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Table 1

Fie 4% B2 8 B o R MY BB IR M AR

Sensory evaluation criteria for the debittering effect of navel orange peel

5 %1 Index

P A5 Evaluation standard

3 {H Score

A AT, M Entrance is not bitter,no astringency 31~40

Fwr AR ARG, 22 )5 B AR 75, TR Entrance is not bitter, slightly bitter after taste back,no astringency 21~30

Pegree of A E 22055 . A K Entrance taste bitter,astringent 11~20
bitterness A PRI B B, 55 AR HL Entrance obvious bitterness astringency, lingers 0~10

TG R R DB R 5% BE L 522 BEHEZ No salty and alkaline odors remain. completely acceptable 31~40

Ik A ERLR, TCHsBE . o] $25% Slightly salty in mouth, no alkali taste,acceptable 21~30

Saline taste A A R RO, A K BEHE 3 Inlet and alkaline taste salty,not acceptable 11~20
JR R BB R Ak BR BH L 5E 4 AR AE4% 52 Salty taste residues or base significantly, totally unacceptable 0~10

Bi5 4 8, LRSI Golden color.no soft rotten sense 16~20

SNIRIE 2 B 43, A B K Golden color, with light microsoft rotten 11~15
Appearance Bl 4 30 EERE . A W B 4K 82 The color is golden but dull, with obvious softness 6~10
B I 2 B0 1, FOEE ™ E The color is dark yellow or white,soft and rotten seriously 0~5

*x2
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Table 2 Sensory scoring standards for fillings

541 Index

P bR E Evaluation standard

4B Score

i 4 4 6% , LA BT Bright and shiny,no impurities 16~20
S A j‘léz‘ﬁ?%ijl?%i‘Nigloss,no in%puri‘fies . 11~15
Abbearance IR TC G B8 2% Dull, a little impurity 6~10
bpears KA AR AL, TCIEEE . K £ Black or whitish.dull, more impurities 1~5
HH IR A IR IR TG & A Moderate sweetness, light fragrance, not greasy 27~30
FHERE P W& . AW Moderate sweetness,no fragrance,not greasy 23~26
KU Flavor ERA R SOKE , TEH, A Insufficient sweetness or too heavy,no fragrance,not greasy 15~22
A4 /b1 R B L BT R B BTl Slightly pasty, sweet or oily 8~14
A B AR, R B ol 9 UESSR Obvious burnt taste, strong sweet or greasy feeling 1~7
IR AT 4 a] L A K S Fine and uniform, smooth and delicious, not sticking to teeth 23~30
R Tast IR AT 4hi v O 85 Fine and uniform, smooth and delicious, somewhat sticky 15~22
Ji& Taste By R, . . .
i A0 A BURLEE, 5088 kS F Not fine enough, grainy, hard, sticky 8§~14
RS XE R, AR 1 AR T, AN K5 2P Rough and hard to swallow, hard and dry.not sticking to teeth 1~7
ZER B, B, RS, T, i 224K Close structure, no cracks, hard and crystalline, soft texture 16~20
LIRS ZERY I E S, O R E R e, T NS B, S 224K Compact structure, no impurities, no cracks, hard and 11~15
. crystalline, not soft °
Organization
status ZER AN B SR S T RF E 45 ) The structure is not tight,some cracks,dry hard or crystals 6~10
ZERY WA EL, 2 2L Tl el 45 B The structure is loose, severely cracked, hardened or crystallized 1~5
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Fig.1 Effect of NaCI-NaHCO; content on debittering
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Table 3 Factors and levels of orthogonal experimental design

& Factors

A

. B C
K- NaCl-NaHCO; o .
Py Y AR /min AR/ W
Levels S/ % )
. . Ultrasound Ultrasonic
NaCl-NaHCOj4 .
time power
content
1 3 15 120
2 4 30 150
3 45 180

AT ZE R AT 52 MR RE SRR AR 1 R A
R AR 7 I > | 1) ] > NaCl-NaHCO, 7
i, R fEPLE B S B B NaCl-NaHCO, % 1
BT T &M AB C L BR8N
30 °C» NaCl-NaHCO, & & & 3%, # 5 i[5 &y 15
min, 8 IR K 120 W, HEHEE E4> b 80,
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Fig.2 Effect of ultrasonic power on debittering
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Fig.4 Effect of ultrasonic temperature on the debittering
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Table 4 Results of orthogonal experiment

2= % Factors B
Number Sensory
A B C D score
1 1 1 1 1 80
2 1 2 2 2 69
3 1 3 3 3 66
4 2 1 2 3 68
5 2 2 3 1 68
6 2 3 1 2 78
7 3 1 3 2 79
8 3 2 1 3 69
9 3 3 2 1 63
k1 71.67 75.67 75.67 70.33
ko 71.33 68.67 66.67 70.00
k3 70.33 69.00 71.00 67.67
R 1.33 7.00 9.00 2.67
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Table 5 Sensory score changes with filling TPA parameters
AR ERUIES WEE /g JBe Fh 1k ] 52 E TR

