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Analysis of Chemical Composition of Bulro Kugi
(Lycium chinense Mill) Fruit, Leaf, and Root
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Chemical and flavor components of Bulro Kugi (Lycium chinense Mill) fruit, leaf, and root were compared.
Fructose and glucose were detected in fruit and leaf, and sucrose in root, respectively. Citrate was the highest
among organic acids in fruits, and malate in leaf and root. Capsaicin was detected in leaf and root. Volatile
flavor compounds were extracted by simultaneous distillation and extraction method using Likens and
Nickerson’s extraction apparatus. Concentrated flavor extract was analyzed, and 128 compounds, including 22
acids, 15 alcohols, 12 aldehydes, 8 esters, 10 furans, 26 hydrocarbons, 4 phenols, 2 pyrroles, 1 pyrazine, and 28
miscellaneous components, were identified by GC and GC-MS, Main volatile compounds were hexadecanoic acid
and 2-furancarboxaldehyde in hot-air dried fruit, hexadecanoic acid and 1-hexadecene in fresh fruit, 3, 7, 11, 15-
tetranethyl-2-hexadecan-1-0l and hexadecanoic acid in leaf, and hexadecanoic acid in root.
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Fig. 1. Contents and HPLC chromatogram of sugar in Bulro Kugi fruit, leaf and root.

*Hot air dried fruit at 50°C for 48 hr.
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Fig. 2. Contents of organic acids and HPLC chromatogram in Bulro Kugi fruit, leaf and root.

*Hot air dried fruit at 50°C for 48 hr.
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Fig. 3. Content of capsaicin and HPL.C chromatogram in Bulro Kugi fruit, leaf and root.

*Hot air dried fruit at 50°C for 48 hr.
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Table 1. Volatile flavor compounds of Bulro Kugi dried and fresh fruit, leaf and root (ppm)
Compound Name Peak No.  RT(min) Dried fruit * Fresh fruit Leaf Root
Acid 2,2-dimethy] propanoic acid 36 23.402 0.076 0 0.007 0.026
Acid hexanoic acid 52 27.176 0.110 0 0 0
Acid hexanoic acid 57 29.523 0421 0 0 0
Acid 2-methyl-1-(1,1-dimethylethyl)-2-propanoic acid 62 30.299 0.063 0 0 ¢
