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Dynamic Changes in Browning Reaction Substrates of
Polygonatum odoratum Roots during Roasting

Joong-Ho Kwon', Ki-Cheoul Ryu and Gee-Dong Lee

Dept. of Food Science and Technology, Kyungpook National University, Taegu 702-701, Korea

Abstract

Response surface methodology was applied to monitor dynamic changes in free sugars and free amino
acids associated with browning reaction during roasting of Polygonatum odoratum roots. Second-
order model for qualities of water—soluble extracts was employed to generate contour maps and response
surfaces. Browning color intensity of water—soluble extracts was increased with the roasting time up
to around 140°C, but decreased in increasing temperature above 160°C. Free sugars, mainly composed
of sucrose and fructose, were remarkably decreased at roasting under the higher temperature and
longer time, while glucose linearly increased with the increase of roasting temperature up to 150°C.
Most of free amino acids was decreased in their amounts in proportion to the roasting temperature and
time, while threonine and lysine were insignificantly increased under the roasting conditions at above

170°C and 60min.
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Fig. 1. Schematic diagram of roaster for Polygonatum
odoratum roots.
1. Stirring motor
3. Impeller

2. Roasting drum
4. Temp. controller

W 71Ae FAU%G 655

Mg

P EAEAFL A o]

o

o SIUHEFHHS)
W R

X1, X, Xs.. X7t A 02 A-gaho] ojal g
FEEES) Yool FFE F91E o, o2l T wh-gel W
57} o) 2 W ERA thstel FAHL 24E AA

a3 olof QF AYRAE AA S WYt 52
o 2749 2SS AFAYE FATHAHAS
WD ojste] AAsIH z, g2 HAEHE
&) 4] & SAS(statistical analysis system version 6.12)
program& A28tk FATAALFAGNA 53w
4 & ez L Be2w (X)) BEgAZHX )0l H,

Fe2AL 54%(-2,-1, 0,1, 222 3ttt a8
¥ 29 Z2435nt-go g wh-gl4(Y)
BA= &]E(Yl) Fra)otn| Al e (Y), 2l
2H(Ys) o= slsit), olu TR o) w2 of] ubE 23k
A mgale A)e 2

Y=bo+biXs+boXo+bioXiXz+buXi’ +baXs” (1)

o71A Ye B& T ZAE, felotr gt
9 o] gk Xy ¥ Xow HFEEA, b AH, b
3 A Aot

25U E7

AA Y ofa AR BE2Aol et Az2H T
F¥ & 80 mesh2 £43tx, .E,_U A]g_ 5goll 252100
£ 71slo] AF&ellA] 3417 &<k 2% (300rpm) F+F
stk o] o) FE222H2 33 “}—“'—°i’2/‘]3}1 7
288 A £2](2,500rpm, 15min)3te] 4EHE 22
A 2AhEEA0’OA A -9 ‘14_24%<200m1> 24

-hs

|

43 F 234902 Agsdrh o4 FEuE
b ol o1 HEAZS 54 HHE WA 95

o AeolA AA st

INLEE

AgFEdo A X 25898 ol 3
A33}ed spectrophotometer(Cecil, model CE393, UK.)
£ AH83le 420nmel A FF=EN SA 3L oH(12).

welg ¥ Felofoledel 24

olu} ix]._q] B o] £(13)9] iy
of] m}a}l};‘ﬂ%i %2 229 E $345k4 80 mesh
Ag EHAA 2L AE 01 A4 A RE AL
HPLC(Waters model 600)2} o}u) =4} 2}&-2-4 7] (Hi-
tachi L-8500A)2 7}7} ¥4 3}9ich



656 dEE - {5714 - ol7l%

T2 79 dubA &L Table 15 3bo] % 1885
%, 7} oA FALE 64.48%0| ¢ 2 A I} Ll
ek 77t 657%9 5.01% 2 ¥A Vel 524
27 9] f-2] 23} f-2]oprl At 243-& Table 29} 2]
gl glct. steld 8% 32 sucrose, fructose,
glucose”} 742} 4534mg%, 1922mg% 241 Vrebstoh
glo}u]| ALF-E & 12%F0] el gl e, threonine™}
arginine< 2}7} 514.97mg%t 121.61mg% 24 7H3F
=& &S el o)l Glutamic acid, lysine, leucine
59 I vz FL g B

Egx2lo) e ZMTo| B}

FAFAA DA G g 7 A2 Tl A -4 F
229 245 Table 35 Zon, o] &9 whg-%4
£ Fig. 2ol Yehigich = 88279 £e2%

i)

Table 1. Proximate composition of Polygonatum odo-
ratum roots

Compositions Contents(%)
Moisture 18.84
Crude protein 6.57
Crude fat 0.93
Crude fiber 6.35
Crude ash 2.83
N-Free ext. 64.48
Reducing sugar 501

