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Key Message: This study indicates drying day lily buds 

with 6 minutes of blanching, 60 ℃ blanching temperature, 

and 40 ℃ drying air temperature using a heat pump 

promotes high-quality dried day lily buds in terms of high 

vitamins, long shelf life, and better nutritional value. 

Lower drying temperature under a heat pump leads to less 

drying energy used for the process.  

 

Abstract 

 

Blanching significantly enhances the improvedrying 

conditions of day lily buds, yet there is limited information 

on optimal drying kinetics using heat pump dryers. This 

research aimed to optimize the drying characteristics of 

day lily buds by examining the drying rate and rehydration 

ratio. The heat pump drying air temperatures were set at 

40 °C, 50 °C, and 60 °C, while blanching was conducted 

for 2, 4, and 6 minutes at the same temperatures. The 

average drying air velocity was maintained at 2.2 m/s, and 

relative humidity was controlled. Using the L9(3
3
) Taguchi 

experimental design, the study identified the best 

combinations of parameters that maximized drying rate 

and rehydration ratio. Results indicated that increasing the 

blanching time from 2 to 6 minutes increased the drying rate of 

day lily buds from 1.098 kg/kg/min to 1.744 kg/kg/min. 

Similarly, increasing blanching temperature from 40 °C to 

60 °C raised the drying rate from 1.382 to 1.468 kg/kg.min. 

Conversely, raising the air temperature from 40 °C to 60 °C 

resulted in a decreased drying rate from 1.491 kg/kg.min to 

1.403 kg/kg.min. Rehydration ratios improved 

correspondingly, rising from 1.344 to 2.349 with the higher 

blanching time of 6 minutes. Also, an increase in blanching 

temperature enhanced the rehydration ratio from 1.835 to 

1.976. Blanching time had more influence on both drying rate 

and the rehydration ratio of day lily buds, followed by 

blanching temperature and drying temperature, respectively. 

Ultimately, the optimal conditions for drying day lilies, 6 

minutes of blanching at 60 °C with drying air temperature of 

40 °C, promote high-quality, nutritious, and safe dried day 

lilies, preserving vitamins and increasing shelf life. Drying air 

temperature of 40 °C also ensures energy efficiency through 

lower drying temperatures as compared to 50 °C and 60 °C. © 

2025 The Author(s) 
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Introduction 
 

Day lily buds (Hemerocallis spp.) are tuft-forming, 

perennial monocotyledonous crops belonging to the 

Liliaceae family. The plant comprises fibrous tubers, a 

crown, leaves, and flowers. Day lilies are grown 

worldwide, with Asian countries leading (Jianxin et al., 

2005; Liu & Liao, 2025). The plant’s buds are comestible 

and nutritious, while the tubers are known to possess pain-

relieving properties, hence making it extensively used as 

vegetables, ointments for fevers, breast tumors, 

hemorrhoids, and jaundice (Yanjun et al., 2004; Fei et al., 

2017; Szewczyk et al., 2020). Day lily flower extracts 

impede cell proliferation, persuade cancerous cells to 

undergo cell differentiation, and exhibit strong antioxidant 

activity due to high content of bioactive components 

(Shenghua et al., 2012; Ying, 2013). Day lilies have also 

been used to treat insomnia, inflammation, and depression 

(Katarzyna et al., 2019; Liu & Liao, 2025). These wealthy 

usefulness of day lilies has made it a more admirable solution 

to the health and food security sectors. This has further 

attracted wide acceptance for food and medicinal use in Asia, 

Europe, and America, among other countries. However, like 

most vegetables, day lilies are harvested at high moisture 

content (above 85%) and in huge amounts during the 

flourishing season. High moisture content causes a high rate of 

decay and complicates transportation due to the bulkiness 

associated with the high moisture content. Drying is one of the 

alternative solutions to these technical hitches since the 

moisture content is reduced to a chemically stable condition for 

the product (Akter et al., 2024; Motegaonkar et al., 2024; Liu 

et al., 2025). Drying reduces crop losses; simplifies value 

addition; eases transportation; betters product 

handling; extends shelf-life; and is economical as compared to 

other preservation techniques (Ertekin & Firat, 2017; Kırbaş et 

al., 2019).  