Acid 2-methyl-2,2-dimethyl- 1-(2-hydrox) propanoic acid 64 30.933 0 0 0 0.110
Acid 2-ethyl-hexanoic acid 68 31.665 0.276 0 0 0
Acid heptanoic acid 69 31.752 0.173 0 0 0
Acid octanoic acid 79 33.868 0.273 0.010 0.012 ,
Acid nonanoic acid 83 35.886 0.334 0.007 0.021 0.018
Acid decanoic acid 90 37.808 0.133 0.003 0.047 0
Acid octadecanoic acid 96 41.125 0.316 0.023 0.017 0
Acid octadecanoic acid 97 41.256 0.820 0.008 0.018 0
Acid dodecanoic acid 100 41.514 0.556 0.009 0.031 0
Acid p-hexadecanoic acid 107 43.449 0 0.024 0 0
Acid tetradecanoic acid 11 46.278 0.730 0.014 0.060 0.191
Acid 9-octadecenoic acid 114 47.861 0 0 0 0.052
Acid 9,12-octadecadienoic acid 115 48.445 0.945 0.067 0 0
Acid 9,12-octadecadienoic acid 116 48.555 0.754 0 0 0
Acid tetradecanoic acid 117 49495 0.136 0 0 0.259
Acid hexadecanoic acid 119 53.964 6.597 0.135 1.065 5557
Acid 9-octadecenoic acid 120 55.548 0 0 0 0.138
Acid heptadecenoic acid 121 59.058 0 0 0 0.072
sum 12713 0.300 1.278 6.440
Alcohol (E)-2-penten-ol 15 16.975 0 0 0.064 0
Alcohol 1-hexanol 16 17.978 0 0.008 0.140 0.085
Alcohol (2)-3-hexen-1-0l 17 18.851 0 0 0.318 0
Alcohol (E)-2-hexen-1-ol 19 19.256 0 0 0.047 0
Alcohol 7-octen-4-ol 24 20.252 0.247 0.086 0.099 0
Alcohol 2,6-dimethyl cyclohexanol 42 24289 0 0 0.185 0
Alcohol 1-hexadecanol 50 26.673 0.175 0 0.027 0
Alcohol farnesol 59 29.848 0.100 0.014 0.050 0.028
Alcohol benzene methanol 63 30.605 0.443 0.027 0.306 0.035
Alcohol benzene ethanol 67 31468 0.609 0.011 0.229 0.029
Alcohol 4-hydroxy-benzene methanol 71 32.028 0.390 0.002 0.020 0
Alcohol 4-(1,1-dimethylethyl)-benzenemethanol 86 37.127 0.148 0.030 0.036 0
Alcohol 3,7,11,15-tetranethyl-2-hexadecan-1-ol 109 44.649 0.496 0.018 1.310 0.789
Alcohol 1-hexacosanol 110 45.256 0.246 0.009 0.046 0.093
Alcohol 1-hexacosanol 118 51.659 0.128 0.005 0.023 0
sum 2985 0210 2.900 1.059
Aldehyde hexanal 3 10342 0.098 0.008 0.029 0.013
Aldehyde (E)-2-hexenal 10 14.114 0 0.006 0.101 0
Aldehyde (E)-2-octenal 22 19.868 0.119 0.011 0.034 0
Aldehyde 4-thiopentanal 27 20.648 0.210 0.004 0 0
Aldehyde (E,E)-2,4-heptadienal 31 21.592 0 0.008 0.040 0
Aldehyde benzaldehyde 33 22.433 0.148 0.004 0.029 0.030
Aldehyde (E)-2-nonenal 34 22.580 0.168 0.020 0.057 0

