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Analysis of quality characteristics of sugar-soaked raspberry according to

storage period
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Abstract Volatile and non-volatile metabolite profiles of sugar-
immersed raspberry liquid during different storage periods were
analyzed and comparative analysis with their general characteristics,
antioxidant activity, and sensory quality was evaluated to better
understand the effect of the storage period on the quality of ugar-
immersed raspberry liquid. During storage, a browning reaction
occurred, resulting in a change in color and the production of
volatile compounds. At the beginning of storage, sucrose was
completely decomposed into fructose and glucose, and the
sweetness was rapidly reduced, but the increase in succinic acid
increased the sour taste. Most volatile compounds increased with
an increase of the storage period, and especially, the contents of
citronellol, octanoic acid, and hexanoic acid, which are known as
antioxidants, showed the highest content in 10 day-sample,
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showing the highest antioxidant activity at this time. Although a
further study on bacterial profiles and browning reaction during
the storage will be needed, the results of this study showed that the
quality of sugar-soaked raspberry extract was significantly
affected by the storage period and can be used as basic data for
commercialization of ugar-immersed raspberry liquid.
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Fig. 1 Antioxidant activity of sugar-soaked raspberry were measured by DPPH free radical scavenging activity and ABTS free radical scavenging
activity. The following sugar-soaked raspberry are abbreviated: 0 day storage (0D), 10 days storage (10D), 3 month storage (3M), 12 month storage

(12M)
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Fig. 2 Sensory analysis of sugar-soaked raspberry using a five-point
hedonic scale. The following sugar-soaked raspberry are abbreviated: 0
day storage (0D), 10 days storage (10D), 3 month storage (3M), 12
month storage (12M)
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Fig. 3 Representative chromatogram of metabolites (A) and volatile compounds (B) analyzed by GC-MS. Identified metabolites and volatile
compounds were 1, oxalic acid; 2, 1-tridecanol; 3, 7-methyl-1-undecene; 4, 8,10-dioxaheptadecane; 5, nonanoic acid; 6, hexadecanoic acid; 7, fructose;
8, glucose; 9, palmitic acid; 10, stearic acid; 11, sucrose; 12, 1-petanol; 13, hexanoic acid, ethyl ester; 14, 2-heptanol; 15, 1-hexanol; 16, octanoic acid,
17, epoxylinalool; 18, 6-methyl-5-hepten-2-ol; 19, 2-ethyl-1-hexanol; 20, benzaldehyde; 21, 2,3-butanediol; 22, linalool; 23, 3-methyl-1-hexanol; 24,
decanoic acid; 25, succinic acid; 26, hydroxybenzaldehyde; 27, a-terpineol; 28, citronellol; 29, benzoic acid; 30, hexanoic acid; 31, benzeneethanol

(A)
4 00D
| m 10D
+3M
2] v 12M
] +7
w
0
- 8
| |
-2 4 - R2X=0.979
R2Y=0.986
1 Q2=0.931
p-value=0.049
-4 — —
-8 4 4 8

(B)

R2 and Q2

1.2

0.9 4

0.6

0.3 o

0 -

-0.3 4 ]

0.6 u

Q2

T
0% 40%

80% 120%

Correlation permuted Y to original Y

Fig. 4 Partial least squares discriminant analysis (PLS-DA) score plots (A), permutation test (B) of sugar-soaked raspberry metabolites using GC/MS.
The qualification of the PLS-DA models was evaluated by the goodness of fit measure (R2X and R2Y) and predictive ability (Q2), and cross-validated
with a permutation test (n =200). The following sugar-soaked raspberry are abbreviated: 0 day storage (0D), 10 days storage (10D), 3 month storage
(3M), 12 month storage (12M)
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Table 2 Identification of major metabolites contributing to the separation on the PLS-DA score plots of the data analyzed by GC/MS

