e

FOOD
AMDUFE

7 Vae

e

The Food and Life has published all type articles such as research articles, review
articles, survey articles, research note, short communication or editorial since 2020.

It covers the all scientific and technological aspects of food and life science.

https://www.foodnlife.org



Food and Life (2023) 2023(2):39-47
https.//doi.org/10.5851/f.2023.e4

Q0D

for all mankind

Research Article Open Access

USHUZMES 018t FA 20| LY 22

M=o =30t £E A ANt M)

Check for
updates

Optimization of ultrasound system for the extraction of volatile compounds in Citrus
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Abstract

The aim of this study was to study the optimum condition of ultrasound system for the extraction of volatile compounds
in Citrus junos (yuzu) peel using response surface methodology in combination with a Box-Behnken experimental
design. The effects of ultrasound amplitude (X;), sonication temperature (X»), and sonication time (X3) on the changes
of volatile compounds were investigated. The response variables, such as the total peak area of volatile compounds (Y+)
and the peak area of limonene (Y2), were obtained using gas chromatography-mass spectrometry. Based on the results,
the predicted optimal extraction conditions for Y7 included an ultrasound amplitude of 65.56%, sonication temperature
of 62.14TC, and sonication time of 57.85 min. The predicted optimization extraction conditions for Y, were an ultrasound
amplitude of 74.94%, sonication temperature of 64.12C, and sonication time of 61.00 min. In conclusion, this study pro-
vided useful information on the ultrasound system, which is a non-thermal extraction method for volatile compounds.

Keywords: yuzu peel, volatile compound, response surface methodology, D-limonene

ME

FAKCitrus junosy= SFOMA ORI S, Y, Fh=olA A
Hi == citronof] &5h= BHAol. FA= FAL HHE 7HA
1 glow, wul9] wpZ REd= AX AE9 HEZ Xt
At FARE O E AEF ALY O E 589 &S A4
of A1E, 3R, A%, T T thdRt ARdellA g AR E
S TYUole}. Sl Eepricol=o] St 25 4R
A hesperidin} naringin©] T hFEo] 1o, FujofAf Z
2% hesperidin> FAS}, FALS} & FE27], FAEE 5
9] 1771585 Ad Y E4& HaET QItk(Hwang
et al., 2014; Moon et al., 2015). A1) A7}75A4l0] HagEo]
w2t 92 H72E(Lee et al., 2021), A A7} AL (Kwon
et al., 2021), 94 3] A7} F7](Kwon et al., 2021), 84} 1}
5] A7} ZW(Choi et al, 2019) 5 44| SHE BEI 1
Ao tfgt A= &35t Hal 9t o]d A+ES BY
AuHA o2 [fAk= e PR & ARER 2om, AE

Bl 30 kI R

¢}

Aol §Aie} 2 Theat ThlE mE meket A9 71
apgolt The) AEAHEL AX ALBET UchMivazava et
al., 2010). o= 4 ZH]of] EAfcts 553 Pt 715498
7H= &9l A&l &85t7] fitolth(Lee et al., 2010). ¥}
o EAlok= g 283 FEdeRES At &8st
7] flsfiM= olAlE 2Ue] FHiE AREES F=5h= 71
ZAo] F& ARLE|I QK Choi et al., 2016). YEFHo = 3}
09| AREES F=5V] AT THe=EE 57 SFH
(hydrodistillation extraction), SDE &% (simultaneous steam
distillation and extraction apparatus), <3 (soxhlet extraction)
o] AQItHChoi et al., 2008; Lee, 2009; Lim et al., 2009). o]&]
S HRES 35 80 ¥ 3740] THHsk= Aol Al
9t 3120f o5 fAR] 8 [-84w0] w9 B/AdE op7lst
o] 1 75785 18RS a4S doXIthLee et al, 2014).
0|9} 22 FAIE Hstr] figt ARl E94 o R=

23} & (ultrasonic extraction)0] It} Z-S3}; & 2=HH
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2 20-500 kHz Fu}p0] 2ZuhS o]-8dh= FEHoR,
£ & W vlgf| & &2t wet & AR 4%} of
w0l &LH 0|t Majid et al,, 2015). 223} &2 22
mfof| ofsff Alzo] 2] why, YA HHO| B ALY FA,
W E&  Kintra-particle diffusion)?] G312 & A|7FS T=A]
7|7 22 2282 FRAFAZITVilkhu et al, 2008).

