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Dynamic Flavor Changes of Rosa roxburghii Juice
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Abstract: To evaluate the effects of long-term frozen storage on the flavor quality of Rosa roxburghii juice, sensory
evaluation, electronic nose, and headspace solid phase microextraction gas chromatography-mass spectrometry (HS-SPME-
GC-MS) were utilized to analyze the dynamic changes of sensory and aroma characteristics of Rosa roxburghii juice at
=20 °C for various storage times(0, 2, 4, 6, 8 M). The results revealed the identification of a total of 127 volatile
compounds, the majority of which were alcohols (31), hydrocarbons (34), and esters (24). The contents of 1-hexanol, (Z)-3-
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hexen-1-ol, 1-octene-3-ol, linalool, 1-octanol, a-copaene, ethyl hexanoate, ethyl octanoate, and methyl eugenol decreased
over time, indicating that the fragrance of green grass, fruit, and flowers may diminish over time. The concentration of
nonanal increased substantially (P<0.05) from 3.65 pg/100 g before storage to 10.87 pug/100 g after storage, resulting in an
accumulation of a disagreeable odor. The aroma of Rosa roxburghii juice was more prominent before storage, while the
aroma diminished or disappeared as storage progressed, particularly the pine and irritating odors. Fresh Rosa roxburghii
juice contains 12 essential aroma components with a relative odor activity value (ROAV) greater than 1. The concentration
of thoes essential aroma components decreased about 60%~90% after storage. Based on the partial least squares
discriminant (PLS-DA) and variable importance in the projection (VIP), it was the maximum rate of change of volatile
compounds of Rosa roxburghii juice after 8 months of storage. Ten volatile compounds were screened out as important
markers to distinguish Rosa roxburghii juice under specific frozen storage conditions for different times. The results of the
present study could serve as a basis for monitoring the quality and optimizing the storage conditions of frozen Rosa
roxburghii juice.

Key words: Rosa roxburghii juice; frozen storage; flavor characteristics; electronic nose; gas chromatography-mass
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spectrometry (GC-MS)
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Table 1 Performance characteristics of electronic nose sensors
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Fig.1 Sensory evaluation of Rosa roxburghii juice
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during frozen storage
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Fig.2 Radar plot of electronic nose response values of Rosa

