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Abstract

The amounts of free amino acids extracted from dried Gugija (Lycium chinensis Mill) were monitored under different
extraction conditions. The response methodology was applied using the ethanol concentration (X; 0-80%) and extraction
time (X; 1-5 h) as operational parameters with regard to various free amino acids (glycine, serine, alanine, threonine,
proline, valine, methionine, isoleucine, leucine, tyrosine, tryptophan, phenylalanine, asparagine, lysine, arginine,
histidine, camosine, omithine, aspartic acid, glutamic acid, phosphoserine, hydroxyproline, y-amino-n-butyric acid,
taurine, phosphoethanolamine, citrulline, [(3-alanine, [B-amino-isobutyric acid, hydroxylysine, sarcocine, and
ethanolamine) and their sum. Under the optimum conditions, the free amino acid contents were asparagine 186.28,
phosphoethanolamine 166.21, proline 46.51, alanine 43.35, aspartic acid 27.23, hydroxyproline 21.17, glutamic acid
16.53, taurine 16.24, arginine 14.66, serine 11.65, y-amino-n-butyric acid 10.82, leucine 10.52, tryptophan 8.75,
ethanolamine 8.49, and total free amino acid 629 mg/100 g. The coefficients of determination (R*) of the models
for methionine, arginine, histidine, camosine, omithine, aspartic acid, phosphoserine and y-amino-n-butyric acid
were within 0.9052-0.9810 (p<0.01-0.05). For the total free amino acids, the R* of the model was 0.8608 (p<0.1),
the extraction yield ranged from 282 to 641 mg/100 g depending on the extraction conditions and was the highest
when extracted for S h with 20% ethanol.

Key words : Gugija (Lycium chinensis Mill), extraction condition, free amino acid, response surface methodology,
monitoring
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Table 1. Central composite design for response surface analysis

Exp. Extraction conditions
No."

Ethanol concentration (%) Extraction time (h)

60 (1) 41

—_

2 60 (1) 2 (1)
3 20 (-1) 4 (1
4 20 (1) 2 (1)
5 40 (0) 30
6 40 (0) 3 (0)
7 80 () 3 (0)
8 0 (2) 3 (0)
9 40 (0) 50
10 40 (0) 12

"The number of experimental conditions by central composite design.
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filter(Millipore Co., MA, USA) & ©]¥}e+ 3 o}n| =ik 2}
E-217](Sykam GmbH, S430-H, Germany)S A}-&-5}o] Table
29 ZE 2R f ofnt FEFS SAskTh
Column<- cation separation column(LCA K07/Li)S AF-&-3}
Fon, A7 4.6x150 mmo] 3L, =& 37-741C0)9 1,
$+=-8-d 3} o-phthalal aldehyde(OPA)A] 2F2] flow rate= Zt
7} 0.45 mL/min, 0.25 mL/min©]$] 2™, o]uj] ¢+3g-o o]

Table 2. Operating conditions of amino acid auto-analyzer

Instrument $430 (SYKAM)
Column Cation separation column (LCA KO7/Li)
Column size 4.6x150 mm
Column temperature 37-74°C
Flow rate Buffer 0.45 mL/min, reagent 0.25 mL/min
Buffer pH range 2.90-7.95

Wave length 440 nm and 570 nm
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pH M1+ 2.90-7.95°] 31, 3742 440 nm 2! 570 nm= B B A e v 2 & AIke] Wl nE

A g8kt frejotn| kel Wsh7h i Qe Ao R UrEWE‘rCTable
3). Glycine< 0.78-1.32 mg/100 g2 S &+29] FEo} 3
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4 falojojzate| Wat o, alanine¥} proline-> 28.86-44.71%} 36.72-54.28 mg/100
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Table 3. Experimental data on free amino acids of the dried Gugija (Lycium chinensis Mill) under different conditions based on central
composite design for response surface analysis

(unit: mg/100 g)
The number of experimental conditions by central composite design
Amino acids

