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SUMMARY

AN ANALYSIS OF VOLATILE AROMATIC COMPOUNDS FOR THE
DISCRIMINATION OF SENGCU RICE FROM OTHER RICE TYPES IN VIETNAM

Sengcu rice is highland speciality that has gaining popularities recently. Various authentication
methods for the discrimination of high-quality Sengcu rice have been proposed; however, those relying
on aromatic properties have not yet been proposed. In this study, an analysis is presented for the
determination of volatile aromatic compounds (VAC) in rice using solid-phase microextraction
combined with gas chromatography-tandem mass spectrometry. The method was then applied for the
delimitation of Sengcu rice from other rice types including ST25, Tam, Bac Huong, Jasmine collected
from several markets in Hanoi, Vietnam. The results show that in total, there were 48 VACs detected
from rice samples. Principal component analysis extracted 16 PCs explaining more than 70% of the
total variance, in which PC1 and PC2 explained 14.23% and 5.9% of the total variance, respectively.
Partial least square-discriminant analysis (PLSDA) clearly separated Sengcu from other rice types
based on their VAC composition. Generalized linear model for the principal-component-transformed
intensity exhibited significant difference between Sengcu and other rice types. In particular, Sengcu
rice stood out as the most significantly different one, whereas there was no significant difference
detected among other types. 2-acetyl-1-pyrroline, 3-hydroxymandelic acid and 6-methyl-5-hepten-2-
one were those compounds that mostly contributed to the difference among rice types. Further research
expanding the number of rice types and sample size would greatly contribute to this procedure for the
discrimination of Sengcu rice on the market.

Keyword(s): volatile aromatic compound, gas chromatography, mass spectrometry, Sengcu rice, 2-
acetyl-1-pyrroline, 3-hydroxymandelic, 6-methyl-5-hepten-2-one

1. PAT VAN PE Cac nghién ctu vé huong thom gao khoi
Huong thom la mét trong nhiing dac tinh quan ngudn tir hon 30 ndm truée [2, 4], nhung chi
trong cua gao anh hudng truc tiép dén viéc dén khi ki thuat sic ki, dic biét 1a sdc ki khi
danh gia cam quan va xu hudng tiéu thu cua (gas chromatography — GC), dugc phat hién,
nguoi tiéu dung. Nguoi tiéu dung ludn xem phat trién va mg dung rong rii thi cac nghién
huong thom 1a mét trong nhiing tiéu chi danh ctru vé mui huong méi dat dugc nhitng bude
gia “cam quan” vé chét luvong gao va dga vao tién o rét. Khi két hop GC voi khéi phé (mass
dic tinh nay dé so sanh chét lugng va gia tri spectroscopy - MS), viéc dinh tinh va dinh
clia san phim gao trén thi truong [1-3]. luong cac hgp cht mui huong tré nén dé dang
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hon trong cac nén mau khac nhau va di ning
cao kién thic vé thanh phan mui thom trong
gao. Cho dén thoi diém hién tai, c6 hon 500
hop chét tao mui huong d& bay hoi (volatile
aromatic compounds - VAC) dugc phat hién
trong cac gidng lta co hwong thom va khong
¢6 huong thom khac nhau [2, 5].

Cac hop chat VAC ciing 1a mot trong nhimng
dic diém quan trong ctia gao, cac nhom gao
khac nhau c6 cic nhom hop chit VAC khac
nhau [6]. Séng Cu la mot trong nhiing giéng
gao ddc san cua ving nai Tdy Bic nho chit
luong thom ngon va mui huong dugc cho la
khac biét so voi cac loai gao khac. Chinh vi
vay, san phim gao Séng Cu ngay cang dugc ua
chudng va trd nén phd bién trong thoi gian gin
day, tir d6 dé bi danh trdo voi cac loai gao
thwong phim kém chét lwong hodc gia tri kinh
té thap hon trén thi truong. Céc hop chit VAC
trong gao c6 thé dong vai tro quan trong ddi
voi viée phan biét gao Séng Cu va céc loai gao
khéc.

