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2h (5.10.20.30.60.90.120 min) 4.09% ~5.68% 21.00 ~57.34 g/kg.
593 nm 3 (P <0.05)
. 647.3 mg/100g 4
2~10 &
1
Table 1 Physical and chemical properties of five berries
/[(mg+g™) 0.26 £0.008" 0.09 £0.007° 0.22 £0.004°¢ 0.19 £0.003¢ 0.38 £0.006"
1% 5.13 £0.49% 4.44 £0.18°¢ 4.09 £0.47° 4.56 £0.075" 5.68 £0.28*
/(g*kg™") 32.24 +0. 16" 21.00 £0. 14° 43.49 +1.11" 57.34 £1.22° 39.76 £0.65°¢
/ mg -+ (100g) 159.20 £2.65° 65.53 +£3.49° 104.00 +£0.99¢ 322.00 £2.31" 647.30 £2.73"
(P <0.05)( )
2.2 N N o 2
(3.04 mg/g) .
(8.65 mg/g) . (5.02 mg/g)
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4 (P <0.05) 4
5 0.22 ~3.04 mg/g

3.33 ~8.65 mg/g 1.22 ~5.02 mg/g
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1~13.8 &

Table 2 Contents of functional components of five berries

/(mge+g™") 0.70 £0.029° 0.24 +0.032¢ 0.22 +0.057¢ 1.46 +0.055" 3.04 +£0.025°
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Fig.1 Comparison of ABTS free radical scavenging
rate of five berries and changes
(P<0.05)( )

3-A 30 min 5
3-A 30 min
(91.21 £2.33) %

2022 48

14 ( 458 )l 229



I 00D AND FERMENTATION INDUSTRIES

(69.80 +3.55) % » 3-B 5 (88.15 +0.19) %
o (73.03 £0.13)% . (63. 44 +0.91) %
30 min 5 (61.33+0. 08) % .
30 min (53.40 £0.31) % » 5-B
4
18
30 min 5
0 562 nm o
A-3 A-5 FRAP ‘B-5 FRAP
=3 4 FRAP

Fig.4 Comparison of FRAP values of five berries and changes
Fig.3  Comparison of the scavenging rate of hydroxyl

free radicals of five berries and changes

o 4 - A
FRAP 5 (P<
0.05) 5 min FRAP
(2 124.47 £93.24) wmol /L. .
. . FRAP (1653.91 =
84.84) . (1 489. 31 = 21. 74) . (1 048. 16 +
56.07) wmol/L. FRAP (706. 6 +
83.34) pmol/L. 4 - B FRAP
5 5
2 h
FRAP o
A-5 B-5
5
5-A

Fig.5 Comparison of the ability of five berries to

10 min chelate iron ions and changes

230 | 2022 Vol. 48 No. 14 ( Total 458)




0.649
R 0. 75,6 ;
0.909
FRAP
DPPH o
3
Table 3 Correlation analysis among the indicators of the five berries
DPPH FRAP
1.000
0.143 1.000
0.590" -0.258 1..000
-0.011 0.591°  -0.510
0.605" -0.081 0.909 ** 1.000
0.6497  -0.044 0.909 ™ 0.997 1.000
0.388 -0.360 0.8627 0.805 0.785 1.000
0.657™ 0.242 0.693 ™ 0.705 0.730 ™ 0.698 1.000
0.125 -0.586" 0.516" 0.382 0.351 0.295 -0.054 1.000
0. 446 -0.518" 0.916™ 0.772° 0.756 ™ 0.809 ™ 0.493 0.756 1.000
0.000 -0.514 0.558" 0.474 0.428 0.866 0.392 0.279 0.633"  1.000
i 0.01
4 PC N
Table 4 Eigenvalues of PC and their contributions and
cumulative contributions to total variance
1% 1%
) 6. 666 55.551 55.551
A 2 2.577 21.479 77.029
( Zl) N 3 1.261 10.506 87.535
(Z,) (Z3) .
(Zs) .
(Zs) - (Z) -
(Zy) . (Z,) 12
12
3
87.535%
6
.« 3 Fig.6  Scree plot
PC1.PC2.PC3.

