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Process optimization of Chaenomeles speciosa leaf beverage and
investigation of its shelf life and antioxidant activity
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2. College of Biology and Food Engineering, Hubei Minzu University, Enshi 445000, China)

ABSTRACT: Objective To optimize the processing of Chaenomeles speciosa leaf beverage using fuzzy sensory
evaluation and response surface methodology, and investigate its shelf life and antioxidant activity. Methods Using
sensory scores as the key indicator, the formulation was optimized by fuzzy mathematics sensory evaluation
combined with single-factor analysis and response surface methodology. The flavor profile was characterized by
headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry, electronic nose, and
electronic tongue bionic systems. Furthermore, the beverage’s shelf life was predicted based on a chemical reaction

kinetics model incorporating the Arrhenius equation. Results The optimal formulation of beverage was 60 mL
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extract solution, 2 g sweetener and 0.01 g DL-malic acid, achieving a sensory score of 88 points. The beverage

exhibited a rich flavor, bright color and a taste profile of initial sweetness followed by bitterness. A total of 19 kinds

of volatile aroma compounds were identified, predominantly aromatic compounds. The product exhibited good

stability, with a shelf life of 189, 146 and 128 days at 4, 25 and 37 °C. respectively, the antioxidant capacity remained

stable during the storage period. Conclusion The beverage has good flavor and antioxidant activity, this study

provides an effective solution for the value-added utilization of by-products in the Chaenomeles speciosa industry,

contributing to the enhancement of the industry’s overall value.

KEY WORDS: Chaenomeles speciosa leaf;, process optimization; shelf life; flavor characteristics; antioxidant

activity
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Table 1 Response surface factor level table of Chaenomeles
speciosa leaf beverage
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IR /mL N /g Wni/g
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0 60 2.0 0.0100
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LA TFH A, WRAIRLEG T, SRR B AE SR Z={z),
25, 23, 24}, e 2, (275)=20%, z,( 1 J)=50%, z3("KHK)=20%,
(LI )=10%.

®2 AKRAHRBEE RN RS

Table 2 Sensory evaluation criteria of Chaenomeles speciosa leaf beverage
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Results of single-factor experimental
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Table 3 Results of sensory evaluation

S Jikes mp SUS HLURTS

HE l R L= e R w 2% e R wh 2 s R wh 2
1 17 3 0 0 8 6 6 0 8 10 2 0 15 5 0 0
2 16 4 0 0 6 7 7 0 6 12 2 0 16 4 0 0
3 17 3 0 0 5 8 5 2 6 11 3 0 16 4 0 0
4 16 4 0 0 5 8 7 0 7 11 2 0 17 2 1 0
5 17 3 0 0 3 4 11 2 6 11 3 0 17 2 1 0
6 17 3 0 0 1 7 10 2 5 13 2 0 17 3 0 0
7 16 4 0 0 5 7 6 2 4 14 2 0 18 2 0 0
8 16 4 0 0 8 6 5 1 3 15 2 0 17 3 0 0
9 13 7 0 0 2 10 7 1 5 12 3 0 17 3 0 0
10 17 2 1 0 2 9 7 2 6 10 4 0 16 3 1 0
11 16 3 1 0 7 5 8 0 5 13 2 0 16 3 1 0
12 14 6 0 0 0 11 6 0 6 12 2 0 16 3 1 0
13 13 7 0 0 0 8 10 2 4 14 2 0 16 4 0 0
14 13 7 0 0 1 10 8 1 4 13 3 0 17 3 0 0
15 13 7 0 0 3 10 6 1 4 12 4 0 17 3 0 0
16 13 7 0 0 2 10 7 1 4 13 3 0 16 4 0 0
17 13 7 0 0 2 8 8 2 3 15 2 0 18 2 0 0

