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Optimization of Coffee Micro-water Degumming Process Based on
Principal Component Analysis

LI Xuerui, YAN Jing, LIU Xiuwei, WU Xinyi, YANG Taixian, PAN Jun, ZHU Zhiyan, TIAN Hao", LI Hong’

(Institute of Agro-Products Processing Science and Technology, Yunnan Academy of

Agricultural Sciences, Kunming 650205, China)

Abstract: To optimize the micro-water degumming process, this study investigated the effects of different processing
techniques including mechanical peeling degumming+sun drying (A), mechanical peeling degumming+heat pump drying
(B), manual peeling+heat pump drying (C), mechanical peeling degumming+water soaking degumming+heat pump drying
(D), and manual peeling+water soaking degumming+heat pump drying (E) on the content of aroma precursors (protein and
crude fat), taste-producing substances (caffeine, chlorogenic acid and caffeic acid), and volatile substances in green coffee
beans. The results showed that compared to the manual peeling degumming+heat pump treatment group, the mechanical
peeling degumming+heat pump drying group exhibited a significantly increased chlorogenic acid and caffeic acid contents
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in raw coffee beans, a significantly decreased (P<0.05) protein content with the increase in pectin residue (P<0.05). The
content of crude fat and caffeic acid in raw coffee beans significantly higher in the mechanical peeling degumming+water
soaking degumming+heat pump drying treatment group than in the mechanical peeling degumming+heat pump drying
treatment group (P<0.05). Chlorogenic acid and caffeic acid contents in raw coffee beans were significantly higher in the
mechanical peeling degumming+heat pump drying treatment group than in the mechanical peeling degumming+sun-drying
treatment group (P<0.05). The contents of protein, crude fat, and caffeine in green coffee beans were lower in manual
peeling+heat pump drying (C) and manual peeling+water soaking degumming+heat pump drying (E). The protein content
in green coffee beans was the highest (13.71%) in mechanical peeling degumming+water soaking degumming+heat pump
drying(D), and its crude fat content was only second (9.84%) to mechanical peeling degumming+sun drying (A). According
to the overall score of quality indicators from high to low, the 5 treatment groups were ranked as D>B>A>E>C. The PCA
score plot grouped samples B and D into one quadrant, and the samples in other treatment groups were located in different
quadrants, which indicated a relatively small difference in the quality of raw coffee beans between the mechanical peeling
degumming-+heat pump drying group and mechanical peeling degumming+water soaking degumming-+heat pump drying
treatment group, while the difference in quality of raw coffee beans among the other treatment groups was dramatic. The
analysis results of the relative content of volatile substances showed that raw coffee beans in the manual peeling+water
soaking degumming+heat pump drying treatment group contained more main flavor compounds such as n-octadecane
(4.80 pg/g), damascenone (1.85 pg/g), dibutyl phthalate (20.28 pg/g) than those in the mechanical peeling degumming+
water soaking degumming+heat pump drying treatment group (1.63, 0.94, 4.07 pg/g), and compounds in raw coffee beans
exhibited an overall decreasing trend with decreasing pectin residues. Taken together, rich flavor could be obtained from
green coffee beans by taking advantage of pectin, and the optimal comprehensive quality could be obtained from the micro-
water degumming process, namely, mechanical peeling degumming+water soaking degumming+heat pump drying. The
findings would provide new perspectives for the processing of the Yunnan fine coffee beans and fermented flavor coffee
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beans.

Key words: coffee; degumming process; drying method; quality; principal component analysis
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I[P 0.562 0.788
LRIER —0.948 0.234

3]
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Fig.6  Principal component analysis of quality of coffee beans
under different processing
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F,=0.888X,+0.778X,—0.628X,+0.562X,~0.948X

F,=0.337X,—0.196X,+0.586X,+0.788X,+0.234X
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Table 4 Comprehensive score of principal component analysis
of green coffee beans under different processing

mrre F, F, FZ5 He#
A 0.540 —0.365 0.175 3
B 0.303 0.173 0477 2
C —0.901 0.038 —0.864 5
D 0.496 0.263 0.759 1
E —0.437 -0.109 —0.547 4
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% 30 P LRy, X HE T e PR AT S
R 5, 30 FhHE K KUK A It v A5 55 28 B0 K
PRBE Y 1, 3K 76.99%, fe/ NS IE N KE, AR
29.27%, F=BHIX 30 Pz & P XK 4 BT AR F 458 K .
30 FhE & AU 0T T AL SR IS 4 R s SE 3 R
Mp2ts 2 Flr, BEdE 10 Fi . BESS 3 Rl BRE 7 FRRIRR S
1 Fh, SCHRARAE WIHE S 4 A2 A & B2 iR L
&, TEUNAAH | nHE | R . IE T \ER g- R T
] 2521307, gk S 6y ARG T 1) 118 R - i 9% Wang 2507
AR RS E XA 3= B Sk A S = —,
Lrprrp B | WEEER, RN E] T2 C i A
ARSI 0.37.0.59. 1. 0.94 1.85 ng/g.
WAt A5 4 2 2 R AR SR BRET, anEl 7 Fros,
5 Fop b3 AR T T R+ /K PR S+ T A B ZH R AL
B AR S ERE, 3K 29.39 ng/g, HUBIE R +/K BEIR
e+ HLT RS S AR B i (1, R 7.70 pe/g,
BERRIAAW) . TSI IS AR e
AR EA, 5 P b BRAL A P A X5 A el e 201G
A1z TR AR PRS- T8 R+ ek >