Table 2. The composition of free sugars and free amino
acids of raw Polygonatum odoratum roots

Contents Contents
Sugars (mg/100g, Amino acids (mg/100g,
dry basis) dry basis)
Sucrose 4534.00 Aspartic acid 2273
Glucose 39400  Threonine 514.97
Fructose 1,922.00 Serine 48.36
Glycine 35.06
Glutamic acid 11.15
Alanine 20.21
Cysteine 21.23
Valine 22.42
Methionine 13.25
Leucine 12.20
Lysine 11.89
Arginine 121.61
Total sugars 685000  LOEl amino - gq0 g

acids
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Fig. 2. Response surface for the effect of roasting tem-
perature and time on browning color intensity
of Polygonatum odoratum roots.
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Table 3. Experimental data for browning color intensity and free sugar contents of Polygonatum odoratum roots
under different conditions of roasting temperature and time

)

Roasting conditions’ Browning Contents(mg/100g, dry basis)

EIXD' o . . color Total
0. Temp.(°’C)  Time(min) intensity? Sucrose Glucose Fructose sugars
1 170( 1) 60( 1) 0.735 2346 277 107 2730
2 170( 1) 30(-1) 0.976 4249 320 1623 6192
3 130(-1) 60( 1) 0.562 3289 129 1385 4803
4 130(-1) 30(-1) 0.158 3427 173 1909 5509
5 150( 0) 45( 0) 0.888 3353 989 1504 5846
6 150( 0) 45( 0) 0.974 3564 258 1546 5368
7 190( 2) 45( 0) 0.266 1872 21 170 2063
8 110(-2) 45( 0) 0.120 3646 86 2300 6032
9 150( 0) 75( 2) 1.202 1196 726 598 2520
10 150( 0) 15(-2) 0.129 3886 22 1468 5376

YNumbers in parentheses are the coded symbols for the levels of roasting conditions by central composite experimental design

YOptical density at 420nm(R% 0.8189, Pro>F: 0.0710)
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Fig. 3. Response surface for the effect of roasting tem-
perature and time on total free sugars of Polygo-
natum odoratum roots.

Table 4. Regression coefficients for the overall effects
of roasting conditions on contents of free su-

gars
Free sugars R’ Pro> F
Sucrose 0.9140 0.0296
Glucose 0.4709 0.6466
Fructose 0.9385 0.0185
Total free sugars 0.9327 0.0156




658 AFE - {714 - o1 %
190 R \
Sucrose \\ \\_ \\‘ \ \\ Gl]lCOSe T ] chmSé\ \\ ‘\\
—~ \ \ \ N \ s - N \ \ N
\ Y, 2 - e AN \, . N
£ 170 \\ %, ¥, N\ S g 7 7 . \\\ "% \\\
> “ N\ ; /7 / \ \ N \\
E \% \\ \\ / // / /_\\ AN d’(o \\
N N
§ % NN 7/ -~ N NN
E im0l > \ \ 1 { ( ( @ Mo
3 \ \ \ \ N \\
= \ \ O\ g N N
\ ——
2 \ RN ~
Q130 AN \\ ‘b( ~N
[} \ \ N ~ A ~J
=N \ o, T .
\ \‘x_ \.% . S 200 —
N N S /
Lo N \ T ~
15 k4 &5 0 5 15 2 e 60 75 15 k] 4 60 7

Roasting time (min)

Roasting time (min)

Roasting time (min)

Fig. 4. Contour maps for the effect of roasting temperature and time on free sugar contents of Polygonatum odoratum

roots.

Table 5. Experimental data for free amino acid contents of Polygonatum odoratum roots under different conditions

of roasting temperature and time

Amino acids(mg/100g, dry basis)

Exp. No.V Total
Asp Thr Ser Gly Glu Ala Cys Val Met Leu Lys Arg AA

1 277 2570 469 7.78 -2 - 2324 89 21.00 896 506 773 11830
2 7.58 1644 630 438 256 240 2344 11.10 945 897 278 1564 114.72
3 1698 9622 2093 1347 465 1477 1482 2158 1936 8.76 595 9660 354.07
4 2191 33248 3595 2424 770 2300 11.39 2939 2131 1074 1242 14555 719.69
5 12.09 39.76 1252 720 430 650 1209 1467 1365 1021 392 4352 189.82
6 9.79 1975 832 521 306 38 2475 1181 11.33 440 349 2437 13543
7 2.87 8.88 447 202 287 - 2350 814 1925 8.45 3.08 - 86.41
8 2382 34000 4167 2859 1004 1883 1432 2962 846 13.13 1123 16857 747.29
9 491 4356 817 507 320 320 2408 11.10 8.76 8.96 315 2130 15231
10 2391 34062 4291 2861 923 923 1371 2591 761 1182 1090 14281 712.17

UNumbers are the coded symbols for the levels of roasting conditions by central composite experimental design