Aldehyde (E,Z)-2,6-nonadienal 39 23.857 0 0 0.057 0
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Table 1. Continued
Compound Name Peak No. RT(min) Dried fruit * Fresh fruit Leaf Root
Aldehyde benzene acetaldehyde 4 25.366 2747 0.094 0410 0
Aldehyde 2,4-nonadienal 49 26.598 0 0.003 0 0
Aldehyde ethyl benzaldehyde 53 27.395 0.050 0.004 0.011 0
Aldehyde (E.E)-24-decadienal 55 29.016 0.117 0.009 0.018 0.049
sum 3.657 0.171 0.786 0.092
Ester hexadecanoic acid methyl ester 85 36.888 0.381 0.011 0.108 0.049
Ester hexadecanoic acid ethyl ester 88 37.5%4 1.435 0.013 0.014 0
Ester 9-octadecenoic acid methyl ester 94 40.937 0 0 0 0.094
Ester 9,12-octadecadienoic acid(zz)-methyl ester 101 41.836 0.248 0.004 0.096 0.062
Ester ethyl linoleate 104 42.525 1.283 0.021 0 0
Ester 9,12,15-octadecatrienoic acid methyl ester 106 43.229 0.047 0 0.087 0
Ester 9,12,15-octadecatrienoic acid methyl ester 108 43.948 0.285 0.010 0 0
Ester 1,2-benzenedicarboxylic acid, dibuthyl ester 113 46.711 0.834 0.010 0.037 0.062
sum 4513 0.069 0.342 0.267
Furan 2-pentyl furan 11 14.354 0.069 0.005 0.042 0.311
Furan 2,5~-dimethyl furan 28 20.823 0 0 0.120 0
Furan 2-furancarboxaldehyde 29 20.869 2.835 0.107 0 0.098
Furan 1-(2-furanyl)-ethanone 32 21.887 0.345 0.003 0 0
Furan 5-methyl-2-furan carboxaldehyde 38 23.613 0.394 0.003 0 0
Furan 2-furanmethanol 45 25.605 0.971 0.017 0.065 0.024
Furan 5-ethenyldihydro-5-methyl-2(3H)-furanone 47 26.024 0 0 0.011 0
Furan 2-furan carboxylic acid 51 27.016 0.399 0 0 0
Furan 2 3-dihydro-benzofuran 93 40.175 0.150 0.002 0.133 0
Furan 5-(hydroxymethyl)-2-furancarboxaldehyde 103 42.339 0.204 0 0 0
sum 5.367 0.137 0.371 0.433
Hydrocarbon  decane 1 8.271 0.185 0.008 0.030 0.051
Hydrocarbon  1-heptyl-2-methyl-cyclopropane 2 9.266 0.793 0.033 0.136 0.245
Hydrocarbon  docecane 5 13.374 0.248 0.011 0.053 0.065
Hydrocarbon  4-dodecene 9 13.756 0.072 0.003 0.016 0
Hydrocarbon  2-dodecene 12 14.664 1.773 0.079 0.339 0.520
Hydrocarbon  tetradecane i8 18.868 0.499 0.028 0 0.098
Hydrocarbon  7-tetradedecane 20 19.608 0.116 0 0 0
Hydrocarbon  (1-methylethylidene)-cyclopentane 21 19.607 0 0.024 0.035 0.055
Hydrocarbon  (E)-9-octadecene 23 20.149 2.548 0.120 0.507 0.786
Hydrocarbon  (E)-5-tetradecene 25 20414 0.043 0 0.022 0
Hydrocartbon  2-ethyl-1-dodecene 26 20.513 0.040 0.002 0.009 0.012
Hydrocarbon  hexadecane 40 23914 0 0.021 0.074 0.093
Hydrocarbon  1-hexadecene 43 25.142 2728 0.126 0517 0.785
Hydrocarbon  1-methoxy-4(2-propenyl) benzene 46 25876 0 0 0 0.072
Hydrocarbon  octadecane 54 28.511 0.240 0.009 0.040 0.058
Hydrocarbon  (E)9-eicosene 38 29.645 1.903 0.106 0.333 0.575
Hydrocarbon  4-octaen-3-one 60 29.959 0.040 0 0 0
Hydrocarbon  cyclododecane 74 32.446 0 0 G 0.047
Hydrocarbon  heptacosane 75 32.675 0.127 0.005 0.026 0.036
Hydrocarbon  2-tridecanone 76 33.207 0.079 0.011 0 0
Hydrocarbon  (E)-9-eicosene 78 33.738 1.370 0.055 0.214 0.348
Hydrocarbon  2-propyicyclopentanone 81 34.599 0 0 0 0.040
Hydrocarbon  (E)-5-eicosene 87 37.512 0.766 0.029 0.123 0.236
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Table 1. Continued

