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Advances on Chemical Components and Biological Activities of Coffee

SHEN Xiao-jing*®, ZI Cheng-ting®", HUI Shao-liang®, YANG Jun-tao®, WANG Qing®, CAO Meng-ting®,
FAN Jing-ping®

(a. College of Food Science and Technology; b. College of Science, Yunnan Agricultural University, Kunming 65020, China)

Abstract: Coffee, one of the three top drinks in the world, belongs to Coffea (Rubiaceae), which can reduce blood
sugar, protect liver and neuro. The chemical constituents of coffee are rich, including alkaloids, phenolic acid,
flavonoid, terpene, etc. The chemical constituents are the basis of biological activities and forming the
characteristic flavor of coffee. The main chemical constituents and biological activities of coffee were
comprehensively reviewed, which would provide relevant basis and theoretical support for the further

development of coffee industry.

Key words: Coffee; Chemical constituents; Biological activities; Review

unHE Ay 34 &R} (Rubiaceae) Wil i J& (Coffea) f47,
JR= TR ACES, FEE eI, PR, JE
DA DHE K. kR 4 25 66 B, @ Fr
F& Iy EEE4E (Eucoffea) i AR (C. liberica).
HHORIFR(C. robusta). /NRiFR(C. arabica)fl4% ZE /R
Fh(C. excelsa), Fer/INKimmmERERE, b SR,
1892 4F HvE EAL A M 51N = F 4 52 )1 ok
B, RN, H R EE e e o A 2 R A
FAFPAE, H 99%LA EAATIE = R, DAL
TRl PORUR IR, =B/ NRCREEZ [E

Wk B B3 2020-05-13 #52 Hi: 2020-07-01

B eEZH 2R i 25 1 RV S O I B SR e .
Ah, WRAE CRAeARED) 08, iR, ., P
BAREM, AR, @B FRHEMER. &
AR, WAEEER . FIRANMEE 250 M ARYa 0T
FOARIE,  WHE R i B AL S R ) T LR A
YRR SRS, WhE. IR RN R MR 45
HA RSB R SeERA. Joi e AT R
PRS2 P2 BEE o AR SO IR R A Ab 27 e R
VR HLADENE AT SRR, B ARyt — B IT A e
FANL IR AR S

HEWH: HEHRRIEREE S HBE ST H (U1902206); = HE & HUE T RHERT 705 405 H (2020J0241) % Bh
This work was supported by the Nation-Yunnan Joint Natural Science Foundation of China (Grant No. U1902206); and the Project for Scientific Research of

Yunnan Education Department (Grant No. 2020J0241).

PER I TEWERE(1988~), 2o, SR, FHMNFERR-WHIT. RDEEHEFH LA . E-mail: 690361382@qg.com
* J@ {5154 Corresponding author. E-mail: zichengting@126.com; 1993033@ynau.edu.cn


mailto:1993033@ynau.edu.cn

%1

TLRERAE: WAL 22 g T S AL E AT U 113

1 BnmE ) =2 K o

1.1 A5

OIIHERRR (1,3, 7-— FR L SRS caffeine) ik SR
ST AR S, MRS R IR IR, Tz
EAET 40 aralFaninmee, A2 N BT Z R
PR —. TR, MR A ZEEF i
1277 B R PIEERRE,  [RI B 34 TT DA B AR AR BT 7R 9K
V2RI (AD) B, 1 4= AR5 (PD) & fh 28 3B 47 14 3 T
[FIJX . Arendash ZEBIFIAFF 7L R B, & SN
BT LA K BRICAZ 719855 Zeitlin S5 OHIE SRk
el P 30 e K i SOBR A A 7 J2 A4 B 1 A7 3 A
X2 B T IE B A H 6 AD R ARYERT s Nakaso
SN o N HBE 2 BE 40 MR 4 i Ak (SH-SYBY)
PD LAY IE SO, 1] DA FRAIG I 20 R 1 R A 2R
& H KA (caspase)-3 i 1, kDAL v FHE Tt
R, onEsRIE T AR D 1-H k408 06-1,2,3,
6- VY 2Lt e (MPTP) 51 2 1 1 Jixi B¢ % (BBB) 2 s, 411
il BBB Lijfie 2 AL, & F 5 2 o w7 B T ko
A2 O P D 2 T Suin 5 L i M E B E i T A
AT 5 1 >R S EIRT i 2% A DR VE R o Wi B
55 1 PRI 12 il A ool

i 7 B (trigonelline) & — Rt e AT A4, 720
RS I e a3 05 B A S D T A, G N- R RSl
EE (NIMIP) 398 A2 IO bt s Ao P2 g 77 EL Bk 1) A o e =
PR, ARG TR A R AR, A
M R B o Liu S5 2R 7 L n] e o
IR HE, SRR R pAIIRIA, WY 50 RN
T AR TR R 3 Rk, H B A
ST, PREEPUAAEREE, AIX 1 B8E RS /S
BB E . NS 2 Rb1 Al EAg A] L i

