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Abstract

Response surface methodology (RSM) was used for monitoring the changes in browning reaction and
organoleptic quality of roasted Polygonatum roots under various of roasting conditions. Total free sugar
decreased up to 130°C, but increased above 130°C. The amounts of total free amino acids decreased in
proportional to the roasting temperature and time. Threonine, glycine and serine decreased by about 91~
94% under the roasting conditions. Browning color intensity of water extracts increased with the roasting
time up to around 18 min, but decreased over 18 min. The optimum conditions based on overall palatability
of the roasted Polygonatum roots were 130°C and 15 to 25 min. Organoleptic qualities of the roasted
samples showed higher correlations with the changes in free amino acids.
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Table 1. The composition of free sugars and free amino

acids of raw Polygonatum odoratum roots
(mg%, dry basis)

Free sugars Contents Amino acids Contents
Fructose 482573  Aspartic acid 119.67
Glucose 159591  Threonine 1444.84
Sucrose 2485.64  Serine 14421
Glutamic acid 194.71
Proline -
Glycine 70.43
Alanine 137.99
Cystine 22.58
Valine 67.91
Methionine 8.79
Isoleucine 38.88
Leucine 11.31
Tyrosine 9.24
Phenylalanine 30.10
Histidine 369.62
Lysine 94,70
Arginine 689.33
Total sugars 890728 Total amino acids 3455.12
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Table 2. Experimental data for free sugars and browning color under different conditions of roasting temperature and

time of Polygonatum odoratum roots

(mg%, dry basis)

Roasting conditions” Browning
Exp. no  Temp. (°C) Time (min) Fructose Glucose Sucrose Total free sugar color intensityZ)
1 140 20 234.06 - 3897.61 4131.67 0.76
2 140 10 498.96 - 2692.72 3191.68 0.47
3 120 20 710.17 136.79 3405.06 4252.02 0.54
4 120 10 1714.96 146.85 3487.18 5348.99 0.28
5 130 15 431.14 114.86 3070.45 3616.45 0.65
6 130 15 552.66 123.09 3324.00 3999.75 0.64
7 150 15 355.52 138.49 3990.40 4484.41 0.78
8 110 15 2292.34 235.98 3470.24 5998.56 0.27
9 130 25 157.38 - 3386.93 3544.31 0.45
10 130 5 1379.19 123.69 4054.23 5557.11 0.28

YThe number of experimental conditions by central composite design.

P0D. at 420 nm.
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Table 3. Polynomial equation calculated by RSM program for roasting Polygonatumn odoratum roots”
Response The second order polynomials Rr® Pro>F
Y, = 48261-614.3138X,-600.1495X + 1.9859X,°
Fructose (Y1) +3.5586X, X5 -+ 2.6000X2 0.9959 0.0001
Yo =1925.11-36.4525X; +104.1350X2
Gl ; 74 0.
ucose (Y2) +0.1706X:2-0.6002X,1X2-0.7437X2” 07469 2129
Y3 = 38270-436.2752X,-966.2183X o+
Sucrose (¥3) 1.3437X,° +6.1875X, X, +5.2814X,* 05615 05148
Y4 =9.0858-1110.1851X,-1583.9794X
T fi ; X
otal free sugar (Y4) + 3 BA05X 249 8004, X, 1 8.21 19X 0.9078 0.0338
= - — 2
Browning color intensity (¥s) Y5 = ~6.1395+0.0816X, +0.0765X,~0.0002X. 09174 0.0274

+0.0001 X X2-0.0027X5

%y roasting temperature (%), Xo' roasting time (min).
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Fig. 1. Response surface for the effect of roasting temper—
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Fig. 2. Response surface for the effect of roasting temper—
ature and roasting time on total free amino acid
(top) and threonine (bottom) of Polygonatum odor—
atum roots.