Compound Name Peak No. RT(min) Dried fruit * Fresh fruit Leaf Root
Hydrocarbon  (E)-3-eicosene 95 40.988 0.481 0.025 0.114 0218
Hydrocarbon  diphenyl methanone 102 42.068 1.698 0 0 0
Hydrocarbon  octacosane 112 46.420 0 0 0.108 0.040
sum 15,749 0.695 2.696 4.380
Phenol 2-methoxy-phenol 61 30.073 0.060 0.003 0.016 0.018
Phenol 2,6-bis(1,1-dimethylethyl)}4-methyl-phenol 65 31.038 0.067 0 0.018 0.110
Phenol (1,1-dimethylethyl)-4-methoxy-phenol 82 34.672 0.420 0.009 0.065 0.191
Phenol 2,4-bis-(1,1-dimethylethyl)-phenol 91 38.533 2613 0.126 0.456 0.759
sum 3.160 0.138 0.555 1.078
Pyrrole 1-(1H-pyrrole-2-yi)-ethanone 73 32.397 0.962 0 0 0
Pyrrole I H-pyrrole-2-carboxaldehyde 77 33.517 0.077 0 0.013 0
sum 1.039 0 0.013 1]
Others dl-limonene 6 13.461 0 0 0 0.016
Others 3 4-dihydropyran 7 13.581 0.035 0.005 0.010 0
Others 1,8-cineole 13.745 0 0 0 0.061
Others I-fluoro-cyclohexene 13 15.385 0.130 0 0 0
Others 2-methylpropyl-hydrazine 14 16.038 0.196 0 0 0
Pyrazine tetramethyl pyrazine 30 21.003 1.260 0 0.009 0
Others (E)-1-(methylthio)-1-propene 35 23.178 0.301 0 0 0
Others N-methyl-N-nitroso-fthanamine 37 23.502 0.324 0 0 0
Others 4(3H)-pyrimidinone 41 23983 0.752 0 0 0
Others 1-fluoro-dodecane 48 26.235 0.049 0 0 0
Others dihydro-beta-ionone 56 25.491 0 0 0.024 0
Others (-)-trans-panane 66 31.161 0.228 0 0.108 0
Others beta-ionone 70 0 0.006 0.281 0
Others neophytadiene 72 32.378 0 0 0.068 0
Others 2-hydroxy-2-methyl- 1-phenyl- 1 -propanone 80 34.556 0.219 0.004 0.016 0
Others 1-(2-hydroxy-5-methylphenyl)-ehanone 84 36.724 0.788 0.045 0.055 0.117
Others pulegone 89 37.795 0 0 0 0.067
Others (-)(5)-2,2 4-trimethyl-3-cyclohexene-1 92 38.790 0.170 0.003 0.030 0.025
Others 1H-indole 98 41.265 0 0 0.072 0
Others patchoulane 99 41.461 0 0 0 0.353
Others solavetivone 105 42.876 0 0 0 0.817
sum 4.452 0.063 0.673 1.456
Total sum 53.634 1.783 9.616 15.203
*Hot air dried fruit at 50°C for 48 hr.
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onj A7) Duf ethyl linoleate”t 30.5%, 71U hexa-
decanoic acid methyl ester, 9,12-octadecenoic acid(zz)-methyl
ester, 9,12,15-octadecatroenoic methyl ester3F714d¥-0] ZA ester
Foll 31.6%, 28.1%, 25.5%% FeRRSATh Furans®ollM Hzv
71 gufl, A7) Luls 2-furancarboxaldehyde &) 3417
ppm, 0.544 ppmO 2 AA furan FE ZHZt 52.8%, 782%E
VERNITE 719l 2,3-dihydro-benzofuran®] 0.644 ppm©. 2
35.8%, T7]%2]% 2-pentyl furan®] 0.464 ppmS 2 FA furan
79 358%= AAFHSLL Hydrocarbonfolls Az77] Evl,
A7) de, F719, F718elA (Ey9-octadecene AJ 0]
3.071 ppm, 0.610 ppm, 2456 ppm, 1.172ppm FH-E AU LA,
1-hexadecene= 3.288 ppm, 0.641 ppm, 2.505 ppm, 1.171 ppm&
2 yepdth PymoleRs A7) dufigh #rlERE]dM s 8]l
HA kot dz+7] dufol= 1-(1H-pyrrole-2-yi)-ethanone
7F 1.159ppm, T-71YSIME  1H-pymole-2-carboxaldehyde 7}

