X, ~1.791667X,X,+0.00666 X2 ’ '
Y,, = —0.967277-0215199X,+6.327717X,+0.033010X,+0.013092X *~0.31666 7X, X,
@~
avalue ~2717391X,2+0.000278X,X,~0.091667X,X,—0.000616X.> 08789 00163
2
b value Y, = ~0.165030-0.022379X, +62.777899X,+0.188702X,+0.019372X,-4.633333K, X, 0930 0.0028

-8.065217X,-0. 020556X X,—0.300000X,X,+0. 002760X .
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Fig. 1. Contour map of viscosity (cP), spreadability (cm) and
soluble solid (%) in manufacturing pine nut gruel.
Ratio of water volume or pine nut weight to rice weight.
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Table 4. The total sugar and amylose content of pine nut gruel
manufactured by central composite design

Experiment No. Total sugar (%) Amylose (%)
1 8.53 2.12
2 9.14 242
3 8.75 235
4 8.91 2.58
5 748 1.43
6 8.23 1.50
7 7.57 1.44
8 8.32 1.80
9 8.35 2.04
10 831 2.18
11 8.25 2.16
12 11.46 2.63
13 771 1.39
14 8.52 2.04
15 8.70 2.29
16 743 2.07
17 8.87 2.20
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Fig. 4. Response surface for the effect of water volume, pine nut
weight and heating time on total sugar(%) of pine nut gruel.
Ratio of water volume or pine nut weight to rice weight.
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Table 5. Correlation coefficients among physicochemical characteristics of pine nut gruel

Viscosi Spreadabili Soluble solid Sugar Amylose
cP) ty P (cm) ty pH () ( ng) ( ?7; ) L value a value

Spreadability (cm)  -0.88791***
pH -0.19752 0.16278
Soluble solid (%) 0.56498+*  -0.34163 -0.42278*
Sugar(%) 0.75784%%% .0.57651%%  _0.52076%*%  (.84709***
Amylose(%) 0.55288**  -0.32962 -0.45199* 0.90067***  (.72056***
L value 0.19229 -0.00628 -0.25154 0.84967+**  (.55451** 0.72642*+*
a value 0.16855 0.04289 -0.48793**  0.75789***  (.59614** 0.56857** 0.84081***
b value 0.21967 0.01924 -0.41576% 0.88686***  (.59352** 0.83620+**  (.92888***  ().84764%**

*Significant at 10% level; **Significant at 5% level; ***Significant at 1% level.
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