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Abstract: In this study, lemon peel residue powders were modified by microwave, high-speed shear and ultra-fine grinding,
respectively, to improve its quality and the comprehensive utilization rate of lemon processing by-products. The
morphological structure and thermal stability before and after modification were characterized by scanning electron
microscopy, Fourier infrared spectroscopy and thermogravimetric analysis. The physicochemical and functional properties
were measured to evaluate the overall quality of the lemon peel residue powders after different modifications. The results
showed that the structure of lemon peel residue powders was loosened after these three modifications and the main
functional groups were not significantly changed after the modification. The thermal stability of lemon peel residue
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powders was significantly improved after microwave and high-speed shear modification (P<0.05). Overall, the

physicochemical and functional properties of the lemon peel residue powders modified by high-speed shearing were the

best. Its total dietary fiber (TDF), soluble dietary fiber (SDF), water holding capacity, oil holding capacity and swelling

capacity were 81.88%, 33.07%, 20.05 g/g, 2.00 g/g and 34.99 mL/g, respectively, as well as had the best cation exchange

capacity, ability to delay glucose dialysis, glucose adsorption capacity, and cholesterol adsorption capacity, and therefore

had similar physicochemical and functional properties to dietary fiber (DF). Correlation analysis suggested a highly

significant positive correlation between the SDF content in lemon peel residue powders and each physicochemical and

functional index (P<0.01). In conclusion, increasing the SDF content could be used as a reference indicator to improve the

quality of lemon peel residue powders, and the lemon peel residue powders modified by high-speed shear had the potential

to be a high quality source of DF, which could provide some theoretical reference to improve the quality of lemon peel

residue powder and its potential as functional food ingredient.

Key words: lemon peel residue powders; modification; structural characterization; physicochemical properties; functional

properties
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Fig.1 Scanning electron microscope of lemon peel residue
powder after different modifications
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Fig.2 Infrared spectra of lemon peel residue powder after
different modifications
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Fig.3 Thermogravimetric analysis of lemon peel residue
powder after different modifications
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Table 1 Contents of TDF, IDF and SDF in lemon peel residue
powder after different modifications
TEEL4E (%) CK WBF GQF CWF
TDF 55.02£0.97° 68.34+0.75° 81.88+0.46° 52.30+0.67°
IDF 39.25£0.76"  45.44+0.80° 48.82+0.76° 33.53+0.56"
SDF 15.78+1.52° 22.89+1.07° 33.07+1.14° 18.77+0.38"

T ARG TR AT RO 225 835 (P<0.05)

2.5 MRIEITIREEMAY WHC. OHC. SC 734f
i & 4 AT, =Ry S RE 2 B SR
@RI K 1 (WHC) | BEAK J1(SC), Horhg s gy
VIR ey, FHoRFK 970 K 1435100 20.05 g/g.
34.99 mL/g, Y475 T 00 4500 SR FH & Wk . JE N
S SR FH B 15 T B DO AR i TS R B 4T A R K )
(9.15. 14.39 g/g) . Ak J3(13.21., 16.36 mL/g) . #¥
162 B s R K 1 A K ) J 2 5 O A+ A A
H: SDF. IDF &g P, Aris lr il dy R AR OKR, 4%
FERALS, 238N SoK ES G OLE IR RK ST I0iB 5
YEFH, i SDF GBS /KIE sUEEE, Wit K5y, K530
ERARPY, R E AT YE S AR R B AR rT A, —
Aoty S EAS IR R BEHE 5 T AP i il b SDF
T AR ARG . B R, BChK AP
BOERTHRAE TIRYE . =FholorE g mn TR R iy
7l J1 (OHC), Tk . 38 BY Y i) s8R AL T8 oy
WE, Syl e MR N T 18.29%. 21.95%., OHC 14
PETH 5 AR FR S BERRAR . ZFLERBAniE s | J11EH
Waal A OG0 =Rt R s B iRy L SR T ARG
K, BT Sk A, AR FLBR AR AR S, B
RSB P 5 | RO, Rtk OHC #2155, it

1 OHC 40
201 E@ WHC 35
) 3 SC
) 30 _
on
= 157 ¢ L25 3
f %‘35 20 g
JIGEE b i
= = b2 lys g
R ] 7kl T &
= = {f0=
& 57 o =
sl %‘a Pl
o bl ErS
s %’uﬁ 0

Kl 4 R[RIESCHEAE S Fris e k) OHC ., WHC, SC
Fig.4 OHC, WHC, SC of lemon peel residue powder after
different modifications
TE: AF/ING FRER IR R —H8 bR 7R A [F) 2b B 2 [ 22 5 W 2%

