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Abstract.

Green asparagus is widely consumed fresh due to its high nutritional value and a low calorie content. However, its short shelf-
life due to a high water content causes high postharvest losses. In this study, we aimed to develop an innovative asparagus
herbal drink to ease postharvest losses and diversify asparagus-derived products.

We investigated the effects of process parameters on the quality of the herbal drink from green asparagus. In particular, we
determined the optimal length and grinding size for asparagus and selected suitable blanching and drying methods. Analytical
responses included the contents of total soluble solids, polyphenol, carbohydrates, and vitamin C, as well as the visual
appearance of asparagus samples.

The length of 5 mm was found suitable for subsequent steps as it facilitated an increase in solute in the asparagus infusion.
Microwave blanching and convective drying were selected to achieve high contents of total soluble solids, polyphenol,
carbohydrates, and vitamin C in the asparagus infusion. Dried asparagus ground into 1.5-2.0 mm particles was packaged into
tea bags. The asparagus infusion subjected to sensory evaluation had a yellowish color, a characteristic asparagus flavor, and
a relatively sweet taste. Total soluble solids in the infusion amounted to 26%.

Our results showed a possibility of developing an asparagus herbal drink which could be a potent product in the commercial
market. Therefore, further large-scale studies of the asparagus herbal drink should be carried out to enhance its feasibility in
the food industry.

Keywords. Green asparagus, herbal drink, total soluble solids, total polyphenol content, blanching, convective drying
For citation: Nguyen QV, Le DP, Nguyen MT, Tran TYN, Le TD. Developing a Herbal Drink from Green Asparagus
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.: BY
AHHO ramuvs.

3eneHyI0 CrapXKy yrmoTpeOsioT B CBEKEM BHJIE H3-3a €€ BHICOKOI MUTATENbHON IIEHHOCTH U HU3KOI KanmopuitHocTH. OgHaKo
BBICOKOE COJICp)KaHHE BOJIbI YKOPAYMBACT CPOK XPAHEHHs JAHHOTO IPOJYKTA, YTO MPUBOAMT K BBICOKHM MOCICYyOOPOYHBIM
norepsM. B xone nanHoro mccienoBanus Obula pazpaboTaHa pelenTypa HHHOBALMOHHOTO TPABAHOI'O HAIMTKA M3 CIAPXKH,
KOTOpasi yMEHbIAeT MOCIeyOOpOUHbIE TOTEPH U BHOCUT Pa3sHOOOpa3ue B aCCOPTUMEHT MPOIYKTOB MUTAHUS Ha OCHOBE CHApIKH.
W3yunnu BiausiHEE NMapamMeTpoB 00pabOTKH ChIPhs Ha Ka4eCTBO TPAaBSIHOI'O HANMTKA M3 3€JeHON crapku. beuia onpenenena
ONTHMANbHAS JUTMHA U BEJIMYHHA ITOMOJIa CHApXKH, a TaKXKe palMOHATbHBIE METOB! OJIAHIIMPOBAHUS M CyIIKH. B oOpa3max
ompenensun odmee copepkaHue PaCTBOPUMBIX CYXHX BEIIECTB, HOTH(EHOIOB, YIIeBoa0B 1 BuTamuHa C, a TakKe IMpoBesn
OPraHOJICNTHYCCKYIO OL[CHKY BHELIHEr0 BHJIA HAITUTKA.

Haubouee onTuMalibHOIl OKa3anach JUIMHA B 5 MM, IIOCKOJIBKY OHA CIIOCOOCTBOBAJIA YBEIHUYCHUIO COJICPIKAHUS PACTBOPEHHOTO
BCUIECTBA B HACTOEC CIIApXKU. BHaHL[IHpOBaHl/Ie B Ml/leOBOJ’IHOBOI\/'I Ne4Yn U KOHBEKTHUBHAs CYIIKa ITO3BOJIMJIN MTOBBICUTH COACPIKAaHNUE
PacTBOPUMBIX CyXUX BELIECTB, MOJHU(EHO0IO0B, yrieBoaoB 1 BuramuHa C. CymieHyo cnapxy, u3menbyeHuyo 10 1,5-2,0 mwm,
YIIaKOBBIBAJIH B YaiHbIE MTakeTHKU. OpraHoIeNTHIEeCKOe HCCIIeI0BaHIE TOTOBOTO HAITUTKA II03BOJIMIIO BEIJICIUTE TaKUe KauecTBa,
KaK JKeJITOBATHII I[BET, XapaKTePHBIN CIIap>KeBBIH MPUBKYC M yMEpeHHO ciankuii Bkyc. OOmmee coaepixaHue pacTBOPUMBIX
CYXHUX BEIIECTB B HACTOE COCTaBUIO 26 %.

