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Optimization of Formulation and Processing of Green Tea Gelatin Gummy Candies and Evaluation
of Their Quality Characterstics
YUAN Hanyu', PAN Chunfei?-*, WANG Yanling?-*, MIAO Youjun?3, MIAO Wenhua'!*
(1.School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 306022, Zhejiang, China;
2. Zhoushanshi Putuo Fayu Chaye Co., Ltd., Zhoushan 316000, Zhejiang, China;
3. Zhejiang Guansutang Food Co., Ltd., Zhoushan 316000, Zhejiang, China)

Abstract: In response to the continuous growth of China’s tea market and the demand for tea convenience,
this study developed a green tea gel gummy with good taste and potential antioxidant activity using green tea,
gelatin, modified starch, and citric acid as raw materials. The effects of tea concentration, modified starch ad-
dition, gelatin addition, and citric acid addition on product quality were investigated using sensory score, tex-
ture properties, and color difference as evaluation indicators. Single-factor experiments showed that sensory
scores were higher when the tea concentration was 3%, modified starch addition was 4%, gelatin addition was
12%, and citric acid addition was 0.3%. Response surface methodology using Design Expert 13.0 software was
then employed for further optimization. The optimal formula was determined as follows: tea concentration of
2.8%, modified starch addition of 3.8%, gelatin addition of 12.4%, and citric acid addition of 0.3%. Under
these conditions, the green tea gel gummy achieved a sensory score of 87.6, with DPPH radical scavenging
rate of 56.9% and hydroxyl radical scavenging rate of 38.5%, indicating certain antioxidant activity. The final
product exhibited a rich tea aroma, good taste, desirable elasticity and chewiness, and its microbiological and
physicochemical indicators met the national standards.

Key words: green tea; Box-Behnken design; antioxidant activity; functional gummy; process development
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Table 1 Factors and levels of response surface experiment

W%
T s A
-1 2 2 10 0.2
0 3 4 12 0.3
1 4 6 14 0.4

L6 JREITEH

S5 28 B — O IR A GB 17399—2016( £
A FE AR UE R ) B BB PR AR, Ik 2 s
1.7 JE¥ 4T (texture profile analysis, TPA)

Z: IR Mg S50 1) J7 2k I RS VR A8 i, SR D JBE A A
T 7 25 25 O 0 SO0 1) AR R M S8R < /s Rk
(D50 mm), fil % 77 0.5 N, 5 B 20 mm , JEAE 75%,
60 mm/min. AT 3 IHCEIIME.
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Table 2 Sensory evaluation criteria for green tea gelatin gummies

Ei=tan VR FRE SHE
[ERES i, AL 14~20
R B WA G 7~<14
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BOEHR R IE R IO AN 7~<14
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AU ZOWR B 4, T Rk 20~30
BROAAR IR, WS TR T 10~<20

TCHEM , TCi 0~<10

(P RIS, ARG, B 2 3 20~30

IR — i, SR ARG o, 1 R — i 10~<20
et KRG R 22 0~<10

)
1.9 RN ALIE P A I
1.9.1 DPPH H HFEH5ER%

2 W8 A7 45 T 5 0VRN Wang S5 5 3 3 RS R 24 .
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Table 3 Effects of single factors on texture properties of green
he _th_ _211_ y tea gel gummy