(P<0.05), [ 5., %] 6 [F].
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A BH ES 32 e B8 7143528 0.33., 0.46. 0.24 mmol/g,
B CK 25 T 50.00%. 109.10%. 9.10%, 1= 3 4y 1)
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Fig.5 CEC of lemon peel residue powder after different
modifications
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Fig.6 GAC of lemon peel residue powder after different
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Fig.7 Plot of GDRI versus dialysis time
e AN INE B3R R [R]— B BT A B AS [RURE S 0 B0 25 5%
B3 (P<0.05).
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Fig.8 CAC of lemon peel residue powder after different
modifications

T AN FEEFR IR — pH T A 6] £ i 4008 22 55 W 3%
(P<0.05).
77, IR R A] GRS N A ], AT i i
A FNAE [E R R P T AR AT, E A EHER, 45
A FURES, SECT WA ERERE S B R RN, =k
PRI Sl SRR T OATAEE B VR X E [ 4 TR 56 i
(P<0.05), HrhE i 8y UIAE, 7€ pH2 F11 pH7 85371
A 9.70. 14.56 mg/g, LLEPERT- AL T 156.61%.
167.65%, FUR B4, e S /o, H I Fh
P AT BEZ X SDF kb IDF BB e BR AR [FE EEH7, 3
5 =M AT R ik SDF 3 i AN [RIFR A
WOINAILESRAR) & [RIRT, —Rheicrkgst s TR
Wk I BH S A8 4 g o, B & BH S T2 He e
i) DF <43k . EIRNE B ZLuk , 5 E060 5 10 [ EEE Py
AR BT L. BRI s 0
2.10 SDF 5&iEtr BRIMEX M T
iR BT i b SDF & 5
HAfL | haEd R TERIAY S FR, X H SDF & & S5AHH
AL(WHC. SC. OHC) . HeFr:(CEC. GAC. GDRI,
CAC) A THEE 43T, Hor GDRI PL 6 PHURERT[H]
MPEFREARATTES, i3 2 v, #rigE R SDF
F 5 WHC. SC. OHC. CEC. GAC. GDRI. CAC
PR B TEAHSE(P<0.01), 4534k . ThfEHs R[]
F2 PR SDF & 5L DhReRr:Z Y
M (n=12)

Table 2 Correlation between SDF content and physicochemical
and functional properties of lemon peel residue powder (n=12)

X SDF CAC CAC

Z4 s WHC SCOHC CEC GAC GDRI (o (oo,
%Dé | 0.984™ 0.973" 0.837" 0.979™ 0.881" 0.827" 0.958" 0.933"
WHC | 0.956” 0.811" 0.978"™ 0.828™ 0.770 0.938" 0.906™

sC | 0.915™ 0.982” 0.951™ 0.923" 0.993" 0.986™
OHC 1 0.8757 0.932 0.934™ 0.923" 0.928"
CEC 1 0.890™ 0.859™ 0.970" 0.941™
GAC 1 0.9830.953" 0.980"
GDRI 1 0.929™ 0.955"
CAC .
(pH2) 1 0.978

CAC 1
(pH7)

T **FORTE0.0 K- (XU ) B M .

L B i AEAH DG (P<0.01), $E/RA7AEE 2 i 4y SDF
P R ARG DR RS STRRVE,
SDF & &l , Pk . DIRERRE UL BR, PRt i 35
BRI T AR SDF A4 [RIB AT LA 5452 Jie vy
By HIAHSCEA LRI BT S b, BIAEFE PR GE A
FITIOREFFER S o
3 #hip

AWFELISE R SDF Sy HAR, #8101 30 . =ik
BY DT FIER T3 W =T 25O X A7 462 B T by 45 4 S B
e e ERYsENE . SR, =Ryl Rk
TG A D 2R IO S5 4 , eACPE s R T O
LKL ' B S A [RI R R ALK S Ay, FLBRE
SEIEIN, AHAS SO H R E BRI T . S By bk
PR ZE P T RO B PR E M (P<0.05) s — Ak
PEXI AT LR SDF &k, SDF $i& 85 19 [R] Bsf vl DAk 364y
1B R R R ERAL R BRRF RS PR . AT, i 0y
YIS RSO R B, H: TDF ., SDF & hiisik 81.88%.
33.07%, /K I3 FHEST2CHBE ) . HIATHEI B AE
SEHABI L . DIRERPIES Bl BAT G LT 425
BEAE IS RERE, Ty — R TR e et 4E . 25 L,
P15 SDF &5 nJ /BB A5 B b it S ) — 1~
LLRRAR, G Y Sy SO AR B i A i) — R O R T
5, AT SR G R T B v i BRI FH SR R gt

A ARG MG (19 5 B 25 B A TSR B
RIS . BRALFE AR A S R B 2T 4EAH O D RERR
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