      Natural and hot air-drying are some of the methods that 

have been used to preserve edible flowers like day lilies. 
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Natural drying encompasses sun drying, air drying, and 

shade drying, and is characterized by using simple 

techniques and cheaper equipment. However, natural 

drying is unreliable due to unpredictable weather changes 

and longer uncontrolled drying time that easily 

contaminates the flowers by predisposing them to dust, 

impurities, pests, and other forms of pollution (Choudhary 

& Gopirajah, 2018; Linlin et al., 2019; El‐Kolaly et al., 

2025). On the other hand, hot air drying hastens drying 

processes of most agro-products, averts crop losses, easy 

control of drying parameters, hence production of quality 

products (Bansode et al., 2025). Despite the 

aforementioned strengths, drying products at high 

temperatures for a long time can damage nutrients and the 

physical appearance of food (Linlin et al., 2019). These 

characteristics are undesirable to consumers who prefer 

minimal quality variations (Elwakeel et al., 2025). Again, 

different drying methods with different temperatures, such 

as vacuum freeze drying, hot air drying, vacuum drying, 

and infrared drying, have been used to dry day lilies. 

Treatments like temperature used for the process ranged 

from -80 °C in freeze drying to 65 °C. The investigated 

quality parameters included amino acid analysis, total 

phenolic content, colour, flavonoid content, 

polysaccharides, and alkanoids (Xie et al., 2024). The 

findings recommended that vacuum freeze drying has 

higher potentiality of conserving bioactive constituents in 

lily bulbs. Despite the suggested vacuum freeze drying 

having better preservative qualities, its use is limited due to 

the high energy demand to attain the negative temperature 

and for a longer time. This leaves Heat pump drying as the 

alternative due to low energy demand and drying treatment 

flexibilities. 

      Heat pump drying is one of the best ways of improving 

the drying kinetics of day lilies. The dryers have high 

energy efficiency due to energy recovery and easy control 

of drying parameters, thus widely used to dry many 

agricultural products (Greco et al., 2024; Zhang et al., 

2024). As a result of the aforementioned advantages, heat 

pumps have been widely used to dry many agricultural 

products (Aktaş et al., 2009; Minea, 2013; Fayose & Huan, 

2016). However, little information exists on optimised 

drying kinetics of day lily buds using heat pumps. For day 

lily, this implies preserving colour, nutritional content, and 

the value of antioxidants. It is suggested that pre-treatment 

before drying helps to reduce colour changes, textural 

changes, and increases drying rate by soothing tissue 

structure in addition to enhanced quality (Daud et al., 

2024). For instance, blanching helps to destroy microbes in 

the product, quickens drying rate, softens product texture, 

and makes fine cracks on the drying product (Hong et al., 

2014; Galoburda et al., 2015). Response parameters like 

rehydration ratio help to predict the level of damage caused 

by physical and chemical processes in a drying operation. 

For example, a high rehydration ratio infers less cellular 

devastation and dislodgment (Xing et al., 2025). However, 

despite the usefulness of blanching and heat pump drying 

in many fruits and vegetable drying, little documented 

literature exists regarding optimized parameters that can give a 

high drying rate and rehydration ratio of day lily buds. 

Consequently, the current study focuses on drying 

characteristics of day lily buds using a heat pump dryer and 

optimizing the drying process of day lily buds to get a high 

drying rate and rehydration ratio of day lily buds under a heat 

pump dryer. 

 

Materials and Methods 
 

Sample preparation and experimentation 

 

Clean day lily buds were bought from  Sugou market in Pukou 

District of Nanjing City, China, and transported in well-

insulated boxes with ice balls enclosed inside to maintain cool 

temperatures. They were weighed into 500 grams for each 

experiment. The weighed day lily buds were then blanched at 

temperatures of 40 °C, 50 °C, and 60 °C. Blanching time was 

done at 2, 4, and 6 minutes appropriately for each trial. 

Blanched buds were placed in meshed trays for drying using a 

laboratory heat pump at department of Agricultural 

Mechanization, Pukou campus, Nanjing Agricultural 

University, China. The heat pump dryer was run for 30 

minutes to stabilize the constant drying air temperature before 

experimentation. Drying air temperatures were controlled at 40 

°C, 50 °C, and 60 °C in particular experiments using a 

Programmable Logic Controller (PLC) device attached to the 

heat pump system for data recording and controlling 

operational parameters. Drying air velocity measured using a 

digital airflow anemometer (Shenzhen Jumaoyuan Science and 

Technology Co, Ltd) was averagely 2.2 m/s, while relative 

humidity was treated superfluously during experimentation. 

