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High and Stable Responsiveness for Indicating Milk Freshness
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150040, China)

Abstract: [Objective] The aim of this study was to solve the problems of complex preparation, high cost, and
interference in color observation of developed pH-colorimetric indicators. [ Method] Here, modified fast-growing
poplar (Populus L.) veneer was used as a direct substrate. A top-down lignin retention strategy was accomplished
wherein mild alkali swelling and cationization were conducted synergically to develop a novel intelligent wood-
based label via grafting quaternary ammonium groups and adsorbing BTB anions. [ Result] When the concentration
of NaOH was 1.5% at the solid/liquid ratio of 1:30, the weight gain rate of the veneer increased to 7.03%, while the
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porosity decreased by only 1.75%, proving good dimensional stability. The adsorption capacity of BTB reached
8.504 mg/g, which was 38.30 times higher than that of the original veneer, and the b* achieved the lowest value of
-23.13. Due to the ultra-high adsorption capacity of securely anchored BTB, the label showed high and stable pH-
sensitivity and a favorable response to acetic acid gas. Its color varied from blue to green when the titratable acidity
of fresh milk rose to 20.63 °T (The acidity of commercially available fresh milk in China is generally required not
to exceed 20 °T), accompanied by a tiny pH change. [ Conclusion] A safe and stable intelligent label with arresting
pH sensing was fabricated to track milk freshness. Eschewing conventional film-forming substrates and methods,
cheap, stable, and opaque fast-growing poplar veneers were selected as the direct supports and were cationized to
anchor BTB. This method retained the vast majority of lignin compared to the usual delignification and bleaching
processes, and the interference of the original color of the wood could be ignored after the adsorption of BTB. The
grafting rate of quaternary ammonium groups was affected by the solid-liquid ratio and NaOH concentration, which
had little effect on the dimensional stability of the veneer. FTIR and XPS results proved the success of the
quaternization modification. SEM images showed that BTB ions were adsorbed homogeneously on the pores and
inner walls of the veneer without aggregation. XRD results suggested that the adsorption of BTB ions had no effect
on the crystal structure of cellulose. A large number of positive quaternary ammonium groups grafted onto the wood
fibers significantly enhanced the adsorption capacity of BTB and inhibited its release via electrostatic interactions
and intricate hierarchical pores, and there was almost no migration in 50% or 95% aqueous ethanol solutions
(containing fatty food simulants). The excellent pH sensitivity of BV over a long shelf life and a remarkable color
difference in response to CH3COOH make it possible to monitor acidic spoilage. When applied to track milk
freshness, it indicated spoilage easily, timely and accurately with color changed from blue to green near the edible
threshold, visualizing spoilage information. In summary, this study proposed a method to prepare a pH-sensing
wood-based intelligent label without delignification and bleaching, which informed food quality information with

apparent color response and expanded the use of low-quality wood to a new area.

BYINRR AR REHE, FAE NS AR B F USSP L BRI E TR Fealdd9), =2
—MEFREENEY, SHEHHLOIRANTLRERR, 5 TR (Guetouache 55, 2014) . 4
PR 2 N R R E R R, S ER NI SR G, ARk YIE R £ T
P, 32023 F AL FE 19520 GERELMHAT, 2023 45 o AT, AWt —Fh 5 28 5 1
MBS A Z oK EY . BEATONLE, X E oM A A K R ARG TR . R
A KBRS B A B R 145 R (Poghossian 45, 2019) . #tH A BAHL (WHO) Hul, 3254
i g R R SR R G B BRI AR IR &Sk (WHO, 2022). [RIUth,  Aarill £ i o7 & A0 AR 5T )
TR E S B LA R AT B . B, AUV E g — DAME NS AR, W FRAAEE
KIGHEHRE TR WV A A TG A R B AR =, X i A B S5, Wp
HE. BT&E. B8R, Ak, JOAKE (Poghossian 25, 2019) . REWRAEMEE AT RS
TEEBURA B A A B, (B 20 K sl e eI ES F. 24581k, RSREh
TETT RN TP BRI 77 S . TR N IR SR 2 1 % S BOR (Mandal %%, 2011; Zhao 4%,
2014; Law %%, 2015) fFAES /1. BN, JGVESEn . B4 s AR B ok s TAEk, BEEHT
MRLGBT I VE B R R, T 2 A JE AR A A A SR 8 00 A4 473 Jo - 000 AR 3% o A 0 Py PRk 77 v A T 1A
3| T EZEY R (Poghossian 2%, 2019; Rodriguez-Mendez, 2023; Shalilehd 2%, 2023; Mohan 2§, 202
3) o HAFZWIELL pH AE AT SE4R R, BUATGWAFAETM AR, pH #RRES V2 s 7~ 4= W3 i o7 B i
(Blackmon %%, 2013; Weston %5, 20200 . MAb, pH Hbadh s a1 i b e B 5 B oy IR 2%
GriR A R E B R TE A B A, IR DUIEURI AR A B 52 B 7SN ROGTE (Yousef
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i %5, 2019; Miller %%, 2021; Cheng %%, 2022; Zhang 5§, 2023) .

