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coffee beans. Methods The composition and content of free amino acids in coffee bean samples were determined
using a fully automatic amino acid analyzer. Characteristic taste-related amino acids in coffee beans were screened
and analyzed through principal component analysis (PCA) and orthogonal partial least squares discriminant analysis
(OPLS-DA). Results The 17 kinds of free amino acids were detected in all 4 groups of coffee bean samples with
different initial processing treatments, but their content, compositional distributions and proportions varied. The
honey-processed coffee beans exhibited the highest total free amino acid content at 10.236 mg/g, followed by the
freeze-dried group with 10.144 mg/g, while the washed group showed the lowest content of 9.823 mg/g. Among
them, the honey-processed group exhibited the highest total content of sweet and bitter amino acids, while the
freeze-dried group showed the highest total content of umami amino acids. The washed group had the lowest total
content of both sweet and bitter amino acids, and the sun-dried group demonstrated a relatively low total content of
umami amino acids. The screening analysis through PCA and OPLS-DA revealed that in coffee bean samples
subjected to 4 kinds of different processing methods (freeze-drying, washing, sun-drying and honey processing),
glutamic acid, tyrosine, threonine and arginine were identified as the key characteristic flavor amino acids
respectively. Conclusion Different primary processing methods have a significant impact on the free amino acid

content of Ruili arabica coffee. The research results provide a scientific basis for the coffee industry to optimize the

primary processing technology and improve coffee quality.
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1.1 #R5RF

AW BECT 2025 4 2 F 21 H R H = /8 A
A A2 T 5 ST I A ST U5 114 A Tt O /DN AS e
SRR SEE0 JFURE, S A AN S R A 7963

Z. & MY Z R (ethylene diamine tetraacetic acid,
EDTA)(4r#rali, dbatts ekt A IR R, Shm(sriral,
ma oI e B B e A R W) B = A o )
[2,2-dihydroxyindane-1,3-dione, pH 434 2.20,3.20.4.25,
6.45, REHAT(LiE)ARAF] AASIS-SML 2 FE bR ifE
i [H 2R (glycine, Gly). #Z% R (serine, Ser). K& &R
(aspartic acid, Asp). A% MR (glutamic acid, Glu). &AM
(alanine, Ala). 7% 2 (threonine, Thr). #H%{#& (histidine,
His). f#i2d & (proline, Pro). MEZ M2 (cystine, Cys). 5%
2 (isoleucine, Ile). =2 M (leucine, Leu). *&% 2 (arginine,
Arg). & (tyrosine, Tyr), %M (methionine, Met), %
% R (valine, Val) . ##i 2 M (lysine, Lys) . 78 N % &
(phenylalanine, Phe)|(ZE/E 99.5%, EZRPrUEY) T IHF-5);
AR TSR 99.999%, B WIMFIE /R dh AT BR A 7).
1.2 {FE5RE

ML304T HLFRF-(HEE 0.0001 g, HMPRRE-TRIZ1X
i P PR AD); RT-NO4 B! 4 125 2 M) AL R IR
FH R A R H]); Biochrom30+4: A sh & IERR ML [ KB
AT (L) A BRAF]]; SX2-5-12 Hf gL i 1y e s
J7); H A K-370 PLA0E BAXCREE RS B 3k
AP FD); LC-WB-2 HU AR IR K VA5 (I ORRE 1YL
A BRAE]); QL-866 HE i iR S a4 (i 1T AR DL IR AL 45
WA BR2 F]); GZX-9023MBE Hi G XU T4 (1 R =
ST LE AR R AT B2 +]); SCIENTZ-18N 2 VR THEHL(T
B2 YRR A R A ).
1.3 ZWITE
1.3.1 owep&E R A T

Ry i T AL B4 SRR 2.00 kg, ZMT
TG E R 28 K 11.25%+0.33%

PR T R B SR S T IRk I AT S, R LA
VO UR T HRART SR ST J v VR T M, BNV VR T ) R R 2
96 h, HERIKSTEIER 11.5%, BEHAFREH.

