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Analysis of quality changes and hot air drying characteristics of
Xinjiang jujube (Zizyphus jujuba cv. Junzao) by hang on trees
drying

Chao Xu !, Xiaokang Yi *, Can Hu !, Qiaonan Yang ?, Jie Li!, Yi Yang !, Jie Zhang !
1. College of Mechanical and Electrochemical Engineering, Tarim University, Arar 843300, China;

2.College of Mechanical and Electrical Engineering, Fujian Agricuture and Forestry University, Fuzhou 350000, China;

Abstract: The purpose of this study was to explore the changes in quality indicators and hot air drying characteristics of
jujube during the natural hang on trees drying stage, and to determine the optimal picking period for Xinjiang jujube
suitable to drying and processing, samples were collected six times in a 7-day cycle, respectively denoted as S1-S6,
research the effects of different picking stages on the nutrient content, color, hot air drying kinetics and drying quality of
Xinjiang jujube during hang on trees drying. The results showed that the water content of jujube gradually decreased; the
percentage of soluble solids, total and reducing sugars increased, but the total mass of those in a single jujube decreased,
and the percentage of ascorbic acid and total mass decreased during the natural drying process. The hot air drying time is
different at different picking stages. The highest ascorbic acid content after hot air drying is 87.14 mg/100 g for jujube at
stage S4. with a decreasing trend in cracking rate after drying from S1 to S6 and an increasing trend in rehydration. Used
AHP to evaluate the quality comprehensively, found that jujube picked at S4 were more suitable for drying and

processing.

Keywords: Jujube; Hang on trees drying; Picking stage; Quality changes; Drying kinetics
1 Introduction

As the birthplace of jujube, China's annual jujube production accounts for more than 95% of the world's

annual production.!!! Xinjiang, due to its unique geographical and climatic conditions, is the largest jujube
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producer in China, with an annual production of nearly 4 million tons.!?! , accounting for more than 45% of
China's total production.® , and mainly are Junzao and grey jujube, the combined output of the two accounts
for over 90% of the annual production of jujube in Xinjiang™' . The jujube fruit is large, nutritious, sweet and
sour, rich in sugars, organic acids, ascorbic acid, phenols and other nutrients, and is a tonic among fruits™! .
The high water content of fresh dates makes them susceptible to alcoholisation. Fresh jujube often lose up to
15-30% of their value after harvesting.l”! Therefore, 95% of jujube are dried and sold worldwide.l”’ Drying
technology for jujube is now relatively mature, Common drying methods include hot air drying!®! ,
microwave drying® , vacuum freeze drying!”! , infrared drying!!!!, As hot air drying has the advantages of
simple structure, easy operation, low energy consumption and high efficiency!'”! , it has become the main
drying method for jujube drying in Xinjiang, China. Xinjiang jujube are not picked immediately after they
are fully ripe, but are first dried by solar radiation, natural wind and other environmental factors to reduce the
free water and combined water inside the jujube as much as possible, this process that lasts approximately 40
days and is known as the natural hang on trees drying. The method of determining the natural hang on trees
drying depends mainly on farmers' experience and market demand, and does not take into account the impact

of the natural hanging process on the quality of jujube, which is yet to be confirmed.

Many scholars have investigated the changes in fruit quality with growth stage!'*. Gou Xi et al.2014!!4!
investigated the changes in cyclic adenosine phosphate, soluble sugar and mineral element content of
Lingwu jujube at different maturity levels. Zhang Kekun et al. 2016!"! found that there were significant
differences in quality characteristics of grapes at different stages of hang on trees storage. Deng et al. 2019!"¢!
studied the physicochemical properties and drying kinetics of apricot fruit at different maturity levels and
found that the drying rate decreased after a certain stage of maturity. Liu Qinyuan et al. 2020!""! found that
the aroma and color of the finished product differed when using peach at different maturity levels for wine
making. Wang H et al.'¥ studied the effects of postharvest ripening on the physicochemical properties,
microstructure, cell wall polysaccharide content and nanostructure of kiwifruit. Tang Ni et al.2022!"*! found
that the crude fat and 17 amino acids content of different varieties of avocado reached peak levels. The
optimal harvesting period for each variety of avocado was determined by measuring the change curve of the
content of the components. Diop Alioune et al.2022"*"! found during experiments on mango drying that as