RS- FHEL X H(response surface methodology, RSM)2 o]
2 7}9] &4 (independent variable, X,) & AREolo] A%
AL gl A2 o HPEE] 4o = Qe T5H
Z*(dependent variables, V)& &7g5l0] H4E9] 4 gk +
“gok= Wro|th(Park et al., 2017). A1F4HAOA HHG-HE
A2 FF 23 6 = 2 gEsto] AT 7t
SHE A0 g Yo E & AREEL QItHKim et al,
2015).

B2} 2259] vjelo|Y hesperidin(Yu et al., 2011), T4
3 &4 (Yoo et al., 2004), T+ EAI(Majid et al., 2015)0] 35t
AT MR, §4F 7 287 2329 T4 B
A 59 FH3l] Rt Ak mlE[RE AAolnk whEbA,
2 AFoME F4F T o] 231 5 240 ot 54
1o 245t A 7] A= &2 HHslstaA} gk
Gas chromatography-mass spectrometryS ©|-8-5l0] 82} 7}
22T 2E2EE EANstyon, 220t AE, A AR A
229 & A9 wet F | ARY AT AT D-
limonene®] AT #hZ &3l A F221S AR
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Ao] AFL3E GFAKC. junosy= A= L&A T
Asto] Zhu]o] At} FFsla 1 2717 FUg AL Adsio]
Argatdet. Aol ARSH Al9F methylene chloride?} anhydrous
sodium sulfate:= Sigma-Aldrich(St. Louis, MO, USA)A}oJA]
FUste] AT,

rhe

A oL =ZOSES

S A2 F BI1E AAT 5 0] ERe A2 T
U olga] @ AA(rind) BE WS elgt A 44 T
Az ALGSCE ofF 94 T4 AlR 40 g0l 37 FRZ 120
mLE H|Fo] Y1 %83} AX|(Mirae Ultrasound, Bucheon,
Korea)& ©o]-&5to] s 2104 &5t} 233} 2|9
water bathg 53] L& F&51% 91, frequency= 21 kHzZ
J7gstod ARESIRIT. 230t 5 2712 Box-Behnken TR}
o] ®4)(Box-Behnken experimental design, BBD)O] 23} 157}
A 275 FHsto] ARSIt Table 1).

Table 1. The coded level of independent variables
used in response surface methodology (RSM) design

. Coded level
Variable Symbol
-1 0 1
Amplitude (%) X 33 66 100
Temperature () X2 30 50 70
Time (min) X3 30 60 90
Qx} BTlo| Y MRl 25 U 2N

4 et S5 THES 2 &gt & methylene
chloride(Sigma-Aldrich) 100 mL-< 3057} 400 rpmO.E
wrksto] g Fr1E9] 8 &5 APsiolth F2&
2 9lEnt No. 2(WM1002090, Whatman, UK) o2& A}85}
of o3t &, ERZAY7|ZE FS £S5 Methylene chloride
32 3]45}9] anhydrous sodium sulfate(Sigma-Aldrich)E ©]-&
Sto] 2 AAT &, AA71E99.99%)F ©l-8ste] 1 mL7}
] 53t & gas chromatography-mass spectrometry(GC-MS)
A4S AAISHI