W, pH iR deie LRR R EE AYEHEDY pH $R/R7I BT, I H R EE 5T 8% . i,
AR EELHEAE R, @RS BG4 T 2K EEE LI R K T4k b, Rk e
& pH U, BT A3 FUd AR ) pH 4£ 8 (Amal Nath 25, 2022) . 4% MEH R SEARME
W BOHAT AR 2 B FIVR R R, 158 — R T 2 FLKE 1) pH F8/R 8 REARZE, VBN AR W RIUE 3 ff 75
R3S (Ma %%, 2023) . fEERGEIT I, Guggilla 25 E I IEIGE 68 I H By ilE (BTB) A4
JeRHR SIS I B RS AT 2T, Hl8 T — R T AR IE R R, TR P a4
A5 (Guggillad %5, 2016)  Romero Z54I HFRACL 5 3 3E BTB Mm% fE R LMt 7 R R RE
02 JE AR, DU E A9 548 R (Romero 45, 2021) o 4R1, — 75700, RARERFIFEAL A HRA
o, B5%Z% pH. A b, AFAENHEE M (Enaru 55, 2021) , A BRAEBEATERE, &
EATAAYR TN, FoASPREERRE Ca— Dl gAR ifatn) L2 mT & HBER, efrE
2% pH TN T H 424k (Blackmon %%, 2013; Liu 2%, 2023) , {HZWIRTHIIEYF, wf
Rext NRMEEA 2 (Shao %, 2021) o H—J7MH, UEWHFRKMH A N BRI, JFERESRETE EE 401
Sy BEARBUL R, EARE (Weston 45, 2020a, 2020b; Amal Nath %5, 2022; Ma %%, 2023; Liu %,
2023) . A, Kb pH ELESRR B RSB (Cao %, 2019; Liu%k, 2019; He %%, 2021) , 7F
XFHES T, RS TIRELEEARL, HSERE Mg, Fit, BayRE—FERN. e, A&
B A A AR N BE T, DAZE [ 4 1 - AL i o T 4 2 e A

KMEHEBAH LRI, ROy magER. FAERMAR R A4 ARIEmR, B Mgk
JRUBE B 72 R MRS 1) o e 2 fLEE ), BRI LR AR F B iE B e (Chen 5, 2020). 2RT,
AW I Y BEAR FAE R BB PR BB B T4k, T HAM A& BB 2 m i S B . o~ T X
— BRI, S RATTEE R o DA A BT 5T — M S A S i A T 2 R [, AR /= 25 R0 ) A B
ft (Wu %%, 2019; Horikawa 2%, 2020; Li %%, 2021) o HHZF4EZ AT 4k 2H A b i1 b 25 HEA 11 38 1
SEUIREAC IR AR R B . AR, X e T 2@ E A SRR, K AR Rm AR A R A, X AlRE
SHIGIAM N IR, SEOMEIS RARIR . Kk, 0Bl R A AL B 7, DU R
KT AR TR A7