roxburghii juice during frozen storage
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Fig.3 Principal component analysis (PCA) for E-nose of Rosa
roxburghii juice during frozen storage
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Table 2 Volatile compounds content of Rosa roxburghii juice during frozen storage
e RIS L -y it (ng/100 g)
featrit ﬁﬂigkg) ;ﬁr 1):12 oM 2M 4M 6M 8M R
L 950000 - 929 - - - 4.07+£0.93 - FRBES R
1-J3J%5-3-1% 400 1133 1153 2.30+£0.13"  1.23+0.16™ 2.46+0.32°  3.20+0.85 - AR, HR
3-F AL 1- T 30000 1224 1206 - 1.93+0.09¢ - 4.63£0.01°  3.24+0.18% HHEAE ALK
(Z)-2-P s 720 1288 1313 821£022% 3.63+0.38°  8.94+0.53" 10.44+1.58" 5.44+0.40° Hk
1-73% B 4000 1247 1241 - - - - 1.96+0.05 F B
B 500 1342 1360  144+4.82* 108.32+10.42° 45.62+0.85° 37.86+0.08° 37.82+0.98¢  FHbk, Fizh
g 70 1339 1375 153.16+8.23" 80.74+5.87° 97.69+1.05° 60.81£1.29° 59.46+2.11°  ¥R3%, i
(B)-2-C M 231.9 1370 1392 0.68+0.05° - - 2.49+0.04* - H R
o-FERE - 2234 2219 0.41+0.04*  0.81+0.06° - 1.09+0.26* - -
1-2F45-3-1% 1 1426 1399  2.56+0.28"  0.84+0.03° 0.67+0.02° 1.14+0.18" 0.55+029° JRBK. §Hik. &
IEBERE 5.4 1434 1450  3.75£0.26°  1.71+0.03* - 536+0.15°  3.23+0.69 IR G
6- 1 Bk-5- P -2 - 1443 - 0.64+0.07°  0.28+0.02° - 0.82+0.01° - HIk
4-PEss-1-% - 1499 1498  1.40+0.01°  0.62+0.07° 1.1840.07° 1.93£0.23*  0.50+0.04° -
2T Ak - 1519 1533 1.80+0.05° - 1.00£0.10°  1.43£0.03®  0.80+0.09° -
JF R 10 1546 1546  1.28+0.10°  0.60+0.04"  0.53+0.14°  0.51£0.09°  0.35+0.06 i N iR
IEERE 1 1558 1553 7.2240.38"  3.48+0.06" 2.45+0.10° 2.78+0.14° 2.32+0.25% RN
(=) -4l it P 340 1597 1622 1.94+0.09®  0.90+0.07° 1.65+0.12°  2.20+0.11° - EBTH
(Z)-2F4-1-1 - 1611 1605  2.11x0.03* 0.83+0.004° 1.57+0.004° 2.11£0.32*  0.73+0.03¢ -
1- T 280 1646 1640  5.23%0.13*  3.13+0.72° - - - LEV U
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o-BETE AR - 1431 1463 - - 9.10+0.92° - 0.80+0.04° B2k
3-LIEI O - 1435 - - 0.51£0.10°  0.99+0.006° - -
D-FPlEss 34 1614 1205  0.73£0.12°  0.50+0.19" - 1.50+0.003* - B N 3
o F M - 1662 - - - - 6.07+2.13*  6.87+0.31° -
7-EE-1,6-F 0 - 1661 - 0.35+0.03 - - - - -
B-BM - 1478 1488  1.40+0.14 - - - - -
Y- FH - 1781 1803  7.28+0.04 - - - - AT
LN 80 1702 1012 0.63x0.01 - - - - Wi, B2 SR
LS - 1530 1545 - - 1.44+0.05 - - -




5 45 % 35 20 4] MR , S BRI R AR h XU Y Sl S (AL - 325 -

&gk
FE B itk P (pg/100 g)
B W% SRS
: " (ng/kg) RIfi  RUH oM 2M 4M 6M 8M
AR - 1679 - 4.39+0.16° - 17.41+0.8*°  2.46+0.01¢  3.57+0.11° -

(=) -5y Ui - 1622 - - - 2.0440.28 - - -
BRERMS - 1738 1720 - - 3.12+0.002 - - PGS
o~ 160 1544 1560 - - 21.27+4.68 - - AT
BAERNE - 1668 - - - 2.64+0.19 - - -
A-FEFAE - 1707 1753 2.57£291%°  4.17+0.29°  2.79+0.22° - 6.95+0.38" [N
G- 5 5 4 - 1789 1799  2.98+0.23*  1.31+0.07° 0.86+0.10™ - - BT R

2,5- " HIEET-he - 673 - - - - - 3.28+0.22 -
2-HIHEZS - 632 - - - - - 0.84+0.15 -
2,6,10- = H JE-+ - 835 - - - - - 0.42+0.03 -
F—he - 865 - - - - - 1.61+0.57 -
2,4-Z LRSS b - 1535 - - - - - 37.11£3.70 -
2-5 IR e - 1724 - 0.89:0.40° - - 3.77+0.85" - -
4-H I - 1177 - - - - 0.98+0.14 - -

= NI ) S
133 [?3 z%hif%*uﬁ - 1287 - 824:0.69" 4032043  7.83:039" 10.39+0.36" - -
LS '*Tﬁ]’%gﬁ IR - 1727 - 1.13£0.12°  0.61+0.22¢  1.78+0.09"  0.76+0.01¢ - -
2,3'- AU - 1759 - - - 2.57+0.01 - - -
(Z)-2- BB L PR T - 929 909 - - - 2.1740.05°  1.09+0.04% -

