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Quality and antioxidant charactistics of Elaeagnus multiflora wine
through the thermal processing of juice
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Abstract

In this study, the characteristics of alcohol fermentation using Elacagnus multiflora juice were studied under static
fermentation condition in an effort to develop new types of functional wine. After 9 days of fermentation at 25°C,
the pH, soluble solids, reducing sugar, viable cell numbers, and alcohol contents were shown to be 3.32~3.33,
7.8~9.0°, 29.84~31.05 g/L, 7.26~8.73 cfu/mL, and 11.0%, respectively. The heat treated juice exhibited significantly
higher antioxidant activity than untreated juice while the soluble phenolic and flavonoid contents became higher.
Also, the fermented wine after the heat treated at 120°C for 30 min contained free sugar such as fructose (0.42
g/L) and glucose (0.09 g/L), major organic acids such as lactic acid (7.32 g/L), malic acid (2.59 g/L), succinic
acid (2.16 g/L), and oxalic acid (3.08 g/L), and major flavanols and phenolic acids such as catechin (99.45 mg/L),
epicatechin (264.55 mg/L), epigallocatechin (82.19 mg/L), gallic acid (6.44 mg/L), and salicylic acid (60.53 mg/L).
In addition, DPPH radical and ABTS radical scavenging activities and FRAP assay results were 70.47%, 65.93%,
and 1.254, respectively. These results suggest that it is possible to produced a new type of wine using Elaeagnus
multiflora fruits.
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Table 1. Comparison of physicochemical characteristics of nonfermented and fermented juices of Elaeagnus multiflora fruits

Thermal processing conditions

Physicochemical

macterisics) Control 80°C/30 min 100°C/30 min 120°C/30 min
NFIEM” FIEM? NFIEM Wine NFIEM FIEM NFIEM FIEM
pH 318:0.14°  334:015'  318:0.12°  333:016'  317:0.12°  332:0.14°  318:0.1%  332:0.15
Soluble solids (°Brix) 240:118°  78:038°  240:118  78+038"  240:118'  80:041" 240118  9.0£040b
Reducing sugar (g/L) 145.6745.83°  29.99+120°  168.835.04°  29.84:198° 234.42£1072° 2999+1.99° 294.13:11.76a  31.05:2.03c
Viable cell numbers (log CFUmI)  7.112034°  726:033"  676:03%  861:036°  673:030°  872:035  665:029  8.73040a
Alcohol (%, v}v) 0 11.0£0.50a 0 11.0051a 0 11.0£0.50° 0 11.0£0.50
Free sugar (g/L)
Fructose 4566:244°  036£002°  5303:265°  037:001° 7351294 038:002°  9178:367a  042:0.04c
Glucose 6841287 006£000°  7935:304"  005:001°  109.65:438°  0.06:000°  136.84z41la  0.09:0.0lc
Sucrose 123.32£4.93" nd” 10621£3.19" nd 55.6642.75" nd 1024£051¢ nd
Total 114.07 042 132.38 042 183.16 044 22862 051
Free organic acid (g/L)
Acetic acid nd 0.82+0.04° nd 0.80:0.04° nd 0.7740.03" nd 0.78+0.04a
Ascorbic acid 248011 234:008  243:0.10° 231 236:009"  225:008' 167005  1.42+0.02b
Citric acid 039002°  0.62:002°  042:002°  065:002° 0541003  086:005"  069:003b  1.10:0.04a
Fumaric acid 003000°  0.12:002" 0042001 013002  003:000°  012:001'  005:001b  0.140.04a
Lactic acid 642:025"  778:032°  639:024'  7.63:030°  633:022°  760:033  601:020a  7.32:026a
Malic acid 144£006'  512020°  138:006'  489:0.18'  1.05:004%  378:0.18" 0742002  2.59:0.12b
Oxalic acid 058003°  151:006"  052£0.02°  135005"  028:002°  074+005  012£000d  032+0.02c
Succinic acid 0.124000°  034:001°  025+0.02°  073:0.02°  054:003% 151005  077+003c  2.160.08a
Tartaric acid 178:007°  338:0.15°  171:007°  342:0.17  167:005°  317:0.14° 1542003  3.08£0.15a
Total 1146 18.65 1143 18.49 1113 1763 10.05 1583

DAl data are presented as the meantSD of triplicate determinations. Means with different lowercase letters (a, b, ¢, d, and e) indicate significant differences of fermentation

times by Tukey’s multiple range test (p<0.05).