Viéc phéan tich cac chit VAC chu yéu duoc
thye hién bang cach két hop phuong phap xir li
mau thich hgp va GC-MS, trong do, vi chiét
pha rén (solid-phase microextraction — SPME)
1a phuong phap chiét tach dugc sir dung rong
rdi khi phén tich cac hop chat VAC [7]. Uu
dém ciia SPME khi so sanh v&i cac phuong
phap chiét tach khac bao gém thao tac thuc
hién don gian, d nhay, d6 chinh xac va d¢ tai
lap cao [8, 9].

Tuy nhiéu nghién ctru d duogc thyuc hién dé tim
hidu cac hop chit VAC dic trung va co ché
hinh thanh mui thom cua gao [5,6], van chua
c6 nghién ctru nao dua ra dugc con duong
chinh xac va co ché tao ra timg loai mui huong
nhét dinh trong gao. Chét luong, mui huong
clia gao khé phirc tap do ddy 1a hdn hop phdi
tron ciia nhiéu hop chat d& bay hoi ciing nhu
phu thudc vao nhidu yéu t6 anh huong, ching
han, gidng, cac diéu kién méi truong trong quéa
trinh trf‘)ng, va cach thitc ché bién. Chinh wi
vay, muc ti€u cua nghién ctu nay hudng dén
viéc xac dinh dugc phuong phap phan tich cac
hop chét VAC c6 trong gao. Sau d6, phuong
phap s& dugc ap dung dé phan tich va so sanh
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gao Séng Cu va cac gidng gao khac dua trén
dic diém vé VAC.

2. PHUONG PHAP NGHIEN CUU

2.1. Thu thip miu

Téng cong 69 mau gao duoc phan tich trong
nghién ciru nay bao gdm: gao Séng Cu (n =
30), gao ST25 (n = 5), gao Tam (n = 17), gao
Bic Huong (n = 8), gao Jasmine (n = 4) VA cac
loai gao khac (n = 5) duoc thu thap tir cac co
so kinh doanh & Ha Noi, Viét Nam tir thang 4
dén thang 6 nam 2021. Cic miu gao sau khi
thu gom dugc trit trong tai nhya kin va bao
quan trong ti lanh (4°C) cho téi khi thyc hién
cac thi nghiém tiép theo.

2.2. Thiét bi va héa chit

Céac dung moéi hitu co duge st dung trong
nghién ctru dugc cung cép tir hing Sigma-
Aldrich (St. Louis, Hoa Ky). Nudc tinh khiét
lay tir hé thong nude khir ion Milli-Q Integral
(Merck KgaA, Darmstadt, Ptic) dugce st dung
trong qua trinh ché bién gao. Hop chit 2.4,6-
trimethylpyridine (TMP) (d¢ tinh khiét 99%)
dugc cung cip boi Sigma-Aldrich. Soi vi chiét
pha rin (SPME) c¢6 thanh  phan
divinylbenzen/carboxen/ polydimethylsiloxan
(DVB/CAR/PDMS)  duoc cung cip boi
Supelco (Bellefonte, United States) va lo thuy
tinh khdng gian hoi 20 mL duoc cung cp boi
Thermo Scientific (Waltham, Hoa Ky). Dung
mdi acetonitrile (dat do tinh khiét phan tich)
dugc cung cdp boi Merck (Merck KgaA,
Darmstadt, Dtc).