the ripeness of mangoes continued to increase, the browning condition of the product became more
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pronounced, i.e. ripeness had a significant effect on the color of dried mangoes. In conclusion, the physical
and chemical properties and processing characteristics of the fruit differ significantly at different stages of
harvesting, but no studies have been reported on the quality changes during the hang on trees drying period

of jujube.

In order to investigate the effect of different picking stages on the physicochemical and drying characteristics
of jujube, this paper investigates the natural hand on trees drying stage of jujube after maturity, and determines the
content of total and reducing sugars, soluble solids, titratable acids and ascorbic acid, and analyses their changes.
The drying characteristics of jujube at different picking stages, as well as the nutrient retention rate, color and
cracking rate after drying, were analysed using hot air drying to provide a theoretical reference for determining the

optimal picking period suitable for drying and processing during the natural hang on trees drying of jujube.

2 Materials and methods

2.1 Test materials

The jujube used in the experiment were harvested from farm No. 8, 10th regiment, Alar City, Xinjiang
Uygur Autonomous Region (81° 12" 15.53” E, 40° 38" 16.21" N, 1023m above sea level). On 30 jujube
trees of uniform growth conditions and 10 years old, branches with the same orientation and fruit maturity
were selected. The jujubes on the branches were marked (according to Xinjiang Special Forestry and Fruit
Industry Export Marketing 2Y!. The first picking was carried out on 16 September 2022 and with an interval
of 7 days for each sample. Six batches of samples, denoted as S1-S6, were collected. The samples were
wiped clean with alcohol, then sealed and stored in a refrigerator at a constant temperature of 4 C to prevent
loss of moisture and nutrients. Due to the long sampling period and to lower errors, batches of experiments

were conducted the next day. The surface conditions of jujubes at different picking stages are shown in Table 1.

The experimental site was selected from the key Laboratory of Modern Agricultural Engineering, Tarim
University, Alar, Xinjiang Uygur Autonomous Region, and the experimental period was from 16 September

to 30 October .

Table 1. Sensory characteristics of jujubes at different picking stages
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Picking stage

Picking Date

Surface condition

S1

S2

S3

S4

S5

S6

16 September

24 September

1 October

8 October

16 October

23 October

Reddening of the surface over 75%, bright color and full and firm of fruit

Over 95% of the surface reddened, bright color and full and firm of fruit

surface all red, brighter in color, surface ruffled

Surface all red, duller in color, with increased surface ruffling

Surface all red, dull, with distinctive surface folds

Surface all red, dull, with distinctive surface folds

2.2 Measurement methods for each indicator

2.2.1 Determination of moisture content and average mass

(1) Moisture content of jujubes at different picking stages

Ten jujubes were selected, the total weight was measured and put into an electric digital display blast

dryer (model: GZX-9140 MBE; range: 50-200°C; produced by Buxun Medical Biological Co., Ltd.,

Shanghai, China) at 105°C for drying, and weighed every two hours, and when the change in weight was less

than 0.1g between the two times, samples was considered to be absolutely dry, and the initial wet basis

moisture content M of the jujubes at the corresponding picking stage was calculated by the difference in

mass, as shown in equation (1).

M= Gnw—Gna |, 100%

an

)

Male in equation (1), M is the moisture content of jujubes at different picking stages, %.Gy,, is the

weight of jujubes before hot air drying, g. G, 4 is the mass of jujubes after hot air drying, g.