Pe3ynbTaThl HCCIEOBAHNUS J0KA3aJIM BBICOKMH KOMMEPYECKHH MOTEHIMAI Pa3pabOTaHHOTO TPABSIHOTO HAMTKA U3 CHApIKH.
ﬂanbﬂeﬁmee U3YYCHHUE ITO3BOJIUT IMOBBICUTH €TO0 peHTa6eHbHOCTb B l'lPl].U,eBOﬁ NPOMBIIIJICHHOCTH.

KuroueBbie cioBa. 3eieHas Criapika, TpaBSIHOfI HAITUTOK, o6mee COACPIKAaHNUEC PACTBOPUMBIX CYXHX BEUIECTB, 06].[186 COoACpIKaHUEC
HOHI/Iq)eHOIIOB, 6J'IaHHII/IpOBaHI/IC, KOHBEKTHUBHAs CylIKa

JJ1si HUTHPOBaHUsI: BinsHue TeXHOIOTHIECKHUX MapaMeTPOB Ha Ka4eCTBO TPABSIHOTO HATIUTKA U3 3€NICHON Crapku (Asparagus
officinalis L.) / Q. V. Nguyen [u ap.] // TexHuka u TeXHOJOTHS NUIIEBbIX pou3BoacTB. 2022. T. 52. Ne 4. C. 640-648. (Ha
aHnri.). https://doi.org/10.21603/2074-9414-2022-4-2393

Introduction however, is dependent on the growth of their spears.

Green asparagus (Asparagus officinalis L.), belonging White stems are formed when growing below the soil,
to the Asparagaceae family, is widely cultivated in whereas green stems are developed when they are
subtropical and tropical regions around the world such directly exposed to sunlight and become green via
as China, Peru, Thailand, Mexico, etc. [1]. Asparagus is the chlorophyll function [2]. Besides, another rarely
commonly divided into two categories: green asparagus consumed asparagus is purple asparagus which has
and white asparagus. The difference between them, a higher anthocyanin content compared to green and
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white asparagus [3]. Asparagus is favorably consumed
in many countries due to its high nutritional value and
low calorie content [1].

Asparagus has a considerably higher protein content
than many other vegetables, but it is low in carbohydrates
and calories [4]. Besides, asparagus has been found
to be a rich source of such bioactive compounds as
vitamin C, flavonoids, polyphenols, and tannins, which
lower cholesterol and have an anti-cancerous effect [4].
Many antioxidants have been identified in green aspara-
gus including rutin, tocopherol, ferulic acid, and
glutathione [5]. The asparagus aqueous extract was
found to have a 7-fold higher inhibitory effect against
a-glucosidase than that of acarbose used for a high-
fructose diet-induced metabolic syndrome in mice [6].
Asparagus extracts were reported to have potential in
immunomodulatory activities [7]. The effectiveness of
antihyperglycemic treatment with an asparagus extract
(500 mg/kg) on STZ-induced diabetic mice was found
to be the same as that of an anti-diabetic drug (glibenc-
lamide, 5 mg/kg) [8].

On the other hand, asparagus is a highly perishable
product due to its high respiration rate, limiting its
shelf-life [9]. Therefore, appropriate methods should
be applied to better maintain the quality of fresh
asparagus or to create innovative asparagus-based
products for long-term use. Asparagus stems are currently
commercialized as fresh, frozen, or canned products [2].
To date, many studies have aimed to develop innovative
products from green asparagus. White asparagus
was successfully employed to produce a spray-dried
asparagus powder by Siccama et al. [10]. Asparagus
powder was used as an additive to improve the elasticity
and rigidity of cheeses and ensure enhanced bioactive
compounds in the final cheese products [11]. Mazaheri
Kalahrodi et al. showed a tendering effect of asparagus
juice on the textural characteristics of beefsteak [12].
Adding asparagus powder into processed cheese was
found to enhance the phenolic content, antioxidant
activity, and proteolysis of the processed cheeses,
as well as to improve the textural characteristics of
processed cheese [11]. The term “herbal drink™ is scarcely
mentioned in the studies developing products from green
asparagus. Therefore, we, for the first time, developed
a herbal drink from green asparagus which serves as a
healthy drink due to its nutritional value and bioactive
compounds. Besides, we selected an appropriate drying
method to ease the quality deterioration of fresh asparagus
and prevent its harvest loss. Finally, we evaluated the
process parameters for developing the asparagus herbal
drink to obtain a tea extract with a high solute yield.