1 e R R S

Table 1 Alkaloid compounds in coffee
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UEAk,  wiE A aE A )R] i (theobromine) . 2%
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TE R A MEr A 1,3,7,9-P B LRI (theacrine)
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H A A e o3 58 45 3100 - 54 K R (p-
hydroxybenzoic acid). # & fR(vanillic acid). XJ-7
21 (p-coumaric acid)~ P28 R (ferulic acid). £%J7FR
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] 4 it 45 T 182 (3-O-caffeoyl-4-O-feruloylquinic acid)
SRS MR AT AN (R 2).
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=l IREERES, Wi EERES: Xu F2
UE SR JEFR A 1A DNA LR EFH o Shilfie 43

%5 No. 44 Compound F Species AL Part SR Reference
1 mneEEE - Caffeine CA CR L, GB, CB bean [20,21]
2 A A[HE Theobromine CA,CR CB [20]
3 #T Theophyline CA CR CB [20]
4 1,3,7,9-VU F 3£ R Theacrine CL L [19]
5 KRR Liberine CL L [29]
6 FHBECSLONESS Methyllibetine CL L [19]
7 #7 EL Trigonelline CA, CR GB,CB [20,21]
8 JHE Nicotinic acid CA CR CB [20]

CA: /NRimmE; CR: skimimE; CL: RinmE; L: i GB: 4 CB: #&H. FEM.
CA: Coffea arabica; CR: C. robusta; CL: C. liberica; L: Leaf; GB: Green bean; CB: Roasted bean. The same is following Tables.
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Table 2 Phenolic acid compounds in coffee

Fa5 E i HAL SR
No. Compound Species Part Reference
9 FLW Vanillic acid CACR L [28]