X, BATE R AM S pH BURI B 7R R AR, FFAR H—FhR T Wl 2 90 5 &= 18T B R
REEFRRE . AL, A DB R EE A AR AR PH B 74, SRJ57E NaOH i H 77 [ i 4 & BTB
(B 1) o ZEHAARRI T BTB /RS ERIRIN A& . k™A 18 febn 2 2 i HARE 1Y pH U
PERE = (R P A B, T T AR e FE I PRI AL o SRR REFR R SR T RIR Rt — 2B 1 iE B
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Fig. 1 Preparation diagram of the intelligent wood-based label

1 MRS

1.1 RIeAR

MR HAR, LA N A b o 2R B A A A BR A w4, BRSO 220 mm X290 mmX 1 mm; &
A (otrddD, REH R KT s BMEAEAE (gD, RET R ERAR s =k Oy
Mratd. oK OEE Oriral), RETE FREAM TARAR; RE BEmE (BTB), KW HERALT
WEFLFT -

1.2 REFE

1.2.1 AR89 it

B AE A S = CFAEBEREE 1:1.1 IR A B RIZHA R N, ARIE NS = Z R 50% (v/
V) LEEKIEW TE 45°CL 400 rpm FITEIRRE S8 RE A B b OB 3he AR BRAR R 28 T3 — 2D U1 5% 17l
A K E N 50 mm. ZFEEFEZN 1 mm 5 (OVs). KFE NaOH ¥R (0.1, 1.0, 1.5, 3.0%)
FEATIERK 1.5 h 19 OVs, 3 [F—2F AR IR — R AN T NI (AT R BCHEE AR = 1 &
20 mL. 1 g:30 mL) ', 7E65°C. 400 rpm 4kZER )V 3 he FTC/K OBER B FoKIE Ve AR (QV
$)o TE-18°CTIA 24 h, FFAURTHE 48 h G [E 2,

1.2.2 455 BTB 45 694 &

¥ BTB A MRAE 0.1M NaOH i rh3kS 4kl H BTB I E PR H B HIRRIPT 1L QV i
7%, JFAE 50 °C 1) 200 mL Bt BTB &7 (50 mg/L) TR0 12 h, [EIAE JE 4G Bt b 3E47 K0 E] A s b
HREE AN, S8R5 0.1M NaOH j&¥E, EBRF6, HEBF/KRIEEREBCNY. &5, KA LR
TR 2 BTB HUbR (BVs) FIE SR (BOVs) HEAT [ & .
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123 BHEZTRZ

T E AT Gk el Gl ARV 1R B R D E FAARRT BTB IR 25 it SRR 40-1T W43 e
JEit (UV-2600, Shimadzu, Kyoto, Japan), LA 0.1 M NaOH N% HEW, £ 615.0 nm &LIE — RFbR
HEVRTR RO, BRIRMERZE (v = 0.06394 x + 0.02402, R2 = 0.999). #RJ5 T8 &AW BTB K
.

o- CoxVo-Cr ;VR'CWX Vw

X, O (mg/g) N BTB FIRAR, m (g ARRMLTHE, Co (mg/L). Vo (L), C
g (mg/L). Ve (L)v Cw (mg/L)\ Vw (L) 73 ARWIEAGEEL, Fol 4R GURE RIS e FE A AR

1.3 FfE

i Apreo S F#iH T EfMBE (Thermo Fisher, USA) FEAN[R] UK A £ X B A AR 46 i A Az )
BRI TS HEAT A% . B2 /T4 . %A Nicolet 6700 {83728 B 21 4614 (Thermo Fisher, US
A) SHT T BRI ERER], TR 4000 ~ 550 em!, ¥R 4 em'. KA XRD-6100 X' Pert3 X Hi£k
AT (Shimadzu, Japan) 7E 20 5~55° i [l Y44 b 19 iR &5 44 . {81 ESCALAB 250Xi X #1406
T AEREIY (Thermo Fisher, USA) JIE T BRI TTE S EFMANS.