IKPRALBE: X i AT IR BEAL B, 0K 2 T v
MEGRIA S cm, AH MR FUEAT M 72 h (kB K%
SERUE, RTUMMEE S AT E, B 14 4, ERHKSEE
M 11.5%, HEEARH.

AL R TR AN, KBRS, BHE
FRIBEDERE, F54 72 ho WG, BB R
W14 d, HEEHKSSREE 11.5%, FHEFHRH.

HOW b3 % e SR aE T IR sE b 2, 000 1 d )5, %
IR EE AT ARERE 72 h, KBRS RIS, Fr2eimiim
14d, HERIKSERHEE 11.5%, BHRAERH
1.3.2 ok S SB A5 i ] &

FEFRIL 0.2000 g E KRR AIMIME S AR, BT 10 mL
LA, A 10 mL ¥R BN 6 mol/L AYERER, Fo4r#E5].
SRS BT B O A, R IR ACE IR TR AR P, &
(110 °C+1 °C)MHE & il B 4544 T AT IR MR, FpLid i
24 ho KIFEHIE, BB IR ERE . R
W 1.0 mL KARW, BB EALIT, HERINE T
60 °C+5 °CHIKVEHiFAT TR, FrifRIEIEZE T o,
JA 2.0 mL £k, BEE LR TERENMKEAEL 3R, &
BoERZET . MZEKMAFAIA 2.0 mL pH 2 2.2 BB, B
WIRSA, B3 0.45 um MFLIEREIEE, ARl EAEe .
1.3.3 ook & Ao iis B AR A0 E

WEBIRZIL 200 pL SR IR A bR e SR T HERE L,
[ A 800 WL pH Hy 2.2 IR, A RAIRA S
Je, A3EIRA 10, 20, 30 1 40 pL AYUEREE UEAT LA B
T, IR B A5 B R 1 i (5 X 7 v B 2 A o it
& AR, EXE 17 FREERR A S BRF R 1.
SERSR PSR I A R, FEr A gs 1 AR I K e
570 nm, KR 2 BRI B2 S 440 nm, LB LR AS
) S S R R AE R A B AR A o SRR IR R Ok 20 L, LA
I A I 5 R B A M L (5 40 B A R vk
Biochrom30-+2d K2 /M1 % F Na B A 3% 41, 1% @3S AE &0 Xt
SILIR Y B A R BB A A B AR

1.4 HUEEALIE

i2 [ Excel 2019 58 B 3 TR, &) Simca 14.1
AT —4E )7 22508, SEE Tukey’s 23 HLEE /AT o 43 HT
SR LI bR R 2 B2 8. FIH Origin 2024 %K
AT 32 14343 T (principal component analysis, PCA) ., 1E
A2 i Fc /)y — 3 F) 531 43 BT (orthogonal partial least squares
discriminant analysis, OPLS-DA)r#7Fl1 RG R4
THIAE R [ 2
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Table 1 Separation procedure for amino acid analyzer
B fTH A FE T BTG i/ (mL/h) FORFE R i
1:00 48 1 35.0 ia Xl
0:00 48 1 35.0 F A Pl HE
1:00 48 1 35.0 A Pl Uik
6:40 48 1 35.0 e i
13:00 52 2 35.0 e i
1:00 52 5 35.0 ia Hia
16:00 95 5 35.0 g g
4:00 95 6 35.0 T I
4:00 95 1 35.0 e i
9:00 48 1 43.0 KA KA
2:00 48 1 35.0 ia Xl
2 gﬁ%'—%ﬁ*ﬁ A F s eI FrAsTE

%2 BT A A Ty 2 Ak HUS e S by
B R HAR S B . b, &% R TR K
Ve H WG R s AR A IEE S, H TAA MRIKR 10.144,
9.823. 9.996 Fll 10.236 mg/g. Xf LA, KB LA HE
W E A R AL SRR AL B R, T K Uk Ab 3 i Mk S

