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Abstract: Low-fat and low-sugar winter melon and mulberry fruit and vegetable fillings were prepared using winter melon, mulberry,
white granulated sugar, and peanut oil. To explore the effects of adding mulberry pulp, refined white sugar powder, and corn starch solution on
the sensory quality of fillings, based on single-factor experiments and further optimization with orthogonal test design, texture profile analysis
(TPA) parameters, such as firmness, adhesive viscosity, and chewiness, were examined to confirm the optimal formula. In the single-factor test
on 100.0% mass of winter melon pulp, when the mass fractions of mulberry, white granulated sugar, and corn starch were respectively 30%, 6%,
and 2%, the sensory score of the filling was the highest. The optimal formula after optimization through orthogonal experiments was 2.5 wt%
peanut oil, 30.0 wt% mulberry, 6.0 wt% white sugar, and 1.5 wt% corn starch solution. The obtained winter melon and mulberry filling was
smooth, bright in color, and compact; had the unique smell of mulberry and winter melon; was moderately sweet and sour and delicate in taste;
and had moderate firmness. The total and reducing sugar contents of the filling were 46.22 wt% and 30.07 wt%, respectively, and the moisture
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and fat contents were 39.48 wt% and 1.04 wt%, respectively. The total content of organic acids was 1.87 g/kg, of which the highest content was
of tartaric acid at 703.40 mg/kg, followed by malic acid at 453.34 mg/kg, tartronic acid at 418.55 mg/kg, and anthocyanin at 2.89 mg/g. The

characteristic volatile flavor substances of winter melon and mulberry were n-hexanal, n-octaldehyde, and limonene, with relative contents of

8.06%, 4.13%, and 1.58% respectively. At 25 “C, the shelf life of winter melon and mulberry fillings was up to 30 days.

Key words: winter melon; mulberry; fruit and vegetable fillings; TPA parameters; volatile flavor compounds
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Table 1 Wax gourd mulberry filling sensory score sheet
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Table 2 Orthogonal test table
KI5 A (FAEW%) B (A&EM%) C ( E2RIEHW%)

1 1(25.0) 1(4.0) 1(1.0)
2 1 2 (6.0) 2(15)
3 1 3(8.0) 3(20)
4 2 (30.0) 1 2
5 2 2 3
6 2 3 1
7 3 (35.0) 1 3
8 3 2 1
9 3 3 2
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Table 3 Correlation between sensory scores of fillings and TPA parameters

o g RE M BRME O IRFhE EdH mAl
1 -0.827** 0.676 -0.750* 0.050 -0.824** -0.832** 0.160
P ARBREKIBEM (M) N 0.008 0132 0.019 0.882 0.009 0.007 0.713
5 5 5 5 5 5 5 5

Er PR 001K (M) EMBEARR, *RTA0.05 KF (M) EBEARE,
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Table 4 The experimental results of filling recipe optimization

JeEb i (-0.824) FInHMEME (-0.832) B4R M
X%, Smabk (10.750) EEEMMIE.
= 4 ERE SRR

RS AZRMMW% B E@AHEWY% CRBERMW®% AR JREE ARA
1 1(25) 1(4) 1(10) 372153 1927.04 1908.83
2 1 2(6) 2 (15) 234433 1869.02 1717.37
3 1 3(8) 3 (20) 416846 312615 2907.03
4 2 (30) 1 2 294820 213271 2028.39
5 2 2 3 244538 167230 1620.85
6 2 3 1 274212 1860.66 1817.39
7 3(35) 1 3 313802 215975 212163
8 3 2 1 243442 184053 173168
9 3 3 2 292603 174306 1629.69

