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Abstract: Herein, the effects of ultraviolet A (UVA) irradiation on the flavor proprieties of on-shelf not-from-concentrate (NFC) Ponkan
juice were evaluated and compared with those under dark storage. Polyethylene terephthalate-bottled NFC Ponkan juice was stored at 25 C and
subjected to UVA irradiation for 30 days. Bottles of Ponkan juice stored in the dark were used as controls. Volatile compound composition and
contents of Ponkan juice were analyzed by headspace solid-phase microextraction with gas chromatography-mass spectrometry/pulsed flame
photometric detection at day 0 and 30 days after storage in the dark or exposure to UVA. The odor active value (OAV) was used to screen flavor
components significantly affected by the UVA irradiation, and the overall flavor of the on-shelf juice was evaluated. Overall, 43, 51 and 53
volatile compounds were detected in juice samples collected on day 0, day 30 after storage in the dark, and day 30 after UVA exposure,
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respectively. Among the components showing significant concentration differences after dark storage and UVA irradiation, a total of 22 key
flavor components with OAV>1 were identified, which included six alcohols (such as linalool), six aldehydes (such as phenylacetaldehyde), four
hydrocarbons, three volatile sulfur compounds (such as dimethyl sulfide), two esters, and one ketone. Moreover, the odor intensities (in terms of
OAVs) of floral flavor components from the three samples were as follow: day 0 (583)> day 30 in the dark (456)> day 30 of UVA irradiation
(400), whereas those of off-flavor components showed the opposite order (83, 135, and 284, respectively). Sensory evaluation further verified
the detected changes in the odor attributes of on-shelf juice, including enhanced dimethyl sulfide production rate upon UVA exposure. In

conclusion, UVA irradiation speeds up flavor deterioration of Ponkan juice by modifying the compositions and concentrations of flavor

components.

Key words: Ponkan mandarin juice; ultraviolet A; volatile sulfur compounds; odor active value; flavor deterioration
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Table 1 Composition and content of volatiles in Ponkan juices before radiation, dark-deposited, and UVA irradiated for 30 days

. X LRI o A (pg/L)

No Rt/min oty L&A Y P Tk 0d A 304 VA4

1 74 hydrogen sulfide HALA 536 528 LRI, PFPD 0.10+0.01* 0.02+0.00° 0.010.00°

2 8.2 methanethiol W 5B 668 675 LRI, PFPD 0.44+0.04° 1.28+0.10° 1.80+0.16°

3 83 acetaldehyde LB 703 698 LRI, MS 69.87+2.44° 19.68+0.09° 39.85+4.99°

4 8.6 carbon disulfide B 721 721 LRI, PFPD - - 0.11+0.01

5 8.8 dimethyl sulfide W Bk 736 734 LRI, MS, PFPD 3.34+0.32° 9.224+0.71° 14.32+1.10°

6 10.0 acetone Sk 814 823 LRI, MS 8.05+1.42° 30.38+4.11° 195.31+76.43"
7 11.8 ethyl acetate LB s 877 890 LRI, MS 387.6242.58" 322.87+9.70° 313.28+45.36°

8 13.0 ethanol LB 923 933 LRI, MS 1413.25+87.86" 1544.92+57.87° 1449.63+145.47°
9 13.7 ethyl propanoate AL LB 949 950 LRI, MS 62.02+6.89° 49.36+1.71° 36.71£11.37°
10 14.0 ethyl isobutyrate A TR OE 958 962 LRI, MS 11.01£0.36" 5.53+0.05° -

11 142 2-pentanone 2- /%8R 968 964 LRI, MS - 10.85+0.63 -

12 15.6 o-pinene o-Jk M 1019 1023 LRI, MS 556.50+50.07° 658.86+65.88" 704.93+32.33"
13 15.7 o-Thujene oA Aa b 1024 1026 LRI, MS 125.93+11.62* 69.92+5.70° 63.06+10.49°
14 159 2-methyl-3-Buten-2-ol 2-W H-3-T Hr-2-BF 1031 - MS - - 97.074+22.57
15 16.1 toluene TR 1037 1036 LRI, MS 9.85+0.43° 14.10+£0.94° 1419.17+103.40%
16 16.3 isopropyl butanoate T B+ R Bg 1045 1050 LRI, MS - 10.33+0.23" 9.92+1.81°
17 16.4 ethyl 2-methylbutanoate 2-FHE TR TE 1048 1050 LRI, MS 17.17+2.49 - -

