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Abstract

To develop an efficient and visual food freshness indicator label, Sodium carboxymethyl cellulose
(CMC), Sodium alginate (SA) and Carrageenan (Car) were used as the composite membranes-form-
ing matrix, Glycerol (Gly) as the plasticizer, and the Methyl red-Bromothymol blue compound sys-
tem as the color indicator in this study. The pH response characteristics, storage color stability and
ammonia sensitivity of the visual labels under different indicator ratios were systematically ex-
plored through single-factor experiments. Furthermore, the regulation laws of the addition amount
and polysaccharide matrix composition on the mechanical properties and light transmission per-
formance of the indicator film were investigated. The results showed that when Methyl red and Bro-
mothymol blue are compounded at a ratio of 3:1 at an addition amount of 0.3 mL, the indicator label
has both storage stability and alkaline response sensitivity. In addition, Gly, Car and SA can direc-
tionally regulate the mechanical strength and light transmission performance of the composite film.
This study provides experimental basis and technical reference for the development of visual de-
tection of fresh food.
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FAEE(PEBFE AR AT ; TMS-PRO a3 HrX: S&[E FTC A7,

2.3. SEWGE

2.3.1. AIRALERER &

THERFRR 3R B 3 241 4 2080 (Sodium carboxymethyl cellulose, CMC). Hi#i(Glycerol, GLY). K$if%(Car-
rageenan, Car). R (Sodium alginate, SA)# T, HIA 50 mL pH4 Z&fiaii, 60°C/KIEIRINF 230
min. ACE 0.4%FELEHS 1%5 0 EMEHRTL BRI 41, 3:1. 2:10 1.1 RECHI IR &85,
3L 0.1 mLy 0.3 mL. 0.5 mL REHANAZHHARH, 2K 10 min, 500 w A AL 40 min il (¥ B
W RAMBNERER, B 20 g MERBEL —REREFRILF, ET SOCHA T 14 h, B2 LER
i

W o

2.3.2. RAERT pH ok

PR 2 HEAR [ 7125 NI SR RIS B, AR 20 BN 8 mL pH fH4 3+ 4. 5. 6. 7. 8. 9. 10,
11, 124 13 2P (pH 3~8 L2 PP iE I — /K G B BRI AN B R — VR ), pH 9~11 2y viiid
MR AN S E A ANECE, pH 12~13 i@l H A A A AL E), A 95 R &4
A, SR EARAY, RN R A AT WA e G FET I E ROG B2, 4G 9 300~800 nme.

233, RSN ReREM

SHERI A8 AT MBS, KT AR E T — IR IR M R A 2 HBCE. 25°C
4°C. —18°CIT, Wt [A) 5 8 A PR FF— 20, 6 RIGIIEZSEAAL . 8]t 22 0 E 457 - AR (i fa
L. av b, BEEAE)ELTHIR:

AE=\(L-1,) +(a=a,) +(b=b,)’
Kot L an b WEEUF AT SEG Low ao bo T BLHARAE WD BAR (5 5

2.3.4. AN SERM

SHEFERENRTT T MBS, F AR 1.5 cm x 1 em, ARG b, BT %
A3 10 mL 0.2% 28 /K i) — R PERFFRIL, A = CME SRR IR (S 1 Ly av b AH, SebrifE LRI AR
S

2.3.5. AIRUAREBERKEIRS

PREOCR B AL R 1g, RHMR 0.4g, BEFRIN 0.06g, Hl 0.15g, MM 50 mlpH N 4 (G
WAE KR, 88 CK, BEJEKIHE T 50°CHIMAE b TR, (RA7% .