(2) Average weight of jujubes at different picking stages

Ten jujubes were selected and weighed using electronic balances (model: CP3102; range: 0-3200g;

accuracy: 0.01g; manufactured by Ohaus Instruments Ltd., Jiangsu, China) and the average value was obtained

as the average mass of the corresponding batch of jujubes.
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2.2.2 Determination of total and reducing sugars

The total sugar content was determined according to the method in GB/T 10782-2021 "General rules for
the quality of preserves"??. The reducing sugar content was determined according to the direct titration

method in GB5009.7-2016 "Determination of reducing sugars in foodstuffs"?*!,

2.2.3 Determination of titratable acids

Ten jujubes were selected and a total of 15 g of flesh samples were randomly weighed from different
parts of the jujubes, crushed and the filtrate was taken and determined by neutralisation titration with sodium

hydroxide!® . The main acid in the jujube was malic acid.’®!

2.2.4 Determination of soluble solids

Ten jujubes were selected and a total of 5 g of samples were randomly weighed in different parts of
different jujubes, pounded and the filtrate was taken and dropped in the test area of a hand-held refractometer
(Model: LH-Y28, manufactured by Lu Heng Biotechnology Co., Ltd., Hangzhou, China) for measurement

and reading at 22°C. The results were expressed as mass fraction, %.

2.2.5 Determination of ascorbic acid content

The ascorbic acid content was determined using the 2,6-dichloroindophenol titration method in GB

5009.86-20162°!,

2.3 Determination of color

The color variation between picked and dried jujubes from S1 to S6 was determined using a
spectrophotometer (model: YS6003, Sanenshi Technology Co., Ltd., Shenzhen, China), based on the
CIELAB color chart system. The brightness L*, green-red value a* and blue-yellow value b* were
determined. The color difference values between the different picking stages and the hot air dried jujubes

were also analysed and calculated as follows 7!

AE = [(AL¥) + (Aa*)* + (Ab¥) '~

2
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Male In equation (2) , A E is the color difference value; A L*, Aa* and A b* are the difference in color

parameters between fruit picked at stages S2-S6 and S1, respectively.
2.4 Drying of jujubes

2.4.1 Drying equipment

Twenty jujubes of approximately the same size, shape and hardness were selected from each batch,
removed from the refrigerator, brought to room temperature, wiped dry and the total weight of the fruit
recorded as the initial drying mass. The drying conditions were set at 65°C, 1.5 m/s wind speed and 40%
relative humidity using a hot air thin layer drying test apparatus (homemade by the Key Laboratory of
Modern Agricultural Engineering, Tarim University)®! . Figure 1 shows schematic diagram of the hot air

thin layer drying test rig.

4

1. Fan 2. Spoiler 3. Electric heating unit 4. Material tray 5. Drying chamber 6. Drying chamber temperature control unit 7. Drying

chamber humidity control unit 8. Air speed adjustment unit
Figure 1. Schematic diagram of the hot air thin layer drying test rig

Turn on the dryer, start the heating and air supply device, after running for 15min the material bin
preheats to the set parameters and reaches a constant, then the jujubes are placed into the drying chamber
trays in equal spacing order, the weight sensor inside the material bin is automatically weighed and recorded
every hour, the quality of the trays is monitored in real time to determine their real time moisture content,
until the moisture content of the dry base of the jujubes reaches below 33.3%, the drying test is complete.
Once cooled and surface cracks have been observed using a stereo microscope, the jujubes are bagged,

sealed using a vacuum machine and stored at room temperature pending testing.

2.4.2 Drying parameters
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(1) Moisture content of dry base

The moisture content of dates varies continuously with drying time. The dry basis moisture content of

jujubes at time t is given by M; expressed by the following equation:

_ Gt=Go(1-My)
M = Go(1—My) 3)

In equation (3), the G; is the mass of all jujubes in the material tray at time t, g. G is the mass of all
jujubes in the material tray at the initial moment, g. M, is the initial wet base moisture content of the jujubes,

%.