Types of fillings Hardness Gumminess Resilience Sensory score
£k 7P Green bean paste 2 423.749+211.260b 294.416+45.056¢ 0.1074-0.009b 80.1744.02a
1% White lotus paste 2 226.9214144.225b 343.032+11.371c¢ 0.10540.005b 79.8347.08a
B Black sesame 3 346.369+430.752a 476.510467.335ab 0.127+0.008a 72.67+5.24a
i F % Orange syrup 3 073.649+372.153a 533.126+71.018a 0.128£0.005a 63.17+5.34b
1 57 Red bean paste 3305.531£717.424a 479.072+55.038ab 0.12940.005a 76.67+6.86a
82 Purple potato puree 2 586.623+162.614b 465.200+38.973b 0.10340.004b 76.50+5.47a

WA R /NG S5 o BAT 1 3 25 7 (P <<0.05) , T,

ences (P<C0.05),the same as below.

Note: Different lowercase letters in the same series indicate significant differ-

®6 EHBEETESS TPASHBMEXE
Table 6 Correlation between the sensory evaluation and TPA parameters of filling
RN TR/ g Ji B Il &
WiH Ttem ) . : -
Sensory score Hardness Gumminess Resilience
Pearson Al X fi
carson Ail KA1 1 —0.440" * —0.583" " —0.466" "
Pearson correlation
TE il
- .iﬁﬁ(lq{”) . 0.007 0.004 0.004
Significance (two-tailed)
N 8 8 8

Heox % FE 0.01 K CRUID AR B3 A5G, « 8 0.05 K CRUMD) | B A K. Note: * * showed extremely significantly correlated at

0.01 level (two-tailed), * showed significantly correlated at 0.05

level (two-tailed).

23 FrEmEEsrEis ma (P<20.05) , % [ml 2 M2 AR 2 35 (P<<0.01) , 1 £ 4
TREMEAL S Ty W 7, PR Ty 2240 BT W 0l R K B 3 1) FH 78— Y B P X A e g
8. MR 8 I, it BB IR A RE B R RN R PR R AN 2 (P >>0.05) , H AT i
Wi d 3 (P <Z0.05), 1 A W X5 46 R B B2 52 e Gk 35 %ﬁ(ﬁ*ﬁ%ﬂéﬁ"ﬁﬁﬁ%X TEBH) SO RS2 R R
x7 BRMMURBRAFTRES
Table 7 Mixture optimization test design and results
JECRL R/ % Raw material ratio TPA
JH5 A B JEgERi] 55 S
=2 . 0 b . . o
(A Y (O ¥EB (D) ERE /g e R mF=R s
Number (B) ) ) »
Navel orange Edible Corn Hardness Gumminess Resilience
Sugar
peel pulp vegetable oil starch
1 80.00 17.00 2.00 1.00 3292.983+218.867 760.426+83.278 0.12940.010
2 80.00 16.00 2.00 2.00 1 815.609474.114 326.912419.717 0.08940.004
3 63.00 30.00 5.00 2.00 2 313.040+140.708 540.536+71.509 0.12640.009
4 70.35 25.65 2.75 1.25 3709.501+322.600 805.419+77.598 0.13340.006
5 73.40 21.20 3.40 2.00 2 782.753+108.317 540.023+21.707 0.11240.003
6 76.85 19.15 2.75 1.25 2 554.155459.439 455.474+15.348 0.10340.004
7 79.00 15.00 5.00 1.00 1420.225456.930 226.177+£8.814 0.08540.005
8 80.00 16.00 2.00 2.00 1 818.424494.330 333.862430.428 0.08840.007
9 71.00 22.50 5.00 1.50 1596.8104+152.215 244.720+30.770 0.10040.003
10 65.50 30.00 3.50 1.00 4 996.704+828.982 1 073.3814199.973 0.15140.008
11 66.00 30.00 2.00 2.00 3 403.388+449.505 731.664+77.610 0.13140.008
12 66.00 30.00 2.00 2.00 4 040.048+153.386 844.418+44.864 0.14440.004
13 80.00 15.00 3.50 1.50 2 152.204+123.608 355.808+31.503 0.09040.004
14 78.00 15.00 5.00 2.00 1521.7714+81.295 277.245+19.912 0.09240.003
15 78.00 15.00 5.00 2.00 1577.8724+87.619 290.854+18.861 0.092740.003
16 64.00 30.00 5.00 1.00 2 005.149+128.033 368.397441.247 0.11140.006
17 75.85 18.15 4.25 1.75 1 487.587+95.510 274.149+16.741 0.08740.003
18 68.35 25.65 4.25 1.75 2 654.834+188.514 509.826+54.002 0.11040.007
19 79.00 15.00 5.00 1.00 1471.134482.144 260.7474+20.592 0.09040.002
20 63.00 30.00 5.00 2.00 2 554.124+149.777 491.290+80.566 0.12640.010
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Table 8 One-way analysis of variance
o kiR AN 15 25 24 R F i P{H
Texture index Source of error F value P value
A 5.845 0.013"
W B 12.063 0.032
Hardness C 2.101 0.126
D 0.461 0.763
A 3.939 0.039"
e B B 2.513 0.079
Gumminess C 1.646 0.212
D 0.555 0.699
A 3.169 0.067
[m] 4 B 7.359 0.002" "
Resilience C 0.480 0.785
D 0.452 0.769