(1) H i PRS2 (1 5 T

FREUR FHILLF4E RN 1 g, RHK 0.4 g, ¥FEEEREN 0.06 g, I 50 ml pH N 4 FIZEMHAW, W
o1, 0.2 g Hul, 2y GLY-0.1. GLY-0.2, BE/ERIHE T 50°CRIMAE h TR, fRAF&H .
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(2) RALERT AT HAARRE I 5 0

FREGR LRGN 1 g, Hih 0.15 g, EHEEFREN 0.06 g, JI 50 ml pH K 4 FIZEMIERL 43 AN
0.3, 0.5g RHfK, 4r7licdh Car-0.3. Car-0.5, Ffif5#HE T S0CHMAM S TIRBIE, RIFEH-

(3) HFEEBRAMNT P ARALARAE R 5 0

FREUGR LT 4E kg 1 g, Hil0.15g, FHiE 0.4 g, I S0mlpH A 4 FIZEMETR, 7510 0.04.
0.08 g WFHEIREN, 43N SA-0.04. SA-0.08, F/EKILE T S0CHIBFE T, RAFEH.
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2) AIARACARZE IR PE R (0

2% TR0 U RSB B e, HFE BTN 45 mm x 10 mm (46, BERMEKERN 15 mm,
FARAEFE R E N 500 N, g i E 20 mm/min, & EEIE ) 0.75 No fifiigg i AR T

T=F/S
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WA TR AW
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K E AWK, %; Lo MWK, mm; L AR FEIRE A2 F, mm.

3) AL FRAE B

2% Hosseini S F 11155 NRIBFFLIFREVEIZ 0, U T ARALARAE 0 S8 A I BELRR PE RE, Al i K
8300, 400, 500~ 600, 700~ 800 nm. #EI~F N 45 mm x 10 mm MIFEBARE, DLl B MIBIE NS
EEXT . BRI R I E =K, S I = A8 25 (P 2 4A .

VL B P JE I N IR A 1

IgT

2 A (A/mm) = ~

A A BB FIOBOERE: TSR FBIE %) x MBI E (mm).,
3. WRERS S
3.1. BAIRTRFIA pH MRS

M 1 a5, ANFEEBNR AT RFIE AR pH 2 Eh & S PRE G, AL M.
fE B IAR . 7EK pH MBS, LB RGE R FAOERAEE, B4, 5EEAMNRE R
Wy IR A Ja s N A B RS . E pH (B KT 7.6 BV L iE sk o, HBES pH Jhm, HEIAH
B N, XS PR R A B AT R At . AN, BEE TR SRR LS R s,
ARG [ S AR

AN PR L LT R T B VR AT EE (1210 2014 314 4:D)FRHB R AR AN AT LIRS i dn 1) 2 iz o 24 F
FLOT AN IR A EC Y 11, 2R pH YEEEITE 4 & 6 Z AR, JailbHhZR7E 435 nm FfHiE 2 LE
B, HREE pH A M T E, 2 RO BT T, SRR . B N AT R T AR A R B
o, AR E R T R BELLAE 435 nm ARSI SR FE A BRAIR[10] [11]. 24 pH IA3 8 I, Sl dizk 2 3
H T BRI AR, R KRG R B4 616 nm A, FLEES pH FISE IR G EE 2 K, B R ANR Ik
BKFELE 618 nm Abo XPREGIESA NI RIBZLA ISR, W5/ 7% NBFimE el Bt
b, BRI RSO T B B X S, ELVA TR (e R AR, Ui s 1) pH YEH R HRRFTIE AR 1k
ERAK.

DOI: 10.12677/hjfns.2026.156064 612 5 E R


https://doi.org/10.12677/hjfns.2026.156064

R

By

@

pH4 pHS pH6 pH7 pH8 pHY9 pHI0 pHI1 pH12 pHI13

pH4 pHS pH6 pH7 pH8 pHY9 pHI0 pHIl pHI2 pHI13

B e RS g T %

pH4 pH5 pH6 pH7 pH8 pHY9 pHI0 pH11 pH12 pHI13

LS N % N < g

T

‘

R T BT
e S L W

l‘_‘ﬁﬁ.‘..

