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Improvement Effect of Lemon on Aroma Component of Noni Juice
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ABSTRACT: The work aims to improve the acceptance of noni (Morinda citrifolia L.) juice with lemon juice, so as to
provide a special flavor beverage for consumers. Orthogonal experimental optimization was used to obtain the optimum
formula, gas chromatography-mass spectrometry (GC-MS) was adopted to explore the transformation of the aroma com-
ponent, and electronic tongue was applied to detect the taste change. The optimum formula obtained by orthogonal ex-
perimental optimization was lemon juice of 15%, sucrose of 9%, and compound acid of 0.3% and the sensory evaluation
value was 96.58. According to the aroma component analysis by GC-MS, the aroma component species of the compound
juice with lemon rose to 44 from 20. The terpene species increased significantly, from 8 to 24, with relative amount in-
creasing from 9.65% to 61.86%. The alcohol species increased from 4 to 10, with relative amount increasing from 19.01%

to 31.12%. The main aroma components of the compound juice were D-Limonene (34.03%), 3-Carene (10.37%) and
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3-Cyclohexene-1-methanol (18.34%), which had active role in the aroma formation of the compound juice. The relative

amount of the octanoic acid as the main source of the bad smell reduced from 53.52% to 0.65%. From the results of elec-

tronic tongue, the compound juice sweetness rose to 8.57 from —3.21 and the acidity increased to 12.45 from 2.14. The

taste of noni juice was improved after compounding. Lemon can increase the aroma substance species, cover up the foul

smell of the octanoic acid, and improve the taste of the compound juice. This research provides the credible theoretical

foundation for application of noni juice in the food industry.
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FEEOR . I, 2019 4F 9 AW THRA —
Wili; FriE, WFINELET . LR, £
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CAR/PDMS, FE[H Supelco 2% al; =B AL,
Agilent6890-5973N, [ Supelco A #l 5 FF Ik
X, PR-RI, HZA ATAGO A#]; HLT7, SA402B,
HZS INSENT 23 %] ; 100~1 000 pL 2t ; 100, 50,
25. 10 mL 5, BEFr, HE.
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T FHEX pH PRI SR A9 pH A, W 3 1K,
ZE L BOT-BE ™,
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Tab.1 Sensory evaluation standard for noni-lemon
compound juice

HiH PEEDRIE o

HEROGEEIE, BAKREE 21-30
RESHAEE, FAUMH 11~20
HEmRE, HFREZEEE  1~10

IR (304))

WA, HEREEA 14~20
Wk (20 43) PR —, [N 2 7~13
AR AR, 1~6
PRE L AL, 1 P 14~20

PRRIPE (20 7)) dmPRE AT, B 25 7~13

T B EHR R LA TR . IR 1~6

S E%REA, SWHES 14~20
TP, BOGEERE 7~13
OPRIRHR,, EMARBE 1~6

i (20 43)

R, JoWI A DLk 8~10

HERE (10 43) R, BHERE 4~7
RITA PR RERIOE, AE 1-3
1356 #ERCEIENE

Z B CHR[15], R GB 5009.86—2016 1 2,6—
B R, Mg 3 Wk, BOERME, HA
A mg/L.

1.3.6 ER&S=E

2 IR 24 i v SR 22 AN O BE RS, DR T R ER
WS, R FH SR A3 BE 32 0 52 v T SR 7 1) o T 5
i, AN mg/mL,

1.3.7 EEBEENTE

DI B F IR bR ifE s, SR PR #E T % Folin—
Ciocalteu EMEIHEW R Em & &, BN
mg/mL!"",
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PASFEUR IR BRI S , R RN e e B vk
WA S R AR, B mg/LY,
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CAR/PDMS ) 7E 45 °CHEIE AT #HL 40 min, #EHL
FE T T B AR EGLTE 250 °C T %4k 10 min, F3hik

B, ERESME: E 250 °C T #HT 3 min.