Table 4. Experimental data for free amino acids under different conditions of roasting temperature and time of Polygonatum

odoratum roots

(mg%, dry basis)

Experiment no. of central composite design”

Amino acids

1 2 3 4 5 6 7 8 9 10
Aspartic acid 33.49 38.49 46.13 48.13 37.46 40.73 32.00 46.46 2850 42.26
Threonine 8854  196.84 30450 39845 22870 25823 102.19 329.04 131.22 445.21
Serine 1752 18.80 15.60 47.72 29.73 33.83 13.49 42.37 22.68 41.17
Glutamic acid 92.30 81.14 10624 11560 62.28 62.99 -2 134.20 65.83 129.90
Proline - - - - - - - - - -
Glycine 452 9.10 757 12.83 5.60 5.08 428 13.52 5.02 7.90
Alanine 10.27 15.55 16.26 19.17 12.81 13.60 9.52 18.06 13.04 16.98
Cystine 11.21 16.10 12.54 17.37 16.67 17.92 472 18.18 6.61 9.77
Valine 12.53 16.80 13.71 25.74 13.61 17.36 11.39 20.88 5.66 32.32
Methionine - 11.91 - 15.96 3.02 1.55 - 16.34 - 15.56
Isoleucine 17.95 18.62 19.01 20.69 17.79 14.20 222 2214 375 18.71
Leucine 1.49 6.87 - 5.84 - 0.80 1.67 4.85 - 9.04
Tyrosine 1.25 - 7.20 191 - - - - -
Phenylalanine - 0.18 0.10 0.86 - - - 15.90 - -
Histidine 128.92 140.35 14580 17100  140.36 14792 12967 15288  123.27 183.25
Lysine 4.07 26.00 13.03 31.30 6.04 9.67 -~ 35.66 - 21.36
Arginine 264.43  385.17 37565 62094 461.12 43130 19817 578.64  400.86 527.02
Total amino acid 68849 98192 1083.34 155351 103519 105447 509.32 144912 80649 150545

D .
Numbers in parentheses are same as Table 1.

2
Trace.
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Table 5. Polynomial equation calculated by RSM program for roasting of Polygonatum odoratum roots”

Response The second order polynomials R’ Prob>F
Threonine (Y2) Y2 = f%?ﬁ?;fgfgﬁég;'9867X2’0'0691X‘z 09363 00166
Alanine (Y) Yo :%%éﬁ%%%jﬁ“g&;gﬁf?””0'0003X‘2 09065 0.0347
Cystine (Y7) Yr = ig?(%géﬁ;23_'(6)%%53%?5672’(2'0'0151XIZ 08665 00679
Valine (Ys) Ys = ieggg;g;ﬁ)ﬁg&gszmro.oonxf 0.9508 0.0101
Methionine (Ys) Yo = 464.7500-6,7220X,-0.6840X, +0.0250X. 09940 01065
-0.1007X>

Leucine (Y1) Yoo = ?%Eggﬁ;fg&;%;?aﬁ+°-0034X12 08912 05300
Histidine (Y1) Yu= f_zéf(fgoé’g 2%}%‘"552%968&’0'0072X‘2 0.9273 0.0215
Lysine (Y12) Yio = gféﬁ%ﬁji@?&tf'7695X2+O'0589X12 09093 02115
Total free amino acid (Yi4) Yia= %%1?72%(212_3 05235(;(1)151418(2);;(;)(22 0.9982 0.0000
Organoleptic color (Yis) Yis = :870:)%(8)5(?_2(—)08382()1(&2?(’)7?)?%)(22 0.9558 0.0082
Organoleptic taste (Yie) Yig = :(5)308;28(?—2(—)078325)1(&2;7(4)14(1):(3))7(;)(22 0.8551 0.0789
Organoleptic palatability (Y1s) Yis = :(3)40(1)‘15225;1;?gggg;;gf‘g%%g;x; 08654 00688
Yx,: roasting temperature (°C), Xz roasting time (min).
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Table 6. Sensory evaluation of Polygonatum odoratum teas at 50°C