(2) Drying rate

The drying rate of any stage (Drying rate) is expressed as a function of the moisture content of the dry

base at the beginning and end of the stage versus time, as follows!*! :

MtZ_Mtl
tr—ty

DR =
“)

In equation (4), the My is the dry basis moisture content at the beginning of the stage. My, is the dry

basis moisture content at the end of the stage. t; is the moment of the start of the phase; and t, is the moment

of the end of the stage.
(3) Effective diffusion coefficient of moisture

The effective diffusion coefficient of moisture during hot air drying of steamed dates can be calculated

according to Fick's second law equation B!:

2.2
n“n“D
efft>

re

MR = %Z}lzl exp (—
©)

In equation (5), MR is the moisture content ratio; D is the effective diffusion coefficient of moisture,

m? /s; 1 is the volume equivalent radius, m; t is the drying time, s.

Taking the logarithm of both sides of the above equation at the same time gives:



144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

6 2D
InMR = In— — =¢fft
2 rZ

(6)

The slope method was used for the calculation of the effective diffusion coefficient of moisture, and the

slope expression from equation (6) is:

(N
2.4.3 Observation of superficial surface cracks

The high rate of heat mass transfer during hot air drying of jujube makes the process of heat expansion
and water loss and shrinkage faster, which can easily lead to cracks, causing nutrient loss, microbial
enrichment and infiltration and other conditions, reducing the drying quality. Twenty jujubes without initial
cracks were selected from each batch for drying. The surface of the jujubes was observed using a
stereomicroscope (Model: TD-2KH, Sanmang Teda Optical Instruments Co., Ltd., Shenzhen, China) and the
cracking rate of jujubes at different picking stages after hot air drying was calculated with reference to the

hazelnut drying cracking statistics method B!,
p=-_d (8)

In equation (8), P is the rate of cracked fruits, andNy is the number of stepped jujubes with cracks after

hot air drying, and N, is the total number of dried jujubes.

2.4.4 Determination of the rehydration ratio

The rehydration is an important indicator of the quality of the dried jujubes. Random selection five

dried jujubes was weighed and placed in a constant temperature water bath at 50° C for 40min and then

removed, dried on absorbent paper and left to dry for 20 minutes on before being weighed again. The

formula for calculating the rehydration of jujubes is as follows [32!:

MW
R = Mg )
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In equation (9), R is the rehydration ratio and My is the initial mass, and M, is the mass after

rehydration.

2.5 Integrated evaluation methods

The evaluation indicators of jujubes after hot air drying need to be normalised. The positive indicators
are ascorbic acid content and rehydration ratio after hot air drying; the negative indicators are drying time,

cracking rate and color difference. The normalisation formula y; , as shown in equation (10):

y; = Xi~Xmin (10)

Xmax~Xmin

e — (11)

Xmax—Xmin

In equation (10) and equation (11). y; are the normalised values of the indicators, the x; are the actual
values of the indicators, the x,,,,, and X,,;, are the maximum and minimum values of the indicators

respectively.

Combined score for the drying quality of jujubes at different picking stages of hang on trees drying y. The

formula is as follows:

y =yili + y2la +y3ls +y4ly +ysls (12)

In equation (12). y4 ,y2 ,¥3 ,¥4 and y5 are the normalised results for ascorbic acid content, rehydration
ratio, drying time, cracking rate and color difference, respectively 1; .1, 15,1, and 15 are the corresponding

weights, respectively.
2.6 Data processing

Three parallel experiments were carried out for the determination of drying parameters, composition
content, color and rehydration. Origin 2018 software was used for plotting, Excel 2015 and SPSS 25.0 were
used for data statistics and analysis, mean values were used for plotting and data analysis, and the level of

significance of differences was 0.05.

3 Results and analysis



190 3.1 Moisture content and mass change Analysis

191 The quality, moisture content and nutrient content of ascorbic acid and soluble solids of jujube change
192 during natural hang on trees drying. As shown in Figure 2, the wet basis moisture content and mean mass of
193  jujubes picked at different stages of the hang on trees drying period ranged from 35.84% to 67.55% and 13.32-
194  29.38 g, respectively. The jujubes were in a water-depleted and dry state during the hang on trees drying period,
195  with significant differences (P<0.05) between the moisture content and mean mass of jujubes picked at S1-S4,
196 and the most significant reduction in water content was observed in S2-S4, with 8.47% and 8.80% reduction
197  respectively, was the main stage of water loss during hang on trees drying, compared to S1-S2, where the
198  variation in water content and quality of jujubes was smaller, probably because the branches were still
199  supplying water and other materials to the fruit. After the rapid loss of water from the surface of the jujube
200  during the drying process, natural environmental factors were not sufficient for the internal water of the jujube