2- I L BB TG - 896 897 - - - - 3.00+0.46 -

RO 115 1272 1275  0.51£0.004° 0.43x0.23% 0.48+0.07°¢  0.69£0.08"  1.73+0.08* SR, HHE,
R 5 I R - 1125 1070 - 1.78+0.02%  3.71£0.58°  3.01£0.13® - -
IECRZ R 5 1262 1232 8.90+0.30°  8.56+0.25° 5.36+0.45° 2.91+0.08°  0.73+0.04°  #&H3E. FERUAR
3-CA R 2 TR - 1307 - 2.23+0.56° - - - 1.92+0.37° HE.RE
(2)-3-C - 1-TE 2. TR i - 1294 1313 3.83£0.05"  3.64+0.19"° 2.82+0.12° 1.67+0.14°  5.98+0.60° E2 3
2,3-T LRl - 1469 - - - - - 23.53+2.28 -
DL-3-Z. Bt TR LR - 1572 - - - - - 0.6120.04 -
Vg N - 1700 - - - - - 0.68+0.07 -
(2)-TR-3-C TR - 1734 - - - - - 1.00+0.12 -
1-F R 2RO BR - 1204 - 0.56+0.001°  0.27+0.01° - 0.57+0.09" - -
(2)-C-3-iR TR - 1275 1292 - 1.23+0.04°  3.25+£0.26"  2.59+0.47° - -
R s 200 1395 1390 - - 2.30+0.09 - - FiEGRT
C-2-MfR LB - 1327 1336 1.29+0.03*  0.83+0.03*  0.85+0.05°  0.59+0.07* - -
R T 19.3 1478 1477 3.12£0.41°  3.57+0.64° 2.54+£025% 2.96+0.18° 1.91+0.002° FROARE
= HBE LR - 1448 ND  24.05£0.91° 11.41+0.82° - - - -
5T M BEER - 1734 1459  2.30+0.17° - 1.75+0.21° - - -
1-H1 %%E( @}? ﬁgfﬁ%ﬁ%) - 1612 - - 0.37£0.004°  0.930.03" - - -
I -3- L s Fe 2 P i - 1764 - - - 0.74+0.05 - - -
2- i L R P i - 1819 - 0.58+0.01 - - - - -
S AR IE TR - 1644 - - - - 6.88+0.85°  6.67+0.15° -
R T - 2275 2266 - - - 0.82+0.01 - -
PR W R 5 TR - 2525 2506 - - - 2.21+0.40 - -
(B)-2-1 )i 980 1135 1122 - - - 2.07+0.01 - -
2,4,6- = F LR HIEE - 1768 - 1.22+0.003 - - - - -
1B 1.87 1282 1280  1.2440.004° 0.86+0.05° 2.48+0.41*° 1.17+0.11° 0.95+0.20%  # &, fEHG. /KR
T 25 1357 1385  3.65:1.47  2.94+0.65° 9.93+£0.01° 8.71+0.91° 10.87+0.49° JEWT. H#F. &
(E,E)-2,4-C Itk - 1361 - - - - 1.90+0.20 - M Bk
(E,E)-2,4-B¢ s - 1439 - 1.36+0.23" - - 3.44+0.77° - S SN RN 75
2-F = () W - 1627 - - 0.35£0.07°  5.27+5.12° - - -
P 60 1487 1484  2.14+0.67° 0.87+0.30° 1.38+0.03® 1.32+0.35®  0.66+0.12° -
(B)-2-Z3 M 1500 1607 1590 - - - - 0.500.04 B, R
IR 350 1509 1495  0.96+0.02° - - 1.61£0.21° - i o