18 16.8 camphene B3 1064 1068 LRI, MS 15.77+1.86° 6.38+0.57° 7.95+1.36°

19 17.1 hexanal IEOES 1077 1078 LRI, MS 53.94+9.59° 16.46+0.86° 76.08+39.14%
20 17.5 isobutanol FTE 1092 1097 LRI, MS - 87.26+4.21 -
21 17.8 S-pinene K 1105 1109 LRI, MS 387.82429.62° 359.26+27.74% 334.04+33.49°
22 18.3 3-Penten-2-one 3- R He-2- R 1126 - MS - - 21.63+£5.70

23 19.1 p-myrcene [- P AR N 1160 1161 LRI, MS 1624.58+68.77° 2282.02+230.10° 2090.37+141.78
24 19.2 a-phellandrene o-IKFE M 1165 1167 LRI, MS 75.70+65.6° 124.1243.92° 105.03+10.22°
25 19.7 o-terpinene o- 75 K 1182 1178 LRI, MS 303.00+31.6° 405.57+19.25 230.29+56.82¢
26 20.4 d-limonene d-ATEH 1215 1197 LRI, MS 35829.49+2300.48° 42130.83+1753.23° 43437.57+2230.38°
27 20.6 B-phellandrene B-IK b 1220 1210 LRI, MS 369.07+38.45° 407.12+17.32° 389.61434.3
28 20.9 ocimene b 1236 1235 LRI, MS - 11.32+0.74° 25.95+6.31°
29 213 y-terpinene p-AN T b 1255 1245 LRI, MS 5899.10+553.39° 7392.00+277.6° 7531.20+426.73
30 218 p-cymene 247t 9% 1278 1273 LRI, MS 581.66+41.94° 786.86+20.31° 1264.20+216.49°
31 22.1 terpinolene 7 S e 1291 1284 LRI, MS 483.25+59.08° 633.97+5.45 645.32452.43°
32 223 cyclopentanol RN EE 1300 1304 LRI, MS 5284.77+113.08 - -
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. . LRI N RIS (pg/L)
No Rt/min oth & g e Tk 0 &30 VA30d
33 22.6 prenol FRNBEE 1313 1316 LRI, MS - 52.14+3.27° 57.56+4.78%
34 229 2,2,6-trimethylcyclohexanone 2,2.6-=F IR R 1330 1329 LRI, MS - 9.45+0.24° 16.21+1.31°
35 23.1 methylheptenone A B M 1338 1339 LRI, MS 29.65+3.10° 33.43+0.76 4535+1.11°
36 232 1-hexanol 1-TB 1344 1351 LRI, MS 34.76+3.69° 93.47+5.11° 38.3445.63
37 235 (E)-3-hexen-1-ol (B)-3-C.%-1-B% 1356 1371 LRI, MS - - 6.60+0.70
38 239 (2)-3-hexen-1-ol (Z)-3-Tb-1-B% 1377 1384 LRI, MS 61.55+7.04° 35.66+3.31° 35.09+8.29
39 243 nonanal e S 1396 1397 LRI, MS 30.12+0.44° 78.21£13.33 88.11+24.69°
40 24.6 furfural 0TS 1410 1410 LRI, MS 23.82+0.49 - -
41 25.0 acetic acid LE: 1434 1447 LRI, MS - 252.56+40.56 -
42 258 1-octen-3-ol 1-FH-3-B% 14438 14438 LRI, MS 42.5143.19 - -
43 26.2 dehydrocampfor LAAEN 1496 - MS - 43.70+1.46° 57.11£3.07*
44 263 decanal REE 1502 1493 LRI, MS 1.7140.35° - 8.56+4.82°
45 26.9 linalool i 1530 1542 LRI, MS 3070.11+78.23° 2365.36+104.99 2057.70+242.27°
46 27.1 1-octanol |- 1548 1554 LRI, MS 115.30+4.32° 39.13+0.49° 72.60+9.89°
47 27.8 isopulegol Fe BB 1585 - MS - 15.50+1.14° 19.52+0.91°
48 28.0 fenchol N ABE 1589 - MS 37.76+1.37° 132.10+4.07° 161.61+14.85°
49 28.2 terpinen-4-ol 4-7E B 1614 1606 LRI, MS 2801.98+77.58° 2858.57+30.18° 3156.32+69.82°
50 28.6 B-terpineol pArihEE 1634 - MS 279.66+10.23° 385.743.61° 598.684+26.65°
51 29.0 benzeneacetaldehyde Ed:S 1655 1675 LRI, MS - - 87.08+26.33
52 29.1 citronellyl acetate HF B LERES 1656 1672 LRI, MS - 13.16+5.36° 32.33+13.79°
53 293 (E)-p-2,8-menthadien-1-ol B XA -2,8- 87 = ¥i-1-B% 1669 1664 LRI, MS - 20.10+5.52° 50.1919.04°
54 29.6 1,8-menthadien-4-ol 1,8-F7% — W48 1690 - MS - 61.95+2.26° 171.12+68.93"
55 29.7 a-terpineol o- % B 1700 1692 LRI, MS 1211.30+65.59° 2141.64+5.99° 2910.29+327.82°
56 30.6 citronellol A 1757 1764 LRI, MS 574.15+35.23° 417.98+13.73° 639.65+49.60°
57 30.7 (-)-cis-Isopiperitenol ()N XS E AT B 1764 - MS - 52.45+4.65° 105.41425.84°
58 313 nerol ¥ B 1795 1793 LRI, MS 50.3146.64° 47.82+0.47° 37.01+6.01°
59 31.5 perillaldehyde ()% HEE 1811 1810 LRI, MS 131.45+11.9° - 73.61+4.51°
60 318 hexanoic acid TE 1828 1840 LRI, MS - 18.2349.16 -
61 31.9 trans-carveol i 1833 1825 LRI, MS 46.88+2.57° 61.96+14.08° 89.02+12.42°
62 324 cis-carveol N 1859 1852 LRI, MS 68.78+3.67 29.71+0.07° 47.06+5.25

