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A B S T R A C T   

Freeze-dried restructured strawberry blocks (FRSB) have become an increasingly popular product. In this study, 
the effects of six edible gums (guar gum, gelatin, xanthan gum, pectin, konjac gum, and carrageenan) on the 
FRSB quality were investigated. For FRSBs, compared with those in untreated samples, the 0.6 % guar gum 
addition increased texture profile analysis (TPA) hardness, chewiness, and puncture hardness by 29.59%, 
174.86%, and 25.34%, respectively; after the 0.6% gelatin addition, the sensory evaluation sourness was reduced 
by 8.58%, whereas yield, TPA chewiness, and puncture hardness were increased by 3.40%, 28.62%, and 92.12%, 
respectively; with the 0.9% gelatin addition, the sensory evaluation sourness was reduced by 8.58%; with the 
0.9% pectin addition, the yield, TPA hardness, chewiness, and puncture hardness were increased by 4.55%, 
5.94%, 77.49%, and 103.62%, respectively. In summary, 0.6–0.9% pectin, gelatin, and guar gum addition are 
recommended to improve the main qualities of FRSBs.   

1. Introduction 

Strawberries (Fragaria ananassa Duch.) are highly sought-after fruits 
owing to their appetizing taste, pleasant flavor, nutrient richness and 
derived functional ingredients (Fan & Zhang, 2022; Frabetti, Porto, 
Simao, & Laurindo, 2021; Kosińska-Cagnazzo, Diering, Prim, & And
lauer, 2015). As an extremely perishable fruit, strawberries are easily 
infected by microorganisms during storage and are rattled during 
transportation, thereby reducing their quality and edible value (Cybul
ska et al., 2022); therefore, strawberries must be processed immediately 
to ensure a longer shelf life (Shehata et al., 2020), for which drying is 
regarded as an appropriate method (Calín-Sánchez et al., 2020; Karam, 
Petit, Zimmer, Djantou, & Scher, 2016). Drying of fresh fruits and veg
etables refers to the use of drying techniques to reduce water content 
until the water activity is <0.4 for long-term preservation (Wu, Zhang, & 
Fan, 2022; Ghinea, Prisacaru, & Leahu, 2022). 

Vacuum freeze-drying (VFD) is an excellent method for foods 
because its high-vacuum and low-temperature processes preserve the 
shape, flavor, color, and original nutrients of raw fruits and vegetables 

(Bailón-Moreno, Olivares-Arias, Vicaria, & Chiadmi-García, 2018; 
Zhang et al., 2020). Recently, restructured fruit and vegetable products 
have attracted the attention of researchers because of their increasing 
appearance in the market and their popularity with customers. (Hnin, 
Zhang, Wang, & Devahastin, 2019; Liu, Zhang, & Hu, 2022). Leverrier, 
Almeida, & Cuvelier (2016) found that particle size and shape play a key 
role in the rheological behavior of reconstructed apple purees. Shittu & 
Olaitan (2014) found that the inclusion of okra (Abelmoschus esculentus) 
powder substantially increased the viscosity and dispersibility of 
restructured yam flour. 

Compared with fruit and vegetable crisps processed using traditional 
methods, freeze-dried restructured product has several advantages 
(Egas-Astudillo, Martínez-Navarrete, & Camacho, 2020). First, it can be 
used as a personalized food that satisfies the needs of different con
sumers and can be rationally combined with different raw materials of 
fruits and vegetables (Escalante-Aburto, Trujillo-deSantiago, Álvarez, & 
Chuck-Hernández, 2021). Second, the original fruit and vegetable tis
sues are crushed to form a homogeneous pulp, which can inhibit the 
adverse effects of epidermal waxes and cellular tissue barriers on water 
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sublimation during freeze-drying, thereby reducing the drying time and 
improving the quality of the freeze-dried product (Bhatta, Stevanovic 
Janezic, & Ratti, 2020). Finally, the microstructure and texture of the 
product can be precisely adjusted using the ratios of different raw ma
terials and ingredients. 

Edible gum is a popular food additive in the food industry for frozen 
foods, beverages, and dairy products because of its thickening, gelling, 
emulsifying, stabilizing, and clarifying properties (Sulieman, 2018; 
Milani & Maleki, 2012; Li & Nie, 2016). In recent years, research on 
edible gums has gained increasing popularity. Bai et al. (2017) investi
gated the effects of pectin on the molecular structural changes in starch 
during digestion. Lin et al. (2021) demonstrated that the K values, dy
namic modulus, and inhibition of starch pasting improved as the con
centration of xanthan and konjac gum increased. However, no reports 
are present on the effects of edible gum addition on the quality of freeze- 
dried restructured strawberry blocks (FRSB). 

In this study, six types of edible gum (xanthan, gelatin, pectin, 
carrageenan, konjac, and guar gums) were used as food additives to 
investigate their effects on the quality of FRSB. The yield, sensory, color, 
textural properties, volatile compounds, water status, and hygroscop
icity of the dried products were analyzed. This study aimed to provide 
practical implications for improving the quality of freeze-dried 
restructured fruit and vegetable products. 

2. Materials and methods 

2.1. Materials 

Strawberries (Fragaria × ananassa ‘Red Face’) were purchased from 
Lai-yang Haitel Food in Qingdao City, Shandong Province, China. Su
crose, sodium caseinate, and maltodextrin were purchased from Henan 
Wan-bang Chemical Technology in Zhengzhou City, Henan Province, 
China. 