(b)

pH4 pHS pH6 pH7 pH8 pHY9 pHIO0 pHIl pHI2 pHI3

ARRARAALR

(d)

Figure 1. Color changes of mixed indicators in different proportions ((a) 1:1, (b) 2:1, (c) 3:1, (d) 4:1) in buffer solutions with
different pH values
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Figure 2. Ultraviolet-visible absorption spectra of mixed indicators in different proportions ((a) 1:1, (b) 2:1, (c) 3:1, (d) 4:1)
in buffer solutions with different pH values

E 2. NEILLHERAIETRFI(() 1:1. (b) 2:1. () 3:1. (d) 4:)ERE] pH {ELE A& T A LN AT RIS IE

DOI: 10.12677/hjfns.2026.156064

613 i 5E R


https://doi.org/10.12677/hjfns.2026.156064

IR

B L LA VR S HE s 77 R R L 3, RSO T i R AT A, LR 616 nm YK AL BB AR AT 0
PEACEA S, WOR A 22 F g i K. (EAER A, Y pH /T S B, FIEEZL & 5 A3 I 46 75 (1 o6 0l th 28
FHIEIERE 7S 42 510~520 nm &b, HAEFF IR LA B B9 0 B LU s 2 4:1 BB IR B K. ATRAEH, H
BECTYR B 3G A0 T DU R 7 70 e 82 R BRE AR T, M0 A 25 PR e e S

3.2. FRIREIEFRFIFNHETREHBREREN

0.1 mL 8RR S (B 2 KP B AR, 7E 66.847 % 70.174 (A1 5h. BEE AL S BAEMN, REHEE
B L S BI GRS, 0 o [EIHZRT 0, SHEGE EEEIL A, MEAR b B 0425 KR
0.365, BEEAREDINGT, FAE 3:1 EH R K E-0.92, WHBIEMNEEOEANEG. HE 1 TTUE
o, AN RIS R AR 2 Bt 2 KA — AR BE AR A o £E 26 CHEAF/S KT, B FHARZ0IR EE I 8 I,
FRANARZE ) L E R LI aa A S S B0 5 BRI, DB S i R 2T 2 S EUR FERRAR . W IR A A5 48
INPREE a (RSP, b AEMT WS, SO, EAEENLE, €01 mLiFNT, Fi
LIRS 0 LL A F] 4:1 ISR AE KT 3, Ui B & i FIR LD I AR F - bn 25 1 B e F
EVE. HAIREE T, faatnE gt o KAER SO, EIHAS TR ERZER[12]. 104 A R0 1
INAREE R AR ALK, U A FEARIR N & U A e

Table 1. The influence of adding different proportions of indicators under 0.1 mL on the color stability of visual labels

% 1. 0.1 mL R T AR BB RIS AT AR Z B i E MRV

Fa7R 7 Al itk 2% A L (5EE) a (A58 b HIEASE) AE
0d 31.350 + 0.099 2.750 £ 0.014 0.425 +0.035 67.753 + 0.098
26°CH il 31.225 +0.021 2.560 + 0.001 0.535 +0.007 67.877 +0.021
0.1 mL/1:1
4°C V5, 31.590 +0.028 3.290 +0.014 —0.345 £ 0.021 67.539 +0.028
—20°C A% 30.845 + 0.021 2.540 +0.001 0.470 £ 0.014 68.255 +0.021
0d 32.115+0.29 2.345 +0.007 0.365 + 0.007 66.972 + 0.289
26°C IR 32.325 +0.007 2.470 +0.001 0.885 + 0.007 66.780 + 0.007
0.1 mL/2:1
4CTHI 30.925 + 0.007 2.200 + 0.001 0.100 + 0.001 68.158 + 0.007
—20°C A 31.825 +0.049 2.580+0.014 0.280 +0.014 67.275 +0.049
0d 31.710 + 0.057 3.180 £ 0.014 -0.920 + 0.001 67.411 +0.056
26°C IR 31.475 +0.007 2.370 + 0.001 0.185 + 0.007 67.616 + 0.007
0.1 mL/3:1
4CHI 31.700 + 0.014 3.170 £ 0.001 -0.280+0.014 67.423+0.014
—20°C A 31.230 £ 0.001 2.925 +0.007 —-0.095 = 0.007 67.882 +0.001
0d 28.930 +2.687 2.930 + 0.269 —0.420 £ 0.255 70.174 +2.672
26°CH IR 32.245 +0.007 2.375 +0.007 0.255 + 0.007 66.847 + 0.007
0.1 mL/4:1
4CH 31.590 + 0.028 3.290 £ 0.014 —-0.345 +0.021 67.539 + 0.028
—20°C A 30.325 +0.120 2.955 +0.007 —0.375 +0.007 68.786 +0.120
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0.3 mL HFE7RFA I EAT ELEL T 0.1 mL 10 &, AEAH A A FH L 2D AR F7 By 5 b ) T e 224 B2 Y
WEIN, AEZESRREAE W AR LR AN T B as . ATCLE Y, S REE TR AR AL T R RIS, i
SEPEFEAR, b AERRIR, o EIEK, WHITRRR BN A L8 g . B 2 ATAD, 0.3 mL 780 F BT A #E i
£ 26 CIHE 6 KJa, SFELGIVIARERAIETT S, L CREEZRMAKR, o EAEMRKE NI, HEEGZ
Wit b AW LT, U B AR R R S, XA AE BRI N RS, 4T
FREAETN L (ST B B BIRTARFE il B B Sl T, T R SR 2N B LD 121 A 311
a [EHIEM BT, Bt ma aRMmE, 2:1 f 4:1 5 o (HNSH TR, msEmie, AE HRIRMHMT
B o VO URAFE A EL RS — RAEXS EEAR AN K, BWIFEARIR I MR A L& AR e