Experiment no. of central

Organoleptic properties

composite design’ Color Taste Aroma Overall palatability
1 350+1.007% 3254095 3.50%1.00® 350%1.00°
2 3.75+150° 3.75£0.95" 3.75+0.95% 3751095
3 3.75%£1.25° 375*1.25° 3.75+£050™ 3.75+1.25°
4 3.25£0.95° 350057 3.00+0.81%® 350+057
5 4.25+0.95° 40010.81° 3.25+0.95™ 3.75£0.00°
6 4.25+050° 4.00£0.81° 3.25+0.50% 400+0.95
7 2751095 3.00+0.81° 350+1.29" 3.25+1.95°
8 325+1.25° 2.75+0.95° 2.75+0.50° 3.00+0.81°
9 3.25+0.95" 3.75£0.50° 4.95+095° 4.00+0.817
10 350£1.00° 275+ 0.507 350%0.57% 3.25+0.50°

“Numbers in parentheses are same as Table 1.

“Fach value represents the mean of the rating by 10 judges using 5-point scale (1: very poor, 3: fair, 5: very good).

All values are mean®SD (n=4).

Means in the same row with different superscripts are significantly different (p<0.05).
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Table 7. Correlation coefficients among free amino acids, free sugars, browning color intensity and organoleptic properties
of Polygonatum odoratum roots

Free sugars Browning Organoleptic
F i id I
ree amino acds Fructose  Glucose Sucrose inggngty Color Taste Aroma pa(l):t? l?illlity
Aspartic acid 0.4547 -0.4483 0.7834" -0.7717 0.5795 -0.2240 0.7888" 0.3346
Threonine -0.2507 0.5863 -0.1792 0.8518" -0.4833 0.6547 ~0.1777 -0.1895
Serine 07710 -0.2621 0.9547""  -0.6198" -0.6520 -0.2335 0.9673™" 0.5769
Glutamic acid -0.1443 0.3643 0.0907 0.7150 -0.4759 0.3930 0.0719 0.0105
Glycine 0.1955 -0.3113 -0.4440 -0.2272 09862 -0.0436 -0.4550 -0.0378
Alanine - -0.2766 -0.5291 -0.2093 08924 -0.1174 -0.5086 -0.2035
Cystine 086277 -0.0041 0.8930"™" -0.2728 -0.6505 -0.0408 0.8965™" 0.6378
Valine -0.5267 0.6340 -0.4749 0.9667  0.8340" 06571 —-0.4682 -0.3548
Methionine -0.5196 0.5058 -0.4458 09231 -06116 0.5377 -0.3914 -0.3560
Isoleucine -0.4470 0.0867 -0.6970™ 0.4067 09457 0.3505 -0.7315"  -0.3650
Leucine 09125 -0.2459 0.7274™  -0.4443 -0.4807 -0.1764 0.7504" 0.8100"
Tyrosine 07774 -0.1170 07916 -0.3230 -0.5639 -0.1273 0.7840" 0.6948™
Phenylalanine 06635  -0.3103 0.7436™ -04200  -03179  -0.1933 0.6929 0.7595™
Histidine 0.1392 0.6618 0.1985 0.4749 -0.6027 0.6475" 0.3075 0.0831
Lysine 0.8891" -0.2605 0.7213" 05353 -0.4422 -0.1727 0.7536™ 0.8166™
Arginine ~-0.3915 -0.0376 -0.4438 -0.1807 0.1559 -0.0263 0.0060 -0.4558
Browning color intensity -0.7754 0.6106 -0.6452 08034 06165  -0.7435"  -04313
Fructose -0.4227 0.7789" -0.77%4 0.7387 -0.1778 0.8235™ 0.9850""
Glucose -0.4227 -0.2895 0.6106 0.6372 0.9989" -0.2533 -0.3152
Sucrose 0.7789 -0.2895 -0.6372 -0.6283 -0.2711 0.9960™" 0.7105™
“Significant at 10% level; ““Significant at 5% level; “Significant at 1% level.
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