Hé théng GC-MS/MS dugc sir dung trong
nghién ctru bao gdm hé thng Trace 1310 két
n6i voi khdi phd TSQ 9000 (Thermo Fisher
Scientific, Waltham, Hoa Ky). Cot sic ki DB-
WAX (30 m x 0,25 mm, 0,25 pm) dugc cung
cép boi Agilent Technologies (California, Hoa
Ky). 3 z

2.3. Dieu kién van hanh hé thong GC-MS
Piéu kién sdc ki khi: Chuong trinh nhiét do:
70°C (gitr trong 2 phut), taing 8°C/phut 1én
150°C (gitr trong 3 phut), tang 8,5°C/phat 1én
320°C (giir trong 3 phut). Tong thoi gian phan
tich 12 38 phut. Nhiét d6 budng bom mau:
150°C. Ché d6 tiém mau khong chia dong. Khi
mang Heli, toe d6 dong 1,0 mL/phut. Nhiét d6


https://www.google.com/search?sxsrf=ALiCzsaQ6NLSEI-3iDLnvUX8_b0WJeAtcA:1663208715215&q=Bellefonte&stick=H4sIAAAAAAAAAOPgE-LSz9U3sMwzLCsqUOIAsasKTZO0jDLKrfST83NyUpNLMvPz9POL0hPzMqsSQZxiq4zUxJTC0sSiktSiYoWc_GSw8CJWLqdUoIa0_LyS1B2sjLvYmTgYAC0-bathAAAA&sa=X&ved=2ahUKEwiVj6Gl35X6AhVtt1YBHYiPDwkQmxMoAXoECFgQAw

bd phan két ndi sic ki khi va khbi phd: 320°C.
Thé tich tiém méu 1 pL.

Piéu kién khoi phé: Ngudn ion hoa: EI 70 eV,
nhiét 6 ngudn ion 280°C. Thoi gian céit dung
moi: 0 phat. Ché dé Full scan (khoang m/z: 35
—500 Da).

2.4. Qua trinh xir li miu

Gao tho duoc tién xir 1y bang cach 1am kho dén
d6 am 12% bang ti sdy ¢ nhiét d6 30°C, sau d6
trir & to dong lanh. Sau khi ldy mau ra khoi tai
dong lanh, cac mau gao dugc dé can béng o
nhiét d6 phong (21 — 23°C) qua dém, sau do
xay nho bang may nghién, sang qua ray 0,2
mm voi d6 giam khéi lugng tir 10 — 12% so
v6i khdi lugng ban dau. Can 3+0,001 g mau
gao roi cho vao lo 20 mL, sau d6 thém 4 mL
nude siéu tinh khiét chira 1 ng TMP lam chat
chuén noi va lo duoc day kin béng nép Teflon.
Pun cich thuy mau trong 15 phut, sau do sir
dung SPME (DVB/CAR/PDMS) hép thu ving
hoi phia trén cta lo thuy tinh sau khi dun trong
20 phat ¢ nhiét ¢ 80°C. Sau do, SPME duoc
chuyén dén bd phan tiém miu va giai hip
nhiét, phan hoi duoc tién hanh phan tich trén
hé théng GC-MS. Céc dir liéu thu thap duoc
xir li bing phan mém Compound Discoverer
3.2 (Thermo Fisher Scientific, Waltham, Hoa
Ky). Dién tich miii sic ki ctia hgp chat d& bay
hoi dugce chia cho dién tich miii séc ki coa hop
chat TMP. Ti 18 nay twong ng v&i cudng do
céc hop chat VAC va dugce sir dung dé lam dir
liéu cho cac phuong phap phan tich dit liéu da
bién.

2.5. Xir Iy s6 liéu thong ké

Do s6 lugng cac hgp chat thom dé bay hoi thu
duoc 16n, cac dir li€u thu thap dugc s€ duoc
phan tich thanh phan chinh (principal
component analysis), sau do trich xudt cac
thanh phan chinh mang y nghia dai dién cho
toan bo s liéu (c6 kha ning giai thich nhiéu
nhét phuong sai ciia toan bd bo sb liéu). Sau
do, cac thanh phﬁ?m chinh dai dién sé dugc phan
tich héi quy tuyén tinh tong quat hoa
(generalized linear model) dé so sanh cuong do
cac hop chit VAC giita cic nhom gao khac
nhau. Cac cap so sanh s& dugc hiéu chinh béng
phuong phap Bonferrori. Ngoai ra, phén tich
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biét thirc két hop voi binh phuong tdi thiéu
timg phan (partial least squares-discriminant
analysis) cling dugc sir dung dé phan biét gao
Séng Cu v6i cac loai gao khac. Cac phép phan
tich théng ké dugc thuc hién trén chuong trinh
R (R Core Team, 2022).