7 : LRIMA® EAIEAE C5-C20 +H A, AHAE f Rekd/R 4038 & hitps://www.vcfonline.nl/VefCompoundSearch.cfin #= http:/www.odour.org.uk/index. htmL; *°: Bl —{bAMEREH ST 4TI EH £

(p<0.05); - RAHIKREMKT AFFEER.
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compounds in Ponkan juice being radiated by UVA
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N VSCs [IBEE/RIKFE (nmol/L), FHAERIKALEE LTS
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30d J5 UVA JURAHLE S T 4 £, #O6HR 13
%o MBS IR A RREEE UVA FRES R IniE -7+,
10 d FlikIEME (66.64 nmol/L), MiJEiZ# FREIFES
25d JE#aTRaE (4138 nmol/L); FEBHGAME T HER
BV B I SR SN2 b FHIARFE, 30 d JE A 9.31
nmol/L ¥4I Z 26.71 nmol/L. H,S G5k, FHIKkE
B B2 20 A7 TR) BT B HLAZ UVA B AN i,

SR 1A AN I AR Ak T 5 BT AR 5 AR R 5 A
5%, BRSO EE. B his S A SRS
sy, AICERR, TG R BRTE
FBALMAZHEN T RAERA, R A
W, L RREEAN R = RREERO, REATE UVA
RSP AR T A 2L s 80, A e —
FEAUES.

30 d JEEE4L (0.59 nmol/L) {ME T UVA 41 (0.46
nmol/L) . “ifbBRAE UVA BRI 5 N EEARLRIFRRE,
2]1.4~1.6 nmol/L. HEZE. S-F I HFmE RS2 "
1 VSCs HIRTHAPIRT, UVA SECERTH T VSC B g
<2 MRSTET. EEEAN UVA BRET 30 d REAHITHIE & M RRE MY RN SRR
Table 2 Characteristic aroma identification and flavor intensity among three Ponkan juice samples
o 1] A2 20 AoRE AR OAV

24 UVA XEHEAH A ok 78 M4 RO B

e PR bR /(ng/L) 0d Dark30d UVA30d
p-cymene AL NE A 11.4 51 69 111
a-terpinene a-ik st by LR 85 4 5 3

ethyl isobutyrate AT B LB RA& 0.2 55 28 -
citronellol R KA 62 9 7 10
ethyl propanoate A T ES RA& 10 6 5 4

linalool FAEEE e 53 579 446 388
a-terpineol a-1% SoBE A 280 4 8 10

nonanal B A 40 <1 2 2

benzeneacetaldehyde K LB HHek 0.3 - - 290

hexanal iE TEE H ek 5 11 3 15

1-hexanol 1-.B2 H ek 10 3 9 4
dimethyl sulfide AR FRERA 0.12 28 77 105
methanethiol b JSASES 0.2 2 6 9
hydrogen sulfide AL Z A 0.01 10 2 2
decanal REE I oA 0.1 17 - 86
fenchol NEAEE AR 3 13 44 54
3-Penten-2-one 3-RM-2-BR R 1.5 - - 14
acetaldehyde LB Rk 15 5 1 3
terpinen-4-ol 4-FE MBS Eek 1200 2 2 3
toluene TR EEGilLZ N 500 <1 <1 3
a-phellandrene o-IK e ek 40 2 3 3
perillaldehyde (-HE KAk 30.1 4 2
- RA 125 114 128
B A Bt A 583 456 400
vk 14 12 309
W E S 83 135 284

VEr * AR P HIR s A, R

MFE 1 HIEE 30 d AbERfE UVA B S8
WA 3 22 S FE R RS L 45 Fh, 2y il
WFE S SUE T LR, 15 H & SRTE A .