2.2. Sample preparation of restructured strawberry pulp 

Freeze-dried pure strawberry pulp is extremely sour and easily 
crumbles and does not easily form bulk samples after dying. Sucrose 
addition can change the sugar-acid ratio, reduce the taste of the acid, 
and make it easier for consumers to accept. The FRSB can be easily cured 
and formed with the addition of maltodextrin and sodium caseinate. 
Strawberries were prepared into strawberry pulp using a pulper (JYZ- 
D51, Jinan, China) thrice for 40 s each. Based on a previous study by Hu 
et al. (2022), 9% sucrose, 2% maltodextrin, and 1% sodium caseinate 
(percentage by mass) were added in sequence and mixed, which was 
used as the control group. Based on the control group, pectin, gelatin, 
xanthan gum, konjac gum, guar gum, and carrageenan (with mass per
centages of 0.3%, 0.6%, 0.9%, and 1.2% for each edible gum) were 
individually added and mixed for 90 s at 65 000 r/min using a ho
mogenizer (FJ200-SH, Shanghai, China), which were used as the treat
ment groups with the addition of edible gum. 

2.3. Freeze-drying of restructured strawberry blocks 

The prepared strawberry pulp was injected into 2 × 2 × 1 cm molds, 
and placed in a vacuum freeze-dryer (SCIENTZ-50F, Ningbo, China) to 
perform freezing at 101 000 Pa for 4 h. After the temperatures of the 
strawberry material and the cold trap had dropped to − 40 ◦C, the vac
uum pump was started and the drying process began with heating at 
− 30 ◦C for 2 h, − 20 ◦C for 2 h, − 10 ◦C for 2 h, 0 ◦C for 2 h, 10 ◦C for 2 h, 
20 ◦C for 2 h, 30 ◦C for 2 h, 40 ◦C for 2 h, and 50 ◦C for 4 h, during which 
the vacuum pressure was maintained below 50 Pa. At the end of the 
procedure, the equipment was stopped and the samples in each group 
were demolded, placed in separate bags with desiccants, and placed in a 
− 18 ◦C fridge for subsequent measurement of the indicators. 

2.4. Determination of yield 

Strawberry pulp was weighed prior to being placed in a mold, and 
the dried samples were weighed after demolding. The yields were 
calculated using Eq. (1). 

y =
x1

x2
× 100 (1)  

where y is the yield (%);x1 is the mass of the strawberry pulp sample 
before VFD (g); and x2 is the mass of the FRSB sample after VFD (g). 

2.5. Determination of sensory evaluation 

Sensory evaluation of the FRSB samples was performed according to 
the method described by Morais, Cruz, & Bolini (2014), with minor 
modifications. Ten students majoring in food science from Nanjing 
Xiaozhuang University were invited to conduct random sensory evalu
ations. They were well trained in basic sensory evaluation skills. Their 
mouths were rinsed with water before evaluation, and the samples were 
evaluated on a 9-point intensity scale. Not intense corresponded with 
“1,” and the strongest intensity corresponded with “9.” The scale indi
cated the intensity of the corresponding indicator of the samples in order 
from lowest to highest (Hu et al., 2022; Guo et al., 2022; Ayhan, & 
Eştürk, 2009). 

2.6. Determination of color 

The color of the samples was determined using a colorimeter 
(NH310, Shenzhen, China). For the initial strawberry pulp, L0* = 55.43, 
a0* = 10.99, b0* = 7.39, and the total color difference (ΔE) was calcu
lated using Eq. (2). 

ΔE =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(L* − L*
0)

2
+

√

(a* − a*
0)

2
+(b* − b*

0)
2 (2) 

where ΔE is the total color difference of the sample; L*, a*, and b* are 
lightness, red, and yellow value of the FRSB samples, respectively; and 
L0*, a0*, and b0* are the color values of the fresh strawberry pulp. 

2.7. Determination of texture profile analysis 

The FRSB samples were performed with texture profile analysis 
(TPA) using a TMS-PRO texture analyzer (Sterling, VA, USA), based on 
the parameter settings of that in Hu et al. (2022). Texture-related pa
rameters (hardness, cohesiveness, elasticity, adhesiveness, and chewi
ness) were obtained by mechanically compressing the sample twice. 

2.8. Determination of puncture 

The FRSB samples were performed with a puncture test using the 
TMS-PRO texture analyzer, based on the parameter settings of that in Hu 
et al. (2022), after which parameters of hardness and penetration work 
were obtained. 

2.9. Determination of volatile compounds 

A PEN3 electronic nose (Airsense, Schwerin, Germany) was used to 
determine the volatile compounds in the FRSB samples according to the 
method described by Hu et al. (2022). The PEN3 electronic nose simu
lates the olfactory system of the human body and includes 10 metal- 
oxide sensors. The specific names and performance descriptions of the 
sensors are listed in Table S1. 

2.10. Determination of water status 

The water status of the samples was determined using a MesoMR23- 
060 V-I low-field nuclear magnetic resonance (LF-NMR) analyzer 
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(Niumag, Suzhou, China) based on Wang et al. (2022) with minor 
modifications. The typical pulse parameters in the test included the 
following experimental parameters: 200 000 sampling points, 8 
repeated scans, 5 000 ms interval time, 8 000 echoes, and 0.25 ms echo 
time. After the scanning test, the T2 inversion fitting software was used 
to fit the T2 value to obtain the T2 spectrum. 