80 : d 7 i T ,
& —I 5 K% A mm MEEPE/N NEL I /m)
E’:?l 33 1 0.95£0.02¢  3.03+0.19" 3.15£0.27"
# 2 0.95:0.04°  3.11x0.12 3.19+0.27
6oy 3 0.93£0.04*  2.98+0.13 3.37+0.28
4 0.970.02¢  3.06+0.17" 3.15+0.30°
0 5 0.960.04"  3.00+0.20" 3.08+0.27"
01 02 03 04 05 ASPEVE R 2 0.94:0.02¢  2.320.77¢ 2.68+0.16¢
PR /% Ik 4 0.96:0.02*  3.49:0.13'  3.67:0.16"
AL ZHRIE s B. ASPEIE BRI 5 C. BH VR It ; D. R R VAR it 6 0.96+0.03*  4.31x0.41° 4.72+0.38
AR NG TR R IR 26 5 2 (P<0.05) . 8 0.97+0.03*  4.04+0.40" 4.05+0.23"
E1 BEEWNGESERERE TSN 10 0.96+0.02° 3.73+0.20¢ 4.00+0.19"
Fig.1 Effects of single factors on sensory score of green tea gel A 8 0.95+0.02¢ 2.91+0.19% 2.81+0.25*
gummy Ik 10 0.98+0.03*  3.26£0.32*  2.32+1.10%
SR . 12 0.93£0.04*  2.75+0.23" 2.41£1.38"
& 1B ] AT, A8 PEVE R TR G (<4% ) IS 5% 14 097:0.07*  270+026"  2.50+0.57"
BEBCIIRE FANEA S s AR VEVE R IS I Dy 4% ), 40K 16 0.94+0.03  256:0.15"  1.72+0.20"
G FS W T 3 R 0 S R v MRV, SRR PR 01 09650060  2.9480.18°  3.06£0.13%
Gyfe i, IR F 85.2 H AR P E A N i KT 4% B IR 05 0.980.03¢  3.09:0.11°  3.18+0.19°
SRR BGER ORI E VA N . /N ISR AL R I 03 097:0.03*  291+0.11%  2.80+0.20°
e B R BIEFE T IR, XS AR E R TS N ik 2 B 04  098:0.020  2720.17°  2.63+0.18
JRE BRI B P 2 s B B B L AR 2 Li ARSI BE 05  097+0.02*  2.92+0.17%  2.95:0.12

FEFIRE R, AR M E Ry TS I o 2B, SR B I b
B 11 JRR S AR A5 280 J LA U IR 5 254 0 93 8 o i 3
D U S HEAN R S O AR M. TR B
PEVERSIS IR 2% 4% 6% AT o S0 07 TR

& 1C W] AR B S N i (8% ) 23 T Bk A it
JRE R Ao AN ) J R 5 B VR Sk 12% W5H IR P43
T (88.8) s BRI I & KT 129% Bof fioe o el e s 8
KOG TR 2R 5T 26 BH 2 s BH i
2 PR B B e = Sk TS S a2 )
S P EOMTY FRIME | BT RR ez FRe e, R e
WA IR 10% . 12% . 14% PEAT Je S0 o7 TR 5

H & 1D AT AP RR IS & 0.19% B2 A5 EEIE
HORETR VR IR, BB PF 0 AR AP R U N ity 0.3%
B A OB R EIE b, DR & IR B
(86.1) s (H Y FF IR UN I i KT 0.3% B, S AN e 4K
PR B, W 0T T R B T B R, X — 4
B g0 IAE A S 7 SRR OB Th B I 5 R B — B
I B R S I 0.29% .0.3% .0.4% HEAT I B2 v
TR
2.2 FRLPRI I R R ) )

TPA AT DA 1ok 0 0 R P A £l A 4 RS , i
BE P | NELOEE AR B SR P Ak 7 i L GRS
FIEE = T DR B RO, VR R METE RS N i B
TR AN R IR VS A0 o A M Y S DL 3 3.

TE AN NG FREFROR IR — 81525 B RN DR 2257 235 (P<0.05)

1% 3 AT, 45 DR 28 A AN (] 7K ST o S 25 0 e v
() O 34 TG B 2 R (P>0.05) o A BE N 19 16 %=
5% W, e FEPETE 2.98~3.11 N 22 1] 3 & , WHL Pk 7F
3.08~3.37 m] Z 0] 3l , 3% WA 5 v 35 Xo) 4 25 458 1 20
B R A P S R 3 (P>0.05) o X2 i TSI b
MY A8 22 W 2 B IR 45 o35 W IS 0 T 45 A 28 AR
LIEEN