2 )5 A E 55 o R DB—5ms( 30 m*250 pmx
0.25 um ) A 3EFE, LI He A, W# N 1 mL/min,
BEE IR R 250 °C, FHEFEF . 7E 40 °C T {#
¥ 5.0 min, DL 3 °C/min B ETFE 120 °C, RF
3 min; LA 6 °C/min Y FETF 2 230 °C, FEML &1
TAREF 5 min,

3) B A&, Ui FEHHRER (B MEF
U8, #5E 70 eV LT RER, B IR BRI R 230 °C,
WEERIE Tl (mvz) A 33~500,
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KA Agilent 2 A FRAEAfL2E TAESS /. XK1k
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A (%), FAEARE—LEITE,
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e | VIR RIS . SRR S 4K R 3 4%, B
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I SE , 45 RE AR AR AT IR] SR 30 s, ¥ BT TA]
30 s, BENEEAIIE: 4 %, BUR 3 Yl AL A
HUSAA, Ff R SMEFE AL RS, Wi [ AT B i
BAFIEAT 50T
1.3.11 FHit=ESHT

BERFH SPSS 23.0 #E47 4341, K FH Excel /EIE
i A 07 240 ( ANOVA ) 4T B B2 5
ST, Bl P<0.05 M E 255 P<0.01 A B & 2R,
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R 5 TR 2 17 30 S 00 AT AR R (2021 ) P ==
X4 (2016) PIIFFTEs 9L, Brrgih . HEpE R
PR SR R A A TR B SR N IE AR i 3 4
DRI, MR 30 309 B0 DR 3 8 R 4% TR R Kk -, Herr,
P E R B VE TR, AT TR AR R (i
Foo1:1) ERE AR BIMALs ¥ LR BT,
IEAS TS R ARSI 2,
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Tab.2 Factors and levels used in orthogonal experiment

FES K
FEEETT R A /% 10 15 20
JEWE R B/% 7 9 11
WRR-FTEIRE AR C/% 0.1 0.2 0.3
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SR X AN, (HAL IR B & K, B AR AT N
HEXTRTZE A PR B R i /N o 8 E AR e T
BB, MR (BRSSO ). T
15% . HEHE 9% . EAHR 0.3%, ME TS24 5T
HRE RN 3455 96.58, 4 KEEN BT #
ZARRER
22 EMR-HFERESGRTELZESES

VA SR T 5 U SR AT A B A SR TR ST AT
RSB FRELE 1—2, mE 1—2 TE S, Hf
A2 BRI, R SRR AR o S 2
AT B R MRS, U B BT A
TG FE T KRS 43 M ) GC-MS 73k i
SRR T R B IR A 13 A4S, AEXTER D,
T XU B0 45 /0 , X UE S T R MR BE BN R
TSR A R LR A4S . IInFr T R, HARR
ATESIEISEI R R, B R AEIEL R 26 4, Ut
HH AR B A 3800, 35 55 8 RLDE P rh o i 2R —

MR A RIS, BAFEE R EITN LR —
o Hor, SRR RE S AE 24.5 min 27 A7 B HS B
e, MR E AR R A 3 R
I, IR 18.2. 19.7. 26.9 min T,

*3 EERTERAEXHKWER
Tab.3 Orthogonal experimental results for formula of
compound juice

B et A s gamac
1 1 1 1 73.34
2 1 2 2 80.21
3 1 3 3 77.53
4 2 1 2 92.43
5 2 2 3 96.58
6 2 3 1 90.45
7 3 1 3 75.84
8 3 2 1 86.64
9 3 3 2 81.71
ki 77.03° 80.54°¢ 83.48*

ky 93.15° 87.81° 84.78"

ks 81.40° 83.232° 83.32°

R 16.127 727" 1.46

HF: oa.b.c /M HIERIR B IKF P<0.05, ** KR i 7K F P<0.01,
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Fig.1 GC-MS total ion flow of aroma components in noni juice
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Fig.2 GC-MS total ion flow of aroma components in noni-lemon compound juice
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A—1i S EEC 6.26% ) 1—H 3t 4—H 233 2 H( 4.82% ).
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TSR LA S 2 A A AR R R R R, ST S 4
TERH . SE R TR N SR A BB AN T AR
FrE R, AR EEFNSAER T D7
B . a—PATEEFN y—Fadhdas, UL X Se RS
PIFE R MR, X E AR FEW TR K . A7 3k
A IR 0 SR BB A S S B2
BT, BEHHIX 2 RY IR R R, R R ENEEE
ST o ERR VAR FEHFNS, ERARIT
VR RSP AR i b, U B R N T i
FEMEEAIX 2 KW,

FER 5 0, v A R B 0 A R 20
Bl HrpEaE Y EA 8 Fh, EERY A 4 Fh, FR3S
VIR SR, BRE. Lileds . MEEREERY A5 1R,
VISR A R R ) B EH RS I 44 Fh
HAp GRS T i 2 , ik 5] 24 F, B2RY) A 10 F,
BERWI A 3 F, BEIREYA 2 F, TR kS 5