2.11. Determination of hygroscopicity 

The hygroscopicity of the samples was determined according to the 
method described by Feng et al. (2022), with minor modifications. 
Before moisture absorption, the dried samples were weighed to deter
mine the initial mass, and the hygroscopic samples were weighed ac
cording to the absorption time (10 min, 20 min, 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 
4 h, 6 h, 9 h, 21 h, 24 h, 2 d, 3 d, 4 d, and 5 d). The hygroscopicity was 
calculated using Eq. (3). 

HR =
m1 − m0

m0
× 100 (3)  

where HR is the hygroscopicity of the dried samples (%), and m0 and m1 
are the masses of the initial dried(g) and the hygroscopic samples at the 
corresponding absorption time (g), respectively. 

2.12. Statistical analysis 

Each sample was measured in triplicate, and the results were aver
aged. ANOVA and Tukey’s HSD tests of SPSS 19.0 statistics software 
(IBM, Chicago, IL, USA) were used for data analysis, with statistical 
significance defined as p < 0.05. Volatile compounds were analyzed 
using the Winmuster software (Schwerin, Germany) with an electronic 
nose system. Other data were analyzed using OriginPro9 (Origin Lab, 
Northampton, MA, USA). 

3. Results and discussion 

3.1. Influence of different edible gum additions on the yield and sensory 
evaluation 

Yield is an important indicator of production quantity and is directly 
related to economic benefits. Yield differences compared with those in 
the control group were as follows: the 1.2% guar gum addition increased 
the yield of the dried sample by 8.05%; the 0.6% gelatin addition 
increased the yield by 3.40%; the 0.9% xanthan gum and pectin addi
tions increased the yield by 11.56% and 4.55% respectively; and 1.2% 
konjac gum and carrageenan additions increased the yield by 4.29% and 
2.41%, respectively (Table 1). By comparing the yields of the six edible 
gums with the same amount of addition, we found that guar and xanthan 
gums resulted in relatively higher yields than those of the other gums. 
This high yeild may be because that guar and xanthan gums increased 
the bonding activity with water in the tissues of the samples owing to 
their relatively higher hydrophilicity and thickening ability (Barak & 
Mudgil, 2014). 

Sensory evaluation is the most intuitive and important indicator for 
evaluating food and can directly reflect consumer acceptance of food 
(Singh-Ackbarali & Maharaj, 2014). The effects of the addition of 
different edible gums on the sensory perception of the dried samples are 
shown in Table 1. The effects of edible gum addition on the sourness, 
sweetness, astringency, crispness, and stickiness of the dried samples 
depend on the type and concentration of the gum. 

The results of comparing the sourness among the six edible gums at 
the same amount of addition are as follows: guar gum and gelatin 
addition in FRSB presented no apparent astringency; the addition of 
0.9% and 1.2% guar gum reduced sourness by 42.88% and 60.03%, 
respectively; the addition of 0.9% and 1.2% of pectin reduced sourness 
by 68.61% and 82.85%, respectively; the addition of 0.9% gelatin 
reduced sourness by 8.58%; the addition of 0.9% carrageenan increased 

Table 1 
Comparison of yield and sensory evaluation for the freeze-dried restructured strawberry blocks with six edible gum additions.  

Type of edible gum Concentration (%) Yield (%) Sensory evaluation 

Astringency Sourness Sweetness Crispness Stickiness 

Guar gum 0 19.12 ± 0.19B 0.00 ± 0.00 5.83 ± 0.29A 5.33 ± 0.29A 5.67 ± 0.58C 4.33 ± 0.58A 

0.3 19.71 ± 0.10Ba 0.00 ± 0.00d 3.83 ± 0.29Bd 3.00 ± 0.00Cd 4.67 ± 0.29Dd 2.50 ± 0.50Bb 

0.6 19.59 ± 0.33Ba 0.00 ± 0.00d 3.83 ± 0.29Bd 4.33 ± 0.59Bd 6.50 ± 0.50Bab 4.83 ± 0.29Aa 

0.9 19.86 ± 0.16Bb 0.00 ± 0.00d 3.33 ± 0.29Bc 3.17 ± 0.29Ce 7.83 ± 0.29Aa 4.33 ± 0.29Ac 

1.2 20.66 ± 0.34Aab 0.00 ± 0.00d 2.33 ± 0.58Ce 2.67 ± 0.29Cd 7.50 ± 0.50Abc 5.00 ± 1.00Ab 

Gelatin 0 19.12 ± 0.19B 0.00 ± 0.00 5.83 ± 0.29A 5.33 ± 0.29AB 5.83 ± 0.29BC 4.33 ± 0.58C 

0.3 19.05 ± 0.13Bbc 0.00 ± 0.00d 4.83 ± 0.29Bc 4.00 ± 0.00Cc 3.83 ± 0.29De 4.33 ± 0.29Ca 

0.6 19.77 ± 0.04Aa 0.00 ± 0.00d 5.33 ± 0.29Bc 5.83 ± 0.29Ab 4.83 ± 0.76Cc 5.33 ± 0.29Ba 

0.9 19.07 ± 0.18Bc 0.00 ± 0.00d 5.33 ± 0.29Ba 4.67 ± 0.29BCc 6.17 ± 0.29ABc 5.50 ± 0.50Bb 

1.2 18.36 ± 0.14Cd 0.00 ± 0.00d 5.00 ± 0.00Bb 5.17 ± 0.76ABab 6.83 ± 0.29Acd 6.33 ± 0.29Aa 

Xanthan gum 0 19.12 ± 0.19C 0.00 ± 0.00C 5.83 ± 0.29A 5.33 ± 0.29A 5.83 ± 0.29C 4.33 ± 0.58B 