Table 2. The influence of adding different proportions of indicators under 0.3 mL on the color stability of visual labels

% 2. 0.3 mL RN T A B LBl R FIX AT (AR Bl B A2 E MRS

feoRF Ll RIS L (52%) a (LAGENF) b (HIEASTE) AE
0d 30.588 £0.239 4.102+0.171 3.835+0.288 68.717 £ 0.241
26°CH# i 31.175 +£0.007 3.985 +£0.007 4.290+0.014 68.155 +£0.006
0.3 mL/1:1
4°C V5, 31.130 £ 0.001 4.260 +0.001 4.085 +0.007 68.203 +0.001
—20°CA& % 30.490 +0.382 4.185+0.035 3.275 +£0.035 68.788 +0.380
0d 30.127 +£0.143 4.240+0.103 2.035+0.165 69.098 +0.142
26°CH i 30.700 £ 0.014 4270+0.014 2.560 £ 0.001 68.549 +0.015
0.3 mL/2:1
4CH 30.850 +£0.001 4.135+0.007 1.985 +£0.007 68.368 £ 0.001
=20 C¥ % 30.010 = 0.099 4310+0.014 2.060 +0.028 69.220 +0.097
0d 30.095 +0.265 4.230+0.207 1.502 £ 0.060 69.112 +£0.250
26°CH# i 30.940 +0.001 4.280 £+ 0.001 1.865 £ 0.007 68.284 +0.001
0.3 mL/3:1
4°C V5, 30.695 +0.007 4.320+0.001 1.585 £ 0.007 68.522 +0.007
20 C¥A % 28.360 £ 0.014 3.765 £ 0.007 1.305 £ 0.007 70.811 £0.014
0d 30.175 £0.308 5.023 £0.328 1.727 £ 0.061 69.095 +0.331
26°CH i 30.420+0.014 5.190+£0.014 2.320 £ 0.001 68.884 +0.013
0.3 mL/4:1
4°C VI, 30.375 £ 0.064 4.640 £ 0.001 1.780 £ 0.001 68.869 + 0.063
=20 C¥ % 29.520 +0.028 4.870 +0.057 1.485 £ 0.049 69.729 +0.023

AR IR INZ 0.5 mL I, FERFRAE IR ORIE S A8 PER L 5 AR INEE(0.1 mL. 0.3 mL)

AR, HEARTE 68.044~70.131 (M3, FEE FREIRERIEIMN, LESAZIEEG TR, U
WSS BT IRAR, (BAE 4:1 WhosAa ETF, iK% 29.97, MOZENASLA K. T b 8 BE F 3L LRI,
R, WA O E AT RS . B 3 AT, SR ELGIIAERE AL, E=IRNE 6 KE,
BRI R B, o (R b I EIL TR FRARE S, R s i R Ak
JEM 2= SRR A ERRR. 4CRUT, BUARM RS &5 L EMME/N. o A b EHHEH T
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BE(ZL o S RE9), (BRI PER /S, T e AR P U 2> I e 2 E AR A, AR AOR, 1 3 A LR
AR TR P TR S AP ARE . MR IA R -20°C, BHD IR, BFER U1