2.1 AEHIIN AR 0 =i | AL & R

AWFTEN 4 FIASTRI )0 AL SZE W ME A SRR S Y
K E) 7 17 il s @ AL, MR8 A SER AR HE A T A3
ANTRIAT N Ak P A AR R ) T R 2 R R ) i

®2 NEHIMNIAIRLEIEE S RS AR ME R 2 8 (n=3, mg/g)

Table 2 Types and contents of free amino acids in coffee beans processed by different primary processing (n=3, mg/g)

LR B URT 1 K Bk H g ERb P
Asp* 1.086+0.005° 0.987+0.004° 1.013+0.006" 1.079£0.014°
Thr* 0.362+0.002° 0.361+0.001° 0.374+0.002° 0.369+0.011°
Ser* 0.514+0.003 0.507+0.002¢ 0.530+0.004° 0.545+0.009°
Glu* 2.252+0.012° 2.197+0.006™ 2.150+0.013° 2.185+0.049
Gly* 0.657+0.003 0.647+0.003° 0.652+0.004" 0.668+0.009*
Ala* 0.469+0.004¢ 0.479+0.005" 0.492+0.003% 0.494+0.005*
Cys* 0.145+0.002° 0.128+0.004° 0.157£0.001* 0.164+0.010°
Val* 0.556+0.003" 0.535+0.004° 0.545+0.003% 0.550+0.007
Met* 0.105+0.003° 0.0900.001¢ 0.1000.001% 0.0960.002°
Ile* 0.394+0.002* 0.389+0.001%° 0.385+0.002° 0.401+0.012*
Leu* 0.875+0.006" 0.849+0.002° 0.865+0.006" 0.875+0.019*
Tyr* 0.230+0.007° 0.252+0.013° 0.257+0.002% 0.273+0.001°
Phe* 0.571+0.008" 0.544+0.006° 0.549+0.004" 0.579+0.012°
His* 0.248+0.002% 0.236+0.001° 0.244+0.002° 0.251+0.003*
Lys* 0.665+0.003" 0.643+0.002" 0.652+0.004 0.666+0.011°
Arg* 0.549+0.006" 0.547+0.006° 0.568+0.004 0.580+0.005°
Pro* 0.467+0.003° 0.432+0.003° 0.464+0.003° 0.460£0.006
TAA 10.144+0.048° 9.823+0.060° 9.996+0.061% 10.236+0.163°
PAA 6.419+0.030" 6.212+0.034° 6.257+0.039 6.423+0.110°
EAA 3.528+0.024° 3.410+0.014° 3.470+0.021% 3.537+0.074%

NEAA 6.616+0.031% 6.412+0.046° 6.526+0.040" 6.699:+0.088"

H: AFRAE IS LR (nonessential amino acid, NEAA); *F/R T2 JE R (essential amino acid, EAA); ZJEfR A (total amino acid,

TAA); 2530 % R (pharmacologically active amino acids, PAA), [i]—17 88 br/NE F-BE AR R 41 7] 22 57 B 3 (P<0.05), T[H.
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B SRR, —HZIIM2E 0.413 mg/g. KVEALBEIME S
HP e S AR R AR AR X ARG, I L ET R R R
WME e B IS, SR K SRR T AR B R, T80
B, REES— RSB LR AAR)E . 2R, X
— A PR T REAE PR A T [, S BCH A A SRR
WA, HET AR R i S SRR ) B A BT

AN Te) 00 T Ak B e v i A SR 1Y o EL R T
W 1a iR, 76 4 NEHEAH, SRAFEET 3 AliiE ek
FRAN A —E, YO0 Asp(di ol 21.35%~22.36%) . Glu(ri kb
A 10.05%~10.70%) L K Leu(ri el 8.55%~8.65%)., {HJ&
X 3 e B SRR AR AN R N T AR BRAARE & b i HE P AT
ZE5t o MBAb, s Ab T U E I B SRR A AE Lys.
Gly. Val, Arg #l Phe, Q& 1b iz, ¥&EILRR 2 H K
A2 TR Glu 55 Ala, Cys. Tyr il Arg BYIEAM
KPR ES, Met 5 Tyr BYIEA MRS, Glu 5 Thr, Ser,
Tyr 55 Asp.Val.Leu, Ala 55 Val 1 Met i 1E A M58, He
B IEIR B A S PRI g, BT DA s SR AT