0.3 19.08 ± 0.08Cabc 0.83 ± 0.29Bc 4.50 ± 0.00Bc 4.17 ± 0.29BCc 6.83 ± 0.76Bb 4.50 ± 0.50Ba 

0.6 20.02 ± 0.34Ba 1.17 ± 0.29Bc 6.17 ± 0.29Ab 4.83 ± 0.29ABcd 7.17 ± 0.29ABa 4.83 ± 0.29Ba 

0.9 21.33 ± 0.58Aa 2.00 ± 0.00Ab 4.67 ± 0.29Bb 4.50 ± 0.50Bcd 7.83 ± 0.29ABa 5.83 ± 0.29Aab 

1.2 21.00 ± 0.00Aa 1.17 ± 0.29Bc 3.50 ± 0.00Cd 3.50 ± 0.50Cc 8.17 ± 0.76Aab 5.83 ± 0.76Aab 

Pectin 0 19.12 ± 0.19B 0.00 ± 0.00B 5.83 ± 0.29A 5.33 ± 0.29B 5.83 ± 0.29C 4.33 ± 0.58CD 

0.3 19.68 ± 0.61ABab 0.00 ± 0.00Bd 2.67 ± 0.29Be 6.33 ± 0.29Aa 7.83 ± 0.29Aa 3.83 ± 0.29 Da 

0.6 19.90 ± 0.36ABa 0.00 ± 0.00Bd 2.83 ± 0.29Be 5.50 ± 0.50Bbc 7.00 ± 0.00Ba 4.83 ± 0.29BCa 

0.9 19.99 ± 0.35Ab 0.00 ± 0.00Bd 1.83 ± 0.29Cd 4.00 ± 0.00Cd 7.83 ± 0.29Aa 5.33 ± 0.29Bb 

1.2 19.34 ± 0.64ABc 1.83 ± 0.29Ab 1.00 ± 0.00Df 2.83 ± 0.29Dcd 8.50 ± 0.50Aa 6.17 ± 0.29Aab 

Konjac gum 0 19.12 ± 0.19A 0.00 ± 0.00E 5.83 ± 0.29B 5.33 ± 0.29A 5.83 ± 0.29B 4.33 ± 0.58B 

0.3 18.87 ± 0.47Abc 1.83 ± 0.29Db 7.33 ± 0.58Aa 4.83 ± 0.29Ab 5.67 ± 0.58Bc 3.83 ± 0.29Ba 

0.6 19.47 ± 0.13Aab 2.83 ± 0.29Ca 7.17 ± 0.29Aa 5.17 ± 0.76Abcd 5.83 ± 0.29Bb 4.67 ± 0.58Ba 

0.9 18.81 ± 0.32Ac 4.50 ± 0.50Aa 5.83 ± 0.29Ba 5.33 ± 0.29Ab 6.83 ± 0.29Ab 6.33 ± 0.58Aa 

1.2 19.94 ± 0.22Aabc 5.83 ± 0.29Aa 6.00 ± 0.00Ba 5.67 ± 0.29Aa 6.00 ± 0.50ABde 6.50 ± 0.87Aa 

Carrageenan 0 19.12 ± 0.19A 0.00 ± 0.00E 5.83 ± 0.29A 5.33 ± 0.29B 5.83 ± 0.29A 4.33 ± 0.58A 

0.3 18.01 ± 0.04Bc 2.83 ± 0.29Aa 5.67 ± 0.29Ab 6.33 ± 0.58Aa 5.83 ± 0.29Ac 2.50 ± 0.50Bb 

0.6 18.39 ± 0.14Bb 2.33 ± 0.29Bb 3.83 ± 0.29Bd 6.83 ± 0.29Aa 5.67 ± 0.58ABc 3.50 ± 0.50Ab 

0.9 18.58 ± 0.33Bc 1.17 ± 0.29Dc 4.33 ± 0.58Bb 7.00 ± 0.00Aa 5.00 ± 0.50ABd 4.00 ± 0.00Ac 

1.2 19.58 ± 0.73Abc 1.83 ± 0.29Cb 4.00 ± 0.00Bc 4.83 ± 0.29Bb 5.83 ± 0.29Ae 3.67 ± 0.58Ac 

Note: Values are means ± SD of three repetitions. In the same column, capital letters indicate the significant difference between different addition concentrations in the 
same edible gum group, and lowercase letters indicate the significant difference between the different edible gums with same addition concentration (P < 0.05). 
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the sweetness by 31.33%; 1.2% pectin and konjac gum increased 
stickiness by 42.49% and 50.12%, respectively; the addition of 0.9% 
guar gum and gelatin increased the crispness by 38.10% and 5.83%, 
respectively; the addition of 0.9% and 1.2% pectin increased crispness 
by 34.30% and 45.80%, respectively; and the addition of 1.2 xanthan 
gum increased crispness by 40.13%. These findings could be a result of 
altered FRSB porous structure and increased porosity of the samples 

with the addition of edible gum, which lead to a crisper product (Wal
dron, Parker, & Smith, 2006). 

3.2. Influence of different edible gum additions on color 

Color is closely related to acceptance by the market and consumers 
(Huang & Hsieh, 2005). ΔE quantified the accuracy of color 

Table 2 
Comparison texture properties for the freeze-dried restructured strawberry blocks with six edible gum additions.  

