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ABSTRACT

This study investigated the physicochemical characteristics and antioxidant activities of commercially available cold brew coffee
products in the Suwon region using multivariate statistical analyses, including principal component analysis (PCA) and hierarchical
cluster analysis (HCA). PCA identified two principal components (PC1 and PC2), which together accounted for 86.28% of the total
variance. PC1 was positively associated with soluble solids (= +0.938), total acidity (= +0.923), total polyphenol content (= +0.877),
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (= +0.638). In contrast, it was negatively comrelated with
lightness (L*, = —0.974), redness (a*, = —0.985), yellowness (b*, = —0.974), and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) radical scavenging activity (= —0.737). PC2 was primarily characterized by pH (= —0.932), indicating that acidity-related
attributes were a secondary source of variation among the products. HCA classified the 11 commercial samples into three distinct groups
according to their physicochemical and antioxidant characteristics. Group A (Samples 5 and 10) consisted of light-colored coffees with
relatively mild acidity. Group B (Samples 1, 2, 3, 4, 6, 7, 9, and 11) represented the largest cluster and was further subdivided into
three subgroups: a light-colored, mildly acidic subgroup (Sample 7); an acidity-deficient subgroup (Samples 4 and 11); and a highly
concentrated, dark-colored subgroup with pronounced or buffered acidity (Samples 1, 2, 3, 6, and 9). Group C comprised only Sample
8, which exhibited the highest concentration and acidity, consistent with its isolated position in the PCA score plot. These findings
demonstrate that the combined application of PCA and HCA provides an effective approach for classifying commercial cold brew coffee
products based on their physicochemical and antioxidant properties. This classification framework may serve as a useful tool for quality
evaluation, product standardization, and the development of consumer-oriented cold brew coffee products.

Key words: cold brew coffee, physicochemical properties, antioxidant activity, principal component analysis, hierarchical
cluster analysis
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Table 1. Informed characteristics of collected commercial cold brew coffee samples

Sample No. Volume (mL) Extraction time (h) Extraction method

Coffee beans

1
2

el ")V, e N

11

450
350
350
300
450
450
300
450
450
400
350

24
24
24
12
8
4
24

Immersion
Immersion
Immersion
Immersion
Immersion
Immersion
Dripping
Immersion
Immersion
Dripping

Immersion

Brazil 60%+Columbia 40% (blended)
Guatemala+Honduras+Brazil (blended)
Columbia (single)

Ethiopia (single)

Ethiopian Yirgacheffe+Papua New Guinea Washed (blended)
Ethiopia+Brazil+Indonesia (blended)
Mandelint+Kenya+Guatemala+Columbia (blended)
Ethiopian Schoeneck (single)

Ethiopian Yirgacheffe+Kenya+Columbia (blended)
Guatemala (single)

Costa Ricat+Guatemala+Columbia (blended)

Table 2. Soluble solid, total acidity, pH, color (lightness, redness, yellowness) of the commercial cold brew coffee samples

Color values

Sample No. Soluble solid (%) Total acidity pH

Lightness Redness Yellowness
1 4.96+0.01" 2.40+0.00° 5.2240.01¢ 22.81+0.00° 14.23+0.25° 22.58+0.00°
2 5.91+0.01° 2.5240.03° 5.27+0.01° 12.34+0.05 —3.83+0.20 4.34+0.08"
3 5.69+0.01° 3.05+0.05" 5.08+0.02" 14.32+0.00' —1.78+0.00' 7.63+0.11°
4 2.83+0.01% 1.40+0.00' 5.07+0.01° 35.38+0.04° 29.48+0.08° 43.27+0.05°
5 3.18+0.00' 1.720.03¢ 5.04+0.012 31.63+0.12° 25.84£0.15° 37.17+0.42°
6 5.71£0.01° 2.13+0.03° 5.40+0.02° 19.24+0.068 5.88+0.50¢ 16.12+0.218
7 3.82+0.02" 2.03+0.03f 4.98+0.01" 26.16+0.13¢ 19.93+0.28° 27.86+0.04¢
8 5.25+0.01¢ 2.7240.03° 4.92+0.01° 13.5620.04! —5.00+0.75" 6.07+0.08'
9 5.0140.01° 2.52+0.03° 5.11+0.03° 17.45+0.03" 3.15+0.29" 12.77+0.06"
10 3.16+0.017 2.000.00" 4.92+0.01' 29.72+0.08° 24.83+0.17° 33.94+0.14°
11 3.87+0.01¢ 1.58+0.03" 5.310.01° 24.41£0.08° 21.1240.16° 24.80+0.14°

) Data was expressed Mean+S.D.