DU R VRS »

SRR RE VR -

Table 3. The influence of adding different proportions of indicators under 0.5 mL on the color stability of visual labels

% 3. 0.5 mL RN T AR BliE R AN AT AR S B BT E IR0

Fa 7 L) 3% 3es L (5%) a (A G b (EW ) AE
0d 30.490 = 0.001 5.400 + 0.001 6.320+0.014 69.105 +0.001
26°CH# i 30.875+0.757 5.300 £ 0.099 6.090 = 0.057 68.946 +0.191
0.5mL/1:1
4CHI 30.600 +0.014 5.260+0.014 6.000 £0.014 68.562 +0.193
=20 C¥ % 30.990 + 0.085 5.365 +£0.007 6.475 +£0.007 68.622 +0.042
0d 30.745 £ 0.163 3.670 £ 0.002 3.230 £ 0.057 68.500 £ 0.159
26°CH# i 31.175+0.007 3.755 £ 0.007 3.585 +0.007 68.552 +0.342
0.5mL/2:1
4°CY i, 30.705 £ 0.021 3.510+0.014 3.835 +0.007 70.086 +1.139
=20 C¥A % 29.055 +0.064 3.080+0.014 2.735 £ 0.007 70.131 +0.064
0d 29.925 +0.035 5.220+0.012 3.835+0.007 69.455 +0.036
26°CH i 30.665 +0.007 4.760 + 0.003 3.315+0.007 69.196 +0.383
0.5 mL/3:1
4CH 30.160 = 0.001 5.040 £ 0.001 3.635 +0.007 69.880 +0.589
=20 CA % 29.405 +£0.106 5.215 +£0.007 3.525 +£0.007 69.954 +0.105
0d 29.970 +0.014 3.875 +0.007 2.635+0.007 69.256 +0.015
26°CH i 31.080+0.014 4.090 £0.001 3.215 +£0.007 68.044 +0.104
0.5 mL/4:1
4CTHI 31.180 +0.001 3.930 £ 0.001 2.435+£0.021 69.577 +1.147
=20 C¥ % 29.585 +0.064 3.785 +£0.007 2.310 £0.001 69.621 = 0.063

3.3. HERFINATRAFEEHN R ST R

B 3 RIS S K A I () (R 19 0, A [R] FR B £ AR B My W T L AN I B T A A
WSRO ZEE AE BIH T RREE BT, SRR T AR, IFAE 360 min I IA S OK(E . wfE
3(@)FR, AR RFIRINESN 0.1 mL B, FEELURIR E BB ENBCEy 1:1 A 31 B R 2K B
£, 7€ 90 min WAL= AE IR AT WL BA(AE KT 3). TIAE 180 min (422G KBAREE, X2 H Tk
IR R I TR O H . BEE TR AR B IIG N,  Fa /s bn 20 2 UK BB I 1B T G 5% . 0.3 mL
ININT AT R bR 25 e 22 AL JE I 2 3 30 22 M), dje KRS BUAF] 28.33, 1 0.5 mL ¥ AT [ AT A4 AR
Zrm B EATEELE 1 29 208, $8H 0.3 mL FE 77 I D0 AT DS FE s AR 2 78 ZOK A AR 72 AR B R IR B
B, MAh, FERETRRFIRINE T, f8Rin S B G AR RS A & BT iR B ok, Ui
R L I\ AT DU PR e i SLE R . v BUE S 78 45 min /247, 0.3 mL W0 N IFRZE S B ZE KT 3,
BV L A R PR 0 7 12
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Figure 3. The influence of different proportions of indicator addition on the ammonia sensitivity of visual labels
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Table 4. The influence of different polysaccharide additions on the mechanical properties of visual labels