326 5 Tk BB 2024 4F 10 A
&gk
FABES2 S Uk F it (ug/100 g)
B W% AR
: " (ng/kg) RIfi  RUH oM 2M 4M 6M 8M
2,4- LIS - 1734 1710  4.57+0.01°  3.01£0.17° - - 1.28+0.05° PIE NP NN
6- [ 3-5- P -2 50 1283 - - - - - 8.05+1.11 M
3- B FE-2- TR - 1334 - - - - - 0.54+0.01 -
3% - - 699 - - - 3.99+0.32 - KBS
A0 5.
4'%%%?;&@%% 160 1587 1584  38.68+2.13" 19.05:0.14° 27.92+0.24° 13.74+635¢ 1228+3.34° TIER, M, Al H]
6’10'*%%_%5 i - 1763 - 1.19£0.42°  0.35£0.09°  0.69+0.07°  0.67+0.22° - -
BT 2T 3.5 1932 1942 2.65+0.09° - 1.3940.08"  1.05+0.17°  0.96+0.08° EVEvia
(Z)-FF W IR 10.6 1761 - - - - - 0.99+0.26 -
o- % 2 3.78 1837 1839 - - 1.89+0.05°  2.04:0.002°  0.99+0.08° WA R
Fi 500 2053 2060 25.38+9.78" 12.69+2.28" - 3.8040.72°  1.35+0.01¢ B, Bk
2-Z kAR JE-2- T L iR - 667 - - - - - 0.8420.03 -
K2 - 1693 - 2.1240.04*  1.05£0.06° 1.61£0.01° 1.22£0.29% 1.28+0.12" -
WAL 890 1799 1814 - - - - 0.53+0.02 PRk | T 5L
2,3,4,5,6,7-75E-4-H 5t b .
T H-h - 1701 - - 0.37£0.08"  1.43+0.09 - - -
T & 68 2043 2013 10.51£0.54* 4.36+0.23° 236+0.41° 2.38+1.38° 2.31+0.62° THAE
- R4 (1-F 3
Le-—H 3 4 51 L - 1685 - - - - 0.70+0.22 - -
WER - 1958 1564  9.32+0.80°  3.69+0.28°  4.78+0.61¢ 5.98+2.19"  4.89+0.74° Ep#i
2,4- 0BT FOR 500 2307 2330  0.50+0.16"  0.40+0.16" - 0.74+0.05"  0.55+0.02® -
ND - 1132 - - - - 29.65+0.99 - -
ND - 1708 - - 0.25+0.07° - 0.68+0.04°  0.83+0.04° -
ND - 1738 - - - - 13.9241.96° 10.65+1.04° -
ND - 1961 - 1.16£0.15°  10.64+1.08*  0.93+0.02° — - -
() -FEAME - 1962 - 1.11£0.19*  0.67+0.02° - 1.02£0.07*  0.82+0.04™ F fiki
12,2',5,5'- DY FH LRI - 1965 - - 0.49+0.03 - - - -
2,5-Z5(-3,4- Pk g - 1130 - - 1.660.16 - - - -
2,3- AR - 2053 - 0.47£0.06°  0.30+0.09° - - - -
1,2,4a,5,6,8a- /N2 -4,7-— . b .
LT k2 3 ) 22 - 1684 - - 4.50£0.39°  1.29+0.23"  1.24+0.09 - -
&k - 1395 - - - 1.06+0.07 - - -
e “ND"FRASEVE, - Fom Ak TR TR/ NG FRARFRBUE R AL B 1 25 573 (P<0.05) .

A 70+ _ - B]oo_

60_ H;/ L 1
:ﬂ}é 5ol | T 2 S 801
£ 40 = B
iﬁ: 301 X ﬁ}f 40
ﬁ 20+ S B

10 N :Eﬁh?@ 201

04— ; ; . , 04+ ; : .