L9(3
3
) Taguchi design experiment with three replicates was 

used (Table 1). The heat pump dryer system used for drying 

the day lily buds consisted of the heating system and the drying 

chamber (Fig. 1).  

 

Drying rate determination  

 

Moisture content for fresh and dried day lily buds was 

determined using the oven drying method according to 

American Society of Agricultural Engineers (ASAE) standards 

S352.2 at 102 °C for 24 hours. Sample weights were taken and 

recorded at intervals of 60 minutes till insignificant mass 

change was noted using a precision weighing balance (Jsc-600 

electronic balance, Kaifeng Group Co. Ltd). Wet basis 

moisture content (Mwb) was determined using Equation 1 and 

converted to instantaneous dry basis moisture content (Mt) 

using Equation 2. Drying rates were calculated using Equation 

3. Variation of drying rate (g/g.min) with change in blanching 

time, blanching temperature, and drying air temperature was 

appropriately investigated for optimization purposes. 

        
  (      )
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where   , m,    ,       and    are drying rate, moisture 

content, previous moisture content (dry basis), subsequent 

moisture content (dry basis), and change in time with i= 

0,1,2,3..., respectively. 

 

Table 1 L9 Taguchi design experiment for drying characteristics of day lily buds 

Experiment 

number 

Blanching time 

(minutes) 

Blanching 

temperature (°C) 

Drying air 

temperature (°C) 

1.  2 40 40 

2.  2 50 50 

3.  2 60 60 

4.  4 40 50 

5.  4 50 60 

6.  4 60 40 

7.  6 40 60 

8.  6 50 40 

9.  6 60 50 
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receiver
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an
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Valve

Drying chamber

Load sensor
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Compressor 

Centirfugal fan

Domain Controller

Dehumidified air

Dehumidified heated air

Vapourised refrigerant
Condensed refrigerant
Humidified air

Key:

Dryer front view

Dryer prototype

From centrifugal fan

Shorter deflector (150 ºobtuse)

Longer deflector (135 º obtuse)

Inner perforated wall platesAir entry perforated wall plates

Air divider

Trays

Chimney to evaporator encasement

Trays

Air inlet cavity

Moist air exit to the evaporator

Dehumidified hot air entry  to the dryer

 
 Fig. 1 Heat pump dryer system 

 

Determination of rehydration ratio for day lily buds 

 

Rehydration ratio shows the level of damage caused by 

physical and chemical processes occurring during drying 

of the products (Arulkumar et al., 2024; Salehi et al., 2024; 

Özkan et al., 2025). 20 grams of dried day lily buds were 

dipped in water at a controlled temperature of 40 °C using a 

thermostatic electric kettle. They were then removed and 

carefully dried off using tissue paper and reweighed. Equation 

4 was used to determine the rehydration ratio of dried products 
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at varying blanching times, blanching temperatures, and 

drying air temperatures: 

 

   
  

  
             (4) 

 

Where Rh is the rehydration ratio, wr is the weight of 

rehydrated day lily buds, wd is the weight of dried day lily 

buds. 

 

Taguchi optimization of the drying process 

 

The Taguchi technique is a powerful tool for the design of 

high-quality systems and processes due to its efficiency, 

simplicity, quality, and cheapness (Mitra et al., 2015). 

L9(3
3
) array was used for experimentation. Experiments 

were done in triplicate, and their mean values were 

recorded for Taguchi analysis to get parameter influences 

on drying rate and rehydration ratio. Additionally, the 

Taguchi method was used to find the optimum 

combination of blanching time, blanching temperature, and 

drying air temperature that gave maximum drying rate and 

rehydration ratio. This was attained using Equation 5, as it 

is majorly used when the larger the better objective is 

desired (Athreya & Venkatesh, 2012): 

 

         
 

 
⁄ (∑

 

  
)    

     (5) 

 

Where n is the total number of samples, and y is the 

individual sample observations. 