Wi 7 70 P R A T ) 34 K, S R B e R 114 i
BHPEFNNE R 2 0 S T e R R R e AR TE R
IR 2% BTN 6%, IREETEM 2.32 N & THE &
R AE (4.31 N) (P<0.05) , 7R VE R TS Nl 8% FI
10% W43 I/ 22 4.04 N F1 3.73 N PELIEE M 2.68 m)
WE TR B RO (4.72 m)) (P<0.05) , B i 7628 PR TE
YIS N 8% . 10% B 4EFFAE 4.00 m) 247 . B
IR N 8% ¥ % 16% I, BB PE e T e WA, 72
JEEER IR 10% B A i KA (3.26 N) 5 B 7E B
AN 8% Wik E fe i (2.81 m]) , Bl S 0 R A
o H AP IR TR IN N 16% B IR AR (1.72 m)) .
AP 77 0 A5 U6 I SO0 F 38 1o T B — 2 IORBR 55 g Dl 2 448
SRR P AN S | R A B R B O e B i A
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A8 77, P LA BRI — AT BRI , 38 I 25 e 4k
W1 11 J8%, T A L o H 3 A A A 7R et A
S AN RO 2 R RE TR

MR R IR TE 0.1%~0.5% J0 1 N, 4 45 e 4
Wi B B B VETEAT R BR VN I A 0.2% Bt e (3.09 N)
FPAGTR IS N R 0.4% B eI (2.72 N) 5 RE g4 DU /e
BERRUS IN it R 0.2% B f e (3.18 m)) |, #7462 S Jon i
£ 0.3% F1 0.4% B 4353 1 2 R AR 2 2.80 m] 1 2.63 m)
(P<0.05) , #7 1 B2 U8 IR 0.5% B [ 7+ 28 2.95 m].
XA PR AR R A R (PR A5 B W () pHL L
JIE 43 22 T) P9 L it A PO, AT 5 i B g )
JI R | 5 B AR IS O 1) ST A A AR AR

25 L TIR | BV B X SR AT R S SO0 o R R 2 5
AN AR PR VE R | BH IS FIATAGE IR 9 R o o 3 f 5%
Wi 7= it ) 8 0 5 LR L HL = 5 A 1 R
Pl 5 o 2 T 0 A P 5 by ol BH i 2 T BORE S R R B, A7
15 1 D)3 o Y5 pH A 52 e 58 5 8 . PRI, FE B
P Ak HP R B 45 AR P TE R | BB S A R 1 S £
2.3 PR E X 22 2

K PRI Z X SRR B I O 0 25 ()2 AN 35 4 BT o

x4 BERMEFZERAERZHZM

Table 4 Effects of single factors on color parameters of green tea

gel gummy

HW#E  KF% LHE a*{H b
Ak | 2782033  1.63:0.11"  1.6120.09"
2 2645:043%  2.12:0.19°  1.400.01°
3 28.66:0200  2.32:0.100  1.830.03°
4 27012050  1.75:0.14>  1.49:0.03%
5 2697:046 181017  1.82+0.03°
AVEE B 2 25.10£1.27°  1.39+0.06° 2.0220.142
ik 4 2674:1.100  1.62:0.14"  2.25:0.15°
6 2543:0.63  1.50:0.06%  1.61£0.16"
8 26325046  1.90:0.100  1.6620.11°
10 27.70£0.89°  1.58:0.11'  1.89£0.22¢
Bl 8 26.45+0.11"  2.44+0.16" 2.38+0.25¢
IR 0 26.27:0.690  2.48:022¢ 2102013
12 2600£0.93 24120224  2.28:0.24
14 25.80:1.12°  2.33:026"  1.97:0.25
16 2662:1.06°  2.09:0.44°  2.40:0.33
FrEER 0.1  25.10£1.27°  2.40+0.41° 2.10+0.08*
B 02 254320750 2.13:031'  2.03x0.19¢
03 2632+1.13" 206022  1.95:0.37°
04  2674:146"  2.11x026"  1.96+0.08"
0.5  27.90:139  2.03:0.44"  1.830.18"

T ARV NG FREOR R — bR BN AR A 2257 8.3 (P<0.05)