1 2 3 4 5 6 7 8 9 10

Glycine 0.952" 0.782 1.138 1.038 1.176 1.266 0.525 1.183 1322 1.166
Serine 7.687 7472 9.544 9335 12.367 10.894 4.055 9.628 9.868 10.689
Alanine 35226 33485 42379 37.864 44.006 42788 28.859 41,440 44.705 42.139
Threonine 3.838 3017 4.548 3.647 6.044 5.544 2.805 3.956 5.161 4.595
Proline 37.999 37283 45311 40.548 47235 46.856 36.722 45.045 54.286 47508
Valine 3.502 3.159 4279 3.530 4273 4.112 3.046 4420 4512 4018
Methionine 1.128 1.019 1.942 1.957 1.485 1.408 1.081 2.180 1.139 1.103
Isoleucine 3.796 3758 4.527 4.158 4.872 4.980 2.890 4942 5.106 4.976
Leucine 7.968 7.386 9332 8.450 10.756 10.361 4.689 11351 11.639 9.342
Tyrosine 2,670 2.570 2.546 2499 3411 3.320 2245 3443 3.670 3206
Tryptophan 5.466 6.331 7217 6.522 8.206 9.147 4.659 7.964 8.637 8.495
Phenylalanine 2.876 2.644 3316 2613 3.325 3371 2.884 3752 3447 3.126
Asparagine 137434 129.485 180.657 154911 184.309 188.246 72773 188.601 198.823 179.654
Lysine 0.000 0.000 0.000 0.000 0.000 3.344 0417 1.968 1.831 1.754
Arginine 10.675 10.238 14.445 12.436 14.749 14.570 3.538 15371 15.647 14.718
Histidine 2439 2.195 3.920 2948 3.548 3.535 0.762 3.993 3.955 3.088
Carnosine 0423 0.577 0.875 0.831 0.868 0.815 0.150 0.788 0.744 0.969
Ornithine 0.322 0.325 0.467 0474 0.425 0.474 0.080 0.408 0458 0.342
Aspartic acid 17.326 17.967 25.680 21.396 28.121 27433 5427 24590 27.509 26.153
Glutamic acid 11.049 10.080 14.239 13335 18.010 15.455 6.031 14.158 15.634 16.206
Phospho-serine 2915 3293 3.071 3382 4.037 3.600 1.240 2721 3.070 4.016
Hydroxy-proline 18.386 19.348 21495 17.157 21282 21.039 21225 22365 18.161 16.505
¥-Amino-n-butyric acid 7974 7974 10.292 9311 10.870 10.765 4.654 9.013 9.047 8.580
Taurine 11.890 12211 7.106 5.649 16.365 16.197 4293 16.140 16.335 17.077
Phospho-ethanolamine 116.327 123.172 143.651 139.262 167.690 165423 59.577 152.121 160.083 174.814
Citrulline 1211 1173 1.360 1.078 1.443 1.074 1.074 1.335 1.449 1.355
[3-Alanine 0.019 0.000 0.031 0.000 0.031 0.000 0.000 0.000 0.030 0.000
[3-Amino-isobutyric acid ~ 0.068 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Hydroxy-lysine 0.000 0.000 0.117 0.100 0.000 0.100 0.050 0.118 0.102 0.135
Sarcocine 0.887 0.858 1.078 1.249 5.646 1.082 0.653 1.136 0.903 0.999
Ethanolamine 13312 12.860 16.500 14.060 16.492 0.440 0.038 0.092 0.088 0.045

Total amino acids 465.762 460.662 581.061 519.740 641.041 617.641 282.439 594.221 627.358 606.770

Data were expressed as mean of triplicate determinations.
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Threonine, valine, methionine, isoleucine, leucine, tyrosine,
tryptophan, phenylalanine 5% ol €h-22] FE=9} FZA|t
of uwhe} kel Wiyt wekom, 53| asparagines
72.77-198.82 mg/100 g2 & 20| & Holx 11 FHFe
felotuliit 2ol 71 we Zlow Ueheh Oh 5()
& JP P14 P4 ople b FH el serineo]
Vg ol BARItn Baskgot, B AL 4
A 2 2 serine gr&Fo] %)L alanine, proline, asparagine
Fol Btk o137 Aol7h ke A dA L 5
& 4 obul it oehe gl 0w 53 Fejohu] it

o] Aol = AAZI.

A frElolnite] tigk 3|8 A(Table 4,5),
methionine o] R*7} 094182 2] 5% ool A f<
Aol Q1 ¥ o1, asparagine, glycine 2 serine> R?7}
0.8843, 0.8672 & 0.8390°.2 F-2]4F 10% oA <]
do] JIF=HAJT. 18y A 24 frelopr] ik
o) do] AFEA] &t or} tyrosineS Al $JstaE RVL =
2 Aot} FEWQ odehe g 5 Ak 4
FrefobuAbe] HXE S Lot} AR S F
3 Fgb= 73l ¥ Z 3} (Table 5), glycine, serine, alanine,
methionine, asparagine 5 53 oFn|=tto] o gh-g &EFe]
FaFol A UE oy FF A7) k- vk

Table 4. Polynomial equations calculated by RSM program for free amino acids of the dried Gugija

Parameters of polynomial equations”