Type of edible 
gum 

Concentration 
(%) 

TPA Puncture 

Hardness (N) Cohesiveness 
(N) 

Elasticity Adhesiveness 
(N) 

Chewiness 
(N⋅mm) 

Hardness (N) Penetration work 
(N⋅mm) 

Guar gum 0 161.63 ±
2.23D 

0.10 ± 0.00A 1.08 ± 0.05A 16.48 ± 1.00D 17.68 ± 0.46B 10.78 ± 0.44C 8.40 ± 0.76C 

0.3 127.60 ±
0.35Ee 

0.13 ± 0.02Aa 0.80 ± 0.08Bc 18.59 ± 0.78Cb 13.82 ± 0.81Cc 27.95 ±
2.83Aa 

14.90 ± 0.82Bab 

0.6 209.46 ±
1.04Ba 

0.13 ± 0.00Aa 0.83 ±
0.07Bbc 

30.85 ± 1.54Aa 22.16 ± 1.31Ac 29.63 ±
2.78Aa 

20.27 ± 2.05Aa 

0.9 201.25 ±
2.54Ca 

0.12 ± 0.02Aa 0.80 ± 0.06Bc 20.81 ± 0.63Bc 16.63 ± 0.75Be 20.59 ±
1.40Bbc 

8.68 ± 0.67Cc 

1.2 242.67 ±
2.26Aa 

0.12 ± 0.02Ab 0.89 ±
0.14Bab 

30.64 ± 0.46Ab 23.67 ± 1.32Ad 14.14 ±
1.69BCe 

2.69 ± 0.35Dc 

Gelatin 0 161.63 ±
2.23B 

0.10 ± 0.00A 1.08 ± 0.05A 16.48 ± 1.00C 17.68 ± 0.46B 10.78 ± 0.44B 8.40 ± 0.76B 

0.3 147.72 ±
2.26Cc 

0.28 ± 0.26Aa 0.74 ± 0.05Bc 18.79 ± 2.44Cb 13.29 ± 2.39Cc 17.77 ±
2.34Ac 

8.37 ± 0.82Bc 

0.6 141.56 ±
2.58De 

0.16 ± 0.04Aa 0.87 ±
0.18ABbc 

23.82 ± 2.23Bb 22.74 ± 2.44Acd 20.71 ±
2.39Ac 

19.03 ± 1.65Aab 

0.9 123.15 ±
2.59Ee 

0.12 ± 0.01Aa 0.86 ±
0.16ABc 

15.34 ± 1.62Cc 11.66 ± 1.10Df 19.34 ±
1.91Abc 

10.90 ± 1.23Bb 

1.2 177.72 ±
2.61Ae 

0.15 ± 0.06Aab 0.85 ±
0.17ABab 

27.65 ± 2.27Ab 22.25 ± 2.06Ae 17.89 ±
0.30Acd 

10.16 ± 1.89Bb 

Xanthan gum 0 161.63 ±
2.23E 

0.10 ± 0.00A 1.08 ± 0.05A 16.48 ± 1.00D 17.68 ± 0.46D 10.78 ± 0.44D 8.40 ± 0.76C 

0.3 199.84 ±
2.42Ca 

0.16 ± 0.06Aa 1.11 ± 0.13Aa 25.85 ± 2.51BCa 37.81 ± 1.48Aa 20.42 ±
2.09Cbc 

6.74 ± 1.40Cc 

0.6 209.15 ±
1.85Aa 

0.14 ± 0.04Aa 1.12 ± 0.05Aa 23.30 ± 2.74Cb 34.00 ± 1.24Ba 22.13 ±
2.41Cbc 

15.44 ± 2.72ABab 

0.9 180.86 ±
1.95Db 

0.18 ± 0.04Aa 1.10 ±
0.10Aab 

34.77 ± 2.80Aa 35.04 ± 1.07Ba 28.23 ±
1.92Ba 

13.70 ± 0.79Ba 

1.2 204.89 ±
2.65Bc 

0.20 ± 0.11Aab 0.89 ±
0.09Bab 

28.24 ± 2.40Bb 26.61 ± 1.35Cc 37.89 ±
1.75Aa 

16.69 ± 1.27Aa 

Pectin 0 161.63 ±
2.23C 

0.10 ± 0.00B 1.08 ± 0.05B 16.48 ± 1.00CD 17.68 ± 0.46C 10.78 ± 0.44D 8.40 ± 0.76B 

0.3 133.75 ±
1.73Dd 

0.11 ± 0.05Ba 1.00 ±
0.05BCab 

12.88 ± 2.20Dc 12.79 ± 1.97Dc 17.65 ±
1.71Cc 

6.89 ± 1.23Bc 

0.6 163.47 ±
2.75Cc 

0.13 ± 0.01Ba 1.00 ±
0.06BCab 

18.39 ± 2.81Cc 19.84 ± 1.18Cd 18.77 ±
0.39Ccd 

7.95 ± 1.58Bc 

0.9 170.96 ±
2.01Bc 

0.16 ± 0.04Ba 1.22 ± 0.12Aa 22.86 ± 2.86Bc 31.38 ± 1.86Bb 21.95 ±
0.80Bb 

6.98 ± 0.44Bcd 

1.2 212.46 ±
2.77Ab 

0.24 ± 0.03Aa 0.91 ±
0.06Cab 

51.81 ± 1.40Aa 50.19 ± 1.53Aa 24.08 ±
0.90Ab 

11.64 ± 1.60Ab 

Konjac gum 0 161.63 ±
2.23B 

0.10 ± 0.00A 1.08 ± 0.05A 16.48 ± 1.00B 17.68 ± 0.46B 10.78 ± 0.44D 8.40 ± 0.76C 

0.3 178.29 ±
2.37Ab 

0.10 ± 0.03Aa 0.94 ±
0.06ABb 

17.53 ± 2.54ABb 13.29 ± 1.15Dc 22.01 ±
1.95Bb 

15.79 ± 1.72Aa 

0.6 149.51 ±
1.82Cd 

0.11 ± 0.02Aa 0.80 ±
0.10BCc 

15.98 ± 2.14Bc 12.70 ± 0.16De 16.44 ±
0.64Cd 

10.10 ± 1.82Bc 

0.9 108.25 ±
2.75Df 

0.15 ± 0.05Aa 0.89 ±
0.10BCc 

20.86 ± 1.17Ac 19.86 ± 0.74Ad 26.14 ±
2.54Aa 

11.87 ± 1.43Bab 

1.2 165.53 ±
2.72Bf 

0.12 ± 0.02Ab 0.75 ± 0.08Cb 19.43 ± 2.54AB 15.69 ± 0.84Cf 19.30 ±
1.22BCc 

17.41 ± 1.58Aa 

Carrageenan 0 161.63 ±
2.23B 

0.10 ± 0.00B 1.08 ± 0.05A 16.48 ± 1.00Cc 17.68 ± 0.46E 10.78 ± 0.44C 8.40 ± 0.76B 

0.3 181.28 ±
1.91Ab 

0.13 ± 0.03ABa 1.10 ± 0.04Aa 18.23 ± 0.36Cb 20.84 ± 1.01Db 28.05 ±
1.39Aa 

13.15 ± 1.76Ab 

0.6 174.38 ±
1.73Cb 

0.14 ± 0.02ABa 1.05 ± 0.02Aa 24.64 ± 2.92Bb 27.35 ± 1.48Bb 24.64 ±
1.51ABb 

16.12 ± 2.58Ab 

0.9 166.19 ±
2.73Dd 

0.16 ± 0.03Aa 1.00 ±