201  to rapidly migrate to the surface and diffuse into the airl®,

202
-35
_ —H— water content
704 —HB— weight
30
~ 60
\5_?/,
= F25
250 =
& F20 8
240+ )
]
=
30 1 15
2() T T T T T T T T T T T I [)
S1 S2 S3 54 S5 56
picking stage
203
204 Figure 2. Graph of water content and mass change

205 3.2 Analysis of changes in nutrient content



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

As the moisture content and average mass of the batches of jujubes continued to decrease, the total
weight of material within a single fruit of jujubes was used to express the changes in the indicators during the

natural drying of the jujubes.

As shown in Table 2 and Figure 3, the range of variation of total and reducing sugars was 28.13%-
56.22% and 16.73%-38.02%, while the range of soluble solids was 32.41%-63.89%. As the drying process
progressed, the percentage content of both was on an increasing trend, and the total content within a single
fruit first increased and then decreased, reaching a peak at the S2 stage, where the percentage content of total
sugars and total content within a single fruit both increased the most from S1 to S2. It is believed that jujube

is still in the “reddening stage” of the initial hang on trees drying process, starch changes into soluble sugar.

The percentage ascorbic acid content varied from 377.25 mg/100g to 111.61 mg/100g, with the same
trend as the total content, and a clear downward trend throughout the S1-S6 stage. Similar to existing
studies®*. It is suggested that the continuous loss of ascorbic acid during ripening and drying is related to the

fact that it is highly susceptible to oxidation.

The total titratable acid content in single fruit increased slightly from S1 to S2, similar to the findings of
Gou Xi'"Y et al. who investigated the stabilisation of titratable acid content in Lingwu jujube after
maturation, while the total content continued to decrease from S2 to S6, i.e. there was some loss of titratable

acid during the hang on trees drying process.

Table 2. Variation in the content of jujube components at various stages of hang on trees drying

Picking stage Soluble solids % Ascorbic acid Total sugar % Reducing sugar % Titratable acid %
mg/100g
S1 3241t 1.84e 377.25+6.58a 28.13+£1.77d 16.73+1.12d 0.35+0.07b
S2 41.64+2.77d 315.21+10.81b 36.71+2.54c 22.84+1.59¢ 0.39+0.02ab
S3 51.26+0.45¢ 258.76£5.32¢ 44.4840.85bc 28.2240.04bc 0.44£0.05ab
S4 58.28+1.21b 202.65£8.04d 51.73%£2.01ab 32.81+0.84ab 0.48+0.01a
S5 62.37t1.36a 153.43+9.36e 55.34+1.65a 36.56+1.01a 0.50+0.02a
S6 63.89+2.15a 111.61 £4.94f 56.2243.63a 38.02+£0.45a 0.47+£0.11ab




226 Note: Letters in the table indicate significant differences, p<0.05, same below.

227
127 —B— weight ol soluble solids in a single fruit 0. 15~
EC —®— weight of total sugar in a single fruit ™ —B—  yeight of ascorbic acid in single fruit
-y 11 T —®— weight of reducing sugars in a single [rui( _\: —a— weight of titratable acid in a single [ruit
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picking stage picking stage
228
229 Figure 3. Variation in the total content of individual jujube fruits at each stage of hang on trees drying
230 3.3 Color analysis
231 The appearance and color of the fruit is the primary determinant of consumer purchase *3 and the color

232 change during the natural hang on trees drying stage is shown in the Table 3.