10 KHR Benzoic acid CA, CR L [28]
1 Xt -¥EILIKHER p-Hydroxybenzoic acid CA,CR L [28]
12 3-F2FEA IR 3-Hydroxybenzoic acid CA,CR L [28]
13 JEfERE Gentosic acid CA,CR L [28]
14 JR LA Protocatechuic acid CA,CR L [28]
15 WneEER Caffeic acid CA,CR GB,CB [29]
16 FFFI% Sinapic acid CA,CR L [28]
17 R #RER Ferulic acid CR GB, L [28]
18 *-FE R p-Coumaric acid CA GB, L [28]
19 R A 2 Caftaric acid CA,CR L [28]
20 3-O-% & M ZE T #R 3-O-p-Coumaroylquinic acid CA,CR GB,CB [29]
21 5-O-% & S ZE T # 5-O-p-Coumaroylquinic acid CA,CR GB,CB [29]
22 4-O-%f F G2 TR 4-O-p-Coumaroylquinic acid CA,CR GB,CB [29]
23 3-O-Wnmfk 22 3K 3-O-Caffeoylquinic acid CA,CR GB,CB [29]
24 4-O-WnrEf 22 7K 4-O-Caffeoylquinic acid CA,CR GB,CB [29]
25 5-O-MnHER:ZE T2  5-O-Caffeoylquinic acid CA,CR GB,CB [29]
26 1-O-WnnffE % 7 #:  1-O-Caffeoylquinic acid CA,CR CB [29]
27 1-O-WnnfkBEZE T H2 g 1-O-Caffeoylquinic acid methyl ester CR GB [29]
28 3-O-WinEfEZE T ER Bl 3-O-Caffeoylquinic acid methyl ester CA,CR GB [29]
29 5-O-WinEfEZs 7 BR g 5-O-Caffeoylquinic acid methyl ester CA,CR GB [29]
30 3,4--O-WNMEREZE TR 3,4-di-O-Caffeoylquinic acid CA,CR GB,CB [29]
31 3,5--O-MnmEREZE T2 3,5-di-O-Caffeoylquinic acid CA,CR GB,CB [29]
32 45--O-WNHEREZE TR 4,5-di-O-Caffeoylquinic acid CA,CR CB [29]
33 3,4-—-O-MnmHEfEZE T2 g 3,4-di-O-Caffeoylquinic acid methyl ester CA,CR GB [29]
34 3,5--O-WnmEREZE T8 H g 3,5-di-O-Caffeoylquinic acid methyl ester CA,CR GB [29]
35 4,5-—-O-WmEREZE T8 H g 4,5-di-O-Caffeoylquinic acid methyl ester CA,CR GB [29]
36 3-O-fZEM: 42 T'BR 3-O-Feruloylquinic acid CA,CR  GB,CB [29]
37 4-O-fEE M 42 T'BR 4-O-Feruloylquinic acid CA,CR  GB,CB [29]
38 5-O-Fal B 22 7% 5-O-Feruloylquinic acid CA,CR GB,CB [29]
39 1-O-Fi[ 3% MR FlR  1-O-Feruloylquinic acid methyl ester CA,CR GB,CB [29]
40 3-O-Fil B 25 7L s 3-O-Feruloylquinic acid methyl ester CA,CR GB,CB [29]
41 5-O-Fil it 2 TR S 5-O-Feruloylquinic acid methyl ester CA,CR GB,CB [29]
42 3,4-—-O-f Bt 45 T8 3,4-di-O-Feruloylquinic acid CR GB [29]
43 3,5- -0 P8t 38 3,5-di-O-Feruloylquinic acid CR GB [29]
44 4,5-—-O-F %4 T8 4,5-di-O-Feruloylquinic acid CR GB [29]
45 3-O-F &R -5-O-MnMEREZE 8.  3-O-Feruloyl-5-O-caffeoylquinic acid CA,CR GB,CB [29]
46 3-O-[u Z 1 -4-O-WmmEREZE 7R 3-O-Feruloyl-4-O-caffeoylquinic acid CA,CR GB,CB [29]
47 4-O-Fi B -5-O-WnmEREZE T/ 4-O-Feruloyl-5-O-caffeoylquinic acid CA,CR GB,CB [29]
48 3-O-WnnE-4-O-Fi 34t ZE TR 3-O-Caffeoyl-4-O-feruloylquinic acid CA,CR GB,CB [29]
49 3-O-inE-5-0-Fi 34t ZE TR 3-O-Caffeoyl-5-O-feruloylquinic acid CA,CR GB,CB [29]
50 4-O-WiNHERE-5-O-FT 2Rt % 5*BR  4-O-Caffeoyl-5-O-feruloylquinic acid CA,CR  GB,CB [29]
51 3-O-NiNMERE-4-O-%f -7 It 45 T*#2 3-O-Feruloyl-4-O-p-coumaroylquinic acid CA,CR GB [29]
52 3-0-%f -7 . 1H-5-O-MNMEREZE T2 3-O-p-Coumaroyl -5-O-feruloyl quinic acid CA,CR GB [29]
53 3-O-MiNHERE-5-0-%f -7 HE 45 T*H 3-O-Caffeoyl-5-O-p-coumaroylquinic acid CR GB [29]
54 4-O-%f -7 G H-5-O-WNmEREZE TR 4-0-p-Coumaroyl-5-O-caffeoylquinic acid CA,CR GB [29]
55 4-O-WnEmE-5-0-5t - & B HEZE TR 4-0-Caffeoyl-5-O-p-cumaroylquinic acid CR GB [29]
56 unEmE-N-{ %R Caffeoyl-N-tryptophan CA,CR GB,CB [29]
57 -7 S -N-B %8 p-Coumaroyl-N-tryptophan CR GB,CB [29]
58 PR IE-N-t % B Feruloyl-N-tryptophan CR GB [29]
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No. Compound Species Part Reference
59 5-O-imEwE-1,3-28 5 i 5-O-Caffeoyl-1,3-quinide CA, CR CB [29]
60 3-O-WnmEE-1,5-28 5 K 3-O-Caffeoyl-1,5-quinide CA, CR CB [29]
61 4-O-WnnEwE-1,3-28 5 N 4-O-Caffeoyl-1,3-quinide CA,CR CB [29]
62 5-O-imEE-1,4-28 5 N 5-O-Caffeoyl-1,4-quinide CA,CR CB [29]
63 4-O-WiNHERE-1,5-25 5 P e 4-O-Caffeoyl-1,5-quinide CA, CR CB [29]
64 5-O-Fi &R %-1,3-2 5 ]I 5-O-Feruloyl-1,3-quinide CR CB [29]
65 3-O-Fi B M%-1,5-% 5 ]I 3-O-Feruloyl-1,5-quinide CA, CR CB [29]
66 4-O-Fi B %-1,3-2 5 ]I 4-O-Feruloyl-1,3-quinide CR CcB [29]
67 4-O-Fi &R ME-1,5-28 7 ]I 4-O-Feruloyl-1,5-quinide CR CB [29]
68 3,4--O-WMERE-1,5-2 TN 3,4-di-O-Caffeoyl-1,5-quinide CA,CR CB [29]
69 4,5--O-WNmERE-1,3-2 T N 4,5-di-O-Caffeoyl-1,3-quinide CA, CR CB [29]
70 3-O-Win ik -4-0-3- F L T Bk 25 7R 3-O-Caffeoyl-4-O-3-methylbutanoylquinic acid CA GB [30]
71 3-O-ImHEE-4-0-3-H 3k T FESE 1,5-25 7 P g 3-O-Caffeoyl-4-0-3-methylbutanoyl-1,5-quinide CA GB [30]
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Table 3 Flavonoid compounds in coffee