0.09Abc 

27.60 ± 2.66ABb 24.44 ± 1.35Cc 17.12 ±
2.31BCc 

5.77 ± 1.99BCd 

1.2 197.72 ±
3.09Bd 

0.16 ± 0.01Aab 1.03 ± 0.10Aa 31.00 ± 2.36Ab 36.30 ± 0.49Ab 15.54 ±
1.71Cde 

3.50 ± 1.08Cc 

Note: Values are means ± SD of three repetitions. In the same column, capital letters indicate the significant difference between different addition concentrations in the 
same edible gum group, and lowercase letters indicate the significant difference between the different edible gums with same addition concentration (P < 0.05). 
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Fig. 1. The radar map analysis of volatile compounds in the freeze-dried restructured strawberry blocks with gum additions, including guar gum(a), gelatin(b), 
xanthan gum(c), pectin(d), konjac gum(e), and carrageenan(f), and the six edible gums at the same addition concentration (i.e, 0.3%(g), 0.6%(h), 0.9%(i), 1.2%(j)). 
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Fig. 2. The Low-field NMR analysis of water status in the freeze-dried restructured strawberry blocks with gum additions, including guar gum(a), gelatin(b), xanthan 
gum(c), pectin(d), konjac gum(e), and carrageenan(f), and the six edible gums at the same addition concentration (i.e, 0.3%(g), 0.6%(h), 0.9%(i), 1.2%(j)). 
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reproduction into a numerical value, which reflected the accuracy of the 
color performance of the samples. The higher the score, the more dis
torted the color; therefore, the smaller the value, the higher the proba
bility that the product will be obtained. From Table S2, compared with 
that in the control group, the addition of 0.3% gelatin, 0.6% xanthan 
gum, 1.2% pectin, and 1.2% konjac gum all contributed to a signifi
cantly (p < 0.05) higher L* value in FRSB, indicating that these products 
had a brighter appearance; a significantly (p < 0.05) lower ΔE occurred 
in the samples with the addition of 0.6% guar gum, 0.9% gelatin, 0.9% 
and 1.2% xanthan gum; 0.3%, 0.6%, and 0.9% pectin; 0.6% and 0.9% 
konjac gum; and 0.3%, 0.6%, 0.9%, and 1.2% carrageenan, indicating 
that these gum additions can maintain a better appearance for the dried 
samples. This phenomenon may be related to the Maillard reaction and 
degradation of anthocyanins. The samples with the above concentra
tions of edible gum possibly exhibited a slighter Maillard browning re
action, less anthocyanin degradation, and maintained a good apparent 
color (Frabetti et al., 2021; Manzocco, Calligaris, Mastrocola, Nicoli, & 
Lerici, 2000). 

3.3. Influence of different edible gum additions on the texture properties 

When the TPA test was performed, the samples were compressed 
twice to simulate mastication and evaluate their textural properties. 
Hardness is the resistance of a sample to compression at a certain 
deformation rate (Tireki, Sumnu, & Sahin, 2021). Cohesiveness refers to 
mutual attraction within a product when simulating mastication (Xie 
et al., 2017). Elasticity is the degree to which a sample can recover after 
the deformation force is removed following the first compressive 
deformation (Fox, Guinee, Cogan, & McSweeney, 2017). Adhesiveness is 
a measure of the energy required to overcome the surface attraction of 
FRSB when masticated (Ansari, Maftoon-Azad, Farahnaky, Hosseini, & 
Badii, 2014). Chewiness is the product of hardness, cohesiveness, and 
elasticity and is a comprehensive indicator of product quality. 