1.4 iR

1.4.1 UM B 374

1T BT R Rh (R A S 53 3 BE KB R, DR AR A FLBR B 5 % FE 2 AR B R &R, BRATRIHAM
SR B FERAG L OVs A QVs HIFLERSE . #418 GB/T 1927.4-2021 [ ESRAE R T4, Flths £ RE
BARR AN P 5% e RSE Al RS, BCTSAMEAE A SRR 5% RS R I RSE, B e I RoR . TR
(ID-C112XBS, Mitutoyo, Japan) 7 9 ANz B35 BTN & AR (42 MR SE, BUFEE NS R, i]
N Ire WRYE T R E AR L T2 po:

my my
po_?o_fofofR

K, po (glem®) NHEMRETEE. mo () Al Vo (em’) FoRHEMRHILETREMER. 1 (c
m). Ia Cem)s ko Cem) 2R EARAISZIR RS Al RSP AR a RS .
BRALEREE (P B R AUEE.

P:(l- Po ) x100%
Pow

KA, P (%) Flpow (g/em®) Fom FRAR I FLBE BE FARM BISE 3 B, HU 1.5 g/em®  (Kellogg 11 Wan
gaard, 1969; Zhao %, 2023).

1.42 R &%= pH v B 374

F %1t (Xrite2600d, Pantone, USA) ¥t BV #l BOV HIFith, W5 L*. a*. b*=NOESH.
FEAFAS B 1) 1 T A T EEAT R & H P34 1E

HEAT pH W NAEANE, ¥ BVs (6.0 mmX6.0 mm) 7 AR AAE pHH (2.0, 4.0, 6.0, 7.0, 8.0.
10.0 f1 12.0) MIZEMElT, BEPGEENAE. 5, AOBETINREMN =1 m, iIHEEAE (A
E).

e[ (i) )]
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A, L* Lo*s a*. ao*s b*. bo* NARTHT R MFIG S5,

1.4.3 B X,

# BVs fll BOVs IZIEZE Tk H 24 h, b4 BTB HIRUR AL, ARG WS4 4% WK JE 1 et
R

KH 50% (vv)RI 95% (v/v) SRR RS IE & 4, #8987 BVs H BTB HIRUE ML (Li
us, 2017). ¥ 100 mg FAR B E T 50 mL 50%F1 95% LKW+, 7E 25 °C 1200 rpm Rz 2
4 ho HUEVET ML 50%H0 95% CREAKIFBONZT I, K AM-0] WAy G EETHAE 380 ~ 800 nm iz
RERETL A

1.4.4 B8R SRR B

RNTMKA BV (6.0 mmX6.0 mm) XfESFRTARRIW MRS, W BHA—NEHARIEHES (450
mL) 1 24 /NI, EAHXHEE N 11%. 33%. 53% « 75%, SRJGIEAN 0.5 mL UKBERR . EVE:8) )5
0. 3. 8. 15« 30 Zpdh, SZEPHEAEEHREGEARN. TR BV BIEG g, HAE 75% RH
NEFR TUKESER 30 min J51) BV 488288 T 75% RH FHZUKH, REEE FRdRE.

145 B3RFMFEZ N B R

T I S A1, 428 150 mL 43 Bt Thedt, FHEAAAE 40 °C MEIRIEFRAEF . EAH
RS )[R, AR 10 mL “F4), 45 GB 19301-2010 M%E nlEmRE, A pH it (PH
SI-4F, INESA, China) W& pH, JE{ESFE TR BV 1 4080, DUR/RHTEE . R HHEC g4/
BV [FPIRZS, FEEH AR BV B .