5 No. k&4 Compound F Species HBAL Part % ik Reference
72 JL# % Catechin CA L [34]
73 FJLAHEE Epicatechin CA L [34]
74 FILAF WA FRES Epicatechin gallate CA L [34]
75 FRETILRFEETEREE Epigallocatechin gallate CA L [34]
76 TKHEE L FK-3,5- ] & HEH Delphinidin-3,5-dilucoside CA L [34]
7 K et 25 -3-(6"- 7 -7 % ¥ FF) Delphinidin-3-(6"-malonyl-glucoside) CA L [34]
78 RAEAEK-3-0- 4 B MEH Cyanidin-3-O-glucoside CA P [35]
79 RIHFE-3-0-FFEIF Cyanidin-3-O-Rutinoside CA P [35]
80 11%5M Kaempferol CA L [36]
81 1 Z5My-3-H & BE1F Kaempferol-3-Glc CA L [36]
82 1L 25 Ty-3-7 % -2 3L O p - Kaempferol-3-Glc-Hex-DeHex CA L [36]
83 25 Ty-3-H & BE-E 3 OB Kaempferol-3-Glc-Hex CA L [36]
84 1L 25 Ty-3-7 & BEEF-(67- B ZEHE)  Kaempferol-3-Glc-(6"-Rha) CA L [36]
85 it % Quercetin CA L [36]
86 Hit R+ Quercitrin CA L [36]
87 Stz Isoquercitrin CA L [37]
88 7T Rrutin CA L [36]
89 &2 MkT Hyperoside CA L [37]
90 Wil Bz #-3-HI ST RS2 5 OB Quercetin-3-Glc-Hex-DeHex CA L [36]
91 Wi 5 2 -3-%1 % BEi% Quercetin-3-glucuronide CA L [36]
92 AREZ Luteolin CA L [37]
93 JiZ%i% Patuletin CA L [37]
94 BT Fisetin CA L [37]
95 Bt 3Em Myricetin CA L [37]
96 FrEEE Apigenin CA L [37]
P B
P: Peel.
4 R BRI A
Table 4 Terpenes compounds in coffee
75 &) i AL 22k
No. Compound Species Part Reference
97 AESHER Ursolic acid CA L [28]
98 Caffruone A CA SB [43]
99 Caffruone B CA SB [43]
100 Caffruone C CA SB [43]
101 Caffruone D CA SB [43]
102 Caffruenol A CA SB [39]
103 Caffruenol B CA SB [39]
104 Caffruolide A CA SB [39]
105 Caffruolide B CA SB [39]
106 Tricalysiolide A CA SB [39]
107 Tricalysiolide B CA SB [39]
108 Tricalysiolide C CA SB [39]
109 Tricalysiolide E CA SB [36]
110 160,17- 323 M FA2-19-F% 164,17-Dihydroxy-ent-kauran-19-al CA SB [39]
111 16p,17-—§23k- T15242-19-F4 R  16,17-Hydroxy-ent-kauran-19-oic acid CA SB [39]
112 160,17- 2 3E- M FA2-19-% 164,17-Dihydroxy-ent-kauran-19-oic acid CA SB [39]
113 98,160,17- =43~ N 5842-19-% % 9,160,17-Trihydroxy-ent-kauran-19-oic acid CA SB [39]
114 164-7,17- —F43E- N 5542-19-J R ' lig 16p-7,17-Dihydroxy-ent-kauran-19-oic-methyl ester CA SB [39]
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K5 fetr i Wb BEH
No. Compound Species Part Reference
115 160,17-—$2%£-9(11)- M7 42-19(11)-#2#2 160,17-Dihydroxy-9(11)-ent-kauren-19-oic acid CA SB [39]
116 (28,4p,15a)-15-Hydroxy-2-{[2-O-(3-methyl-1-oxo-butyl)]-s-D-glucopyrnosyl]oxy}-18-nor-ent- CA SB [39]