 

Data analysis 

 

Experimentation for day lily buds was done in triplicate. 

The Taguchi design of experiment method was used for 

data analysis. The influence of blanching time, blanching 

temperature, and drying air temperature on drying rate and 

rehydration ratio was analyzed and presented. In 

determining if there was a significant difference in means, 

Least Significant Difference (LSD) at 5% significance 

level for the effects of blanching time, blanching 

temperature, drying air temperature, drying rate, and 

rehydration ratio was performed. Statistical analyses were 

performed using Minitab-22.4.0 (Minitab Inc., USA).  

 

Results and Discussion 
 

Interactions of selected parameters on day lily buds’ 

drying rate 

 

The values of the drying rate for day lily buds were 

calculated using Equation 3. The influence of varying 

blanching time and blanching temperature on the drying 

rate of day lily buds under a heat pump dryer is shown in 

Table 2. The data evidently revealed that increasing 

blanching time from 2 minutes to 6 minutes increased the 

drying rates of buds from 1.098 kg/kg.min to 1.744 

kg/kg.min while increasing blanching temperature from 40 °C 

to 60 °C increased drying rates from 1.382 kg/kg.min to 1.468 

kg/kg.min with no change in the least significant difference 

(LSD). The results imply that increasing the blanching time of 

day lily buds increases respective drying rates, as can be 

observed at the blanching time of 6 minutes (Table 2). These 

observations were attributed to the fact that at lower blanching 

time, the intermolecular structural pores had not opened 

enough to allow quick moisture transfer, hence leading to a 

low drying rate. Drying rate was maximum at 6 minutes’ 

blanching time, implying that high blanching time increased 

drying rate by opening intercellular pores, hence hastening 

drying processes in the buds. Correspondingly, raising the 

blanching temperature from 40 °C to 60 °C increased the 

drying rates from 1.382 kg/kg.min to 1.468 kg/kg.min. When 

the blanching temperature is higher, raised heat transfer 

processes could increase water activity (aw), causing a high 

drying rate of day lily buds. On the other hand, increasing 

drying air temperature decreased the drying rate of day lily 

buds from 1.491 kg/kg.min  at 40 °C to 1.403 kg/kg.min  at 

60 °C. 

      The ability of blanching to increase drying rate was due to 

the fact that blanching takes away air from the tissues, thus 

increased perviousness of the tissue (Jun et al., 2017). Similar 

observations have been reported by Mahari and Mohamed 

(2025) in the drying kinetics of onion slices using a cabinet 

dryer. Additionally, a rise in drying rate with a rise in 

blanching time was associated with high blanching time, which 

caused more intermolecular structural pores’ opening, hence 

causing a high drying rate. Other works in literature that 

portrayed similar observations included drying of potato slices 

(Pathan et al., 2025), persimmon fruit slices (Doymaz, 2012), 

and drying unripe banana slices (Martínez et al., 2024). 

However, use of high blanching temperatures for a long time 

causes breaking of membranes, plasmalemma, and cell-wall, 

leading to lower drying rate ( Taiwo & Adeyemi, 2009; 

Martínez et al., 2024; Wu et al., 2025). Fisher’s Least 

Significant Difference (LSD) results clearly showed that 

varying blanching time significantly influenced the drying rate 

of day lily buds (p>0.05). 

      Another phenomenon that causes an increased drying rate 

with a rise in blanching temperature is the formation of micro-

cracks. Increased micro-cracks increase the surface area over 

which evaporation occurs, hence the raised drying rates of day 

lily buds. It has been found that increasing micro-cracks with 

blanching temperature raises drying rate (Hong et al., 2014). 

Similar observations have also been observed in the drying 

process of pepper (Jun et al., 2017) and banana slices (Ratiya 

et al., 2011), apple slices (Wu et al., 2025), and broccoli florets 

(Borucu & Doymaz, 2025). Fisher’s (LSD) results clearly 

showed that varying blanching temperature significantly 

influenced the drying rate of day lily buds (p>0.05). This was 

due to structural changes that occur, especially at high 

temperatures. A decrease in drying rate at 60 °C was more 

prevalent at a high blanching time of 6 minutes. The 

observation was caused by textural changes as a result of a 

long blanching time that softened the buds. Over-softening of 

the texture can collapse the normal structure of day lily buds, 
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hence impeding diffusivity. Other works in literature have 

also observed similar behaviour in many crops that are 

blanched before drying (Jun et al., 2017; Dawei & Chen, 

2018; Borucu & Doymaz, 2025; Wu et al., 2025). 