3. KET QUA VA THAO LUAN

3.1. Xdc dinh cac hop chit thom dé bay hoi
Téng cong 48 hop chat VAC duoc phat hién va
phan tich tir cic nhém mau gao thu duoc trong
nghién ctru nay. Trong s d6, ancol 1a nhom ¢
s6 luong hop chat nhidu nhét, v6i 13 hop chét
chiém 26,5% tong s6 hop chit. Andehit va
keton 13 hai nhém c6 sé lugng hop chit ding
thir hai, voi 7 hop chat mdi nhém, chiém
14,2% tong s hop chit. Ngoai ra, cac hop chat
thudc cac nhom khac nhu anken, este, ete... Ti
1€ cuong do tin hi¢u cac hop chét (so véi TMP)
tuong dbi tuong ddng, nam trong khoang 4 — 8,
v6i gié tri trung binh + do 1éch chuén 1a 5,85 +
0,98. Cac thong tin chi tiét vé& timg hop chét
dugc trinh bay trong Bang S1. Hinh S2 thé
hién sic ki d6 cua hop chat 2-acetyl-1-
pyrroline (2-AP), mét trong nhimng hop chét
VAC thuong dugc phan tich trong gao.

3.2. Phin tich thanh phén chinh

Do khéng c6 dir liéu nao bat thuong va cac
chat dugc phan tich trong cing mot diéu kién,
dir litu dugc tién xur ly bang phuong phap
centering trudc khi tién hanh phén tich thanh
phan chinh. PCA thu dugc 16 thanh phan
chinh va 16 thanh phan nay giai thich dugc
70,7% tong phuong sai ciia bo dit liéu. Trong
d6, ba thanh phan chinh diu tién 1an luot giai
thich dwoc 14,2; 5,9 va 5,0% tong lugng
phuong sai cua by dir li¢u. Muc d dong gop
clia timg hop chit ddi véi ba PC dau tién duoc
thé hién chi tiét & Bang 1. O thanh phan chinh
1, ¢6 10 hop chat c6 mic do dong gop trén 0,5,
trong d6, 2-AP, axit 3-hydroxymandelic va 5-
hepten-2-one, 6-methyl- 1a cac hop chat quan
trong nhét véi ti trong 1an luot 13 0,84, 0,71 va
0,74. O thanh phan chinh 2, khong c6 hop chét
nao cdé mic do dong goép trén 0,5 va & thanh
phan chinh 3, chi c¢6 spironolactone 1a chat duy
nhét c6 murc d6 dong gop 0,63. Chinh vi vay,
thanh phan chinh 1 dugc lya chon dé tién hanh



phan tich mé hinh hdi quy tuyén tinh téng quat
hod. Sy phan bd ciia cac mau gao theo hai
thanh phan chinh dau tién dugc trinh bay trong
Hinh 1. Theo d6, thanh phan chinh thir nhit
tach biét hoan toan gao Séng Cu vdi cac loai
gao khac.