233
234 Table 3. Changes in color of jujubes at various stages of hang on trees drying
Picking stage Brightness L* Red and green values a* Blue and yellow values b* Color difference value AE
sl 51.26+5.64a 12.75+3.91b 35.54+2.15a -
S2 39.82+1.29b 20.13+2.58a 22.12+0.55b 16.001.21c
s3 34.58+0.88¢ 2221+1.54a 1635+ 1.72¢ 25.09+2.54b
S4 31.48+0.97d 21.92+221a 14.03+0.36d 30.62+2.25a
S5 31.51+1.04d 22.45+2.53 14.01+1.13d 30.78+2.49
S6 29.53+1.26d 23.28+0.74a 13.65+1.11d 32.59+0.77a
235
236 From Table 3, it can be obtained that the brightness L* of jujubes in the natural hang on trees drying

237  process significantly decreased (P<0.05) in S1-S4 stage, S1-S2 stage decreased the most, from 51.26 to
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39.82 , due to S1 stage fruit epidermis still exist part of green, and green compared to red brightness value is
higher, S2-S4 stage brightness decreased from 39.82 to 31.48, due to rapid water loss between this stage,
with the loss of water from the epidermal cells, the reflection of light decreased and the fruit changed from a
luminous maroon to a dull dark red, no significant change in brightness between S4-S6 stage (P<0.05), the
surface state of the jujube gradually stabilised after S4 stage; the red-green value a* was significantly lower
in S1 stage than in S2-S6 stage, consistent with S1 stage, the red-green value a* did not change significantly
after S2, and it is believed that the main changes in the fruit coloring substances occurred mainly during the
"red-change" stage; the blue-yellow value b* tended to decrease significantly during S1-S4 and did not
change significantly after S4-S6 (P<0.05), which is consistent with the trend of brightness L*. The chromatic
aberration value of the S2-S4 stages increases and stablizes in the S4-S6 stage that thechromatic aberration
value of each stage of S1-S4 is significant, and the difference in the S4-S6 stage is not significant (P<0.05),
so although the color difference can indicate the different maturity of jujubes in the growth process !, it

cannot be used as a criterion for the natural hang on trees drying process.
3.4 Drying characteristics

3.4.1 Influence of picking stage on the kinetics of hot air drying of jujubes

The hot air drying rate curves for the different picking stages are shown as Figure 4. The drying time
required for each batch of jujubes from S1-S6 was 22h, 19h, 14h, 10h, 7h and 6h respectively, i.e. the overall
drying time for hot air drying decreased as the jujubes of hang on trees drying naturally, and the drying rate
of the samples from S1-S4 showed a trend of increasing first and then decreasing, i.e. the jujubes were in the
preheating and heating up stage at the beginning of the drying period, and the drying rate increased first; at
the later stage, the internal moisture diffusion control decreased. The drying curves of the samples in S5-S6
were more similar to uniform drying, indicating that the reduction of the initial moisture content accelerated
the preheating and heating process of the jujubes. During hot air drying, it was easier to disperse moisture
from the surface of the jujube than to migrate moisture from the interior of the jujube to the surface, but the
drying rate at the S5-S6 stage near the completion of drying was higher compared to the S1-S4 stage.
Combined with the shrinkage characteristics of the moisture-containing porous media during drying, it is

believed that the high initial moisture content of the jujube is more destructive to the tissue structure during
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hot air drying due to the long drying time and fast mass transfer rate, which makes the shrinkage of jujubes
with low initial moisture content is not obvious due to the slower heat mass transfer and better preservation

of the pore structure of the flesh and higher efficiency of water passage during natural hang on trees drying.

S1 drying rate
20 7 —— S2 drying rate
—— S3 drying rate
S4 drying rate
—— SH drying rate
15 —— 56 drying rate
=
==
=
10
o
=
-
5 T /
O T T T T
0 50 100 150 200

dry base moisture content (%)

Figure 4. Hot air drying rate curves for different stages of hang on trees drying

3.4.2 Effect of picking stage on the effective diffusion coefficient of water in jujubes

The effective diffusion coefficient of moisture indicates how quickly the moisture inside the material
migrates to the surface during the drying process, which is influenced by changes in material structure,
moisture content and drying temperature. The results are shown in Table 4. From S1 to S6, the effective

moisture diffusion coefficient varied from 9.3621 X 10" m?/s to 10.7400 X 10! m%s, showing an increasing

trend followed by a decreasing trend. It is suggested that jujubes picked too early have a high initial moisture
content and rapid water diffusion during the initial drying stage, but produce severe wrinkling and crusting,
resulting in deformation and destruction of internal water transfer channels and slowing down water
diffusion, while jujubes picked too late have a similarly slow water diffusion process due to their low initial
moisture content and mostly internally bound water. Combining the moisture content and crumbling
deformation, the highest effective water diffusion coefficients were found for jujubes picked at S4 during the

hang on trees drying process.