Variation of drying air temperature had an insignificant 

influence on drying rate (p<0.05).  

 

Table 2 Variation of selected parameters on the day  

lily bud’s drying rate 

Parameter  Level Drying rate (kg/kg.min) 

Blanching 

time 

2 

minutes 

1.098
a
 

4 

minutes 

1.449
b
 

6 

minutes 

1.744
c
 

LSD 0.053 

Blanching 

temperature 

40 °C 1.382
a
 

50 °C 1.441
b
 

60 °C 1.468
b
 

LSD 0.053 

Drying air 

temperature 

40 °C 1.491
a
 

50 °C 1.397
b
 

60 °C 1.403
b
 

LSD 0.053 
Means that do not share a letter are significantly different. 

 

Influences of selected parameters on the rehydration 

ratio of day lily buds 

 

Table 3 shows the influences of varying blanching time, 

blanching temperature, and drying air temperature on 

rehydration ratio. Rehydration ratio increased from 1.344 

to 2.3493 as time increased from 2 minutes to 6 minutes. 

This demonstrated that increasing blanching time gives 

more time to expel air from the day lily buds tissues, hence 

increasing permeability. Similarly, the rehydration ratio 

rose from 1.835 to 1.976 as the blanching temperature rose 

from 40 °C to 60 °C, respectively. Variation of blanching 

time had a significant influence on rehydration ratio 

(p<0.05) while variation of blanching temperature had an 

insignificant influence on rehydration ratio (p>0.05). On 

the other hand, the rehydration ratio dropped from 1.944 to 

1.870 with a rise in drying air temperature from 40 °C to 

60 °C. This demonstrated that raising drying air 

temperature negatively affected the rehydration ratio of 

dried day lily buds. 

      Rehydration ratios are used to assess quality for dried 

products by analyzing the physical-chemical fluctuations 

caused by drying effects on the food product. Further, 

rehydration is the degree to which dried agricultural 

produce recovers the original fresh state upon rehydration 

and assists as an indicator of structural changes in the dried 

material (Dandan et al., 2014; Yang et al., 2025). Based on 

this argument, increasing blanching time, blanching 

temperature, and decreasing drying air temperature, as 

observed from Table 3, improve the rehydration ratio of 

dried day lily buds. 

      From the observation made in Table 3, increasing 

blanching temperature led to more intercellular openings, 

leading to the high rehydration ratio. Consequently, the 

rehydration ratio increased with a rise in blanching temperature, 

as also observed by Sukhcharn et al. (2006). For that reason, 

blanching temperature improves rehydration ratio because of 

the effect of high temperature on cell walls and tissue structure 

of day lily buds using a heat pump dryer. A similar trend has 

been observed in rehydration kinetics and colour of sweet 

potato slices (Sukhcharn et al., 2006), drying of shepherd’s 

purse (Wu et al., 2025), pickled carrots (Madurangi & 

Marapana, 2025), and drying characteristics of leek slices 

(Ibrahim, 2008). The reduction in rehydration ratio with a rise 

in drying air temperature showed that high temperature easily 

caused surface hardening and other structural denaturing, 

making it impermeable for moisture to penetrate during the 

rehydration of day lily buds. Thus, drying day lilies that have 

been exposed to long-time blanching and high drying 

temperatures led to a poor rehydration ratio. Variation of air 

temperature had an insignificant influence on the rehydration 

ratio (p>0.05).  

 

Table 3 Variation of rehydration ratio with blanching  

time and blanching temperature 

Parameter  Level Drying rate (kg/kg.min) 

Blanching 

time 

2 

minutes 

1.344a 

4 

minutes 

1.955b 

6 

minutes 

2.349c 

LSD 0.190 

Blanching 

temperature 

40 °C 1.835a 

50 °C 1.838a 

60 °C 1.976a 

LSD 0.190 

Drying air 

temperature 

40 °C 1.944a 

50 °C 1.834a 

60 °C 1.870a 

LSD 0.190 

Means that do not share a letter are significantly different. 

