FOOD & MACHINERY FEAEEOH BE27H | 2025F 9 A | ARSHIM

DOI:10.13652/j.spjx.1003.5788.2025.80654

nin ME 6 £ T2 X B 44 550 L 72 AR
e A TR 0k-An

g EEALT R BT OFARR” LB’

Cl AR AR IR 2 B fh S TR 2R B AR #35 3503005 2. AL Be—WiiT TR KBS &
58RI TG WL B 3100355 3. B RMMEA BRAE , 58 T 678400)

FE [ BB IE AT B A 12 fm 22 008 3 o wdb i AL 52 R 2 TR AR 4 1 B AR TR 3L AL T 44 v, 48 7 ok B AR R
BB RE R IAEIRATES P FEAE0.9 mm) 4955 (0.3 mm)3 Aok & 3 i 2 4 (100 °C, 3 min) F= 4
(4°C,24 )4 &omekie , MELEBY S . FAR ES5mfbmkedEs, ARAREE r%aﬁ&iﬁiﬂiﬁwi)ﬁ?,i@i;ﬁ
HRBGHT 5 F R EA X106 A8 B 5 B 08Tk (LR RAR) Fo 88 ik R ARA8) , 2 A1 A AL 5 % o A BAL &
M, % A ORAC.ABTS.DPPH % #F1& J M Fu B AL, CAA = AF AL N AALE [ SR 18518 (0.3 mm) & & K b T
EERALELY . S B A MEE R F(P<0.05), 542 3 B AR BUE A R (37 69 B #0358 4 115 501.8 keps, 12 48 438,
#9 12502 keps), BEZT,RAF RS EETIRABLAY, LErtRER)E 50N ARAEZ L, W ik B (8
B )ECAAM KX T RIALF AN FHER (L] 5B ERE @t JE T8 R o E B & A 4K 2 FIRKRAIE
T B, IR AR B A o vk e, R A0 RAL R KA R A wh

G ool s AR WK BB K 4R SR IUIR R I N AL E

Effects of coffee preparation processes on colloidal particle

formation and antioxidant properties

GAO Guanzhen'? RAO Pingfan'’ XU Yao® ZHOU Jianwu'? SHAN Yunhui’

(1. College of Food and Bioengineering, Fujian Polytechnic Normal University, Fuqing, Fujian 350300, China;;
2. Shanghai Institutes for Biological Sciences Chinese Academy of Sciences-Joint Centre for Food and Nutrition
Research, Zhejiang Gongshang University, Hangzhou, Zhejiang 310035, China; 3. Dehong Blacksoft
Colffee Co., Ltd., Mangshi, Yunnan 678400, China)

Abstract: [ Objective] To investigate the effects of grinding size and extraction temperature on the chemical composition, colloidal
properties, and antioxidant activity of coffee colloidal particles, and to elucidate their formation and characteristics. [ Methods] Coffee
infusions were prepared from whole beans, medium-ground (0.9 mm), and fine-ground (0.3 mm) coffee beans using hot brewing (100 C,
3 min) and cold brewing (4 °C, 24 h). The content of total solids, total sugars, proteins, total polyphenols, and lipids were determined. The
colloidal properties were characterized using a nanoparticle size and zeta potential analyzer. The infusions were separated into a filtrate (true
solution phase) and a retentate (colloidal phase) using an ultrafiltration membrane with a nominal molecular weight cut-off of 1< 10°. The
chemical composition and antioxidant activity of each phase were analyzed separately. Extracellular antioxidant activity was evaluated using

ORAC, ABTS, and DPPH assays, while intracellular antioxidant activity was assessed using the CAA assay. [Results] Fine grinding
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(0.3 mm) combined with hot brewing significantly increased the dissolution rates of total solids, polyphenols, and lipids (P<Z0.05) and

promoted the formation of colloidal particles (light scattering intensity of hot brew: 115 501.8 kcps, far exceeding 1 250.2 keps for cold

brew). Ultrafiltration showed that lipids and other components were enriched in the colloidal particles. The true solution phase (filtrate)

primarily contributed to extracellular antioxidant activity, while the colloidal phase (retentate) exhibited significant biological activity in the