GC-MS 42 7890A Agilent GC system(Agilent Technologies,
Santa Clara, CA, USA)2} 5975C mass detector(Agilent Tech-
nologies) S ZAgF5to] AR&51It}t. DB-WAX Ultra Inert capillary
column(30 mx0.25 mm 1.dx0.25 pum film thickness, J&W
Scientific, Folsom, CA, USA)= 3¢ 7L BEE 95
AREEIRITE Helium(99.999%)0] carrier gas® AREE|3]0H,
flow ratet= 0.8 mL/min°.& Z-8-3}%t}. Split ratio 100:12 1
pLe] 94t 3 FEES FYUSHAE Injector®?} transfer line
O] 2= 747 230C9}F 250C 0], Q8 %= 40ToA 5%
o A 200071 4Cimin SER 528 F, 287 97
Ak A §7)/d59] o] 23k= electron impact ionization=
Y519 0.1, ionization voltager= 70 eVE AT} A &
AF M= 35350 am.u(atomic mass units)O2 AASICE.

GC-MSolA EE53t flo]El= MS-DIAL X2 J3H(ver. 4.92,
http://prime.psc.riken.jp/compms/index.html, RIKEN, Kanagawa,
Japan)S ©]-85}9] deconvolution X Z+ A|F.2] 1] 3IE alignment
Skt & 1327]9] o237 A&, o] S GC AHA
FEol= siloxane 9 signal to nose H]-&0] 5 0]5}9] I =
Alefste] & 126719] BFE o E SARAS HAISIT
D-limonene2 H5E2] Retention Index@} H|wslo] EQ151%
o 7 A IR g BIRe) T gae
248 olgslol 4ria groR SIS
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Zot7] 9Iaf HFSHEHEAHRSMyE AAskict. AEAE
S Design Expert 9(Stat-Easy, Minnneapolis, MN, USA)< O]
83}o] BBDE AA5It}. 251k $20] JF v|A= QAR
(parameter)?] 379449 SHHSE 23T AEX)T 23T
A LE(Xy), 23 AT AZKX:)S AT, SYHES
of ot AFHE 3RA-1, 0, )Z F58} SFHTKTable 1).
RSl RO RE §AF 9] 25T & Al 1 58S
Uebd £ QJE QIAZE total peak areal] FTF FH(Y)IT A
o] o] o291 M 71482l D-limonene®] FF ZH(Y2)
& d7sto] Uehdc). BBDO] o8] AR & 1574 52
2 AAstel Ae At

SHXE

A 9] 230} 25 HH XS gRlst] 918l IR
AZ olgstRen, 2t =YHset IHUR WA S
model®] 2] o= Ftestz A SAAES Fold=
SO (p<0.05). 7 M52 W8S E7] 913} perturbation
plotZ} response surface 3D plot2 R program (‘rsm’, ‘perturb’
package) & 0|85to] EZ31%ct

Z3Opx| =40 st 2lud U HE2e F= 53

2 A= A B9 231 & 270 wE g F
71889 & =& 271E 37| 99 BBDE Bofl 157]9] wt
< X9 AAE Aol & e
Sk= 78 W4l 220 AEX), 221 A
1 A2 ATHX)E Ao, vhg W
] 18RS % A )T A 8 3 IR
Q1 D-limonene®] & Fh(Y.) 0= Aot 230 &
Aof| 2 {2} T F2EES GC-MSE EA5lo] & %
2|43} A3= Table 20 YERAQICE 7H 2 Yi4kE YE
W 272 sample 1002 UePtor, 1 242 253 ZZ
66%, AT 2% 70C, A7 A7k 0o UEitt §H, 7}
92 3 AR IR FF (Y)S UERd 22
sample 12 YER}tOH, 1 AL 220} AE 33%, AT &
T 30T, A AR 60222 YERT olE Fof 54 Zu] g
Z20 22 Al F & 588 Yakle 25T I=, A
25, A A7) HA 2749l Ayt BQvhE o = Qi

Limonene-2 citrus<; 2+ 2] A-R-dH=0] 70% o) eHfstal
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Table 2. Box-Behnken response surface design and respond values