z)NFJEM, nonfermented juice of Elacagnus multiflora, Elaeagnus nultiflora juices were contained 0.5% (wfv) of (NH)HPO; and 24 °Brix of sugar.
YFIEM, fermented juice of Elaeagnus multiflora, S, cerevisiase CS02 were innoculated into Elacagnus multiflora juice containing 0.5% (wjv) of (NH);HPO, and 24 °Brix of

sugar and there were fermented at 25°C for 9 days.
nd, not detected.
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EHg)l ) XY AU AzE HE A5
=843 phenolics ¥ flavonoids &2 Fig. 13 23tom,
flavonols 2 phenolic acids &2 Table 23} 7ottt
A e] Z71¥ 484 phenolics 2 flavonoids $FaF-2
FAe] 257} sl wet S SRl ' S

a3l thFig. 1). 984 phenolics g2 a %
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747} 2214.51(T)2T), 2362.68(80°C), 2521.59(100C) 2
2981.34 GAE mg/L(120C)°ll A 1660.13, 1726.31, 1915.72
2 241572 GAE mg/LE 7H23150HFig. 1A). T3 484
flavonoids &= SA] & Z+zF 540(H1%7), 6.91(80C),
8.29(100C) ¥ 10.56(120C) RE mg/Lol A 4.40, 5.49, 6.45
9 823 REmg/LE 743151 THFig. 1B).

% flavonols 2 3 phenolic acids $F&F 9] A2 =7}
el wet g S8Rl HE Fole Hast
(Table 2). @A 2] =7} Asgl el 6 £2] flavonols
% 3 F9] catechin, epicatechin 2 epigallocatechin= 57}3}
Fom™, 10 F9] phenolic acids & 4 F9| gallic acid,
p-hydroxylbenzoic acid, protocatechuic acid, salicylic acid
2 vanillic acide 7131900, Ex2)7t HA &S hx
Tol A= HE0] HA & ferulic acid7} HEH AL A
g Fo= 6 2 flavonols 2 10 £2] phenolic acids
2 lg @) Eus gFo] 7HAEkith 53] 120T
oA 30 min €] & TaA7] F2F2] 9 catechin,
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Fig. 1. Comparison of soluble phenolic and flavonoid contents of
nonfermented and fermented juices of Elaeagnus multiflora fruits.

A, soluble phenolic contents; and B, soluble flavonoid contents. All data are presented
as the meantSD of triplicate determinations. Means with different lowercase letters
(a, b, ¢, d, and e) indicate significant differences of fermentation times by Tukey’s
multiple range test (p<0.05). NFJEM, nonfermented juice of Flaeagnus multiflora,
Elaeagnus multiflora juices were contained 0.5% (w/v) of (NH):HPO, and 24 °Brix
of sugar. FIEM, fermented juice of Elaeagmus multiflora, S cerevisiase CS02 were
innoculated into Elaeagnus multiflora juice containing 0.5% (w/v) of (NH)HPO, and
24 “brix of sugar and there were fermented at 25°C for 9 days.
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acid, t-cinnamic acid, p-coumaric acid, ferulic acid, gallic
acid, p-hydroxylbenzoic acid, protocatechuic acid, salicylic
acid ¥ vanillic acid & 7} Zo} 2442 9945, 20.11,
264.55, 17.26, 82.19, 8.81, 1.46, 0.74, 4.03, 5.02, 6.44, 5.92,
1022, 60.53 2 10.11 mg/L AUtk

100

o)
& ONFJEM (20 plL/mL) A
2 EFJEM (20 pL/mL) 5
2 80| a
E a a a
s a ab
£ b
‘5 60|
=
@
&
@ 40
™
&
T
= 20 |
I
o
o
D D 1 1
Control 80°C/30 min 100°C/30 min 120°C/30 min
. 1oo
£ ONFJEM (10 pL/mL)
= EFJEM (10 pl/mL) B
& a
s 80 |
€ ab b
(=]
£ 60 b b
> b
= c
a c
@ 40 [
"
o
-]
S 20}
]
t3
<<
0 \ \
Control 80°C/30 min 100°C/30 min 120°C/30 min
18
ONFJEM (20 plL/mL)
BEFJEM (20 pL/mL) C
a
15 | 3
E a a b
» b b
2 12 | b
(=]
Qo
=
09 |
5
]
©
% 06 |
s
03 |
0 | |
Control 80°C/30 min 100°C/30 min 120°C/30 min

Thermal processing conditions

Fig. 2. Comparison of antioxidant activities of nonfermented and
fermented juices of Elaeagnus multiflora fruits.