ATUAHE B P8 > AL 2 +KE > AU B +7K R 5
JEHE . RS R RERET, 5 FhAbEEAk
BrARRT B T R >
TR FZ 7K 5 B - A > AL AR R -+ > AL
AR GEBEHRE > BB R +HE T BEb S
PR AL, sSegG g8 g oK 5 FORE T 22N T, e
G AR & e, RURAG S BRI E BT A
ARFFZMC N [EIASEREEZA S o B i s B
LB B +7K 3 56 e+ T+ (234.61 pg/g) >F T
Bz /K G e-+-ET-(117.78 ng/g)>T T B2+ It
T-(108.54 pg/g) >HLIRNERZ +4E T (86.1 pg/g) >HLIK
JB6EZ -+ T-(61.44 ng/g), BEEH/KPEEZ T 2 A FS 0
MEA: T ER2E Y T AR IR S ) R IR
RS, AT UG 2+ 7K W 8 e+ AR X B e v
S 11.22 pg/g, T RZ+7 A Ab FRAH X5 b e
Ih 4.12 pg/g. SLEOEHR RN, RRF = SRR &
FRHET R AR I S 5% B8 e K e e e PRE X
Wi e S keSS | RS P, R AR
AR R RRE I, Wt BRI & XSRS B = A,

5 ONFEINT T2 nmMEA: G E o B
Table 5 Volatile components and contents of green beans under different processing
. e (s Frim(pg/g)

IS Y CAS 4 B B5f ] (min) . c - T R RRCY
1 KE - 23726-93—4 3221 037 0.59 1 094 185 59.55
2 PN 87-44-5 34.24 053 067 161 026 183 70.99
3 KR 37839-63-7 37.96 052 03 031 025 055 35.57
4 2,6~ BUT X H By 128-37-0 40.03 052 721 38 195 785 75.06
5 2,4-TRUT BOKE 96-76—4 40.52 25.66 13.92 2949 871  40.57 53.54
6 EFkE 544-76-3 45.55 067 079 134 077 103 29.27
7 1= DU 1120-36-1 49.37 072 052 119 047 115 42.20
8 EEke 629-78-7 51.03 103 1.05 1.64 078  1.66 32.16
9 PR T2 e 124-25—4 51.56 9.05 423 1263 6.5 7.90 38.72
10 3,5 TR T B4 HOR R 1620-98—0 53.59 022 049 063 067 100 47.32
11 ke 1795-18-2 53.77 022 039 068 029 097 60.90
12 E ke 629-62-9 54.74 070 077 1.02 032 0.0 35.87
13 A\ 593-45-3 56.24 270 246 361 163 480 39.80
14 E+ =k 629-50-5 56.73 156 150 262 094 239 38.36
15 TRbE 6876-13-7 58.11 898 27 524 123 13.02 76.99
16 HER 502-69-2 58.30 1454 608 1536 552 19.85 50.90
17 AR R T e 84-74-2 59.00 1052 971 1348 407 2028 51.01
18 (92) 1 /\Wk—9,17- il 56554-35-9 60.18 037 057 0.69 0.3 0.78 37.93
19 BTkt 295-48-7 60.81 159 123 23 125 332 45.69
20 E Lk 629-92-5 61.22 284 233 447 182 588 4830
21 T9-TRUT BE-1-5 4R [4.5]1%8-6,9- 2,8~  82304-66-3 61.33 390 218 453 083 553 55.42
22 437 T H)-3,5,5-=HHIFC2-0F—-1-1  36151-02-7 61.71 048 194 163 041 216 62.24
23 1234+ /st 7390-81-0 61.87 229 144 323  1.03 199 42.30
24 Ty Y i 112-39-0 62.35 278 1.8 606 1133 5.6 68.62
25 TR L Tg 628-97-7 65.71 20.73 32.87 4231 101.67 42.43 65.19
26 FERHIR 57-10-3 66.30 873 135 412 1122 1025 71.99
27 SR F i 112-63-0 69.97 248 263 498 801 325 54.19
28 IR Z Mg 544-35-4 73.06 1579 31.24 3281 8541 3041 68.39
29 TR 2T 111-62-6 73.34 641 495 539 1461 10.12 49.11
30 TR £ g 111-61-5 74.82 273 29 351 951 612 69.68
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Fig.7 Comparison of volatile substances content in green beans
samples under different processing
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