kaur-16 en-18-oic acid
117 Caffarolide A CA GB [40]

118 Caffarolide B CA GB [40]
119 Caffarolide C CA GB [40]
120 Caffarolide D CA GB [40]
121 Caffarolide E CA GB [40]
122 Caffarolide F CA GB [40]
123 Caffarolide G CA GB [40]
124 Caffarolide H CA GB [40]
125 Mascaroside | CA CB [41]
126 Mascaroside 11 CA CB [41]
127 Paniculoside VI CA CB [41]
128 Cofaryloside | CA CB [41]
129 Villanovane | CA CB [41]
130 Mozambioside CA CB [41]
131 Bengalensol CA CB, GB [41,42]
132 19-Norkaur-16-en-18-oic acid-15-hydroxy-2-[[2-O-(3-methyl-1-oxobutyl)-S-D-glucopyranosyl]oxy]- CA CB [42]

2B,40,150

133 fliNorkauZ—lG-en-lS-oic acid-15-hydroxy-2-{[2-O-(3-methyl-1-oxobutyl)-A-D-glucopyranosyl]oxy}- CA CB [41]

28,458,150

134 :(lQﬁ-Ngrkau:{G-en-lS-oic cid-2-{[3-O-B-D-glucopyranosyl-2-O-(3-methyl-1-oxobutyl)-£-D- CA CB [41]

glucopyranosyl]oxy}-15-hydroxy-(25,4a,15a)

135 2p,160,17-=§23E- D1 5542-19- R 25,160,17-Trihydroxy-ent-kauran-19-oic acid CA CB [41]
136 Paniculoside 1V CA CB [41]
137 Mascaroside 111 CA GB [42]
138 Mascaroside IV CA GB [42]
139 Mascaroside V CA GB [42]
140 20-Nor-cofaryloside | CA GB [42]
141 20-Nor-cofaryloside 1 CA GB [42]
142 Villanovane CA GB [42]
143 Tricalysione A CA GB [42]
144 28,16, 17-= - 5EA2-19a-FRIR 28,16 ,17-Trihydroxy-ent-kauran-19 a-oic acid CA GB [42]
145 2-0-(2-O-Isovaleryl-S-D-gluco-pyranosyl)-4 a-atrac-tyligenin CA GB [42]
146 2-0O-(2-O-lIsovaleryl-p-p-gluco-pyranosyl)-44-atrac-tyligenin CA GB [42]
147 3-O-p-D-glucopyranosyl-2-O-(2-O-isovaleryl-3-D-gluco-pyranosyl)-4-atracty ligenin CA GB [42]
148 16-O-FFEWNHERE 16-O-Methylcafestol CA, CR CcB [38]
149 nnmERE Cafestol CA GB [28]
150 16-O-F 3k S 16-0-Methylkahweol CA CB [38]
151 i ZEE Kahweol CA GB [28]
152 Atractyligenin CR CB [49,50]
153 2-0-f-Glucopyranosyl-atractyligenin CR GB [49,50]
154 3'-0-p-D-Glucopyranosyl-2'-O-isovaleryl-25-(2-desoxy-atractyligenin)-$-D-glucopyranoside CR GB [49,50]
155 2-O-p-Glucopyranosyl-carboxyatractyligenin CR GB [49,50]
156 3'-O--D-Glucopyranosyl-2'-O-isovaleryl-23-(2-desoxy-carboxyatractyligenin)-s-p-glucopyranoside CR GB [49,50]
157 Dehydrocafestol CA CB [51]
158 Dehydrokahweol CA CB [51]
159 Cafestal CA, CR CB [51]
160 Carboxyatractyligenin CA GB [51]
161 Cafestol palmitate - GB [52]
162 Kahweol palmitate - GB [52]

SB: HWiT.,

SB: Sun bean.
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