A, DPPH radical scavenging activity,; B, ABTS radical scavenging activity; and C,
FRAP assay. All data are presented as the meanSD of triplicate determinations. Means
with different lowercase letters (a, b, and c) indicate significant differences of fermentation
times by Tukey’s multiple range test (p<0.05). NFJEM, nonfermented juice of Elaeagnus
multiflora, Elaeagnus multiffora juices were contained 0.5% (w/v) of (NH)HPO, and
24 “Brix of sugar. FIEM, fermented juice of Elaeagnus multiflora, S. cerevisiase CS02
wete innoculated into Elaeagnus multiffora juice containing 0.5% (wjv) of (NH)HPO,
and 24 °brix of sugar and there were fermented at 25°C for 9 days.
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AEAE EXYT A5 HEAY AT Az
B 531 ester A0 2 o]F|Z AEE polyphenol
sigtEo] frEldos HMedth(12). ERITF #FY F
phenolics & flavonoids®] & Z7}= Ax]go WE #
3 phenolics <2 flavonoids §&2] F7}ol 2k Ao g
FSEM, o]Z Qle) FAks A A ST BleE A
=T Hwang 5(27)2 W5 €48 24 W& F
polyphenols®} flavonoids 3% W3& A2 A3} o=+
o] 73 747} 023 mg/g 2 150 g/g olqem, Exlg] &%
7F w3 ARYe] A Sk A% B F
polyphenols &2 150Col A 1 AIZE A E]TrollA] 3.42
mg/g, % flavonoids $H&-2 150 C A 4 A17F A 2]l A
561.49 g/g© 2 BT $HH Kim 5(24)2 5714 2|
FEEE, A1, BEvtEg, 29] 9 $28h9] = polyphenols<}
flavonoids ¥ M= Exe] 257} S71tel wet S71
ghohal Buste] 2 AT Ao XA A Lee 5

(DS EXSG Grle) T2 =2 catechin F=4 6%
I} gallic acid 5] 7% phenolic acidE H.318}90H, o]&
ol 7V =2 15% 78 FE=olA FAst 240
7P Erkal Basitt. 53] catechin =49} gallic acid
= AFA Ao A Hold Ao E dHA Aok
(28,29). Y¥tH o2 AT E A phenolics”} 7HAastE
A2 phenolics®] 28} Eafof] o3k o2 B AFe] IaE
& phenolics &2 flavonoids 52| 7AE o5 Aks} Eafo
o3k Ao g AT 0|59 ool wEt BE & b
3} gAlo] A3 Aoz FZE U Joo F(13)2 e
AA] HAF2] 79 catechin gallate} epicatechin gallate 2]
TS BFRY BTl A A vH ] gallic acide
olo] F&3st] F7hgittal Harstgl ot B Ao =

Aole} W B4 F AREE 2 A4 AR vAE §
esterase 5] 4 B4 Folo] 71917 Aow FAHAL.

Table 2. Comparison of flavanol and phenolic acid contents of nonfermented and fermented juices of Elaeagnus multiflora fruits

Thermal processing conditions

Phytochemlical - _ - . - .