? Different small letters in the same column mean significantly different at p<0.001 by Duncan’s multiple range test.
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Table 3. Total polyphenol content and antioxidant activity (ABTS and DPPH radical scavenging activities) of commercial

cold brew coffee samples

Antioxidant activity (%)

Sample No. TPC? (ug GA/mL)
ABTS? DPPHY
1 424.55+10.38M% 98.83:£0.22% 87.83+2.69%
2 468.61+12.01° 98.60-£0.25% 87.48+0.70°
3 512.33+22.44° 98.73+0.25" 87.78+0.78%
4 201.29+3.058 99.09:£0.00° 81.88+0.63¢
5 311.74+11.31° 98.91:£0.09° 84.7142.20°
6 458.75+5.82° 98.37:£0.09° 86.19+0.93%
7 388.24+5.28° 98.98+0.16% 87.24+0.14%
8 709.04+6.88° 98.37:£0.25° 87.16+2.14°
9 430.90+5.82¢ 98.60-£0.09% 89.80+0.60°
10 306.10+1.62% 98.96+0.16™ 87.67+0.81%
11 305.0443.40" 98.81:+0.04™ 81.88+0.78¢

) Data was expressed Mean+S.D.
2 TPC means total polyphenol content.

9 ABTS means 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid).

Y DPPH means 2,2-diphenyl-1-picrylhydrazyl.

% Different small letters in the same column mean significantly different at p<0.001 by Duncan’s multiple range test.
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Table 4. Correlation between soluble solid content, total acidity, pH, lightness, redness, yellowness, TPC, antioxidant
activity (ABTS and DPPH radical scavenging activities) of commercial cold brew coffee samples

Physicochemical properties

Antioxidant activity

TPCV

Variable

Soluble solid Total acidity pH Lightness  Redness Yellowness ABTS? DPPH?

Soluble solid 1
Total acidity 0.823"% 1

pH 0.445" —-0.086 1

Lightness —0.945" -0.866"  —0.250 1

Redness —-0.937" -0.884"  —0.174  0.980" 1
Yellowness —0.942" -0.864"  —0.244 1.000™ 0.981" 1

TPC 0.746™ 0.798"  —0.119 —0815" —0.868" —0.817" 1

ABTS 0.511" 0.722"  —0.187 —0.533" —0.548" —0.529" 0.451" 1

DPPH —0.708™ -0.518"  —0302  0.706™ 0.724" 07077  —0.663" —0.261 1

Y TPC means total polyphenol content.

2 ABTS means 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid).

® DPPH means 2,2-diphenyl-1-picrylhydrazyl.

Y Significantly different at p<0.01 by Pearson’s correlation coefficient.
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- 9 (principal component
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Table 5. Principal component
commercial cold brew coffee samples

analysis (PCA) of

Commonality

Variable PC1? pC2Y )
Soluble solid 0.938  —0.285 0.962
Total acidity 0.923 0.265 0.922

pH 0.139 —0.932 0.888

Lightness —0.974 0.129 0.966

Redness —0.985 0.063 0.974

Yellowness —0.974 0.126 0.964

TPC" 0.877  0.164 0.797

ABTS —0.737 0.338 0.657

DPPH 0.638 0.478 0.636
Varia‘i;‘;’uzxgznaﬁon 70430  15.850
Cumulative variance 70.430 86.280

explanation value (%)

Varimax rotation, Eigenvalue>1, KMO (Kaiser-Meyer-Olkin):
0.733, Bartlett: p<0.001.

Y TPC means total polyphenol content.
? PC1 means principal component 1.
» PC2 means principal component 2.
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Fig. 1. Score plot of principal component analysis (PCA)
of 11 collected commercial cold brew coffee samples based
on principal component 1 (PC1) and principal component 2
(PC2). The plot illustrates the variance and clustering
patterns among the samples, accounting for 85.582% of the
total variance (PC1: 71.416%, PC2: 14.166%). 1.00 (V) to
11.00 (1): Represent 11 different commercially available
cold brew coffee products collected for this study (labeled
as Sample 1 to Sample 11, respectively).
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Fig. 2. Dendrogram of hierarchical cluster analysis (HCA)
for 11 collected commercial cold brew coffee samples. The
samples are categorized into three main clusters (Groups A,
B, and C) and sub-clusters (B-1, B-2, and B-3) of Group B
at specific similarity thresholds.
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