1.4.6 tbérqpis 2k

PR NE OIHAEET, EERAEE TR 90 K. #1775 142 HMEK pH R,
PAVEAAr b €20 7R 35K ) A A v

147  H3IBHH

ffF SPSS (v27.0, Chicago, USA) HHATHUH4HT. AT BRI R 7 22 A RS o 2 55 FElAG 56
HATREMSE T (P < 0.05). ALERUSFIIE + FREERIR,

2 HR555h

2.1 BIRREMEWNEMNTHSHT

WEFL T NaOH WRFERER L (LT Bt i & S A AR 2t st B s i = FL
BeLRE AN RS s o Jo S AN LI RE 1R 788 e v ) 42 S i 2R e AL R B DA ORI 3 e AR e = Ak . anf 2a
A b Fin, 76 NaOH WKREEN 0.1% B, FARAE HALBRER N, FE%E NaOH IKFEMTHe, 5 R
I, FLEREEAR ARG, AR, MEWIE N 1:30 B, WERBNK L, HEARRRDRD, XFE
A 2 i i A () e B R 32 B LU AT NaOH WK FEIs2me,  H iy B2 24 Ab T e B T DR B AR R FLIR S5 44

Kl 2¢ fil d IR, NaOH WKREEHN 1.0%. BEREELA 1:20 8% 1:30 B, 52 IHERBIEN 4.3
4+1.08% B 6.01+0.34%. FliAR~FHIZALREEE NaOH W 88 hnmims A8 o, HA@Emte N 1:20
B ZE R T 1:30, HE/MT 1%. % NaOH WKRE#EE 1.0% HEREE A 1:20 B, Fm RS 4E70,
AR XRFE R fE T, SRR ERFER, A RSN . X
S TR A AE 2 R T RIACHREE M, SECRRM RS AR .. 250K, QVs BA RIFM R TE
P, SRR AT AR RSP AR A, X 5L AR — 20 .
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B2 NaOH ¥ AE R ELxt ARG R (a)y FLEE (b) AR Ce-d) BIFEHT; OV A QVs [ 7282l shoie
W& () A1 XRD % (£); OV Al QV-1:30-1.5% [ XPS 4% (g) MEAHE%E Nis St (h-D

Fig. 2 Effects of NaOH concentration and solid/liquid ratio on weight gain rate (a), porosity (b), and dimensions (c-

d) of veneers; FTIR spectrums (e) and XRD patterns (f) of OV and QVs; XPS survey (g) and high-resolution Nls spectr
ums (h-i) of OV and QV-1:30-1.5%

2.2 OV. QVs 1 BVs BIKIE

WK 2e Fi7R, OV (1) FTIR FRAEMY I T BA4E 3343 em™! (O-H H4EHR3)). 2916 cm™ Fl 2850
em! (C-H 48Rz 1734 cm! CGELA4ERMAFIRT K C=0 M4ifRs)) (Poletto , 2012; Stark
&, 2016). 1592 cm' ORNJREF 5B HAEIRS)) (Stark 55, 2016 ). 1232 cm™ (Fylikse i 44
3 (Lehto %, 2018) #1 1031 cm™! (LF4ERAIRFE P C-O H4aHR5)) (Abidi 5, 2014; Kubo #
Kadla, 2015). ZEHAbSE, 1734 em' KbJUER, 1232 cm ALMIERAEES, XK C=0 FIm ik
IR T T A AR AR TR . 1592 cm™! AbRJIEBA AL, R BIATT 25 10 0% JE IR 25 b B0 A B 1l
Wo 792 em! ALFUIERETE, FEAE 1396 cm!  (XRT -N(CoHs)s ' C-N B4R Al 1265 cm!
A HBLENE (Song &5, 2010 ), UFRAZE4RIE B Ih bR 3 T ARM . Wb BTB J&, 770 cm! Abfig
MO, 7E 1330 em! AMGINBIRERRFEE I (S=0) MIM4EIRshE (B 4a) (Cao %, 2018 ).

i XPS 4G ME MR Nls i 7 A AR B P Eoo s & BN S . K 2g-i
B, OV [ C .« N. O IS & RN 285.5 eV, 5324 eV. 400.0 eV (Frenzel %5, 2011 ), H
Nls Gk LA UELE 399.6 eV, T QV MG IEEN 399.15 eV Hl 401.64 eV, HKET N B =&
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DU (Lin 5%, 2023 ). ZKUEH] 7 FHALKIERI ST FIE RIET AR A & sl F et b =2
o GBI T FTIR 4518, WK 1 Por, FHARMARRRI N JoERH N+ [ E] ) R