T BB R T R A E S, SRR s 1
SR IRE RS W,=(0.20, 0.50, 0.20, 0.10), T,={0.32,
0.265, 0.415, 0}, FFIAI4E Wo~W;, XHF W AR,

AT R EFRRE K =W,
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—81.975, [ HH iR A
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4
=

(IR R I

Y=88—1.454+0.5688B+1.05C+0.86884B+0.92504C+1.27B
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Table 4 Response surface results for formulation optimization

S A AR RIBGR AN /g B: THURF AN g C: DL-SERPRIN At /g RER
1 60 1.5 0.0125 81.975
2 70 2.0 0.0075 78.100
3 60 2.5 0.0125 85.800
4 50 2.5 0.0100 80.750
5 60 1.5 0.0075 81.850
6 60 2.0 0.0100 86.975
7 70 1.5 0.0100 76.975
8 60 2.5 0.0075 80.600
9 50 2.0 0.0075 82.975
10 70 2.0 0.0125 81.475
11 70 2.5 0.0100 79.700
12 60 2.0 0.0100 87.750
13 50 1.5 0.0100 81.500
14 50 2.0 0.0125 82.650
15 60 2.0 0.0100 88.600
16 60 2.0 0.0100 88.675
17 60 2.0 0.0100 88.000
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Table 5 Analysis of variance of response surface regression model
g3 - J5 Al A B ¥y F P
i 220.55 9 24.51 64.76 0.0001%* i
A 16.89 1 16.89 44.64 0.0003**
B 2.59 1 2.59 6.84 0.0347*
C 8.77 1 8.77 23.17 0.0019%*
AB 3.02 1 3.02 7.98 0.0256*
AC 3.42 1 3.42 9.04 0.0197*
BC 6.44 1 6.44 17.02 0.0044%**
A2 95.50 1 95.50 252.37 0.0001%*
B 51.76 1 51.76 136.79 0.0001%*
c 15.81 1 15.81 41.77 0.0003%*
B2 2.65 7 0.3784
E 0.7202 3 0.2401 0.4978 0.7034 ENTES
gl s 1.93 4 0.4822
B2 223.20 16

s *FR 22 53 5 (P<0.05), ** /R 22 5k ik 2 (P<0.01),

2 5 AT, BCE 4 R MR 5
(P=0.0001<0.01), B — R Z oo mlHBIRIAR B3, BE
A3 [0 AR TE0 2 DM 6 B (P=0.7034>0.05), 156 BH ARkt
R E PE4r R AR 5 SERRSE G R SR 1 2, R
PEBERI ] P2 A . B2 Wb sk E R R*=0.988,
5 M t=23.6527, R RIAGHLA B FI o] {5 B3R, o)
HFARRN SRR T PN . 27 LA, WA A
BE R, SRR/, REE R BT AR K HORHE B
4y, BA—ERSEERE SR . hEHRE D E RN,
FERTH R KL, 3 A S AR I YOR R B4
F4) 52 W ML Sy A T 458 B S Jo 22t (A)>DL-3F SRR 5 ol it
(O>TitwkRI & (B), 4. B. C. AB. AC. BC, 4>, B*,
C* 1y P HI/NTF 0.05, Fm XA TR ACRHER B 1550 B2
223 v EE ERER S

Wi 7 T 45 1 2 P LA 08 S e T I 36 22 ) 52 B A
FAISRES, W] L7 TR G I, 55 R £ 28 A1 190 B 9% IR 2 % S 5
AL . N 2 AT IR M ORHEY A543 Bl ARt
PEIUR . BRI . DL-3ERMR 1 AR fb 2 BTG LR BEAIGAY
Hash, i BC AT AB. AC KT JBENE, FM BC XI
YRR TRk i, SRPERE .