The TPA test results are listed in Table 2. Comparison of the TPA 
hardness among the six edible gums with the same amount of added 
guar gum revealed a higher TPA hardness than those in the other gums. 

Compared with that of the control group, the addition of 1.2% guar 
gum, 0.6% xanthan gum, and 0.9%, and 1.2% pectin increased TPA 
hardness by 50.13%, 29.40%, 5.94%, and 22.33%, respectively. The 
addition of guar gum, gelatin, xanthan gum, or konjac gum had no 
significant effect on the cohesiveness (p > 0.05) as the cohesiveness 
increased with the addition of pectin and carrageenan. The addition of 
0.9% pectin increased elasticity and chewiness by 12.96% and 77.49%, 
respectively; 0.6% guar gum and gelatin addition contributed to 25.34% 
and 28.62% increase in chewiness of the TPA, respectively; the addition 
of 1.2% pectin increased chewiness of the TPA by 183.88%; the addition 
of 0.6% guar gum, gelatin, and carrageenan increased the puncture 
hardness by 174.86%, 92.12%, and 128.57%, respectively. These results 
are likely due to the adhesion behavior of edible gum, whose branched 
arabinose and galactose can be well cross-linked with the hemicellulose 
and cellulose in the sample to form a rigid network structure, thus 
increasing their resistance to the damaging effects of mechanical forces 
(Broxterman & Schols, 2018). 

Compared with the TPA, the puncture test is generally performed at a 
local point on the sample, with fewer requirements for the shape and 
size of the test samples. The puncture penetration work was increased by 
141.31% and 126.55% with the addition of 0.6% guar gum and gelatin, 
respectively, compared with that of the control group. The addition of 
0.9% pectin and 0.3% and 0.6% guar gum increased puncture hardness 
by 103.62%, 159.28%, and 174.86%, respectively; the addition of 0.9% 
xanthan gum and konjac gum increased the puncture hardness by 
161.87% and 142.48%, respectively. The above results demonstrate that 
the addition of edible gum could improve the textural properties of 
FRSB, which is largely consistent with the previous TPA results, where 
the edible gum was cross-linked with polysaccharides or cellulose in the 
strawberries during processing, resulting in a tighter porous network 

structure of the sample, leading to higher rigidity and elasticity (Zhao, 
Malfait, Guerrero-Alburquerque, Koebel, & Nyström, 2018). 

3.4. Influence of different edible gum additions on the volatile compounds 

The radar diagrams of the sensor response values for the FRSB are 
shown in Fig. 1. For the FRSB with all six edible gum additions, sensors 
W1W, W2W, W1S, and W5S had higher response values, indicating that 
the FRSB contained higher contents of sulfides, aromatics, methyl 
compounds, and aromatic components of short-chain alkanes. The 
samples with the 0.6% guar gum (Fig. 1a) and 0.6% gelatin (Fig. 1b) 
addition had substantially higher response values in the W1W, W2W, 
W1S, and W5S sensors than other samples in the same group. The pro
files of the response values in the sensors nearly overlapped in the radar 
diagrams of the xanthan gum (Fig. 1c) and pectin groups (Fig. 1d), 
indicating that the concentration of xanthan gum and pectin had no 
significant (p > 0.05) effect on the flavor of volatile compounds in the 
samples. 

Compared with other samples in the same group, higher response 
values of theW1W, W2W, W1S, and W5S sensors were observed in the 
FRSB samples with the addition of 0.3 % konjac gum (Fig. 1e) and 1.2% 
carrageenan gum (Fig. 1f). By comparing the six edible gums with the 
same amount of addition, the addition of 0.3% konjac gum (Fig. 1g), 
0.9% konjac gum (Fig. 1i), and 0.6% guar gum (Fig. 1h) all contributed 
to significantly (p < 0.05) higher sensor response values of W1W, W2W, 
and W5S than those of other gums, demonstrating that the addition of 
konjac gum and guar gum resulted in a relatively higher content of 
volatile compounds than that of other gums. The reason for the higher 
flavor achieved by the addition of gum may be the gradual sublimation 
of the ice crystals during processing, which are constantly cross-linking 
with some of the substances in the strawberries, creating microzones 
that form a physical barrier to prevent the diffusion of volatile com
pounds (Nijhuis et al., 1998; Mui, Durance, & Scaman, 2002; Krokida & 
Philippopoulos, 2006). 

3.5. Influence of different edible gum additions on the water status 

LF-NMR can provide direct information on the water state of the 
samples in a system by measuring the transverse relaxation time (T2) of 
hydrogen protons (Sun, Zhang, & Yang, 2019). The longer the peak time 
of T2, the more intense the peak position in the T2 spectrum, the stronger 
the mobility of the water phase, and the weaker the degree of binding. 
Water status in the dried samples generally exists in three forms: free 
water T23, which is free of cells and tissues and has high mobility; un
easily flowing water T22, which is subject to certain restraints; and 
bound water T21, which binds tightly to cells and tissues. The wet-base 
moisture content of FRSB was approximately 5%. As shown in Fig. 2, 
FRSB in all groups of the six edible gum additions showed three T2 
peaks, in which free water T23 appeared around 100 ms, uneasily 
flowing water T22 appeared around 10 ms, and bound water T21 
appeared around 0.1 ms. By comparing the T2 peaks, the proportion of 
free water in FRSB in each group was relatively higher than those of 
uneasily flowing and bound water. By comparing the influence of the 
addition concentration in the same edible gum group, 0.9% guar gum 
addition resulted in a smaller T22 peak (lower content of uneasily 
flowing water) in the FRSB (Fig. 2a), whereas 0.9 % gelatin (Fig. 2b) and 
0.9% carrageenan addition (Fig. 2f) resulted in a smaller T23 peak (lower 
content of free water) in the FRSB. In addition, 0.6% pectin addition 
contributed to a similar proportion of free water and bound water and 
lower content of uneasily flowing water in the FRSB. A reason for these 
results may be that the addition of edible gum can change the micro
structure of FRSB, and the added edible gum can bond with water, which 
can influence the dehydration behavior of the three forms of water 
during VFD. 
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Fig. 3. The hygroscopicity analysis of the freeze-dried restructured strawberry blocks with gum additions, including guar gum(a), gelatin(b), xanthan gum(c), pectin 
(d), konjac gum(e), and carrageenan(f), and the six edible gums at the same addition concentration (i.e, 0.3%(g), 0.6%(h), 0.9%(i), 1.2%(j)). 
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3.6. Influence of different edible gum additions on the hygroscopicity 