3.3. Phén tich md hinh hdi quy tuyén tinh
tong quat hoa

Dbi v6i mo hinh héi quy tuyén tinh tong quat
ho4, nhém miu gao dugc sir dung 1a bién giai
thich (explanatory variable) va ti 1€ cuong do
tin hiéu ctia cac mau gao theo thanh phan chinh
thir nhat 1a bién phu thudc (response variable).
Kiém dinh Omnibus cho thdy mé hinh mang y
nghia théng ké, vé6i cac chi sb v? 1a 144,02, bac
tu do 1a 5 va tri s6 p < 0,001. Kiém dinh vé
timg thong s6 ciia mo hinh cho thiy, yéu té
nhém dong vai trd quan trong déi voi su bién
thién cua ti 1é cudng do tin hiéu cac mau gao
theo thanh phan chinh thir nhat. Cu thé, hé sé
Wald %2 cta yéu td nhom 1a 487,33 véi 5 bac
tu do va trj s6 p < 0,001. Khi so sanh ti 1&
cuong do tin hiéu giita cac nhom bing kiém
dinh Bonfferori dé hiéu chinh hé sb P khi thuc
hién nhiéu phép so sanh cung lic, miu gao
Séng Cu cho thiy sy khac biét mang ¥ nghia
thdng ké so véi mau gao ciia cac nhoém con lai
(p < 0,001), trong khi d6, khong co sy khac
biét mang y nghia thdng ké nao dwoc phat hién
gilta cic nhom con lai (p = 1) (Hinh 2). Két
quéa nay cho thay, thanh phan chinh thir nhét,
dic biét 1a sy dong gop cua cac hop chéat nhu
2-AP, axit 3-hydroxymandelic va 5-hepten-2-
one, 6-methyl- mang y nghia quan trong d6i
v6i viéc phan biét cac mau gao dua vao thanh
phan c4u tao mui huong ciia ching.

3.4. Phén tich biét thirc két hop véi binh
phuwong tdi thiéu tirng phin

Tuong ty nhu PCA, dit lidu duoc tién xur ly
bang phuong phép centering. Két qua cho thiy
su phan biét rd rang gilta mau gao Séng Cu va
cic mau gao khac ¢ hai thanh phan dau tién
(Hinh 3). Md hinh PSL-DA sau khi dugc tién
hanh tham dinh biang phuong phap leave-one-
out cho thiy d6 chinh xé4c cao nhit & 2 PC dau
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tién vai ti 16 16i phan nhém dat mac 2,56%.
Diéu nay cho thiy m6 hinh PLS-DA xiy dung
trén tap hop cac chat VAC la dang tin cay va
c6 thé str dung duoc dé phéan biét gao Séng Cu
véi cac loai gao khac.

2-AP 1a mét trong nhimg hop chit VAC trong
gao duoc phat hién dau tién [10], dong thoi
ciing 12 hop chat VAC phd bién thuong dugc
phat hién trong cac miu gao hoic cac gidng
cay trong khac [11]. 2-AP tao ra mui gidng
mui bong ngd. Tuy nhién, mui huong cta gao
khong chi do 2-AP cau thanh ma la tong hop
ctia nhidu hop chét khac ciing nhu phu thudc
nhiéu vao ham luong va ngudng phat hién mui
chat Axit  3-
hydroxymandelic tao ra mui ¢6 vi ngot va mui
stta [12], cOn 5-hepten-2-one, 6-methyl tao ra
mui gidng mui co hodc mui xa [13]. Pay ciing

cia hop trong  mau.

1a hai hop chét phd bién thuong duoc phat hién
trong cac mau thyc pham.

4. KET LUAN

Nghién ciru da thanh céng trong viéc dua ra
dugc phuong phap xac dinh tryc tiép mui
huong trén gao va 4p dung thanh cong dé phan
biét gao Séng Cu va cac loai gao khac. Két qua
cho thay, phuong phap thu thap mdu SPME két
hop voi hé GC-MS di tach chiét va xac dinh
dugc 48 hop chit VAC trong cac miu gao tai
Viét Nam. Trong d6, gao Séng Cu co ti 1¢
cuong do tin hiéu khac biét hoan toan so vai
cac mau gao khac nhur gao ST25, gao Tam, gao
Bic Huong va gao Jasmine. Cac hop chit nhu
2-AP, axit 3 hydroxymandelic va 5-hepten-2-
one, 6-methyl 12 nhitng hop chét quan trong
gop phan vao viéc phan biét gao Séng Cu so
v6i cac gidng gao khac dua vao thanh phan cac
hop chit mui huong. Pay ciing 1a cac hop cht
phd bién thudng dwoc phat hién trong cc san
pham gao va céc giéng cdy trong khac. Két qua
ctia nghién ciru ndy c6 thé str dung lam tién dé
dé phat trién phuong phéap xac dinh mui huong
trén gao, ddng thoi tmg dung tryc tiép vao viéc
phan biét gao Séng Cu véi cac gidng gao khac
trén thi trudong dya vao thanh phﬁn cAu tao nén
mui huong.