 

Optimization of day lily buds’ drying characteristics 

 

Fig. 2 shows signal-to-noise ratios for effects and interactions 

of chosen constraints on day lily buds’ drying rate as generated 

from Minitab-22.4.0 (Minitab Inc., USA). With respect to high 

drying rate, a combination of 6 minutes of blanching time, 

50 °C blanching temperature, and 40 °C drying air temperature 

was most preferred. Table 4 demonstrates the responses of 

selected parameters in influencing the drying rate of day lily 

buds. Blanching time ranked first in influencing the drying rate 

of day lily buds, followed by blanching temperature and drying 

air temperature, respectively. With regard to the high drying 

rate, a combination of 6 minutes of blanching time, 60 °C 

blanching temperature, and 40 °C drying air temperature was 

the best (Fig. 3). 

      Table 5 demonstrates the responses of the selected 

parameters in influencing the rehydration ratio of day lily buds. 
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It evidently demonstrates that blanching time had more 

influence on day lily buds’ rehydration ratio, followed by 

blanching temperature and drying air temperature, 

respectively. More blanching time led to the disruption of 

the day lily bud’s cells. This created more channels for 

water to penetrate the day lilies during the rehydration process. 

Additionally, the disruption of cells led to more pore formation, 

which resulted in increased porosity that permits faster water 

entry, resulting in a higher rehydration ratio. 

  

Table 4 Responses for signal to noise ratios for drying rate 

Level Blanching time Blanching temperature Drying air temperature 

1 0.064 1.202 1.983 

2 1.571 1.981 1.449 

3 3.147 1.600 1.350 

Delta 3.083 0.779 0.633 

Rank 1 2 3 

 

Table 5 Responses for signal to noise ratios for rehydration ratio 

Level Blanching time Blanching temperature Drying air temperature 

1 2.544 4.935 5.412 

2 5.756 5.032 5.001 

3 7.272 5.605 5.159 

Delta 4.729 0.670 0.410 

Rank 1 2 3 

 

 
                                             Fig. 2 Means of signal to noise ratio for drying rate of day lily buds 

 

 
                                             Fig. 3 Means of signal-to-noise ratio for the rehydration ratio of day lily buds 
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Conclusion 
 

The current study is primarily concerned with optimizing 

the drying conditions of day lily buds with regard to high 

drying rate and rehydration ratio using a laboratory heat 

pump dryer. A heat pump dryer was chosen due to its 

ability to recover energy, thus saving drying costs. Like 

many other agricultural food materials, drying is among 

the vital preservation operations for the production of 

quality day lily buds. The current work aimed to have a 

combination of drying parameters that gave the highest 

drying rate and rehydration ratio. It was found that 

increasing blanching time from 2 minutes to 6 minutes 

caused a rise in drying rate from 1.098 kg/kg.min to 1.744 

kg/kg.min. An upsurge in blanching temperature from 40 

°C to 60 °C led to an increased drying rate from 1.382 

kg/kg.min to 1.468 kg/kg.min.  On the contrary, drying rate 

decreased from 1.491 kg/kg.min to 1.403 kg/kg.min as 

temperature rose from 40 °C to 60 °C. The parameters and 

their interactions significantly influenced the drying rate of 

day lily buds (p<0.05).  Similarly, increasing blanching 

time raised rehydration from 1.344 to 2.349, while a rise in 

blanching temperature increased rehydration from 1.835 to 

1.976.  However, raising the air temperature from 40 °C to 

60 °C led to a decrease in rehydration ratio from 1.944 to 

1.870. Only the variation of blanching time had a 

significant influence on rehydration ratio (p<0.05).  A 

combination of 6 minutes blanching time, 60 °C blanching 

temperature, and 40 °C drying air temperature resulted in 

the highest drying rate, while 6 minutes blanching time, 

50°C blanching temperature, and 40 °C drying air 

temperature had the highest desired rehydration ratio. As 

high blanching temperature leads to destruction of 

microstructural cells, a 50 °C blanching temperature was 

optimal. Thus, the optimal combinations for both drying 

rate and rehydration ratio of the dried day lily buds under a 

heat pump dryer were 6 minutes of blanching time, 50 °C 

blanching temperature, and 40 °C drying air temperature. 
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