Hygroscopicity is an important indicator for measuring VFD prod
ucts and is closely related to the composition and microstructure of 
FRSB. The higher the porosity, the higher the hygroscopic ability of the 
product. The influence of the addition of different edible gums on the 
hygroscopicity of FRSB is shown in Fig. 3. Notably, the hygroscopicity in 
each gum addition group increased gradually over time, whereas a rapid 
increase occurred after 9 h of storage. Compared with that of the control 
group, the addition of guar gum, gelatin, xanthan gum, pectin, and 
konjac gum (Fig. 3a–e) all resulted in lower FRSB hygroscopicity during 
most of the storage period (p < 0.05), and the differences tended to 
disappear after 24 h (p > 0.05). However, 0.6% guar gum addition 

(Fig. 3a) resulted in lower hygroscopicity on the fifth day of storage. As 
shown in Fig. 3g–j, no differences in the hygroscopicity of FRSB with 
different edible gum additions (p > 0.05) were observed. We deduce that 
the addition of edible gum facilitates the formation of a film barrier on 
the surface of the FRSB, which can effectively prevent ambient water 
vapor from entering the interior of the samples in the early stage of 
hygroscopicity and rusting in lower hygroscopicity. After 24 h of stor
age, the thin-film barrier was gradually destroyed by the adsorbed water 
vapor, increasing the permeability of the water vapor. The hygroscop
icity gradually increased until it was very close to that in the control 
group after five days of storage. 

Fig. 4. Hierarchical cluster analysis of the qualities of the freeze-dried restructured strawberry blocks with different edible gum additions.  
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3.7. Cluster analysis 

Cluster analysis was used to analyze the differences between the 
different FRSBs. As shown in Fig. 4, according to the vertical dendro
gram, all treatments with the six edible gum additions could be classified 
into five main clusters. The first cluster included the control group and 
0.3% guar gum group. The second cluster included the 0.3%, 0.9%, and 
1.2% xanthan gum; 0.6%, 0.9%, and 1.2% guar gum; and 0.3% and 0.6% 
pectin additions. The third cluster included 0.3%, 0.6%, 0.9%, and 1.2% 
gelatin; 0.3%, 0.6%, 0.9%, and 1.2% konjac gum; 0.6% xanthan gum, 
and 1.2% carrageenan additions. The fourth cluster included 0.9% and 
1.2% pectin additions, and the fifth cluster included 0.3%, 0.6%, and 
0.9% carrageenan additions. Three main clusters were identified for the 
14 indicators according to the horizontal dendrogram: sourness and 
sweetness fell into the first cluster, color difference and hygroscopicity 
(4 h) fell into the third cluster, and all other indicators fell into the 
second cluster. 

4. Conclusion 

In this study, we investigated the effects of six edible gums (gelatin, 
pectin, carrageenan, and xanthan, konjac, and guar gums) on the quality 
of FRSB. Compared with that of the control group, the results showed no 
significant (p > 0.05) astringency in FRSB with the addition of guar gum 
and gelatin; the addition of guar gum, gelatin, xanthan gum, and konjac 
gum had no significant difference on cohesiveness (p > 0.05). After a 
gelatin addition of 0.6%, the yield was increased by 3.40%, sensory 
evaluation sourness was reduced by 8.58%, TPA chewiness was 
increased by 28.62%, and puncture hardness and penetration work were 
increased by 92.12% and 126.55%, respectively; the addition of 0.6% 
guar gum increased TPA hardness and chewiness by 29.59% and 
25.34%, respectively, and increased puncture hardness and penetration 
work by 174.86% and 141.31%, respectively; the addition of 0.9% 
gelatin decreased the sensory evaluation sourness by 8.58% and 
increased the crispness by 5.83%; the addition of 0.9% pectin increased 
yield, TPA hardness, elasticity, chewiness puncture hardness, and sen
sory evaluation crispness by 4.55%, 5.94%, 12.96%, 77.49%, 103.62% 
and 34.31%, respectively. All five gum additions, except for carra
geenan, resulted in lower hygroscopicity than that in the control group 
during mid-storage. The addition of konjac gum resulted in a higher 
content of volatile compounds, whereas the addition of carrageenan 
resulted in a lower total color difference. In summary, gelatin, pectin, 
and guar gum can individually improve the quality of FRSB and are 
recommended as edible gum additives for FRSB. This study provides a 
theoretical basis for improving the quality of freeze-dried restructured 
products and serves as a reference for the strawberry processing 
industry. 
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