2
"Trace

cose® &= A} ool A} Maillard HH-8-o 2] 3]
Z2AEA AgE e FEE o] ) HE22 A
Edgii=

Glucose &eF ¥3}ol| ]} contour mapS Fig. 49}
73, 3 AA e AL Table 4049} 22e] 10%9
9524 QA= A] ekgkel. Glucose %2 sucrose
et gk contour mapHE oHE AFoE Exe
A\ 7re] Az el wre} Al Frlsicrt 2271 150°C
o Atell A HE & thA] o 7| ARkl ch o] R 150
°C o]3}ol| A glucose”t Maillard ¥H-$-2] 71" 2.4 o]
£5E A ¥} A¥ol sucrose® FE} E3E] A
71E ool Flsle ALE AR

Fructose & ¥ 3}el] i3t 3]714] ] R*= 0.9385¢]
slen 5% W9 FFel A f-2l4del AA =} Fruc-
tose?] ¥ Fig. 494 &} o] 8BS X7 & w3}

7} geirt A& A zbe] A Folle FAHI] A4
2.2 sucrose® contour map® FAHEE 7 el ot
ol fructose?} ZHuk-g-2] 7|A 2 2A B3z
9l Aow AZEA " glucosedt= thE gL
# glucose B.th ¢ A Maillard 83 714 2 o] &5
A&-& AAbsla gt o) 2 Fas 3o Fiol w2t
Maillard 8- A4 o] Ao 3teh= X.1(15)9}, =3 pe-
ntose”} hexose 2.t} hexose Fol| A= fructose?} 2

Az}t wbgAde] zohe ZAF(16)9 LA s

it Sol| 2 falotojcitel wist

A E-L 7H3E o o] :eAbe) go] A2 uh-ste] o
oJ 1} Maillard HH-6-& B-& 7t Fo] 24440}
o] Ao 24 Bedats Ao el gy, 1 A
3} amides, furans, pyrroles, pyridines, pyrazines %



TEUY FEAP e whE kg 719 gAEs) 659

9] 313} 5] QA ¥k Hayased) Kato(17)= R385}
k.

FAFAAARAAG A 9 2o Aol f2
obeliAt 3ek& ¥4 A= Table 59 Vel A
o} % frelobelabe) @ak Wstel i 374le 4]
(@) e R*E 09777(p<0.001)e] 5 tH(Table 6).

Y1a=8007.6541-68.7489X,1-80.3975X2 + 0.3077X 1 Xz
+0.1530X1%40.2891 X% 4)

2 fe)olr| k-8 Fig. 59 7o) HgLmr) 27}
FaL Hg A1 7be] A 4E ghastrt A7 AF
A = Felopulxat gheke) wids) A o) gl
7> F7vske A dehgel ol HEe s &
[

o
L

o 19 e

AlZ

|7ko] AAPE Maillard ¥H-g-ol] 3o sl f-2lo}
134 &3 Bole A8 &9 whAle] WA, o 3
A A== frelolrlnity] ko] tha wolx]
o2 AZtEleh(14), 282 fElobr| it &
A|ZE B B&2we] oJ3-g wol ol %71 &
T5 A iy od, Z2Yre £ 2o A
A& vhelio] olulAle] Zul-So) F2 Peds}
ALE oJAATH(Fig. 5, Table 7).

7+ frg]obe| ik 317 A2 R*E Table 69 el

@} vle} ZFe] methionine, leucine, cysteine 52 A ¢

= = o

A

o

fu

r e o o N ot

.

1663

|

Total amino acids (mg%)

Roasting A §
€ Cmperapyp, (p) M 5

Fig. 5. Response surface for the effect of roasting tem-
perature and time on total amino acids of Polygo-
natum odoratum roots.

Table 6. Regression coefficients for the overall effects
of roasting conditions on the contents of amino

acids
Amino acids R’ Pro> F
Aspartic acid 0.9587 0.0071
Threonine 0.9908 0.0004
Serine 0.9657 0.0050
Glysine 0.9498 0.0105
Glutamic acid 0.9389 0.0153
Alanine 0.9077 0.0339
Cysteine 0.6165 0.4155
Valine 0.9541 0.0038
Methionine 0.4009 0.7458
Leucine 0.6128 0.4214
Lysine 0.9526 0.0094
Arginine 0.9623 0.0060
Total amino acids 0.9777 0.0021

Table 7. Correlation coefficients among roasting con-
ditions, substrates, and browning color inten—
sity in roasting of Polygonatum odoratum

roots
Total
Variables Tertnuz;r)zra Time g Otzlr amino
ue acid
Total sugar -0.56847" -0.602117
Total amino -0.73976™ -050689 0.49248
acid
Browning 030186 054326 0.54326" -0.77436™
color
intensity

“Significant at 10% level; *Significant at 5% level; ™" Sig-
nificant at 1% level
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