Study objects and methods

Materials. Asparagus spears (edible part) of different
length were collected from a local farm in Ea Kar, Dak
Lak province. Anthrone (9,10-Dihydro-9-oxoanthracene),
gallic acid, and vitamin C were purchased from Sigma-
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Aldrich (St. Louis, Missouri, USA). Other analytical
chemicals were purchased from standard commercial
suppliers.

Preparation of asparagus herbal drink. Asparagus
spears were washed with distilled water to remove
impurities and then sliced into specimens with varying
lengths (2, 5, 10, 15, and 20 mm). The samples (500 g)
were blanched in hot water (90—100°C), dried at 55°C to
obtain the moisture content of 12%, and roasted at 100°C
for 3 min (SCR301, Barwell, China). The samples with
a suitable length were then used for further experiments.

To investigate the effect of heat pretreatment methods
on the quality of the asparagus herbal drink, the selected
specimens (500 g) were subjected to different heat
pretreatments: without blanching (control sample), hot
water blanching at 70-80°C for 3 min, hot water
blanching at 90—-100°C for 1.5 min, and microwave
heating (R-G302VN-S, Sharp Coporation, Osaka, Japan)
for 30 s at 440 W. The pretreated samples were dried at
55°C to the moisture content of 12% and then roasted at
100°C for 3 min. An appropriate pretreatment method was
selected and the samples were prepared for subsequent
evaluations.

The pretreated asparagus samples (500 g) were then
subjected to different drying conditions (convective
drying at 55°C, heat pump drying at 40°C, and microwave
drying) until obtaining the moisture content of 12%
followed by roasting at 100°C for 3 min. A proper drying
method was selected for the herbal drink. Finally, the
dried samples were ground into smaller pieces of different
sizes (< 0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0, and > 2 mm).
The dried asparagus samples (2 g) were packaged into
teabags made of filter paper. Analytical responses were
determined to select the appropriate process parameters,
including total soluble solids, total polyphenol content,
total carbohydrate, vitamin C, and visual appearance
of asparagus samples.

Total polyphenol determination. The total poly-
phenol content was determined according to a previous
study by Nguyen et al. [13]. Each sample was extracted
with distilled water at the ratio of 1:10. An aliquot
(1 mL) of the extract was mixed with 5 mL of 10%
Folin-Ciocalteu reagent and 1 mL of 7.5% Na,CO,. The
mixture was kept for 30 min in the dark before reading
absorbance values at 765 nm by using a 722-Visible
spectrophotometer (Yangzhou Wandong Medical Co.,
China). Gallic acid served as a standard solution. The
total polyphenol content was expressed as milligrams
of gallic acid equivalent per gram of dry matter (mg
GAE/g DM) by establishing a standard curve or varying
concentrations of gallic acid (0.01-0.09 mg/mL) versus
its absorbance.

Vitamin C determination. The content of vitamin
C was determined by using a high-performance liquid
chromatography (HPLC) system (Waters Corp., Milford,
MA, USA) equipped with a Bischoff prontosil column
(AQ 4x125 mmx5 pm). A gradient of the mobile phase
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consisting of methanol and 5 mmol/L KH,PO, was
programed at 0.75 mL/min for 30 min at 30°C. Each
sample extract was injected to the column at the volume
of 20 pL and vitamin C was used as a standard solution.
The detector recorded the absorbance at 254 nm [14].

