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Abstract

This study investigated the operating principles of colorimetric freshness indicators, particularly those for relative humidity (RH)
and hydrogen sulfide (H,S), and evaluated the applicability of commercially available indicators for food use. The findings not
only provide a deeper understanding of how these indicators respond to substances, such as carbon dioxide, volatile basic nitro-
gen, sulfides, water activity, and ethylene gas, which are produced during quality changes in food, but also pave the way for the
development of new food safety technologies. The RH indicator functions by utilizing a dye that undergoes a chemical struc-
tural change when reacting with moisture. The H,S indicator uses a dye that changes color upon detecting H,S or volatile basic
nitrogen produced when food spoils. Commercial RH indicators effectively indicated changes in the water activity of almonds,
pastries, and red pepper powder; however, their ability to predict them diminished during storage. Commercial H,S indicators
exhibited a stronger correlation between color change and volatile basic nitrogen levels in exposure to light than without light,
as demonstrated when applied to mackerel and clam. Additionally, at the point of spoilage, the degree of color change in the
H,S indicators was more distinct in clam than mackerel. Although commercial RH and H,S indicators are available, they must
be sensitive, accurate, and irreversibly developed in response to changes in the target food for effective application.
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Fig. 1. Color changes in the (A) methylene blue/urea/hydroxy
ethyl cellulose humidity indicator and (B) methylene blue
based humidity indicator at different relative humidities

(RHs). Reproduced with permission from Elsevier, License
no: 1491370 and License no: 5801980340244,
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Fig. 2. Color of the indicators prepared with bromothymol
blue (BTB), crystal violet (CV), neutral red (NR), and
brilliant blue (BB) at various relative humidities (Uryu et al.,
2017).
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Fig. 3. Color of the relative humidity (RH) indicators made
of magnesium chloride (MgCl,) and sulfonic acid (SO;H)
with different ratios at various RHs (Uryu et al., 2017).

] HQ1aL, AE|AE vlo] &2l HIIE EF 7]
FAES moA Ao g A wWsts W ithFig 2).
&= 2polo] WE 7MAAS Hrkslr] S8l 1090% A
FElA AF g 78 A9, nYE R v 2
o] 4714 B&F F 50% BHFE o] AlsE S0lA
A sy 7 Sl ThFg. 2).
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4 A ¥ tHSukhavattanakul et al., 2021) A 23 2L T
A1 3717F 271 wpo]d i§- g Fahslal &= 4°CollA
LD AN ol ) B T st 2
ol A Wske AFele W Fskea 7k~7) 1034 ppm
©8 BB 8UR] B o] FHF AFAA &
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(Sukhavattanakul et al., 2021).
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Fig. 4. Hydrogen sulfide (H,S) indicators reported in literature (A) and those commercially available (B). Reproduced with

permission from Elsevier, License no: 5801871449572,

Fig. 5. Myoglobin-based films that change their colors
from brown to red at >0.13 mg/L of hydrogen sulfide
concentration. Reproduced with permission from Elsevier,
License no: 5801981452986.
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Fig. 6. Commercial relative humidity indicators using cobalt
chloride; Multicomp™® (A; https:/multicomp-pro.com/) and
SCS® (B; https://staticcontrol.descoindustries.com/).
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Fig. 7. Images of relative humidity (RH) indication by a
commercial cobalt chloride free humidity indicator (As One”;
A) and color change of the indicator at 40% RH (B).
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Table 1. Images of the dots in the commercial relative humidity (RH) indicators that correspond to specific values for RHs

(corresponding to water activities (a,,) of food)

Storage time Water activity

Target food

Relative humidity (RH) Image of the dot

(day) (a,) corresponding to a,, of food corresponding to RH

1 0.3040.01 30% (@)
2 0.34£0.01 30% (@)

Almond
5 0.40:0.01 40% (@)
7 0.47+0.01 50% o
1 0.81+0.01 80% D
2 0.77+0.02 80% B

Pastry
5 0.38£0.00 40% (@)
7 0344001 30% (@)
1 0.55:0.00 60% (@]
2 0.54+0.01 50%
Red pepper 0 o
d

poweet 5 0.38+0.00 40% o

7 0.340.01 30% (@)

YThe dot does not exist within the specified water activity range.
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Fig. 8. Total volatile basic nitrogen (TVBN) values for clam (A) or mackerel (B) and the AE value of hydrogen sulfide indicators
stored with clam (A) or mackerel (B) during storage for 10 days at 4°C.
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