b Asp

Asp|@ Thr 0.80
Thr|o10 @ Ser -
Ser|w @ @ Glu B 0.60
Glu |08 09 28 @ Gly

Gly|® ® @ o @ Ala B o.40
Alajoos @ @ @ @ @ Cys [ 0.20

Cys|® @ @ @ & & @ Val
Val|@ o034 08 @ @ 003 032 @ Met o
Met|@ 028 0as 089 032-0a8 035 @ @ [l

Ile|@® 036 085 & @ o021 0as @ 016 @ Leu []-0.20
Leu/@ ® @ & @ 021 @ & & @ Tyr

Tyr o0 o4 .—&“.O«s‘ommm‘})he -70'40
PheOmOO.om&.o..m.HIS o
His|@ 2@ 2@ 30 @ @ & ® @ v @ @ Lys

@O B @ @GO® @O GA: Il
Arg““..ﬂl...m”sm@.'..‘. r

Pro|@® @& & 017 ® 0 § @ @ » @ e @ @ = @|Hll-1.00

BT o SRR BE I AS A o T Ak Ry = i 7 e i
B RIERRFRE R L], ABFE I 4 4k G REAR,
XFELPTE I 17 Bl B8 s MR 1 i SC AR AL AL B, IR
B e AL 2R T R B SR T R ST, 45 31
Bl Lo fEIZTT B, S Bl R A 10 B 2 R 7 B
A%, HrP 2 R R I S bR, A BRTR I R 1
o J3Mras R R, A FEAIN A B 18] i i = 7 T 2
R R AR E A 22 R, ARSI X 4.

2.2 AREMIMIAEXMIEE S NS S EER D EH /MK
oA

EAA/TAA LK EAA/NEAA A8 A s S
(A B BERE AR o MR R T A 4 2/ R A 2L 20 2 T
St R e, PRARER BN L LU R 45 F: EAA/TAA
HIHAETT R B4 40%, [AIF EAA/NEAA [ HC(E N & T
60%200 . ABIFFE AN T A B ZE A S e
PR AT A5 R IR 3, S5 IR, SALFRALIME T
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Fig.l Proportion and expression of free amino acids in coffee beans from different primary processing treatment groups
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*3  REVMNIARENEE S i 5 R B A S HT 4 R(0=3, mg/g)

Table 3 Analytical results of free amino acid composition in coffee beans from different primary processing treatment groups (n=3, mg/g)

AR R T4 K H 1175 AL
EAA 3.528+0.024° 3.410£0.014° 3.470+0.021" 3.537+0.074*
NEAA 6.616£0.031° 6.412+0.046° 6.526+0.040" 6.699:£0.088"
TAA 10.144+0.048" 9.823+0.060° 9.996+0.061° 10.236+0.163*
(EAA/TAA)% 34.780+0.124° 34.719+0.065" 34.710+0.007 34.551+0.178"
(EAA/NEAA)/% 53.328+0.292° 53.185+0.153" 53.164+0.016" 52.793+0.415