24 mRIEEFAFHHE
LA T AR 5 AR AR O . 45 & S Br A 7R
18 00 K T W V6 IR K, oA R v AR B 4 R L 3R

9, MR LI 5,

Gy AT AR I R B v VR A SR DL TEE T R - DA R R
Ji it R 100 0 T o A8 B 3K 77.0 %0 L FTRDBEL7.0 %% .
B 4.5 % EOKVEM 1.5 % . I i 48 ki) A
JEE SR 1 R 1] A S SRR DY A B
25 FrEEEARRERES

Ry Ry B N R NS S 11 O € N
IR BT BRI B A A oK ARG W
A 39.80+1.41,0.34+0.00,0.35+0.01,22.20+
0.28.,4.43 40.06,32.85 = 1.63 g/100 g, it & N
1421.504+17.68 kJ/100 g, MW GB/T 21270 —
2007 (B AARE) AT NY/T 2107 — 201 1( 4 8 1
B ERD I B E B S AR DT & TR A <
33 g/100 g, % RS TG R <<28 g/100 g, MR
A AEL<30 g/100 g, ZAA IR W & W AF A 4R bR
TR UL WA 7 0 IR R T AR AT G il R oK
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Table 9 Texture and sensory results

¥5  FRECHI/ % Raw material ratio W R ol 52 P B
Number A B C D Hardness Gumminess Resilience Sensory score
1 77.0 17.0 4.5 1.5 1 523.400£78.894c 292.359+£27.523c 0.0884-0.002¢ 77.25+8.81a
2 78.7 15.0 4.5 1.8 2 641.603+111.759a 480.189+20.671a 0.105+0.003a 60.75+9.59b
3 80.0 15.7 2.3 2.0 2 393.705+86.623b 401.475+16.804b 0.098+0.005b 61.754-9.48b
4 80.0 15.0 3.3 1.7 2 409.1144125.024b 381.249422.876b 0.0994-0.003b 67.88+9.25ab
5 72.0 23.0 3.5 1.5 2 469.560+88.844b 477.015+35.843a 0.109£0.005a 64.13+9.23b

1 2 8 4 5

& 5

SEMRMEBRE

Fig.5 Digital photos of five samples
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Rapid debittering of navel orange peel residue and its filling preparation

FAN Xi,FAN Gang,REN Jingnan,PAN Siyi, LI Xiao

College of Food Science and Technology/Key Laboratory of Environment Correlative
Dietology of Ministry of Education s Huazhong Agricultural University sWuhan 430070,China

Abstract Navel orange peel residue with a wide range of sources and rich nutrients is the main resi-
due in the industry of processing navel orange. However, there are still a large amount of navel orange
peel slag being thrown away,resulting in the waste of resources and pollution of environment. In order to
develop and utilize the resources of navel orange peel residue, single-factor and orthogonal experiments
were used to study the debittering effect of ultrasonic wave-assisted NaCl-NaHCOQO; solution on navel or-
ange peel residue. The D-Optimal Design method was used to optimize the filling formula of navel or-
ange peel residue. The results showed that the main factors affecting the debittering effect of navel or-
ange peel were in the decreasing order of ultrasonic power>ultrasonic time>>content of NaCl-NaHCOj;.
The effect of removing bitterness and astringency was the best when the navel orange peel residue was
immersed in 3% NaCl-NaHCO, solution with the mass ratio of 1 ¢ 1,and ultrasonicated for 15 min under
ultrasonic temperature 30 ‘C and ultrasonic power 120 W, The results of correlation analysis showed that
the sensory quality of the filling was significantly negatively correlated with the hardness, gumminess
and resilience of TPA parameters (P <C0.01). The results of one-way analysis of variance showed that
citrus peel pulp had a significant effect on the hardness and gumminess of filling (P<C0.05). Sugar had a
significant effect on filling hardness (P<C0.05) and an extremely significant effect on the resilience (P<C
0.01). Edible vegetable oil and corn starch had no significant effects on hardness, gumminess and resili-
ence (P>>0.05). Results of mixing optimization test and verification test showed that the optimal filling
formula of navel orange peel based on the total mass of the filling as 100% was peel pulp 77.0% ,sugar
17.0% ,edible vegetable oil 4.5% ,corn starch 1.5%. The fillings produced with the optimal formula are
fragrant and delicious,delicate and smooth,non-sticky,with a high sensory quality.

Keywords navel orange peel residue; ultrasonic wave; debittering; removing astringency; fillings;

sensory quality; novel food; by-product utilization
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