OM 2M 4M  6M  8M OM 2M 4M  6M  8M
IR 1] I 8]
B4 ORISR IR TR R ML S B A 5 =

Fig.4 Number and relative content of volatile compounds in Rosa roxburghii juice during frozen storage

TE: A SRR MY B8 s B W HE R M SO 5 4

I 7 A EERIZ G2 g FAER WS R B [A]
7 ) JORF R R B R S AT A — E 22 5
HNFLHAEN R AT MR AR A S W P B o
R R, B e b G Y BEAR, WiEypE . IE
B | 5 R EE AT 127 ds -3, L rp G o I

7.22 ng/100 g, FLERME N 1 pg/kg, SERIFL IXUS BTk
MEZY) . R B RORIA ARG SR >4, )
B HAT A AL iE 2 gk R, Bk . EC
12 2.1 A2~ 1R £ IR 2 o B T 1 32 44 2 P XU i
A3, BTN 26.55. 8.90., 3.12 ng/100 g, XLkl



45 % 55 20

MR , S BRI R AR h XU Y Sl S (AL - 327 -

BYHRAAE . EARE . BEFGAL, BB R
AEJXUBR 553

24 TEGIREFESRSHTK

2.4.1 HRMALEY ST BT RIS R0 fF R
SRR AT GRS ALY T A SR R A AR, 5
AT AN R XURIE Ao FEAS AT I B s B
HraEE T 127 FMEE RIS, WAk 2. AR ML
B4 AEESE (31 Fh) L SRR (34 Fh) | lESE(24 F) .
FEZE(11 Fl) | BHZS(8 F) S HAMBZE (19 P ) . &5
BH, B 5 IR B TR) R B, SRR v R s | RSN
A B TR R P B R B, RS | RSN
HABLH S3 10 S RS N R E RN R %,

W) o AR B R e i e R R, ARV
BEEN 8 2 - H 5, BEE2EY B iy & 5 N 59.80% 3
& 61.45%, WM& HEI R 8 4~ A J5 HARXT & B =
40.70%. REEWEAE Y& BEAEN G g
HIRAEAIG, FLAmSIS & W 35 T, AN 230 FR -1 ke
PATEAN 2-(4-3V H L3R OV 358 T -2-0d5- 1 -1, il Bey T
RS H A R 2 ) I TR B AR AR IS B S, N -
BN . o-PRMs . (H)-3M . )T T BB L
AR B B . AT, RIRL T PRSI S & i
e, (R Us, s s i i/ (P<0.05) o Mikeis
W 5T AN 13.52% [ 22 8.43%, 1Tl ot 4 215 4 ot W] MK
1.65% 2 14.16%, itk G2t bl
S BTS2 —, AT 7K SRl S 3 e 4 XUk,
FEXT R FSAFIE = A5, X e fb &9 i O
R EE BT YRR, AT (B8 22 AR ) A
I TG ORE) RAEERIBT AR SR Y . SRR
a- TR | ()-SR F p-FEMVFATERELE 4 A
JE BIRE SRR o PRSI BT AE X S R R
R ESE TS R DT BRISAHRT S
Jin s T BB AR ST oy =2 (A A AR R R R R b
KRR SR s AN, PEEERIEAE . IEC R
fig . 3-CL AR C TR AN O -2-Ja5 TR £ T 1A 5 e B b e st
[¥r) I - 28 PR A Bl A A L, SE IR TR A AT T
fine 1E CLBR LR ANSE R £ R & B eI R 45 o 4
AR T 91.83% Fil 38.74%, 1 W S+ ZE 7 j6t 1 72
T E A G PSS 0EE R B alR R PO X
P A BT AR BB AN S AR IR, X 0L 19
FERIARAT —EFE M, ISR 531 & R e
AL RR P A TR N . S I RAEIER 6 S H SN
3 RAH, FHXT &5 HE 5.97%, T i 2K 5 a8 I
44 HJF ik Bl KRB N 8.67%., Hirh T-WEpg & & AE
T S R R G i, MU SRR AT 3.65 pg/100 g 1
INZE A1) 10.87 ng/100 g, WFFEFEHH, Rk
TS o AT —E RAE A, T SR B o T A
sk, 2 = A M T 4 S e b AR, v v B 1) T
FRIGAS BLABREY (B, E)-2,4- 0L i FE F A E
78R 6 A H Ja IR AR S ok o 4-H 40325
T H -3 (2H) - R R T P R T