1 OVFQV-1:30 -1.5%ITESE
Tab. 1 Element contents of OV and QV-1:30 -1.5%.

Sam Atomic (%)

ple Cls Ols Nis N*
oV 71.0 27.0 1.92
Qv 71.1 26.0 2.81 47.7

ME 3a AT b FRTUE N, REMARRREA D HL L, RIEZECE, REFLEEME. T
A IR R IS AR TR, EUN R BRI e 0 B (B 3¢ A dDo SN T SRR Y B THTAR
AL, AATZJE R . BAh, FEARLFYER) N EE LI ME R T U NORIRDCIRES A, AT e &40 5
MIREEAR . WBiE, BIRDHK, fP4ERiK, REAREEE (B 4c M1 b, XEWE BTB &7 #I50H
R S 2 PR ) FLR AT P BE I

B3 oV (ab) M1QV (c,d MBEEMAZ MMM SEM K4
Fig. 3 SEM images of cross section and radial section of OV (a,b) and QV (c,d)

XRD #EEoR, OV MIATHIEA T 15.80° | 21.66° Al 34.44° , HL4E 1 /) (101). (002) Al
(040> #H—% (B 2) (Zhao %%, 2017 D. tR¥E Segal 7% (Segal, 1959 ) FEAEH, OV HIAHNT 455
FER 55.26%, QVs N 53.44%~62.14%. 5 OV ALk, QVs HIAHXIEE ML m, (002) WA Lamg ik
AR R AT B RS (AR A 4310 1B 162008 22.8° ) (Kafle 5%, 2015 ). HEWifER4Ebid %
W, CRARERFUR T R o B, AR T RIX o TEEHSIE OH MER M T m (Liu, %5,
2023). BTB MIWFXT4F4E R B RARLE M A2 (KB 4b). fEmE 2, (RN A4 R 1 ks
P KA A, TXUESE T IR
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T
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b 21.66 ——QV-1:30-1.5%
—— BV-1:30-1.5%

10 20 30 40 50

20()

B 40V, QV fl BV [ FTIR i&& (a) F1 XRD K&l (b); BV M A A AR EIE (c,d
Fig. 4 FTIR spectrums (a) and XRD patterns (b) of OV, QV, and BV; SEM images of cross section and radial section of BV (c,d).

23 AEFZEUEHT QVs HIRMIEE
M 2 s, MEANFZFEAFA NHIER OV M QVs HEAT TR IR M SE8e, 45 R R WIZ4L

MR NT BTB W2 &I — M A 2 ik R SR R B 2 0N 0.222 me/g, A
B AR . BARSR UL, R PR R R T I s )R S BTB & T2 mEBE/EM. 5 BT
B /T EA KNS TRIEH U R AP SRS ¢ T AHEAEH (Al-Ghouti %%, 2010 ; Yagub

25, 2014 ). MR E ARG IE TSGR A L R IR . BEE NaOH IREEIHEIN, QV Ik B2 &
B ETE, {22 NaOH WRFE#E 1.5% (FENREE N 1:2200 B, WHARE TR (K 5a). FHsetk, LR
FEAR AN RIS ke 7 IF f fer O B i R . 7EFTE QVs ", H 1.5% [ NaOH A1 1:30 [ff[#H
WA T AR QVs Bontiimmi) b* {5, RIRRZIMEE (B Sb. & b* AT REZEM

PN

®2 AEFEFERAFHTRSH BV MBI EMEESH

Tab. 2 Adsorption capacity and chromaticity parameters of BVs obtained under different quaternization conditions

Condit P Qsv (mg/ L* a* b*
BOV Qﬁﬁ 0.222+0.2 76.75+0.7 3.55£0.41 29.44+1.5
1:20-0. . 4.3440.1 36.86+1.4 -13.20+0. -10.39+1.
1:20-1. . 7.844+1.5 30.85+0.8 -5.4240.3 -21.0720.
1:20-1. . 10.1140. 29.06+1.3 -5.0040.7 -19.86+0.
1:20-3. . 7.556+0.3 31.79+1.6 -4.76+0.4 -19.88+0.
1:30-0. . 5.030+0.6 34.9941.3 -11.29:0. -13.33+1,
1:30-1. . 7.817£0.7 32.29+0.9 7.78+0.4 -18.95%1.
1:30-1. . 8.504+1.1 27.35£1.5 -7.97+0.6 -23.1320.
1:30-3. . 9.961%0.5 28.3140.9 -4.47+0.6 -18.9620.