CAA assay. [Conclusion] High-temperature extraction and fine grinding significantly enhance the formation of colloidal particles by

promoting the dissolution and self-assembly of components. These colloidal particles constitute the key material basis for the intracellular

antioxidant activity of coffee.
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Table I Chemical compositions of coffee infusions prepared by different methods mg/mL
FE ity BEEY L b B )AL il
RD 0.5940.03° 0.0540.00" 0.0440.00° 0.0240.00" 0.11+0.01¢
R 0.9 mm 10.30+1.21° 1.334£0.01¢ 0.200.02° 1.8140.04¢ 0.43+0.01°
R 0.3 mm 18.9341.04° 3.3820.01° 0.5020.01° 3.3720.04° 0.7540.05"
LD 7.23+0.76" 0.74-+0.01° 0.0540.00° 0.630.00° 0.214+0.07*
L 0.9 mm 13.7740.65" 2.3740.05° 0.180.01° 2.46+0.06° 0.2440.09%
L 0.3 mm 15.0340.61° 3.2040.01° 0.2640.02° 2.2940.03° 0.3340.01°

T RIB/NG S REAN [ 4 7 2 ) 47 78 35 4 22 57 (P<<0.05) .
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Table 2 Colloidal properties of coffee infusions prepared by different methods

FE i e /mm PDIfH DCR {H /keps Zeta L fi /mV
RD 1 006.904659.81°° 0.8440.23" 125.53+7.82¢ —16.97+£2.36™
R 0.9 mm 176.2042.94° 0.1740.01° 15 055.13+197.40° —21.33+2.64°
R 0.3 mm 245.9043.26 0.14+0.01° 115 501.804696.69* —13.87+0.93"
LD 113.11423.83" 0.7140.28" 304.20+35.38¢ —12.48+3.30°
L 0.9 mm 1227.154431.12° 0.880.12° 1 366.4074-65.48° —19.63+1.21°
L 0.3 mm 645.37+26.09™ 0.67+0.03" 1250.17413.34¢ —17.634+0.87"

T RSNING SRR R R 21 ) A7 75 5 25 1 22 57 (P<<0.05) .
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Table 3 Distribution of chemical components in colloidal and true solution phases of hot-brewed coffee after ultrafiltration

mg/mL
FE i Eily REIE Y 58 A B il
R 0.9 mm W 10.304+1.21° 1.3340.01° 0.200.02° 1.8140.04° 0.51+0.01°
W 2.3241.06" 0.35+0.03° 0.0620.00° 0.110.00" 0.29+0.07°
B R 8.0240.22¢ 0.9140.01° 0.1140.00" 1.42+0.01¢ 0.2440.14°
R 0.3 mm JE 18.9341.04° 3.3840.01° 0.500.01° 3.3740.04 0.7520.05"
W 6.0740.86° 1.07+0.03¢ 0.24+0.02° 0.660.00° 0.23+0.01°
B R 14.8641.10° 2.354+0.13° 0.2740.01° 2.7140.03° 0.4140.10°

T RSING TR AN R F R 21 ] A 75 B 3 1 28 5 (P<<0.05) .

&4 oo & 4L 2 5 FE R A AR o 5 76 L £

Table 4 Distribution ratio of chemical components in the

colloidal phase of hot-brewed coffee %
B REEY  ERE EAE B2 g
R 0.9 mm 22.52 26.32 30.00 6.08 56.86
R 0.3 mm 32.07 31.66 48.00 19.58 30.67
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(172.78 pumol Trolox/mL) [ 95% LA I+ o %k & W 7K i 14 /1
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Table 5 In vitro chemical antioxidant activity and contribution rate of different fractions from hot-brewed coffee

ORAC ¥ ABTS % DPPH ¥
FE S A5
% /(umol Trolox mL™ ") BTRkR/% i H/(umol Trolox-mL ") TI#kH/% i H/(umol VermL ™ ") BTk K /%

R0O9mm 5 108.5941.96 1.0440.01¢ 0.07+0.00"

R 38.9341.78¢ 35.85 0.2340.02° 22.11 0.03+0.00¢ 42.86

B uRTid 102.60+2.83° 94.48 0.9740.01¢ 93.27 0.05+0.00° 71.43
RO3mm 5 172.78+8.14° 1.78+0.06 0.080.00"

R 60.3944.32° 34.95 0.5940.09° 33.14 0.0340.00° 37.50

B uRT(d 164.61+8.09" 95.27 1.40+0.02° 78.65 0.0740.00° 87.50
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Different fractions from hot brew coffee
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Figure 1 Effect of different fractions from hot-brewed

coffee on viability of RAW264.7 macrophages
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Table 6 Intracellular antioxidant activity values of
different fractions from hot-brewed coffee
) CAA{E/%
b - N —
JER PO R
R 0.9 mm 83.544+1.97°  75.61+4.80  57.82+4.15"
R 0.3 mm 90.2441.67° 83.20+6.25 68.26+1.16°
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