K1 3411.44 3269.25 2 966.02
K2 2711.90 2408.04 273952
K3 2832.82 3278.87 3250.62 VABR EAE A TR FE AT
R 699.54 870.83 511.10
AL A2 B2 c2
K1 2307.40 2073.16 1876.08
K2 1888.56 1793.62 1914.60
K3 1914.45 224329 2319.40 VAR EEZAR AR FE AR
R 418.85 449,67 443.32
&R A2 B2 C1
K1 2177.74 2019.62 1819.30
K2 182221 1689.97 1791.82
K3 1827.67 2118.04 2216.50 VARELRE EAR A IR R AT
R 355.53 428.07 424.68
AL A2 B2 c2
5 EXREERHFEN
Table 5 Analysis of variance of orthogonal test results
FERR BEFFA BEE #7 F{& P BFH4H
A 838 775.91 2 419387.96 277 027
B 1500 108.55 2 75005428 496 0.7
R Ty E M
o 393522.23 2 196761.12 130 043
D@ERZ)  302669.61 2 151 334.81
A 5.52E+13 2 276E+13 338 023
B 9.28E+14 2 464E+14 5690 0.02 *
FRAE S 77 AT
C 3.98E+13 2 1.99E+13 244 029
D(i% £) 1.63E+13 2 8.15E+12
A 5.52E+13 2 276E+13 338 023
B 9.28E+14 2 464E+14 5690 0.02 *
ik e s
o 3.98E+13 2 199E+13 244 0.29
D@ER%)  163E+13 2 8.15E+12

i RPrRTHRHEE (P<0.05).
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Table 6 Total sugar and reducing sugar content of filling raw
materials and finished products
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Wk 6 P, & JRSAUERHIE 5 84 30.07 witde,
SRS BN 46.22 witde, KT B bRtk GB/T 2127-2007

(&R BREFRE 60%, FINZI T4 BpES
BIER.

232 taREAH SR AR BRGNS E
KK FAIRAERL) Sk BRI & A
R 7, ANEKERTRE, s ERESTA
T, VBB S KE A& 820 39.48 wi% Al
1.04 wt%, PIT [ 5bRiE GB/T 2127-2007 (Hrinftf
BEY FREARE 40%7H1 33%.
R 7 ERERAR A SR EMER TS E
Table 7 Moisture and fat content of filling raw materials and
finished products
i B ESIN M reart
4A7KE/(g/100g)  97.174054 825940.31 39.4840.88
A& W4-£/(9/100g) 0.0540.008  0.3040.007  1.0440.013
233 AEA R RS A S E
AHUIR BA ST it DR DA 5 £ AU
S, gk 8 por, KNSR S A5 KHE YR,
o S LR & &40 58 1 664.20 mg/kg Al
1499.50 mg/kg, KbilJE HIERHREE T H 7 A LR
(1 021.08 mg/kg). ZMh & B G RKFERIR . 1
ARAMNTERR, AN EARZ AR R, AR
MREERIR, Kol st ekl -h & BT AT =2 AL
TR HINFT R (232.73 molkg)- SRR (223.34 mg/kg)
FIIEE R (418.55 mglkg), bl B A HLIRIR %
N 67.62%, SERFROREA . Y PTHITSITERHK
anDREE 1A TMS R E R NLER, 1A PR AT IR
THRHIEARAE R, ERATIR . (LR EED)
AEImtE, A B E RS R,

* 8 FERRAmINBNEES 2
Table 8 Organic acid content of raw materials and finished products

AAEAPE  FAM/(mghkg)  AINI(mg/kg)  HIET/(mglkg)  REUEN(mglkg) AR ALBRIRE £1%

REEZER  8743#11.22% 0446143099  693.46422.11°  418.55428.34° 60.3642.12
G 344.69449.65°  56.8546.75" 114.4745.74° 80.3448.02° 70.1843.18
FRER 42757422.11%  262.01422.00°  267.4949.29"  223.34+433.12¢ 83.50+1.32
Bl 1.3640.12° 1.7440.23° 1.5340.10° 1.0840.19¢ 70.39:0.89
ATAR B 311.98+H2.67° 364.24467.23°  327.02421.03°  232.73433.23¢ 71.1744.02

T LR 1.9920.25° 0.330.09° 0.660.10° 0.2640.10° 39.2740.11
it} 196.88430.32%  35.0145.01° 67.2047.12° 41.00+4.39° 61.02+1.34
T8 127.60423.21°  15.2145.89° 38.2145.01° 23.7843.21° 62.2442.22
a3t 1499.50440.19° 1664.2433.67%° 1510.04449.52° 1021.08482.44° 67.6241.32