Parameters” Relative peak area”
Sample X X % vE v
1 2 1 2
1 33 30 60 822.91 463.05
2 100 30 60 778.28 435.27
3 33 70 60 1,169.80 635.89
4 100 70 60 1,166.63 673.91
5 33 50 30 1,146.99 668.44
6 100 50 30 1,175.70 664.76
7 33 50 90 1,197.80 671.68
8 100 50 90 1,132.09 627.36
9 66 30 30 1,015.60 559.82
10 66 70 90 1,213.81 684.21
11 66 30 90 879.36 485.76
12 66 70 30 1,205.36 682.34
13 66 50 60 1,158.44 635.28
14 66 50 60 1,157.70 632.48
15 66 50 60 1,147.52 633.35

" Ultrasound amplitude (Xi; 33%, 66%, and 100%), sonication temperature (X; 30T, 50T, and 70°C), sonication time (Xs; 30,

60, and 90 min).

2 Mean values of relative peak area to the area of internal standard.

9 The content of total peak area.
4 The content of D-Limonene.
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%l 39 monoterpene hydrocarbonF-O|THSong et al., 2000).
7P 2 Yo3h2 sample 109] 2710]U3L, 7 W2 Yogh
sample 19] 27102 v,olxje] Ao} 22 ATkE Uehje
Ao SRIE) BE 32 20N F LA F71E9]
A=k 7k tH] D-limonene?] 1S B 54.36%58.28%% L}
E}yftt. o] Lan Phi and Sawamura(2008)2] S-Lof|A] Aul A
ol mE 74 7] FH2] 8 2RkE 5 limonene©] 55.86%-
64.79%2] 910l 9= 23} SA3 Zfolek. Limoneneo] F7]
AE9] A Are] thRE-S ZAsH7| ol & A I
4rol Ao g5 AR 2TE Uehe Ao el

Table 32] AAA4(coefficient of determination, R?)= RSM
oA AR M-S APohTe A ARE 02 1 Ale]9]
2k AU, 19] 7hese 1 Awelo] Eohn o % gt
(Lee and Kim, 2010). Y,3F9] A% R=0.9731°0.2 Uyt on,
Y,9] Aol A= R=0.98352 X, X3= A5t X,7} p<0.012
2 BE o] £e Fuz olEyrk

FAF Ao 32y SIIERE =20 FES Pl 2t 24

Y = 1154.55 - 9.19X; + 157.35X, - 14.90X; - 41.36X,>
+ 10.60X:X; - 127.38X,% - 23.00X:X; + 36.17X:X>
+ 51.36X;>

BBDE &% 7} Sdol w2 Y3e] 221 375419
Al p-value= Table 30 YERQITE 233 & 2719
uteh 7k Ew9] 22; 314l p=0.0021(p<0.005) O =

21491 22 Vrebich 27 ST A S Fas)
E2 Uehiel, A2 e 92 ojseldl WA HEay
L5 UEhdCHHan et al., 2019). Fa4EE Y= A
(linear: X, X,, X3)oA] AP 2330 JF(X)H} 251
A AT XK= HAeR1eR, 230 AE 25(X)= 37H8
IoE UEHHh =9 ¥F F 259 AY 2EXy)= p<
0.0001°02 7P §9439] &2 H4=E, 8oz FFS v
A= 8092 752 & ok E3h 250 AEX)} 25
1t A AKXz F54Q0 A528-S UERd v, 23T
A ey 225 AFX)T 223 A ARKX) HF
AR A2 AE-E UEUIH: 271 o] de] S-wolA 9]
WSAEFINE WA cross-product: Xi X, XoXs, X1 X3)S S5
SRRIRH A} XX XX H et Yigholl XoXs7t B =2 Bk vl
A= A0 = FRIG &= Q=T o= XoXzol4] p=0.12930= ot
£ w2 A-ga o] Hs W p-valueZ SRIFHUAIN 5% F
o4do] QA=A ket S|4 W 0|2} (quadratic: X,
X%, X599 RS ERletiS of, X2, X7, X579 p value:=
717} 0.0952, 0.0017, 0.0562% X, 20A] p<0.0050.% 9040
Q=