24 A[E pH {ET BV ROSRM
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3k 3 fx, BV HIEERE pH BRI, W0 ATMEiE: B0 (pH=2). Ef (pH=4).
Bapts (pH=6). fLEW (pH=7) MRIEE (pH>7). L* EEMRETT, LB REsh. b* [HMIEHE
BNENE, )5 BT, RGN NE R, /£ pH=10 M. 2 pH /N 8 I, WHRFT2
Fr Pt A (AE>5), JFHEDAE 90 RATRFFARE. Kk, BV fERKGRBNAEA ST K pH UK
P, AT I ERVEAZ T .

%= 3 BV-1:30-1.5% #EAR pH ETHEGTHMEBR
Tab. 3 Color changes and photos of BV-1:30-1.5% at different pH values

T P P L* a* b* AE
. 28.26+0.1 -8.10£0.4 -22.69:0.
2 '\iw"{f 66.27+0.0 27.70+0.0 75.440.0 110.91:£0.05
i
4 wfw 63.23£0.0 26.37+0.4 72.95+1.1 107.66+1.10
Ll
0 6 . 36.49+0.4 -11.15+0. 33.35:0.3 56.97+0.26°
d 7 . 25.72+0.0 -15.14:0. 6.18+0.07 26.33+0.06"
8 . 26.75+0.1 -8.9940.0 -17.700. 5.66+0.10°
1 . 27.2240.1 -6.85+0.0 -23.05:0. 1.67+0.07¢
1 . 23.88+0.1 -7.3540.0 21010 2.6340.14°
- . 28.64+0.4 -7.9140.6 -22.29+0.
2 ﬂ'i"l‘ 67.18+0.0 31.39+0.0 78.87+0.0 113.66+0.04
fa/ i
i 'M
4 %4 64.620.0 22.30+0.2 69.80£0.4 101.36:0.44
H
9 6 I 42.760.1 -10.03:£0. 33.97+0.3 55.96+0.28°
0d 7 l 29.19+0.3 -17.89:0. 6.020.15 28.44+0.19¢
8 I 28.02£1.0 -10.11:0. -15.34:0. 7.1640.08°
1 . 27.03+0.3 -8.8840.0 -23.29+0. 2.2240.17¢
1 l 28.57+1.0 -9.8040.5 -18.42:+0. 4.46+0.42°

2.5 BV 1 BTB IR

FRoRFRI[E 8 A2 22 A A b IS DU R 1 A0 o BT FE (W B B R E . BOV AR [BI AR JF R Bt . T
BV KRR, WOLENE. HTHRERBGE BV UK akE G g, £P BV HA/KkEE
(B 5¢).  1E 95% Bk 50% /KBRS, BV JLFEEIE (B 5d), Xi#F—5iFst T BTB
IoF) 5 ek B [ TR PH S AR A b
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Fig. 5 Adsorption capacity on QVs (a) and corresponding b* value (b); comparison of water stability of BV and B
OV (c); Migration of BTB from BV-1:30-1.5% in food simulants (d); schematic diagram (e) and color changes (f) of BV-
1:30-1.5% in response to CH3COOH and reversibility of color change (g)

2.6 BV Xt CH3;COOH Halia &7 14
K 5f FIZR 4 W T TUMORFAIRHEE T BV GBS B A4 f mi S [ A 1R) AR A i e RN € 8. I

#1, BV 2iith. FEERERIEM, H b* [EIAEN, SEOREHELRES (AE<2). EAKEER)E, B
VRIS B A S, I HAEANFIREE T AR R R BEE I R HERS, L*. b* A1 AE