1:
PCI = 0. 2267, + 0. 2037, — 0. 162Z, + 0. 370Z, -
0.258Z, +0.332Z, +0.327Z, +0.366Z, +0.260Z, +0.206Z,, +

2022 48 14 ( 458 ) | 231



I 00D AND FERMENTATION INDUSTRIES |

0.365Z,, +0.288Z7,, (8) 6. 666 55.551%
2: N N N
PC2= -0.327Z, +0.372Z, +0.487Z, +0. 114Z, + . FRAP
0.341Z5 + 0. 258Z; + 0. 287Z, - 0. 007Z; + 0. 3517, - R 2( PC2) 2.577
0.2257,,-0.077Z,, -0.2447, (9) 21. 479% ABTS .DP-
3: PH. 3
PC3= -0.038Z, +0.154Z, - 0. 1987, + 0. 102Z, +
0.374Z5 +0.118Z, +0.119Z, —0.256Z, —0.322Z, +0.626Z,, + . 3( PC3) 1.261
0.2297,, -0.378Z 10
! " (10) 10.506% °
4, 5 1( PC1)
5 PC
Table 5 PC eigenvectors and loading matrix
PC1 pCc2 PC3
Z,( ABTS ) 0.585 0.226 580 925 -0.525 —0.327 041 063 —-0.043 —-0.038 292 272
Z,( DPPH ) 0.524 0.202 954 538 0.598 0.372 515 344 0.173 0. 154 059 604
Zy( ) -0.419 —-0.162 286 167 0.782 0.487 135 45 -0.223 —0.198 585 501
Z,( FRAP ) 0.954 0.369 501 2 0.183 0.113 997 171 0.115 0.102 409 563
Zs( ) -0.667 —0.258 340 986 0.548 0.341 368 577 0.42 0.374 017 536
Zs( ) 0.857 0.331 931 372 0.415 0.258 518 174 0.133 0.118 438 886
Z;( ) 0.845 0.327 283 558 0.461 0.287 173 2 0.134 0.119 329 404
Zg( ) 0.944 0.365 628 022 -0.011 —-0.006 852 289 —-0.288 —0.256 469 168
Zy( ) 0.672 0.260 277 575 0.563 0.350 712 607 -0.362 —0.322 367 495
Zyo( ) 0.532 0.206 053 08 -0.361 —-0.224 879 664 0.703 0.626 034 114
Zy ( ) 0.943 0.365 240 704 -0.124 —0.077 243 984 0.257 0.228 863 111
Zy( ) 0.745 0.288 551 776 -0.391 —-0.243 567 725 -0.425 —-0.378 470 126
2.4.3 N 3
5 o 6 5
(6 (11) . s
6 \
_55.551% xPC1 +21.479% xPC2 +10.506% x PC3
87.535% Table 6 Comprehensive index value comprehensive score and
(11) ranking of different berry varieties quality evaluation
6
PC1 3 PCl PC2 PC3
. 3 0.584 -0.632 -1.158 0.076 3
-4.080 1.594 -0.173 -2.219 5
A A A A -0.721 -2.381  -0.255 -1.072 4
o PC1 3.597 0.620  -0.039 2.006 0.625 2
4 o 3.597 1.459 -0.419 2.590 1
pPC2
3 o 3
PC3 o
4 PC1 PC2
o (3.04 mg/g) .
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Determination of antioxidant activity nutrients and quality evaluation
using principal component analysis of five kinds of small berries

LI Chen ZHANG Xiuling' LI Fengfeng JI Run ZHANG Wentao
( College of Food Science Northeast Agricultural University Harbin 150030 China)

ABSTRACT To study the quality of different small berries in antioxidant activity and related nutrients 5 common small berries with
good antioxidant activity in Heilongjiang Province were used as the research object the following indicators were evaluated including pro—
tein soluble sugar total acid ascorbic acid and anthocyanins total flavonoids total polyphenol content and in vitro antioxidant activi—
ty. The antioxidant activity and related nutrients of different berries were compared and analyzed and the berry quality evaluation model
was established through principal component analysis ( PCA) . A total of 3 principal components were extracted from the results of princi—
pal component analysis and the cumulative variance contribution rate reached 87.535% . The content of nutrients such as anthocyanins
total flavonoids and total polyphenols of Lonicera edulis blackcurrant and blueberry were better than other berry varieties. Lonicera edulis
and raspberry showed stronger antioxidant activity in vitro. The total acid content of blackcurrant was significantly higher than other ber—
ries. The main component comprehensive scores were ranked as Lonicera edulis blackcurrant blueberry red bean bilberry and raspber—
ry. Among them Lonicera edulis had the strongest antioxidant activityin vitro and the content of three active components anthocyanins
total flavonoids and total polyphenols was relatively high.

Key words small berries; physical and chemical properties; anthocyanins; antioxidant; principal component analysis
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