Responses
[30 ﬁl [32 [311 BIZ BZZ

Glycine 1.214500 0.006150 -0.088500 -0.000201 0.000875 0.017000
Serine 7.157006 0.154630 1.243893 -0.002710 0.000075 0224732
Alanine 35.778729 0.304895 0.540125 -0.004422 0.034675 0299313
Threonine 1.521259 0.091370 1.137923 -0.001294 40.00100 40143348
Proline 45465372 0258110 -4.817196 -0.002747 -0.050587 1.404491
Valine 3.587262 0.015135 0.062619 -0.000202 -0.005075 0.052286
Methionine 1.665110 -0.028874 0.483101 0.000097 0.001550 -0.088545
Isoleucine 4.613464 0.031921 0226774 -0.000517 0.004137 0.074643
Leucine 9.017432 0.049358 0.061315 -0.001297 40.003750 0.098920
Tyrosine 3.428280 0.005174 0337952 -0.000204 0.000663 0.066839
Tryptophan 5717432 0.117208 0.237982 -0.001179 -0.019500 0.091920
Phenylalanine 2.601688 0.003612 0.260792 0.000064 -0.005887 0.017688
Asparagine 150.731467 1.874236 0.817589 -0.030726 40222463 2347277
Arginine 12.686429 0.173718 -0.300048 -0.002978 -0.019650 0.240786
Histidine 2084476 0.043981 0.481262 -0.000661 -0.009100 0.021429
Carnosine 0.703092 0016711 -0.002577 -0.000219 -0.002475 0.009152
Ornithine 0233423 0.006338 0.099393 -0.000131 0.0000500 -0.013982
Aspartic acid 13596723 0.560666 2.801315 -0.007310 0.061562 0.031795
Glutamic acid 12.926979 0.196396 0.092375 -0.003668 0.000813 -0.010687
Phospho-serine 2484473 0.079266 0.178149 -0.001126 -0.000838 -0.059955
Hydroxy-proline 5.814036 0.024904 8.084690 0.002632 -0.06625 -0.812893
¥-Amino-n-butyric acid 2.5708881 0.178305 3.489726 -0.002413 0.012262 0474107
Taurine 12.667009 0237720 2.199411 -0.002781 0.022225 0.509902
Phospho-ethanolamine 144.568033 2204564 -7.380673 -0.034192 -0.140425 1.722973
Citrulline 1157295 0.008373 -0.083220 -0.000020 -0.003050 0.041259
Hydroxy-lysine 0291342 -0.002839 -0.107494 0.000025 40.000213 0.018652
Sarcocine -3.491330 0.093448 3.009363 -0.001342 0.002500 -0.522866
Ethanolamine 25.352872 0.617540 18.091613 -0.007022 40.024850 -2.808242
Total amino acids 458.077863 7.309615 24.758381 -0.106576 40.702763 2.053089

Uy (responses)=[30*‘BlX1+I32X2+512X1X2+I311X12+I322X22-
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1. Response surfaces for neutral amino acids of the dried Gugijz as a function of extraction ethanol concentration and time.
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Table 5. Coefficient of determination value of polynomial equations and analysis of variance for the dried Gugija

Responses R Pr>F Morphology - Fralue —
Ethanol concentration (%)  Extraction time (h)
Glycine 0.8672 0.0672 Saddle point 691" 0.65
Serine 0.8390 0.0957 Maximum 6.60" 0.17
Alanine 0.8314 0.1041 Saddle point 531" 045
Threonine 0.6401 03772 Maximum 203 037
Proline 0.6897 0.2985 Saddle point 1.29 101
Valine 0.7639 0.1889 Saddle point 312 0.99
Methionine 09418 0.0140 Saddle point 18.15™ 1.86
Isoleucine 0.7708 0.1795 Saddle point 3.65 0.19
Leucine 0.7702 0.1802 Saddle point 3.65 047
Tyrosine 0.3778 0.7757 Saddle point 049 0.16
Tryptophan 0.6372 0.3819 Saddle point 1.93 0.14
Phenylalanine 0.5276 0.5590 Saddle point 1.02 0.61
Asparagine 0.8843 00519 Saddle point 8.57" 051
Arginine 0.9074 00341 Saddle point 11.23" 036
Histidine 0.9463 00119 Saddle point 2030™ 231
Carnosine 09691 0.0040 Saddle point 3552 2.85
Omithine 0.9685 0.0042 Maximum 3897 224
Aspartic acid 09052 0.0356 Saddle point 112" 030
Glutamic acid 0.8070 01327 Maximum 492 0.00
Phosphoserine 09305 00197 Maximum 14.20" 2.07
Hydroxyproline 0.8264 0.1097 Saddle point 276 1.88
Y-Amino-n-butyric acid 0.9810 0.0016 Maximum 67997 10.17"
Taurine 0.2608 09011 Saddle point 028 0.04
Phosphoethanolamine 08631 00711 Saddle point 6.94” 015
Citrulline 0.5303 0.5548 Saddle point 0.60 0.89
Hydroxylysine 0.6182 04127 Minimum 1.59 0.79
Sarcocine 0.3285 0.8343 Maximum 0.50 046
Ethanolamine 0.3346 0.8275 Maximum 0.50 049
Total amino acids 0.8608 00733 Saddle point 721" 0.16

D p<0.1; *p<0.05; ¥ p<0.0L.

o] ggo] =4 UrE]r‘iko‘/]' % AR d3ke mlmlsisith
Az 77124 50 W 97143 OE]O]'UL‘T—’\ oA
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Fig. 2. Response surfaces for basic amino acids of the dried Gugija as a function of extraction ethanol concentration and time.
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