OAV>1 R HHZ AR J5 ok By T4 i (R AR XUk LA
TIERE . WYIRAE 0 d. % 30 d Al UVA FEST
30 d AR E BB 2 R, 1H 3 JEFEM ) OAV

267



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.5

BINT 1, TR TR 2 AR AR AN R it B AR X UR I
RPFESERMETTER, T AR . SR, AT X
WRAZ UVA BEM BT S SRS PEP L 22 Fl, sk
2 o, A3 6 M6 IMIESR 4 MR 3 S VSCs.
2 ANEELA S | NI . 2.2 TR BT i
I 7 PR PERR Y R 2 MBI AR SR
PRA R R0, 43l 5 R A 4-E Sl s (BRI
ML IE I E R 22 S, ATE R mRE (L OAV 1P
T T fE#E . VSCs MU BIE Y m ARG, BRI AR
WP N A A RS AR K ISR DTk, A Ak
F. NAREERE, LGS, RE. . §5
RFIAS R XRS5 SRJEPESZ UVA B2, 25
T 24 3y 3. 3 81 11 MR OAV 254k, Hdris
F& 0 d<iit 30 d<UVA H&5T 30 d, {HEE AR 20k
FEAFTORT UVA HREFE KRR,  FLFL R R FIAH A SR
THRBRIE R (WE-RE) HRPEREKNAE. UVA
HRUF R IR OAV K, BEEFITEE, 0d Rt
e, ATAL UVA SHeF RSB ERIEREE. 55
Bk (green) TESREERURATZA NIGHT (fresh) [t/
%, AR ER A K RZ] (acrid). Hl&: (pungent)
HRRUR, AW UVA BRSHE AR s 2
KHFRETE T HHR OAV. AR RTE IS, BEAHS
VSCs R MBRR (FOSHE. A%, A,
FFERIE . KRB R 2RSSR, A R
JE5Z UVA B mis KSR EPE, B4 30 d Rt
OAV % 0 d LF+T 340%, %l 30 d RitFtm T
210%. %5 LFTR, UVA BREHRER TSR 5
OAV [FI52MR 3T VAR AR & P ) AR 1k, 1]
W30 d JEAER FRE, HEIRFA B R KIE T 5

= 0d
-4 dark 30d

UVA 30d
e sk

Rvk-BRmEk

Zink-itnk
& 3 BBEAT. EELFN UVA BRES 30 d REAHITHYXAREEER
Fig.3 Volatile flavor profiles of fresh Ponkan juice and juices
stored in dark and radiated by UVA for 30 days

BE— Pl I IR PN O B R KR 22 A e — P 5
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XA REAE T IR R R A 3 AR I R M T
AREPIAFMRES 5, NS 720 SEIH
R 225 B HERTTH, UVA BRI m b
Ao d By, 2IRFIAEFTHRFATREIE; AR
WRJTH, TERRSERR. THERR-BRIEWR. 250k-17 R Al
REWRIEr L, ¥4 UVA J&5T 30 d>E6 30 ¢>0 d,
BRZGR-FARAN, UVA BRSREERAREN L
BISEOERIT AR ENES  BREIH S RS 0AV
PRI IR SR P 22 e B A AH 1T

3 ZHig

K UVA HESF NFC MEMTYT 30 d DABEUS 1 i
TRHAEIRS%A:, FIFH HS-SPME 454 GC-MS/PFPD J5
T R R YR A R & i, Ee L S8
B 30d ARAYIH (0d) ByTZER. 3 M5
53, 51 K0 43 PR PERG Sy, FEiF 62 B, Hirp 45
FHIFRAE UVA TRSTRE R ABH LR B & & &
Z5. FHFSRIEER (0AV>1) MIXLEEZE St
A X SR R S P AR A TR IR R gy, T 22
Bl GUREEE. BE. FERMERMA. BEEE6 K, W
W REF. E . HEWRAARRKIRIL 5 K558
PE. UVA B FHIE T ek, B iem T B HMAA
RRBRIARSRE, REIEM GRS 2 AT .
VSCs J&A R AR EZE TR Y, b B A2
UVA MRS AR BHFiRE, UVA IS TR AUH
NFC AR T R 57 AR BB R R, RV e
B, TRHRAF ORI S5 = 1T BT LA TS 4325 FE R
3
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