NO Compounds RTY RPP vIpY p-value®
7 fructose 17.34 1860 0.95 1.54E-09
GC 8 glucose 17.63 1886 1.23 4.04E-12
11 sucrose 24.42 2624 0.98 S.44E-14
12 1-pentanol 3.35 1255 1.12 6.13E-05
13 hexanoic acid,ethyl ester 3.66 1246 0.88 3.06E-04
15 1-hexanol 4.83 1359 1.13 6.23E-10
16 ocatanoic acid 2070 1.01 1.57E-04
17 epoxylinalool 5.99 1423 1.21 1.12E-04
18 6-methyl-5-hepten-2-ol 1468 1.05 1.57E-02
20 benzaldehyde 6.95 1508 1.51 2.92E-09
21 2,3-butanediol 7.01 2005 1.00 1.10E-04
SPME 22 linalool 7.14 1552 1.11 1.38E-02
23 3-methyl-1-hexanol 7.29 1413 1.05 1.33E-03
24 decanoic acid 2279 0.99 5.25E-04
25 succinic acid 1526 1.15 7.10E-05
26 hydroxybenzaldehyde 8.82 1636 0.97 1.70E-05
27 a-terpineol 9.04 1680 0.86 2.89E-02
28 citronellol 9.78 1750 0.92 3.30E-03
29 benzoic acid 10.01 2433 0.86 1.48E-02
30 hexanoic acid 10.64 1849 0.95 4.68E-03
31 benzeneethanol 11.45 1912 0.99 4.57E-04

YRT is retention time. ?RI is retention indices calculated with n-Alkanes. *Metabolites with variable importance in the projection (VIP) value >1.0
were more important to the classification. ¥p-values were analyzed by ANOVA with Duncan’s test
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AR AZERNOH, f714, d3E, ddstels AY £4
Eo] A7) 7)Y FH EZE BAEHAL sZE9 XA
2 25 X3392 9 sucrose?] f-E|do] Zukse] sdw
Al Hedste] Fr)AdEe] wdE Zos Rk up28,29]eF 7+
o] & A 10Y o]l AE ) FAEEQL A ] o
AR A o] ZWHu-g s APE FoF ALEH

TAE dAEAE, I 3] EE st 24, E5E0t
o] ABHAS BN AFig 6), T Aol ==
citronellol, 2,3-butanediol, 3-methyl-1-hexanol, 2-heptanol, 1-
hexanol, octanoic acid, decanoic acid, hexanoic acid, o-terpineol
9] o] F718k= positive correlation (0.53 <r<0.99)S X
¢l WA sucrose, hydroxybenzenaldehyde®] %<& negative
correlation (-0.70 <r<-0.62)% zt= ZHo=z IAFUT)
citronellol, octanoic acid, hexanoic acid =ZEo] dik3} A
S BA3 Ao® By 9lom([2130,31] 24 BERAE 3
agjzeA A7 109 A=A FHeFel =3, DPPHSH
ABTSE ol&3l] 43 silsl &4 #4 Ao #4717k
104 A5 isE =4 S84 302 Hol olF Edo] g
Aksl EAdo) sk Aoz odEn. Abgr] Fx|de] Ao
X &4F l-pentaol (r=0.96), 6-methyl-5-hepten-2-ol (r=0.96)
o] o] FIsal Mol AEFH sucrose(r=-0.79), hydroxy-
benzaldehyde (r=-0.80)2] $Fo] Z4asle ZAog Eaglo
], &3} Algto] Z7HEE succinic acid?] o] positive

correlation (0.95<r<0.99)2 < WA sucrose, hydroxy
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Fig. 6 Analysis of correlation between antioxidant activity, sensory analysis and metabolites of sugar-soaked raspberry. Blue and red color gradients

indicate a positive or negative in correlation coefficient, respectively

benzaldehyde®] &2 negative correlation (~0.97 <r<-0.90)
<z o= IRIFUY e} wuto] $718E sucrose,
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