Badng 1. Mikc dg déng gép cia cdc hop chat dé bay hoi trong ba thanh phan chinh dau tién

Hop chit TPC1 TPC2 TPC3 Hop chat TPC1 TPC2 TPC3
2-[2-(2-Ethoxyethoxy) ethoxy]-ethanol  0.041 0.233 0.132 1-Octen-3-ol 0.484 0.186 0.067
3-Methyl-pentane -0.023 -0.351 0.064 6-Dodecaneol acetate  0.421 0.092 0.122
n-Hexane 0.026 -0.139 0.022 Cyclodecanol -0.042 0.125 -0.016
Tetrachloroethylene 0.035 0.093 0.132 (E)-2-decen-1-ol 0.051 -0.048 0.005
Chlorpropamide 0.112 0.089 -0.057 1-methoxy-dodecane  0.064 -0.32 -0.19
Hexanal 0.138 -0.242 -0.026 Benzaldehyde 0.153 -0.295 0.062
2-AP 0.844 -0.054 -0.069 cis-11-hexadecenal 0.229 0.404 -0.253
N-Benzylaniline 0.328 -0.013 -0.179 (2)-6-nonenal -0.038 0.123 -0.213

. . 6-Hydroxy-4'-
Axit 3-hydroxymandelic
0.712 -0.326 -0.184 methoxyflavone 0.116 0.092 -0.284
1,4,7,10,13,16-Hexaoxacyclooctadecane -0.17 0.142 0.014 1-Undecanethiol 0.071 -0.418 0.356
2-Pentyl-furan 0.415 0.009 0.462 2-Pentadecanol 0.069 -0.205 0.234
AXxit 2,6-dihydroxybenzoic 0.188 0.091 -0.131 Z-2-Dodecenol 0.124 0.151 0.193
AAP 3,7,11-trimethyl-1
0.545 0.457 -0.087 dodecanol 0.013 0.022 0.253
1-Pentanol 0.61 0.063 0.079 1-Methoxydecane -0.103 -0.042 0.14
3,7-dimethyl-1,7-
Octanal ]
0.52 -0.001 -0.206 octanediol 0.057 0.004 0.058
(E)-2-heptenal 0.426 -0.039 -0.062 Cyclododecanone 0.131 0.122 0.055
3,4~
2-Hexadecanol .
0.544 -0.421 -0.156 Dihydroxyphenylglycol 0.047 -0.415 0.015
2,4,7,9-Tetramethyl-5-
6-Methyl-5-hepten-2-one .
0.744 -0.013 0.141 decyn-4,7-diol -0.211 0.246 -0.144

. 6,10-dimethyl-5,9-

1,3,5-Benzetriol i
0.609 0.039 0.104 undecadien-2-one 0.072 0.196 -0.126
Methyl 10-
1-Hexanol
0.392 -0.137 -0.312 oxooctadecanoate -0.046 0.377 0.065
Axit phosphonoacetic 0.581 -0.092 -0.468 Heptaethylene glycol -0.206 0.268 -0.107
. 6,10,14-trimethyl-2-
Spironolactone
0.387 -0.072 0.629 Pentadecanone -0.056 -0.03 -0.329
2-Ethyl-1-hexanethiol 0.316 0.196 0.33 5-methoxy-1-pentanol  0.043 0.359 0.131
3,5-bis(1,1-
(2)-7-hexadecenal .
0.635 0.424 0.08  dimethylethyl)-phenol  0.013 0.091 0.123