contents Control 80°C/30 min 100°C/30 min 120°C/30 min

(mgfL) NFIEM” FIEM” NFJEM Wine NFIEM FIEM NFIEM FIEM
Flavanol
Catechin 102.44£401° 68774343 109.124502° 7257327 124.56:542°  8120£324°  147.88£591°  99.45:356°
Catechin gallate 4023:161°  32.11:14° 38524163 29.80 32145145 240121200 28.12¢140°  20.11£1.14°
Epicatechin 203.11£9.98% 154224771 23414:11.70° 17633801 278.53£11.92° 226121155 311.35:1556" 264.55:11.88"
Epicatechin gallate 67231336 3720:167  6038+302°  3024£151°  47.52¢1.92°  2133:1.05"  4027+161° 1726086
Epigallocatechin 87.33:436°  4257:192°  10126:4.56"  5541£277% 11389569  60.87:349° 132294591  82.19:4.11°
Epigallocatechin gallate 1561:078"  855:042° 1589082  876:044" 1566077  898:040°  1602:080° 881039
Total 50034 33487 54342 36435 596.64 42253 65991 48356
Phenolic acids
Caffeic acid 257:012° 241201 2512013 236:010°  2.1840.10°  220:0.10°  197:008° 146006
£Cinnamic acid 137:006°  083:0.04  132:005"  082:00F  119:005"  098:005°  101006°  0.74:0.02°
p-Coumaric acid 8.111041° 5742028  789:039"  543:022" 7562035  499:020"  7.16:037° 403018
Ferulic acid nd nd 0.12 nd 578:028"  232:0.12° 11212056 5.02:025°
Gallic acid 789:039°  667t033%  806:040°  699:035° 8582043  711:035°  987:049" 6442032
p-hydroxylbenzoic acid 286014 341:0.17  342:016° 4212021  387:0.19%  588:029"  566:024'  592:030'
Protocatechuic acid 1366:0.68"  12.03:060°  14.02£070°  1257:0.63  14.89:074°  1321:0.66°  1843:092°  1022:0.51°
Tannic acid 1.58+0.08" nd” 0.53+0.03" nd nd nd nd nd
Salicylic acid 4360:2.18"  1677:08F  5236+261°  2244:1.12°  7381#369°  43.06:2.15°  101.24500"  60.53+3.02"
Vanillic acid 9077:048"  546:027°  1124:056°  7.86t039°  13.02065°  9.87:049"  1599:079"  10.11:0.50°
Total 81.64 51.86 90.23 54.82 117.86 79.75 15655 94.36

DAl data are presented as the meantSD of triplicate determinations. Means with different lowercase letters (a, b, ¢, d, and e) indicate significant differences of fermentation

times by Tukey’s multiple range test (p<0.05).

z)NFJEM, nonfermented juice of Elacagnus multiflora, Elaeagnus nultiflora juices were contained 0.5% (wfv) of (NH)HPO; and 24 “Brix of sugar.
FIEM, fermented juice of Elacagnus multiflora, S, cerevisiase CS02 were innoculated into FHlacagnus multiflora juice containing 0.5% (wfv) of (NH)HPO, and 24 “Brix of

sugar and there were fermented at 25°C for 9 days.
“nd, not detected.
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2 dFolMe EreT JFY A4 & JEFE A
Z38}al o]g}shE B4, -84 phenolics9} flavonoids &3,
flavonols 2 phenolic acids =F % 3Hiksl 8448 2SI
ok 18 F AN EE 9 ST ASHa AR
Aot d3E FaFo] Skt e, f8 32 fructose
9} glucose”} A2 AEFH AL lactic acid 52 F-714F &
2 Z7Vstt) 3+ €A 2] § % phenolics ¥ flavonoids

+2F, flavaonols 2 phenolic acids ¥H&o] A5 7181
ole] AF&ste] kst G4 A Skt o, HE
& o] 7HAgl whet giksl &4 4] 7HAEkd
gA AT 292 RE SRS FFS o] &3
71578 JAF Ax 7 AR ATGEHAN

._E‘ —{o{v H ok
S

SR gujo] o] 84 FTHE fIste EREST A5l
A & JAFE Axsal 1 EZS AR S &
2 AE5S FasAS W 9¥ B3 Al pHE 3.32~3.33,
THEA D HE-S 7.8~9.0 °Brix, S-S 29.84~31.05 g/L,
A4 7.26~8.73 CFUML, ¢F-& 11.0% AR €
AeE HFo] EAT A ¥ dFET FAks) Aol
E9kom, olof 433l 4=8-4 phenolics®} flavonoids 3t
FE =AU A 120ClA 30 min EA 2] & FEAT]
P F] {2832 fructose(0.42 g/L) F glucose(0.09 g/L)
7} 2% HEHA M, F8 F714HE lactic acid(7.32 g/L),
malic acid(2.59 g/L), succinic acid(2.16 g/L) 2 oxalic acid
(3.08 g/l) AN F2 flavonols2} phenolic acids 3}
catechin(99.45 mg/L), epicatechin(264.55 mg/L), epigallocatechin
(82.19 mg/L), gallic acid(6.44 mg/L) & salicylic acid(60.53
mg/L)7} AZEATE F7H4 .2 DPPH o)z &AE4,
ABTS #01Z 2484 2 FRAP 842 247 7047%,
65.93% 2 1254% ©|Ath. o] AH=HE FHeT AF2
Al e AHZE o] FHAFE LS F AUS
Aoz F5Hoh

2tAtel 2
o w2 20124 FYARTY SIS e 7145
FHle] ejate] APEAL.
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