M 4 a0, BEE AR N 1% 36 % 3%, L*E M\
27.8 F+ & 28.66, Z JG FE AR K E N 5% IR R 26.97;

aHEAEACE N 29%~3% BT , 1% 4% 5% BRI ;
bEAEZSHE N 3% FI 5% BHH T 2% Fl 4% BRI
BRI AT LA AR AR SERY I 2%
A, 10% IR, 0 27.70 5 @ (E1EAS PR VE R VS N
H 8% ik 1 (1.90) ,2% A (1.39) 5 b*{E 7E 7S
PEVER TSI R 4% B fe e, 05 0 B AR, L+(EAE
WIS TN £ 8% ~14% S5 [l N B M T B, WSS 4>
16% B} B F+ 2 26.62; o*{H1E W KU il it -y 8%~10%
A B I N 16% IR , 2 B WAy
bH(ETE A /K- (8] TG . 35 22 5+ (P>0.05) o L*{HBEAT 45
T S e 38000 T 20 4 T v, R R R VS I 0.50% I
KB B KAE (27.90) 5 e (HAEATBERR TS N 54 0.1% B
B (2.40) , FrBE RN IR N 0.2% B ZE 213, L5
B 0 78 AR 2 (P>0.05) 5 T b (B 7E 4% 7K 1] G
25 (P>0.05) , 347 1.83~2.10 Z ]3£3

25 LTI | 255 v B RN Y S I R R T R A
M OB (B 1) R B DR 2, ISV i 2 DA R U
HFREMAXT RN N LHMERE , FWRE N 3% W) L
{EL 5z 1 , L HSF 253 255 B e 20O €00 156 i B 5 5 A8 P Y R s
N 4% W LHE R 26.74, 40 T 55 5 K, 1 A8 T TE R
WK 10% B L+(E 85 & (H R E e
K, 2% B Ok i 9 5 B T g A 0k BE VS A8 1 i Ry S B0
TR AR AT Ko ZRUEE N 3% W o {EL AN b {235 5
IR, X S RCE VA (P e (KT oA o — 3 AR
PESERT I N A 4% B b+ (B fe i , T S S0 I Jom
TR IR A, SR T S A R S T . BV
oI e (R BE 3% R PEVE RN IR N 4% FH TSN
i 12% FPEERR TN 0.3% ) X5 W B LHE  a* {85 b*(H
BIAE F AR, i — 2 BDIE T (52 52 i 2 5 42
ZREMMEZRZ . I, fER AT R i T &, I
DS il % vie B AR MR T S i v] LAARAS SRR ) €1
RS
2.4 R AR RS
2.4.1 MRy TS A

1 AP F AR 0 25 R FE R F |, R ] Box-Behnken
VAT 29 4HIRI6, 45 L3 5.

& 5 Box-Behnken iRIGiIZITS5ER

Table 5 Box-Behnken experiment design and results

BAEMEE  CWIIRER D ArEmR

WS A SR EVESY

prinas e i
1 -1 -1 0 0 76.7
2 1 -1 0 0 69.3
3 -1 1 0 0 69.4
4 1 1 0 0 715
5 0 0 -1 -1 74.2
6 0 0 1 -1 79.6
7 0 0 -1 1 72.0
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Continue table 5 Box-Behnken experiment design and results

BEPEE COIKE DFFRm

MBS AREE o i i SR
8 0 0 1 1 75.5
9 -1 0 0 -1 79.2
10 1 0 0 -1 68.7
1 -1 0 0 1 72.9
12 1 0 0 1 71.0
13 0 -1 -1 0 73.1
14 0 1 -1 0 67.3
15 0 -1 1 0 76.4
16 0 1 1 0 77.3
17 -1 0 -1 0 78.5
18 1 0 -1 0 69.7
19 -1 0 1 0 77.8
20 1 0 1 0 72.6
21 0 -1 0 -1 745
2 0 1 0 -1 71.0
23 0 -1 0 1 72.9
24 0 1 0 1 72.7
25 0 0 0 0 87.1
26 0 0 0 0 87.3
27 0 0 0 0 85.3
28 0 0 0 0 87.0
29 0 0 0 0 85.9