3 o 7 T AR A ROk B T £ 28, X itk
YORL T 2B TR RS2 5, Wi S0 1] P TR A S SR T
IR 60 mL . FHRFIGING 2 g DL-SEREREN IR 0.01 g,
AT BB 1S B E O 88 4%, TEM T2 F ARk
HIBE 15500 88.08 4, 5 TRINAERZE 0.09% . bt HH LA 2
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Table 6 Composition and content of volatile substances in Chaenomeles speciosa leaf beverage
Fa=2 £ B4 B[] /min A4S CSA 5 ARXS 5 5/ %
1 0.891 2-J 2R 2R 515-96-8 6.854
2 1.961 4,6- AT HEIA) 4 1y 5374-06-1 26.58
3 2.444 T R 2516-34-9 2.347
4 2.970 ZREM 75-09-2 1.884
5 3.036 LWFIR 79-14-1 5.020
6 3.930 HH R E 59870-68-7 0.738
7 3.954 2- B4 BR g g 23899-73-2 1.983
8 3.991 2-WR L - 2- R HOR 2 R iR 10399-13-0 0.698
9 4.033 HHR 121-34-6 2.061
10 4.136 1-(4- R 1 R I 5 PR I e AR R HH i 1345847-71-3 0.832
11 4.232 N-J A Bl g A 2687-96-9 1.156
12 4275 Vo 2B N A A 1339568-26-1 0.434
13 6.794 9,10-2-FH -3 (= Y 5 kot 6 ) A AL ) 91701-15-4 2.667
14 10.516 3,5- B (= Yk P el ) P R = T e R R 79314-27-5 13.928
15 20.062 Oy R 78-70-6 8.289
16 23.005 s3] 6921-28-4 2.718
17 25.796 2,2,4- = I RS T e 6846-50-0 0.971
18 26.394 KB R R 118-58-1 1.923
19 33.874 PR B A B R 1R 25371-55-5 18.919
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Fig.5 Effects of storage temperature and time on the total acid and pH of beverage
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Fig.6 Effects of storage temperature and time on the color of beverage
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Table 7 Effects of storage temperature and time on the survival quantity of microorganisms of beverage
5 . e s st ] /d
- I ettt BZ/°C
EfL A 0 15 30 45 60 70
4 10 2700 4200 5500 5800 6000
b=
AR 25 10 4800 5600 7000 7800 8000
[1g(CFU/g)]
37 10 6000 6700 8100 8600 9800
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Fig.7 Changes in the DPPH free radical scavenging rate of the
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Fig.8 Changes in the total reducing power of the beverage
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Fig.9 Changes in the sensory score of the beverage
during storage
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Table 8 Correlations among various indices of the beverage under different storage temperatures

T EiFLun fii pH R L a b AE ?f;

B PESY 1 0.993" -0.982" 0.976™ -0.991" -0.980" -0.989™ -0.934™
pH 1 ~-0.962" 0.952" -0.991" -0.989" -0.974" —0.958"

BB 1 -0.999™ 0.978" 0.959" 0.998" 0.853"

4o L 1 -0.967" —0.945" -0.995" —0.837"
a 1 0.996" 0.987" 0.929"

b 1 0.972" 0.937"

AE 1 0.877"