Table 4. Variation in the effective diffusion coefficient of jujube moisture at various stages of hang on trees drying
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. . . Effective diffusion coefficient of
Initial dry basis moisture

Picking stage ontent Drying time h Linear regression fitting formula Decision factor R? moistureDesr/ Ei( 1071%m? -
s
S1 2.084+0.17a 22 InMR = —2.31 x 10~%t — 0.1355 0.9855 9.3621
S2 1.58+0.17b 19 InMR = —2.34 x 1075t +0.04423 0.9863 9.4837
S3 1.110.06¢ 14 InMR = —2.38 x 1075t + 0.0018 0.9849 9.6458
S4 0.78+0.11d 10 InMR = —2.65 x 1075t — 0.0056 0.9880 10.7400
S5 0.63+0.06de 7 InMR = —2.55 x 1075t — 0.0174 0.9991 10.3348
S6 0.560.06e 6 InMR = —2.52 x 1075t — 0.0147 0.9994 10.2132

3.5 Analysis of the drying quality of jujubes at different picking stages

3.5.1 Cracking rate of jujube after hot air drying at different stage

The generation of drying cracks is related to the drying method and the moisture content, mechanical
properties and tissue structure of the material itself*” | with the postponement of the picking stage, the hot
air drying crack rate of jujube continuously decreases, the early stage of hot air drying is the main stage of
crack generation, and the higher the initial moisture content, the greater the probability of crack generation in
the early stage, as shown in Table 5, the cracking rate of jujube at the end of drying was 16.7%, 13.3%,
11.6%, 5.0%, 0% and 0%, respectively, at the initial moisture content of 67.55%, 61.19%, 52.72%, 43.92%,
38.76% and 35.84%, respectively. It is believed that when jujube with high moisture content (S1-S3) is dried
by hot air, the internal water in jujube is heated and vaporized rapidly, but cannot be completely discharged
in time, resulting in internal expansion and cracking of the peel under force (Figure 5.b), this phenomenon
mostly occurs in the accelerated drying phase, and due to the strong water locking capacity of the crack site,
the mass transfer rate of the cracked area will be significantly higher than the rest of the area (Figure 5.c),
resulting in crack diffusion, juice outflow, linear deep shrinkage and other conditions affecting the drying
quality (Figure 5.d), therefore, at high moisture content of jujubes, the drying process parameters such as
lowering the temperature and increasing the humidity should be controlled to reduce the heat mass transfer

rate of the surface of the jujubes in the early drying phase.
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Figure 5. Dynamics of hot air drying cracks in jujubes

Table 5. Changes in the production of cracks in natural drying of jujube at various stages of hot air drying

Number of fruit that

Picking stage Drying quantity (pieces) cracked Drying crack rate
S1 60 10 0.167
S2 60 8 0.133
S3 60 7 0.116
S4 60 3 0.050
S5 60 0 0.000
S6 60 0 0.000

3.5.2 Comprehensive evaluation of the picking phase

Unlike heat-tolerant substances such as sugars, ascorbic acid is highly susceptible to oxidation and
thermal degradation during high-temperature drying and its preservation is better suited for evaluating the
quality of the fruit after drying ). During high temperature drying, the evaporation of surface water and
chemical reactions such as enzymatic browning, non-enzymatic browning and caramelisation reactions can
lead to differences in the color of jujubes 1*°!. The rehydration reflects the structural damage of the jujubes
after drying *°1. This is shown in Table 6. In combination with the drying time and the crack rate, the above

five indicators were used to determine the quality of the jujubes after hot air drying.