TAA . EAA Fll NEAA &35t HABAL &, sk eAb H A mimE
G TAA. EAA Fll NEAA &8 IIAIXAR, B T4,
KPE . H WA 4L B ME S EAA/NEAA 43 Gl
(34.780+0.124)% . (34.719£0.065)% . (34.710£0.007)% .
(34.551£0.178)%, EAA/NAA 43 5| 4 (53.328+0.292)% .
(53.185£0.153)% . (53.16420.016)% . (52.793+0.415)%, 4
A0 T AL EE L e X R A FLAE TR, IR RSP
EES.
2.3 AEWVIMIAIEXI NS 20k S BB LE R I 220
Wi T S R S R TR R 4R R B B i A
N AR SE (5 | FiE L TR, EA BRIz IR
WG B AR A SO, T B E R A KU . S [
I AR FRAIE G R IR Y S A R LR 40 BT
L KV EAR 2 A SRR A S R S R R A
4 3.337. 3.184. 3.163. 3.264 mg/g; FHPREELR & 1405
S} 2.469. 2.426. 2.512. 2.536 mg/g; wir MR SRR B R
4337, 4213, 4321, 4.436 mg/g. TERTAIEA S, &
AL TR PR R R R B T A A TR A
21 A IR S R A e e s KP4 BT A EH R RN T R 2
T e 34 N B AT AW T I G A 0 i i o e i R 2 DU
AHXFEAR o ZERIIN T AR3 7 =% 3 i S bR LR o i 52
M RS rh R B, i AR S B R 5 R R 1 2 i o L
b 30%, 3K PSR A o S [ T e A R Y
MRE R, HE—2E TR, 72 4 FORTEDIN T3 =0T

BEE S R, HA SRR B Glu Tl Asp 754538 17 FP a3
12 b i O BIAL T AR KO, o, Glu 43 5] ik F)
(2.25240.012),(2.1970.006) . (2.150+0.013)F1(2.1850.049)
mg/g, Asp 4% ) K (1.086+0.005) . (0.987+0.004) .
(1.013+0.006)F1(1.079+0.014) mg/g(F 2), AAEM T =
Z A 2 22 S HOUOR DT IR Leu, 4 Fioin T4k
4 B A a4 38 (0.875+0.006) . (0.849+0.002)
(0.865+0.006)F1(0.875+0.019) mg/g, A [FlhnT. 75X > 7] 2%
SRR, RN Leu & w52 ME/N
2.4 ARV T IRLEUNEE S 2K i B S E R
PCA J& T WA () JC W B B A o3 A 7 ik, BT LAE—
FE YU P PN EL S L% 00, 5 05000 1 DB s AR, T 3 AR
X ARE A A A T 2 S (A AR S R R IR P A g
K PCA Hl OPLS-DA XA [F] 473 /i 1Ak 38 7 =T ohnf &
HP ) SRR AR % R SR R R R AT S S R . AN TR
b ¥Ry 2O E b i 2 LR Y PCA MM as SR LA 2,
Il 2a TN, HTP S FBL5> PCLL PC2 HYRFE(E 5351
9.73 Fl 4.43, J5 22 5THRF3 00 57.22%H1 26.06%, Rit
DTERAEIR 83.28%, [RGB FEHIT I A 32 B4 8GH — 2P 1Y
PCA 437 . KAEIF5rE 2¢ BTt BAME B, 4 A RAIATH
Ao 000 T Ak B i AR SR A% R AR AR, 244k
TR A TP o A B, O LS [R) R R 22 8] A BE B AR
Ko AR N T 2 v 7 v 3 2 2 B TR A 1) 5 i
BRI, SRS SRR 550 R

x4 TEVIMIALIREMMES 2 RTEELH D 2 (n=3, mg/g)

Table 4 Content of taste-active amino acids in coffee beans from different primary processing treatment groups (n=3, mg/g)

HIEMR BRI 7K ¥k H iy b
SR L R 3.337+0.016° 3.184+0.009" 3.163+0.019° 3.264+0.062%
Hili=e-1 2.469+0.012% 2.426+0.014° 2.512+0.016™ 2.536+0.038"
Tk E L R 4.337+0.020" 4.213+0.037° 4.321+0.026" 4.436+0.062°
IR S 10.144+0.048" 9.823+0.060° 9.996+0.061 10.23620.163°
(B R TR/ A LR B )/ Y% 32.900+0.010° 32.412+0.107° 31.643+0.003¢ 31.88540.102°
(FH R R LR/ LR )/ Y% 24.343+0.014¢ 24.695+0.007° 25.130+0.008* 24.778+0.017°
IR R LR 2 LR 1)/ % 42.756+0.023° 42.894+0.114% 43.227+0.006 43.337+0.084°
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