EAEA), SR 38.68 ng/100 g 6-H -5 Baks-
2-Pi] | 3-Z, PR AR FE-2-T i A1 (Z) -5 P 35 T ] S A D
L 8 I JE BB S R o A Sy
iR P 5 AR A e R, L A It R i S IR
(P<0.05), AV JEEHT AY 25.38 pg/100 g [ 2= IV sk i
M 1.35 pg/100 g, iIXJ&H TR ES 5 RN
OESTNY/)pim

2.42 PLS-DA 4r#r PLS-DA A] J F # v/ HS-
SPME-GC-MS £l i 44 K VEAL -G 9 10 5 F S AR
A 2Z A AR AT 32 533 (PCA) J&—Fh
ZAR T T, TR 50 22 A8 e 2 (8] 9 AE S
NGRS 022 5, EUUME B 7S AS R gAY
BORBL i XU 22 5, >R PCA Fl B /)y —3fe ik
(PLS-DA) Syl EL I HE-20 °C "R #7301 ] XUk 5t
MR L. SR PLS-DA BRI RMIE T B THR
2%, BERITP REA TRy 6, B Y A8 HE AN R 1Y
FIBLHAEAS (0. 2. 4. 6. 8 M), X A8 ikJy 127 Pk
PEALG W) . BRI AR IE] 5 s B SA i
& 5B ZHIBL T & MHEILS 910 PCA il PLS-DA
57 El. B 5A 5 PC1 IITTRRE N 77.90%, PC2 [

Py
. PCATHHM oM
4()J °2M
o °4M
@®@e 6M
20 *8M
X 8
3 o8 €&
o
2 o
20
@
7404
~100 -50 0 50
PC1 (77.9%)
PLS-DAF343&]
S wf N
304 °4M ®
= 6M o
g 204 °8M °
o) ®
o~ 104 -
&
=0
,].H ©
_10_ oo
e, T
720A
-100 -50 0 50
FEHI (77.9%)
C 1.0 — T
0.8
o e
E 0.6 oR?
= =g
ﬁ 0.4
0.2 |7
0
1 2 3
F o



- 328 - 5 Tk BB 2024 4 10 A
D . 7] 30.29). 1-2E4-3-FFE(ROAV=35.39) | IEFHI(ROAV=
55 9.61) . 75 1% M2 (ROAV=1.78) . IF % ¥ ( ROAV=

0. 100) | a-JRH (ROAV=1.73) | IECL g Z i (ROAV=

% 24.63) . FHR ZWE (ROAV=2.24) . 4-H1 45 F-2,5-—
= 1 - M5 -3 ( 2H) -0k 1 17 ( ROAV=3.35) . -5 % >% fif
107 P<0.01 (0/100) (ROAV=10.5) . FE T FHEH(ROAV=2.14) . R

51 ﬂ Hj J T ] P0LH FET, B B IR S300  EE

e — RSB [R] ) 2 1 52 TR Rkasse, aniEl 6 i 255

03 04 05 06 07 08 09 1.0

BEHIIESTTT BT
K5 AEICGER RHIARGT 5L T GC-MS # & LG Y%L
HIVEZS i)
Fig.5 Multivariate analysis of volatile compounds in Rosa

roxburghii juice with different storage times based
on GC-MS data
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Fig.6 Changes in the content of key aroma components in the

Rosa roxburghii juice during frozen storage
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Table 3 Highly variable volatile compounds were identified
in Rosa roxburghii juice during frozen storage
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