EA R a* (AR 3 /PRI e, BEEARR. ERIEEAEL 3 728, b* [HERERERIRE M IZE

W, HARHEE KT 11% WOVIEHE. B &R EAsit BV Kkr&&Em, AAlT CH;COOH
HA L, BEAE I (R HERS , R O R LBk, (it T BTB fEMRVEIE T W TR A 7 1

AR . fEy—F pH LR Es, BIEAALKI MR TR EE R EERK K. K 5g BR, 2
) BV RS URZ NG, TIFERAMIE R e R A, IXRW] BV S ERHG I i 32 m] 3

.
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F4 AENEET BV-1:30-1.5% XERER SRR B EE & S KRR E R 1L
Tab. 4 Changes of colorimetric parameters of BV-1:30-1.5% response to acetic acid gas with time at different
humidities.
RH Time L* a* b* AE

0 27.26+0.51¢ -7.80+0.67¢ 21.96:0.01 1.76£0.12!

3 30.93+2.83 -14.70+0.14 -0.40+1.221 24.30+1.60"

11 8 46.32+1.50° -2.54+0.95° 42.4443.02¢ 69.33+3.39°
15 61.28+0.36" 11.90+1.15° 61.5141.09° 93.53+1.10°

30 67.54+0.39* 25.68+0.04* 74.02+1.15° 109.90+1.14

0 27.74+1.058 -7.47+0.66° -22.58+0.23) 1.69+0.49

3 31.7241.83 -14.81+0.11¢ 3.62+1.90" 27.7242.05"

33 8 46.05+0.28¢ -4.65+0.52" 37.66+2.02° 63.28+1.88°
15 59.150.16° 11.711.82° 61.18+1.22° 91.97+1.55

30 66.25+0.28" 27.47+0.11° 76.82+0.77° 112.86+0.62

0 27.86+0.85 -8.02:£0.40¢ -22.92+0.76 1.52+0.72

3 31.4041.12 -13.88+0.19 9.17+1.128 32.1441.16°

53 8 46.02+0.83¢ -5.10+0.08" 43.44+1.78¢ 71.68+1.51¢
15 59.50+0.27° 11.55+1.56° 61.18+1.77° 92.06+1.77"

30 67.80+0.16" 26.54+0.01° 74.46+1.73" 110.87+1.58

0 27.90+1.31¢ -7.9240.32¢ -24.02+0.60' 1.320.90'

3 35.54+0.60° -12.14+0.62 15.31+3.30" 39.76+3.02"

75 8 52.05£0.99° 2204155 49.39+4.16° 77.4443.77°
15 60.75+0.33" 12.51£1.17° 61.56+1.05° 93.25+1.10°

30 68.47+1.26" 24.48+1.71° 73.66+1.41° 110.23+1.30

2.7 BV RSP S A
%+ BV %t pH Al CH;COOH EA Wi (U,

BV G AR THR A U B sERE . X HiEHE p

H AT 5 B BE RPN R Wit . nls] 6a AT b B, SEARW3I0%I4G pH AR € BREE 730 6.58
A 1231 °T. fEfEALRES, BT R0 h e SEFEACE > A ALRIZETAR R, pH TR, TR ER

FEETh. FHIZARZBERN, EITY

e

@, b*MEN-9.04, BEEFPIREERENAZ . 300 min 5, FYIH

pH F¥Z 6.50, IV ERRETZE 15.01 °T, FLEARZEM) b* (HiXBIHR/NAUE -11.67. K5, 1EKZ 450
min I b* {HEAIEE, MR pH AR ERRE 208 6.28 A1 18.76 °T. 500 min K, W] ERE FF
F| 20.63 °T, #ELAEWHIERIEFE (20 °T), IHNFREEIGA M, WE R LI HER . B2, B
SRR BT I T AN By MAD A SR AR A R 5ne, (HR & PR ZS N AE TR A 92 2 1 iX —Im A, IF

EHTT B BB AR .
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