A AR, BRISYITA 1R ST AR AR R e
HIESY R NIRIE, K3 53.52%, JFH A 1 f,
KR o A RS YA & B Iy . RS
(53.52% ), BEZ (19.01% ). FEZE (16.68% ). Hiil
2% (9.65% ). Bkt (0.76% ). BEFREA (0.3% ).
A TR SR ) S T IS 148 R R R 121 R 1A Tk
TR FBR, X T i e TR R R SOE L
AT SRR AR, AR Sk 0.7 g/L,
B S & AR, AR TR R, (B 4
X e, AR I R Y B R R RN A
B A R e R £ O R A, B R
SRR AT BRI RO 15% 89 BT
i, AR I EEE LR T AR, U
=2 TR I HE R PE AN AR i A2 . B A Rt &2
VER AL A W AT B oI E (61.86% ). B
(31.12% ). EFERBESS (4.26% ). BEZE (1.82% ). MR
4 (0.65% ). Lekeds (0.19% ). MR MHER S
HEEP, A ERRPO ) BE NS T T R 0 T
R, iR &R E LR E RS wRiE, 5
IR R EE L R TN (7 I TE S M sy I SR ¥ SR &/
R AR IH A R RE NIk,
2.3 EMR-FTREGRTHIEKS
PR B AR AR Y B ERRMEZ —, i T A
b B SR T A R AR AR I O, SR A i
WRPEAE , o D R 11 B AR o DA Tl SR 7 Ry Xt
HE, XF He A B i o SR A7 8 B 5 SR T I R AR AR R L
FL 5 T RE S SR A R T L 30 AR SR
()25 R DT AELAF AR 0 2200, S A ST BB R R R A
SO AR, AR FRRIEAANAS | HUA e 5
MIERSA TR, Ho, BHEEMAS iR, AR
FERRGEARIA R 8.57, Wrmn AT BEH EE RS -3.21,
PIEAZE 11.78; BREEM AT 2.14 £RAE
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Tab.4 Volatile aroma components in noni juice and noni-lemon compound juice
= 2 5] 6] /mi N AEXT B /%
fFE RAIH T min feaars AR MR RREART

1 5.664 1-H 31 4-3R 0 4% — 0.07
2 11.834 P 3.85 —

3 12.784 OV PR R 3.35 —

4 12.933 o—JEIE — 1.13
5 13.763 ok — 0.28
6 14.943 1-H B3R MEH—-4- O M — 0.01
7 15.286 BTN 1.94 425
8 16.278 B—H kM 0.76 2.45
9 16.836 o—7K B 1.26 1.75
10 17.48 1-F 3 4-F 2 A O I 1.82 4.82
11 17.809 B vk 7, Bk 0.76 —

12 18.453 LFEEC B 0.54 —

13 18.493 DR 2.58 34.03
14 18.821 3,7- W 3#-1,3,6- =M 0.53 1.20
15 19.941 y—Fi T o 0.24 10.37
16 20.979 1= 3% 4-F L & B3R O 0 0.52 0.05
17 22.052 g 8.58 1.85
18 22.425 Xt i —1,3,8— =4 — 0.05
19 22.658 1,3,3 = H 3— "I Ji—2—fi% — 0.91
20 22.808 BRILH LR LG 0.20 —

21 23.044 SR W g 7.98 0.05
22 23.736 1,3,5—= (W F1 &) —¥F Pidt — 0.07
23 23.892 15 i — 0.03
24 24.251 B—HA i i — 0.72
25 24.739 2R — 0.07
26 25.045 27 H 3t 5—H 36T 2 FE 30 O i — 0.01
27 25.356 2— P — 0.31
28 25.742 T Z i 0.69 —

29 25.892 A — 6.26
30 26.498 IK A% 1% F g 4.46 —

31 26.954 a— A I B — 18.34
32 27.834 SR 53.52 0.65
33 28.815 3,7- " F-2,6—¢ T — 1.63
34 29.289 F 4, L Al R g e 0.30 —