W7h) Aol ] Sl Be Yol 24 2
< 2105 -] 98l RSMZ 53l 33H W3 EEe}
perturbation plot& Fig. 19 YeFJ3Ic}. Fig. 1A9] 13=&
KA 230 A7 2= 253} Z1Fo] F7ig] wt Yigko]
S7FeI7t ARl 223 AF 65.00% 2239 A 2=
61.96CONlA Xthgkel 1,233.33 YL U 24 oA
Al Zask= FAE UEREE o] Sandhu 51(2021)2] Aol
A 287} 1%o] Z7K4E 0ux] H9Re] 80| 37}
Sebt 9P SAISE A fARE A, 28} 1%

Table 3. The regression coefficients and probability (o-value) or corresponding response

Total peak area (Y1)

D-Limonene (Y»)

Coefficient p-value Coefficient p-value
Intercept 1,154.55 <0.0001 633.7046 <0.0001
X; -9.19 0.5381 -4.2584 0.5273
X2 157.35 0.0001 91.4329 <0.0001
X3 -14.90 0.3389 -13.219 0.0922
XiXo 10.60 0.6126 16.3703 0.1238
XiX3 -23.00 0.2942 -9.939 0.3127
XaX3 35.17 0.1293 18.9825 0.0885
X:? -41.36 0.0952 -12.8638 0.2159
X5 -127.38 0.0017 -68.3523 0.0008
Xs? 51.36 0.0562 37.6797 0.0101
Model 0.0021 0.0006
R? 0.9248 0.9537
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Fig. 1. Response surfaces and perturbation plot for the effects of ultrasound extraction on total peak area with
independent variables (A) ultrasound amplitude and sonication temperature, (B) ultrasound amplitude and sonication
time, (C) sonication temperature and sonication time. A, ultrasound amplitude; B, sonication temperature; C,

sonication time.

S7Hl IE 7] LY PHo8 £ 589 AAE o
ot Busioicth & wispol] thst o|x} )71 4le] Rk
0.9090]11, p-value:= 0.0002% -3-2]4J0] =2 BFSHEHAEY
& 4= Qlth Fig. 1C9] BRSHH T TofA . 281} X2
L7t 371stl w2t Yigke] $71ske ARk ettt A
A9l 62.48C 2} 57.9450 A4 FHogkel 1,177.9002 YERdH &
i T AR A% Btk 230 AY AR 37
ool wiet 11 & At Aasiglon, 4 AR ojFole
YiZto] 716H= 3RS YRtk o= Mollaei 5(2021)9] A
TollA 251 AY] 2=7t SR ARAES] 80 T
7Fetlth7t QAR o] RE ZAshal, 251 A2ATE 30
£ O|FRE 8o Thhsh= ATt Aok Atolt). 25
1} A2 Alzte] F7Hte] whet B-s@ gl ols 229 et
37} o] FolA & &0 FASIAE DAL o]F 11
E4o] 3fi=]o] GRS 77t olFofX AL Helrh
T o] digh 22 FAEA 49 R% 0.9389, p<0.0001°.2
ARl At gk YERdTh Fig 1BoA= T b 19
I 2okS UEhH, PRl 231 JE 60.04%2t 62.635
oA 1,076.369] HAES UeRich F wisol tigh R%gE
0.08111, p=0.971602 %21} AZ(X)} 223} A A7t
(X)oll ek 2213778 419] fo14do] gle= & &= AUSith
ol Boto] Y5k Aol 220t AFHTE 233} AT A
T 223 A9 2o e 9%E H ol ¥ A ¢
= d%oH, F 3t QIR 233 XX, 9.29), 25T} A

flo o rlo rot

7] L(X,, 157.35), 231t A7) A7KXs, 14.90) 0.2 3]74]
ORHE A2 ALY Frte X XX 02 FRIE.