*TPC: Thanh phan chinh
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Séng Cii va cdc mau gao khdc theo hai thanh
phan ddu tién ciia mé hinh PLS-DA
Loi cam on. Nghién ciru nay dugc hd tro boi
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Bdng S1. Céc hop chdt dé bay hoi phan tich tir cde mau gao thir nghiém

; , Cong thirc Khoi lwgng
Hop chat Nhém o .
phan tw phan tw
2-[2-(2-ethoxyethoxy) ethoxy]- Ete CoHisOs 178.2261
ethanol
3-methyl-pentane Anken CeH1a 86.1754
n-hexane Anken CeH1a 86.1754
Tetrachloroethylene Chlorocarbon CoCus 165.833
Chlorpropamide Monoclo benzene C10H13CIN20O3S 276.74
Hexanal Andehit CsH120 100.1589
2-AP Keton CeH9NO 111.1418
N-benzylaniline Daf‘ xuat. N—ankyn cua CuHuN 183.249
nhom anilin
AXxit 3-hydroxymandelic Este CsHgO4 168.15
1.4,7,10.13,16- Ete C12H2406 264.3154
Hexaoxacyclooctadecane
2-pentyl-furan Furan CoH140 138.2069
Axit 2,6-dihydroxybenzoic Benzenoid C/Hs04 154.12
4-AP Keton CsHysNO 111.14
1-pentanol Ancol CsH120 88.1482
Octanal Andehit CsH160 128.212
(E)-2-Heptenal Andehit C7/H120 112.1696
2-Hexadecanol Ancol Ci6H340 242.4406
6-Methyl-5-hepten-2-one Keton CsH140 126.1962
1,3,5-Benzetriol Benzentriol CeHsO3 126.11
1-Hexanol Ancol CsH140 102.1748
Axit phosphonoacetic Axit photpho hiru co CoHs0sP 140.0319
Spironolactone Steroid lacton C24H3,04S 416.573
2-Ethyl-1-hexanethiol Ankin-thiol CgH1sS 146.294
(2)-7-hexadecenal Andehit C16H300 238.4088
1-Octen-3-ol Ancol CsH160 128.212
6-Dodecaneol acetate Ete C14H2502 228.37
Cyclodecanol Ancol C10H200 156.2652
(E)-2-Decen-1-ol Ancol C1oH200 156.2652
1-Methoxy-dodecane Ete C13H280 200.3608
Benzaldehyde Andehit C7HeO 106.1219
cis-11-Hexadecenal Andehit Ci6H300 238.4088
(2)-6-Nonenal Andehit CoH160 140.2227
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6-Hydroxy-4'-methoxyflavone
1-Undecanethiol
2-Pentadecanol
Z-2-Dodecenol

1-Dodecanol, 3,7,11-trimethyl
1-Methoxydecane
3,7-dimethyl-1,7-octanediol
Cyclododecanone
3,4-Dihydroxyphenylglycol
2,4,7,9-Tetramethyl-5-decyn-
4,7-diol
6,10-Dimethyl-5,9-undecadien-
2-one

Methyl 10-oxooctadecanoate
Heptaethylene glycol
6,10,14-Trimethyl-2-
pentadecanone
5-Methoxy-1-pentanol
3,5-bis(1,1-dimethylethyl)-
phenol

Keton
Anken-thiol
Ancol
Ancol
Ancol

Ete

Ancol
Keton
Benzendiol

Ancol

Ketone

Este
Ancol

Keton
Ancol

Phenol

C16H1204
C11H24S
CisH30
C12H240
CisH30
C11H240
C10H220,
C12H220
CsH1004

C14H2602

C13H20

C19H3603
C14H3008

C18H360
CeH1402
C14H220

268.26
188.373
228.414

184.3184
228.414
172.3077
174.2805
182.3025
170.16

226.355

194.3132

3125
326.3832

268.4778
118.1742
206.3239

CAS Registry Number: 85213-22-5

Hinh S2. Sdc ki do ciia hop chat 2-acetyl-1-pyrroline
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