35 29.695 3, 7- W -2 6—2F -1 6.04 2.68
36 30.231 ¥l — 2.50
37 33.734 4-H3E—1-HJE 23 - O — 0.02
38 33.954 2,6— "W H-2,6-3¢ "4 — 0.08
39 34.619 3,7- "W -2, 6—3¢ TR TETR R s — 0.99
40 35.474 1-H 36 4-FJL Y 2. 36— O 0 — 0.02
41 35.649 Z R Il — 0.78
42 37.277 1—{1 71 ¥ — 0.30
43 37.931 2,6— W —6— (30U HE) — XU BE—2— M — 0.34
44 38.505 SR — 0.01
45 38.623 a—A T4 — 0.02
46 38.741 B4 AW — 0.01
47 39.591 PR Bk — 0.03
48 39.996 L 18 PG AR I — 0.19
49 40.296 1-b—4£1 ¥ 24 4% — 0.03
50 40.489 B—BI7 KR 4 — 0.40
51 49.283 3,7,11,15—-PU F -2 .6,10,14—PU R —1—1 7S B — 0.02
52 49.728 1,14,16—= H E-PUFFR—+ X — 0.12

TE: R AR,
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BRI 12.45, PUOTETR A S B B & i R
A 5%AA, SIREGEHA 3.68 g/L, HHRRM & EWEK
REY, DRSS MBAR . I B IR Rm , JFH ol
TR RA A PR, A T R
0.3%HYS IR, 3N TRIT MR, ArifEi i &
RITBREL, AR R EER AR S . dt T WL, TR
WIS R A AT O R A AR s A R
P2 TIE . AR EIN T RErE, 8%
TR B T, ARSI BLE AR, 2SR R
R, RHOR BRI R, HARIR SRR ELE
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Bxt & E

Tab.5 Variety and relative amount of volatile aroma com-
ponents in noni juice and noni-lemon compound juice

GITE SN W R AT

*EP;'C* POo=N A~ EL
7 % - %
[i7ES 1 53.52 1 0.65
S 4 19.01 10 31.12
Mg 5 16.68 3 1.82
G 2% 8 9.65 24 61.86
Ll 1 0.76 2 0.19
TR i) ik 2 1 0.30 4 426
A1t 20 99.92 44 99.90

2022 4% 8 J
Sweetness
15
101
Saltiness g \\ Sourness
A — IR
————— ARt
Richness Astringency

Umami

K3 v R S IR AT A AT TR
R AR B
Fig.3 Taste change of noni juice and noni-lemon
compound juice by electronic tongue

24 EWR-ITERESRITELERUE

T SRR M 1A v SR S TR E SR R R
Sy EAATE B, X v I R T R R R A AT
M E B SR AT T, EEBIE IR 6. ik
6 ALAL, VAR A R R IR R4 R C
SEORABNE PRy o ISR S A AT B T ik [ e
PrrE R S AR W R T R, RS B S
Ji L HEAE R C XS LR (9 R A AR . AR
Y, WERATEIL G R — P E S 2 A R )
RE I AR T OB o

K6 EMRTMEMR-ITREGRTPHNEEEFTNS

Tab.6 Main nutrients of noni juice and noni-lemon compound juice

sab7 BIEY &/ MRS R/ H fi Ve &8/ oy Y. iia=v) B/ MR A/

% (gL™h (mg'L™) (mg'L™") (mg-L™") (mg-L™")
IR 5.3+0.24 3.68+0.18  3.760.01 214.51+0.67 1.48+0.03 0.62+0.02 50.65+0.64
EART 11520287 5.96+0.22"  3.31+0.02 176.69+0.82 0.92+0.07" 0.54+0.21 41.36+0.62

e *FR P<0.05, **3FKIR P<0.01,

3 4k

K IEASIR I AR5 2] T BB PRI A5 20 fie i 19
WA R AR (RS ):
FEEETT 15% . BERE 9% . E AR 0.3%. A RITH
BETEM A 96.58, EARIT @R . 11E4n
A, BRENEE, BEA RUE o I SR AR R Rk, iR
BB N R KR . S InAr BT e B R s T
R R EFSA N, BT gz, R
P2 SR BV I SR G 20 Ff b T B0 e SR A
SR AR E 44 Fho HoA, JEEE2E (61.86% ) 24

P, BE2E (31.12%) 10 F, X 2 RIS B,
REEARITEFEN EEH WA EaRThaE
BEWMBFERI N DFPEER (34.03% ). o—FATHEE
(18.34% ). y—WA 4 ( 10.37% ). 4—1 B ( 6.26% ),
Horp D-FFEE M oW IHEERY SEE, WEAR
T FEBEF/S S W AT AR R R R
T Em, HAX & &b Ekr 53.52% T FF 3
0.65% WRMNAFEETT 5 JL T BB 2 0 B 1 3 42 1
FB/ TR, e T R R, O
JETEAE . SCH R AR ST R T SRR A R A ELS I 5
AT AR ARG T — 2 A BRIS AR o
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