1




544 O, A SR AR ORI T S5 28 S b AL TG PR 5 97
= 8(4%)
o b Ej ot i % K b AF fjf;
BB 1 0.981" -0.972" 0.983" -0.98" -0.978" -0.981" -0.914™
pH 1 -0.935™ 0.97" -0.992" -0.975" -0.969” —0.964"
SR 1 -0.99" 0.958" 0.975" 0.989™ 0.812"
L 1 -0.988" ~0.996" -1 -0.87"
25 OC * % *k ok
a 1 0.994 0.988 0.927
b’ 1 0.997" 0.883
AE 1 0.868"
T S 1
BT 1 0.981" -0.935™ 0.978" -0.979™ -0.988" -0.987" -0.914
pH 1 -0.902" 0.987" —0.988" -0.954" —0.984" -0.955"
SR 1 -0.874" 0.877" 0.949" 0.905™ 0.777"
L 1 -1 ~0.966" -0.997" -0.941"
37 OC * *k *k ok
a 1 0.966 0.997 0.937
b 1 0.984" 0.86"
AE 1 0.918"
T S 1
T ¥R 22 5 1 (P<0.05), ** R 2 5t .2 (P<0.01),,
#9 AMMKRERESET pH. 2. AE, EEARMENFEESY
Table 9 Kinetic model parameters of pH, total acid, AE and total colonies of Chaenomeles speciosa leaf beverage at different
temperatures
£ —%
£zt T
k R’ k R’
4 ~0.01000 0.97025 0.00912 0.98687
pH 25 -0.01029 0.95852 0.01736 0.99336
37 ~0.00954 0.97310 N N
4 0.00200 0.92179 N N
R 25 0.00372 0.95748 N N
37 0.00446 0.94269 -0.01928 0.98882
4 0.10700 0.94812 N N
AE 25 0.14662 0.97811 N N
37 0.15230 0.95191 0.01699 0.98783
4 77.23810 0.86574 0.03635 0.99671
V& BB 25 95.90476 0.81526 0.04819 0.98221
37 110.76190 0.80159 0.05355 0.96806
I N RR T BRE
T 74 SB0 Arrhenius HFER E, ko fHILE 10, XIA nA
IRIFRORHE 4. 25 37 “CHRIE T IPHERY ik 2 507 1] t= o Xexp g (3)

PG T, FRNAMERIT RS . LA REL RY Stk Ridl
BRI R=0.99; A, HA BT AT SRR e
AL AR B AH OB 7% MBI TG AL RE £, T8 HTIH
ko 18, W FARSHACA Arrhenius J5 2 H AT S MR I [
X(A3)].

2.4.8 AJNHRAH R AR 6 TR 5 A
AR CR T BRI BAn R - ™ fh S BB 4.
25 Ml 37 °CE&MTRAE, HEAITNM YR B VE B8 PR

FEBRRRE 10* A KOk

ShTE 4. 25, 37 °CE&MF TR Rytese

A Hn
gig

W, B 1A, 7

B SN E AN S, PR
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Table 10 Arrhenius equation and E, and Kk, values for the total
number of colonies

Eitan Bl )5 F2 R*  E/(KJ/mol)  Ky/(KJ/mol)

k3

ugg  IW120196/THnk, 0995 8496.98 1.46
F 11 TRIIEGRE TR 55 3 HA U B A0 STE

Table 11 Predicted and measured values of beverage shelf life at
different storage temperatures

st I % %%Hﬁ g Zitkol
I /°C e /d SEMEd IR %
4 189 195 3.2
T S 25 146 152 3.9
37 128 120 6.3
3 % i

AT FE LAA TN A JEORE, ST P43 A 36 b %o 1 de
VE T Z A0k, i Ry T S 5635 328 BH 45 R 38 % A IR i
L5 i) K /N YR A 2 BB R 0 42 (A)>DL-3 S 88 % o o
(O)>FHBRFIAS IR (B), YRk FERL T A A - S BOR A
i 60 mL ., EHERFITR NG 2 g DL-SERIREN N 0.01 g, Ik
M TGRSR 88.08 43 KURAHTEE SR EH, AR
MR ISR 19 FE L XY R, HAAR AR L
FEBAAY T ERSTRIR, YORH R SEFRE R
L LWL EEIEAE, HIR ISR AR oy £ 5, W
BT ACERE S B H (5 ) i s R 2 sk, 3+
Arrhenius AR H I I AUAMRIBIR, 7 4. 25, 37 °Cfif
FEAAE F AR ORI 43 31 8 189, 146, 128 d, A7E
AEAE A R A I OB RE IS PR FF R AT P8R 770 25 BT
A, AR B AASCA A I (89 5 A0 R F B4 T
BT, QOB AN AL A B IR R, R R
Yy AR R T8 W .
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