P R

207 — - \\\\Zﬂ“\\\zx‘ {

SST”’ g _ \7

K801 /o

R =N
gl

4

&$@¢ (cle

Hh A

ﬁsjﬁ@/& 22 AA/%

&
B
Biiing
%

10 2 e

DUBCE PF 43 (V) S i B A, f 37 — R 2 55 K [l 15
FEAL .Y = 86.52-2.644—1.14B+2.03C—0.85D+2.384B~
0.94C+2.15AD+1.67BC+0.83B-0.48CD-7.094%~7.74B>~
5.0002-6.23D?,

2.4.2 W TE AT

Wi o7 T 28—~ = 4R RDE i T 2 E A
AR TR AT DL SR 7% PR A i Al B 2 1 72 A
AR AR A Ak 5 55 iR 4 e IO T ) 485, ok o A
Ap e H AR s A A AR Ak el e A R 1 T SRR
RIS FE AN [A] 3 AR BT FAR [R] K221, ] v g o 3
JEE R Fz ke PR 25 e R A v RO R R 32 HLAE
TRES o 25 P ZR 2 HAE R X ECE DT 43 1 e 7 THT % A e 2
DL 2.

P T 2 AR A U 7 e R A AN o ) 28 L
HER R BRI, R B AR E R
VR 5 25 W B 5 0 A6 T N i 1) 8 T 01 5 o 4 R 2 A
B, 22 HAEF B2 . A9 5 0 e s fin 4 1) 22 .30
FmmdtainFY , 2 EAERARE . BHEn 50 R
NIRRT =Sy DN SN ) N ]
e 2, v BRAEAE— o 28 B A VE R I N i 5
PG TR N I 8 119 38 B 301 4 e 4k faal Y, 38 AR R
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Fig.2 Response surface and contour lines of pairwise interaction of each factor on sensory scores
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2.4.3 AR E M

R A5 6 235 S A 7 w7 1 [ U B A R kAT
TR [ A I HLA 2 BT, DL UE [ AR 78 5 4% [A]
R P B PR 20 a8 L3k 6.

&6 NERzE O RRE TS E AT

Table 6 Analysis of variance for the response surface quadratic

model
2k CFAM A ¥1J5 FAH P1H

AR 952,78 14 68.06 26.58  <0.000 1
A 83.74 1 83.74 3270 <0.000 1
B 15.64 1 15.64 6.11 0.026 9
C 49.61 1 49.61 19.38 0.000 6
D 8.67 1 8.67 3.39 0.087 1
AB 22.56 1 22.56 8.81 0.0102
AC 3.24 1 3.24 1.27 0279 6
AD 18.49 1 18.49 7.22 0.0177
BC 11.22 1 11.22 438 0.0550
BD 272 1 272 1.06 0.320 0
CD 0.902 5 1 09025 03525  0.5622
A2 325.99 1 325.99 12731 <0.000 1
B 388.51 1 388.51 151.72  <0.000 1
c? 162.27 1 16227 62.37  <0.000 1
n? 251.49 1 251.49 98.21  <0.000 1