[At 2mjof| StRE! D-limonene?| =31t FE It 2|5}
=4

A+ Zhjof] $-3-2 D-limonene®] &5} & X3} 271
< TE017] 9I5l RSM BES Boff 23 SAPHAE =&
23 o33 2ok

Y = 633.70 - 426X, + 91.43X, - 13.22X; - 12.86X,>
+ 16.37%:X; - 68.35X,° - 9.94X:X; + 18.98X:Xo
+ 37.68X3>

Limonene2 #&3} 22 4l S W= citrusFo] 58 A&
o7 {AF Aol 7HE wol 23 E4& dA UrkSong
et al., 2000). Limonene2 ARSI 9 YA A RE 5Ho|
U= 715748 BEE, citrusi T4 8 E4<2I limonene
= £25p7] 9ol &yt SRSE o8 T/ & =
AZITHAhn et al,, 2020). BBDE o] &5}0] 9} Thmjo] 2ox
FEEA A9 92 AECQl D-limonene?] peak areagt
ol A w2 UEriiglon, ZF Sl wef 2% 3R
29| A4} p-valueE Table 20] YEILE 230 & X
2ol whet 22 S} A AR p=0.0006(p<0.001) & =2 -2
42 Uehdlth 314 AlgE E)ls) HokS o, 3%



9l 223 AEX) T 223 AP AKX FAQRI0=E
25T AP 22 (Xp)e 780108 UEkth 51 W
250 A2 ZE(X)E p<0.0001°% FoJ40] w2 WP
o, Al 7H] S€HS 5 7P 97 PR 8909 §F
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o} 27) o] HRigolA 9] no A RIS WAL Q(cross-
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Ho} Y,9] 3ol XoXo7h B =2 239 93RS PR AL
2 ZRIG 4= Q=T o= XoXsolA p=0.0885°2 ThE WS
Z-gqito] H|g] W2 p-valueR SRIT 4= QAT BT 5%9]
FoaEollA Felido] I EA] skt B4l e oft
Hquadratic: X\, X', X399 oS ERIs9S W, X7
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oA p<0.052& 5%l Folido] AFEE o]F X
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73.09%9} ZSmA L 633300 AAEoR Highel
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At A3ES Kol Fig 29 ¥FSHH I moAE 2
=0 A7 2271 F7Hel wt Yogtol S7eke A UE
Uizt BAE0l 63.61C2F 60.15804 Higkel 656.70%
Uehd & Fraoks AS Btk 231 A2 AR 371
ghof| whet Aotttz 4 ARt olF TA] F7keks ARk
< YERJQIT). Akhavan-Mahdavi 5(2022)+= dl-limonene®| &
2 259} AkA HE0Z QIS Alglz Qe WAE Y F3) F
o] o|F& WAPAI7]= hydroperoxide FE|Q] A= HAHH
I Basieiey wEbA, 250 JF] VIR s a4
(cavitation)o] Thg WAYSHA Eof A2 F 4biet HESH= 4
Tt golRlo| wet AR} o]RojAY, & REE <l
limonene°| Fa}sto] 71 Jefo] FHAdl= 2108 Helth E3
Park 5{2015)2] 7F=3}1]o|4| 9] D-limonene & |23} A+
oA F& AlZto] 1A7IA 247t R F71Eol| wet D-
limonene?] g&fo] X|&A 02 F7FstAA|NE, Hhx|o =gt
T Alzto] Ao wh FHEo] S7ksAA 11 gFgol fAE
At TAE= AEFE YRR o= fAtolA & Al
7ol whet Y, Eefo] Frastittrt 47 ARt ol% STk
A diuiEE AR, 2 Aol 231 A A7lo]
30, 60, 9002 60+ o]F 11 o] T7ok= A= FARRE
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Fig. 2. Response surfaces and perturbation plot for the effects of ultrasound extraction on limonene peak area
with independent variables (A) ultrasound amplitude and sonication temperature, (B) ultrasound amplitude and
sonication time, (C) sonication temperature and sonication time. A, ultrasound amplitude; B, sonication temperature;

C, sonication time.
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