The weights of ascorbic acid content, rehydration ratio, drying time, crack rate and color difference
were set at 0.3, 0.15, 0.3, 0.15 and 0.1, respectively. According to the evaluation data in Table 7, the

comprehensive scores of hot-air drying quality at the picking stage of S1-S6 were 0.15, 0.27, 0.58, 0.79, 0.73



315  and 0.59, respectively. Although the color of the jujubes picked in the earlier stages was good and the drying
316  time and crack rate of the jujubes picked in the later stages was lower, the overall quality of the samples
317  picked in the S4-S5 stage was still the best, and the jujubes picked in this stage were more suitable for drying

318  and processing.

319 Table 6. Statistics on the quality of jujubes after drying at various stages

Color
Average mass

Picking per fruit after Ascorbic acid Rehyd.ration
stage drying g Brightness L* Redand green  Blue and yellow  Color difference content mg/100g ratio
values a* values b* value AE
S1 12.67£0.63ab 33.66+2.36a 17.20%2.54b 27.47+2.02a - 56.59+1.78e 1.21£0.17¢
S2 13.25+0.76a 27.05+1.36b 20.61£1.79a 17.37+1.70b 12.54+1.13a 63.04+2.44d 1.2540.02¢
S3 12.21£0.31bc 27.19£2.02b 21.55+2.13a 17.18%+1.53b 12.90+1.58a 82.80+1.05b 1.461+0.15b
S4 11.65+0.61bc 30.40£1.57ab 22.86+221a 13.82+0.18¢ 15.13+2.27a 87.14+1.27a 1.63%0.11a
S5 11.32+£0.43c 28.95+2.71b 23.49+1.80a 13.58+1.78¢ 15.95+1.87a 73.65+£3.92¢ 1.65%0.16a
S6 11.2940.40¢ 29.59+1.49b 2344+ 1.45a 13.31+1.06¢c 16.00£2.14a 58.03£2.30e 1.61+0.21a
320
321 Table 7. Results of the comprehensive evaluation of the jujubes picking stages
Picking stage Norma%ized Ascorbic 0?2::::3;1?;;3; Dryi‘ng time Crac]?ing rate Color ‘difference Ovc?ra.ll
Acid Content ratio normalized value normalized value normalized values rating
S1 0.1722 0.0000 0.0000 0.0000 1.0000 0.15
S2 0.4996 0.0909 0.1875 0.2036 0.2163 0.27
S3 0.9901 0.5682 0.5000 0.3054 0.1938 0.58
S4 1.0000 0.9545 0.7500 0.7006 0.0544 0.79
S5 0.4972 1.0000 0.9375 1.0000 0.0031 0.73
S6 0.0000 0.9091 1.0000 1.0000 0.0000 0.59
322
323 4 Conclusions
324 In summary, the natural hang on trees drying stage had a great influence on the nutrients and hot air

325  drying characteristics of jujubes, and the change patterns of each index were different. As the picking stage
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was delayed, the percentages of soluble solids, total sugars, and reducing sugars increased, but the total mass
in individual fruits increased and then decreased, reaching a peak at the S2 stage. The percent ascorbic acid
content and the mass within a single fruit were decreasing, and the trend was obvious, while the percent
titratable acid content did not change significantly and the mass within a single fruit was decreasing. The
sugar-acid ratio kept increasing and the taste sweetness was better. The brightness of the fruit gradually
decreased with picking time, and there was no obvious change after the S4 stage. The hot air drying time
required at each stage gradually decreased, and the preservation rate of ascorbic acid kept increasing, and the
ascorbic acid content of the jujube fruit was the highest after the S4 stage. The surface cracks of jujube fruits
after drying were observed through the body microscope, and the cracking rate of red dates picked at S4-S5
stage was lower, and the trend of change of water rehydration was similar to the trend of crack generation.
The changes of the hot air drying characteristics and quality were combined, and the jujubes picked at S4

stage were considered more suitable for subsequent hot air drying processing.
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