B2 35.85 14 2.56
AU 32.80 10 3.28 430 0.086 1

iRz 3.05 4 0.762 0
S 988.63 28

2 P<0.05 Fn 2257 035 P<0.01 LR 2ZE TR %,

¢ 6 AL, [mA#EAY P<0.000 1, 1d B 1% [ )9 45
RUTAMG 5 2 7K 5 S 4030 ) F{Hh 4.30, P ik 0.086 1
(>0.05) , AN G35, BB AR R B0 R 28 X 45 SR i 4 /0N  [ml
IR Y AH 56 280 R2=0.963 7, %68 96.37% 18U AT
FHIZAS R A B 5 WK R B R2,,,=0.927 5, ik 45 1
ZARI R Z AT N 92.75% ;28 5 2K CH 2.11%,
ol WA 1R LA e v AR B RN AT SRR e Ah, M TET I
T R R i A B4 SRR, — R I A (R E)
FCCH AN it ) Xof 4 255 68 I 20 W JR B 052 Wi g
F(P<0.01), BOARHEE R U it ) XoF S A5 e H9OR 1) ek
BIE M 2 (P<0.05) , DR R S I ) Xof &t 25 i
JIE JR ) JB B VE A3 52 ) AN B 25 (P>0.05) 5 I A%,
B2, C* D> 7= i R TE 43 5% W i 8 3% (P<0.01) , 22 B
T AB F1AD it 7= i B 4 R M 35 (P<0.05) , Hodx
N & 1938 B G HRCE PEAr 520 A 535 (P>0.05) . 5204
AU O B B PE A 1 DR 28 32 L kg 25 R 3 > B e
DN S5 P B M S I > A A R T
2.4.4  AREVISIE S AR

2 i B S PIG E 5 R AR T ) S A R
HEAT IO DA FEAT 56 30F , BIZS Mk BE 2.8% A8 PETE MY I
Tt 3.8% B B A N 12.4% F R S I 0.3%.

PLBEHE A 2845 3 UEAT I UE I, BT A5 SR A5 058 i Ao
B PR YIME R 87.6, S AL THME (87.1) AHIL , %
UE TSR AT SEPE o BRI AR AT A S O
Be 5 BIPEAE o 4% I e FE T T Tl A5 B R A B8 J S A i
8T B VR A AN M R AR A SR IR
it o
2.5 R ERASBE I PO T b
251 RAMIUAATETE

B ARRCTT T2 AR R 1 2 255 B i S ) DPPH
H LT BRI [ i S E BSR4 I 56.9%
38.5% , W IZ S 25 W IS O LA — 2 I IR ST S8 AL T
P£,3X 5 Shen 257 45 FAHLL
252 UEY RIRASERR

KHE GB 17399—2016¢ £ i & 4= [ K brifE L)
H1SB/T 10021—2017 i 5 &6 58 ) % il 7E 19 de At
Bc 5 T 20 B ity SR 25 B B 0O T A ARG, &85 SR L 36 7

F7T HMBEFBRRKTEMENRIBUER
Table 7 Microbial and physicochemical properties of the optimal

green tea gelatin gummy

W WYEEEY KRB TR R/
: (CFU/g) (CFU/g)  #/(g/100g) (/100 g)
LioRULE(ED 310 AA 28.1 17.7
FRUERRME <1000 <102 <35 >10

HI3% 7 AT, SRAS BRI OB A R 7% A0k 310 CFU/g
(<1 000 CFU/g) , A K i KW AT, T4 2% B it ol
28.1 ¢/100 g(<35 g/100 g) , i JFHE & &k 17.7 ¢/100 g
(210 g/100 g) , FIRFEARIAT G A OC H F AR B R0,

3 Zig

AAIF G A 3 PR RN O T R s DD Ak T ek Ak
R TC T7 o AU BE N 3% A8 R VE B U i
4% WIS NN 12% FrERR IS il 0.3% B, Jgk
B . S BB (BSUE 2.8% AR JE By
IR 3.8% WIS 12.4% FPEERR 7SNt 0.3%)
JECET T3 SN S Y8 3k 87.6, 5 TN (87.1) 5 FE W)
B RS TR AT AR 5 Fe I R AR A A g 2 e
JI& B 25 A AT TR o o b S s IR G
AT PRI A S, B R 25 BE BSOS 1) DPPH. H HH
UG BRI 56.9% , 72 A ITEBR %R 38.5%, & W]
HAR—ZERIMUEEE S o SRS PRI 25 Rt
TR F O bR, V& B0k 310 CFU/g, KA BT
A, TR o 28.1 ¢/100 g, i JEURE & 1
17.7 /100 g AMFFELE G FIHIEE PR AL 534
RSN EAC T, I R S E R AP KR iy 2 4
TR (et BRE 25 Ak ) T RE PR S 2R B R PO F 8 T T S
TSRS
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