& FUTAR FEATEF2E (P<0.05).
234 fé#"’ﬁ#"’ﬁu;&;"ﬂéﬁ é’%&%%, - /3\7%
8 T 22 N SO 5 A TN SRR € PR A
L*. a*. b*E (& 9), 4EHKW, WlEIER L*
a*. b*7 9 1947, 115, 0.77, SRMIMLL, 15
KA BE R, dmtERe; FRESHRER

(39.95 mglg), TERIHIEHE =S &N 2.89 mg/g
(fREHZR 33.76%), X2 THdfEPieE RS
B RERRSEPE, HHEEAATEL. SEEI
KT TRBE AR Th R,
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®9 EREERHNEFIEERSE

Table 9 Color and anthocyanin content of raw materials and finished products

| L* a* b* XRIRTALFEAEI(mglg) Ml e E & A E/(mglg) FRG E/%
ZA 0.7240.03° 1.8040.12° -0.2840.08" 39.9540.58" - -
AN 24.713029°  -1.5630.04° -0.3820.22° - - -
ta#t 19474033°  1.1540.65°  0.7740.80% 8.56:40.11° 2.8910.16 33.7620.02
E: FISIARFEAFE£F2F (P<0.05).
Fz10 ZN, REFMERAVELZMERIRIIRELE
Table 10 Comparison of volatile flavor compounds of wax gourd, mulberry and stuffing
Fr LM ReR MR FR% B 18) /min G4 (RI) AR S
AN ZA Yt
1 HR 7.8 673.1 ND 0.7920.02 ND
2 E OB 9.3 7145 17.0841.02 19.1541.45 8.060.88
3 2-THEE 11.6 763.7 9.6410.11 5.360.29 ND
4 2-F¥-1-B% 12.1 7776 1.290.12 ND ND
5 ECE 12.3 782.8 13.740.08 ND ND
6 2 F R 12.3 785.9 ND 0.4420.01 ND
7 KTt 13.1 792.7 ND 1.3140.29 ND
8 )5S 13.6 800.0 ND 2.6140.23 ND
9 OB F B 14.4 808.5 ND 2.5740.26 ND
10 KT E 15.9 8329 ND 8.2040.42 0.460.01
1 2-1F SRk 16.9 844.4 ND 3.9840.89 1.380.18
12 i O8R LB 17.2 846.6 ND 3.5840.35 ND
13 BRI, 17.3 864.6 ND ND 0.810.10
14 EFRE 17.4 870.3 ND 1.2840.07 4.1340.37
15 Ap-Fr R AR 18.1 893.2 ND 0.3420.01 ND
16 AR 18.3 943.2 0.5420.03 2.7740.13 1.580.09
17 At hBE 184 950.4 ND 1.0026.07 ND
18 RUBE 18.8 950.4 ND 0.6920.01 ND
19 B-2-3 il 19.3 962.4 ND 1.0140.15 ND
20 B 20.8 962.6 0.5926.04 4.2940.79 0.1240.02
21 F BT B 214 964.6 ND 0.140.01 ND
22 BX, 2,6-F 8 223 966.2 ND 0.230.00 ND
23 KT BR LEE 229 969.2 ND 1.1140.14 ND
24 B S 239 10443 ND 0.3940.02 0.3620.01
25 T LBg 265 1139.8 ND 0.1420.01 ND
26 + =% 26.6 11516 ND 2.2040.28 0.100.00
27 R T B 27.2 1239.7 ND 0.5240.03 ND
28 KBRS 29.1 12488 ND 0.5126.04 ND
29 + iz, 29.3 13484 ND 0.460.15 0.2540.03
30 P HEBE LB 34.0 1439.1 ND 0.4240.05 ND
31 1558 34.2 1493.1 ND 0.2340.03 0.1540.02
32 ok v 8 B B 36.9 1552.6 ND 0.1940.04 ND
A3t 42844368 65.9146.21 17.442.01

E: ND A=At
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Bl E Ekl B fdE 25 CREEEE, e
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Fig.4 GC-MS total ion current diagram of filling raw materials
and finished products
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