O Acids

B Alcohols

O Aldehydes

DO Esters

B Furans
Hydrocarbons
H Phenols

O Pyrroles

@ Others

Dried fruit

O 35.00 40.00 4500 S0.00 S5.00

Fresh fruit

Fig. 4. Compounds of volatile flavors and GC chromatogram in Bulre Kugi fruit.

*Hot air dried fruit at 50°C for 48 hr.



162 A E38k8A) Al 37 WAl 2 F (2005)

0.063ppm AEHAUT 2 99} Mg e s Az dule
tetramethyl pyrazine7} 1.519ppm, 7)Y 9|  beta-ionones
1.361 ppm, 7182l solavetivonee] 1218 ppm &= YTt

Fig. 3& Az77] doll, 4771 G, #7194, +7)%e 7]
AEE 2FEE BRst] JeRAITE AcidsRs ZH) 15322
ppm, 1.525ppm, 6.192ppm, 9.605ppme 2 AR g7 Eo
237%, 168%, 133%, 424%% AA3% T} AlkoholFe zHzt
3.598 ppm, 1.068 ppm, 14.050 ppm, 1.579 ppm=Z A 371459
557%, 11.8%, 302%, 70%Z ARSIt Aldehyde®= 7zt
4408 ppm, 0.869 ppm, 3.808 ppm, 0.137 ppmZ HAH|T7]A] F-o
6.82%, 9.59%, 8.17%, 0.60%2 “}e}uith Estere) 74 ztzt
5439 ppm, 0.351 ppm, 1.657 ppm, 0.398 ppmo.=2 841%, 3.87%,
351%, 1.76%% EFT furans®] 755 6.469 ppm, 0.696 ppm,
1.797 ppm, 0646 ppm 22 Z}Z} 10.00%, 7.68%, 3.86%, 2.85%
o)1}, Hydrocarbon™ 18.982 ppm, 3.533 ppm, 13.062 ppm,
6.532ppm2E 7}7t 29.36%, 3897%, 28.04%, 28.81%2 el
t}. Phenol&+= 3.809 ppm, 0.702 ppm, 2.689 ppm, 1.608 ppm.2
2 589%, 7.74%, 5.77%, 7.00%°19.21 pymoles?] 74-¢ HxT
7178} F7 1AM ZHzk 1.940 ppm 0.140 ppm 2 LERNS)
th Yi 5(7) & AL 1719 &) E-2 hexadecanoic
acid, methyl linoleate, benzyl alcohol, 1.4-dimethyl benzene,
ethyl oleate®] o].oH, 7}FEAE] F7]AH= hexadecanoic acid,
acetylpyrrole, methyl linoleate, methyl thiopropanol, benzene ace-
taldehyde &-0% UENHTIT RIsldr) B2 7rle) A%
F71%277] €& hexadecanoic acid, 2-furancarboxaldehyde,
benzene acetaldehyde, 1-hexadecene]|$1.om AY-27]2} Fvll hexa-
decanoic acid, 1-hexadecene, 24-bis(1,1-dimethylethyl)-phenol, 2-
furancarboxaldehyde®] =42 et

2 o

EE 7719 Bepd g, o, RS 43
Fe] §Fe 7] gullel F71YlM = fructoses} glucosetHol
AEHRT, 71N sucrose?] gao] thi-Eelu} &
715re] sHEFe A7) vl citrate, 77U F71%EE
malate®] ko] 71 ¥A Yo tararates AEFA] &%
o}k CapsaicinZ 7] GuiolM s AZEHA R, 171903 o
goll4] 2z} 118 mg/100 g, 2.78 mg/100 o] AZSH UL} E=2
7719 #7482 acidsT= 2270, alcoholFE 157W, aldehyde
Fe 120, esterF+ 870, furanF= 1071, hydrocarbonF+ 26
7, phenclf-= 47), pymole = 27W, pyrazine2 1], =L £]9)
77 #QEe] F 12879 Ao EIHAY. HET7)
o] 739 hexadecanoic acid’} 6.597 ppm, 2-furancarboxalde-
hyde?} 2.835 ppm= WERARZ, AH5-7] Fvli= hexadecancic
acid7} 0.135 ppm, 1-hexadecene®] 0.126 ppme] F3e LRI
T}, 91& 3, 7, 11, 15-tetranethyl-2-hexadecan-1-0l] 1310 ppm,
hexadecanoic acid7} 1.065 ppme YERNA, ¥2]= hexade-
canoic acid7t 5.557 ppm, solavetivone®] 0.817 ppm&] TS o}
Effle] B277]2] BE H 9ol hexadecanoic acid?} F2.8F
7VE-0.2 vebgr

ZHAle 2
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