4. TNEIZREARMA TR HF M RERI R

AN Fr A 5R E /MPa WA R /% J& & /mm
CK 5.977 +0.531 44341 £3.379 0.121 £0.004
GLY-0.1 9.183£0.361 65.569 +3.362 0.133+0.011
GLY-0.2 6.526 £ 0.939 60.279 £ 0.377 0.120 +0.006
Car-0.3 6.18 +0.327 50.517 £1.652 0.142 £0.024
Car-0.5 7.2+1.034 54.159 £0.98 0.121 £0.004
SA-0.04 6.853 £ 1.04 50.246 £ 24.755 0.130 +0.002
SA-0.08 7.721 +£1.834 49.85 +12.574 0.127 +£0.006
3.5. BAMSH
Table 5. The influence of different polysaccharide additions on the light transmittance of visual labels
= 5. NEIZHERMA AT EAREEL R R
s
Ff-ft
300 400 500 600 700 800
CK 4.499 +0.075 5.095+0.113 4.336 £0.071 6.233 +£0.048 6.601 +£0.032 6.662 +0.032
GLY-0.1 3.729 +0.08 4.307£0.037  4.284 +£0.069 6.158 +0.048 6.522 £0.032 6.582 +0.032
GLY-0.2 4.641 £0.071 4.77+0.077 6.857 £0.053 7.262 +0.035 7.329 £0.035 7.329 £ 0.035
Car-0.3 3.792 +0.001 4.263 +0.001 4.013 £0.065 5.769 + 0.045 6.11 £0.031 6.166 +0.031
Car-0.5 4.726 £ 0.001 5.381+0.001 4.739 £ 0.076 6.812 +£0.053 7.214 +£0.035 7.28 £0.0351
SA-0.04 4.88 £0.049 5.513+0.038 4.41£0.071 6.339 +0.049 6.713 £0.033 6.775 +0.033
SA-0.08 4.74+£0.078 5.343+£0.017  4.507+0.072 6.479 £0.051 6.861 +0.033 6.924 £ 0.033

H13E 5 WAL RS 300~800 nm BN, 52 AT ARAL AR 25 (32 06 2 BE N S (K 08 m 4 2 e e s
JEFFETT AR, BRI BLAE 800 nm AR3RAS . Bl H ihds ST, AT AALARZEHTIE L AE 400
nm 2T EE IR ER . 5 A BA CK ML, RAINE(GLY-0.1) T B4 )k B s Y3
AR, EVEDRES : S ISR T A GLY-0.2 I, @B KT 400 nm)i# e B35 & T2 A 4,
BCIERE IR AR T i 2 BB T 2 e RE 8 2850, AT RN 2 WE > TR B, G A 95 TRl A
BRAT P AR I 5T PO PO 5 ) 45 5 RS o ARIRBE IR it 23 SR A JR AR 70 B, SR D 2 £ 158 P PO
SHEITEBUR, SBOEICEE TR SR H bW AT BE 2 B T REHEA S ), R B FLIR S S
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PRI TC X 52 @ e e R M R 2, L IRD I8 5 43 (A) U AE L T RO 8 L2 N 48 4504 40 LLOE B R
LS R 5 1 5 38— VRS T, TR YRR TE AR SR I S S S HUR R, S RIUNIE T E[15]
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ASHIT U I AR i) o 2 T R LR T By IR ) 2 A pH MR 0 1 O RERRE S %
TP EEPERE, UESHIZARRIEAE pH 3~13 i Fil N B A0 2 H AR mrO a2, BN X AL it J8 G0 A2 /Y
B4 A0 A RO B S W T T 4R R RIBC L . S I B B 2 B 20 70 X P8 s JBE 45 P E A AR
FABUH, SR T ARIR AR F o B (A i VR PR ROCR, Rl FiR s X BT R B SRR, R
WASRIREC 5 HOBT T 2 Nk RE . ERERIERVERE T, M S RN NS R RRN R, HahS R
P ISR B B 5 6 (0 o A 58 P2 5 3 ek e P8 R L S PR T R R U R IR AN I AR T T
[R5 DO R R AR B 5 R B, (H BN 2 B S8 BRIk, % OB A 0 Pl e o 1 B 2 S B
5 ICEEPERENE FIPCAL, Do e 1A T B P PR BRI T A5 ARG B (I ) SE L A2

E&WE

FE LM BE AR GBI GET FIA T H « 45 0 i SRR AR B RS it i MBI (T H 4 5 XY -
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