Total soluble solids and carbohydrate measu-
rements. Total soluble solids were determined by using
a digital refractometer (PR-101a, 0—45°Brix, Atago Co.
Ltd., Japan). The carbohydrate content was measured
following the Anthrone method [15]. Each sample extract
(2 mL) was mixed with 4 mL of an anthrone solution
and 5 mL of concentrated sulphuric acid. The mixture
was boiled in a water bath for 8 min and immediately
cooled to room temperature. The mixture was allowed
to stand for 30 min in the dark before its absorbance
was taken at 585 nm.

Sensory evaluation. The sensory evaluation of
the asparagus herbal drink followed the Vietnamese
standard TCVN 3218:2012. Four sensory attributes
(appearance, color, flavor, and taste) of the asparagus
infusion were evaluated according to a 5-point scale.
For this, each teabag containing 2 g of dried asparagus
was placed in a glass cup with 100 mL of boiled water
and allowed to stand for 6 min. The sensory evaluation
was conducted by 20 panelists who were assigned to
score each attribute. The importance indexes were as
follows: 1 for appearance, 0.6 for color, 1.2 for flavor,
and 1.2 for taste.

Statistical analysis. Each experiment was conducted
in triplicate and the data were presented as mean +
standard deviation. The results were analyzed by a
one-way analysis of variance (ANOVA) with the SPSS
software (IBM Corp., Armonk, New York, USA). The
Tukey HSD test was utilized to compare mean values
at the significant level of 5% (P < 0.05).

Results and discussion

Effect of asparagus size on the solute content
in the extract. Prior to heat pretreatment, green
asparagus needs to be reduced in size to facilitate

further processes of blanching and drying. Table 1
presents the effects of asparagus lengths on the solute
content in the extract. We found that longer samples
had ineffective extraction yields of total soluble solids,
total polyphenol content, and total carbohydrates. On
the other hand, the total soluble solids, total polyphenol
content, and total carbohydrate values of a 2 mm
asparagus extract were the highest, amounting to
33.53 + 0.21%, 0.74 + 0.02 mg GAE/g DM, and
13.36 £ 0.32%, respectively. This was because smal-
ler asparagus samples facilitated the diffusion
of the blanching water to soften the plant tissues,
increasing the extraction efficiency of solutes in
green asparagus [16]. Our results were consistent
with many previous reports that found smaller particle
sizes to achieve higher extraction efficacy [16—18].
According to our analysis, there was no difference in
the total soluble solids, total polyphenol content, and
total carbohydrate values between the 2 and 5 mm
samples. The content of vitamin C, however, showed
an increasing trend at larger sample sizes. Vitamin C
is highly susceptible to environmental conditions
such as light, temperature, and oxygen [19]. The
lowest content (83.57 £ 2.43 mg/100 g) of vitamin C
was found in the 2 mm sample. This was because the
small size contributed to a larger surface exposure to
the hot blanching temperature, causing vitamin C to
decay faster. Moreover, the loss in vitamin C could
possibly be ascribed to the leakage to the blanching
medium [20].

The visual appearance of asparagus specimens at
different sizes is presented in Fig. la. As we can see,
the 2 mm asparagus samples had a soft structure after
blanching, with a dark brown color in some of the
specimens. Meanwhile, the other samples showed harder
structures with a greenish color, which were suitable
for further processing. We found that the 5 mm sample
could be suitable for further processing to develop an
asparagus herbal drink.

Table 1. Effect of asparagus lengths on total soluble solids, polyphenol, carbohydrates, and vitamin C in the asparagus
extract

Tabnuna 1. 3aBECHMOCTB 00MIEr0 COAEPIKAHUS PACTBOPUMBIX CYXHX BEIIECTB, MOJU(EHONIOB, yIIIeBOA0B U BuTaMuHa C B DKCTpaKTe
OT JUIMHBI HAPE3aHHBIX 00PA3L0B CIAPKHU

Sample length, Total soluble solids, Total polyphenol content, Total carbohydrate, Vitamin C,
mm % mg GAE/g DM % mg/100 g
33.53+0.21° 0.74 £ 0.02% 13.36 +0.32¢ 83.57 +1.43¢
5 32.77 £ 0.59¢ 0.72 £ 0.03° 11.39 + 1.67« 85.43 £1.21%®
10 28.57 +0.34° 0.67 £ 0.04%® 10.56 + 0.65% 86.33 £ 1.05°
15 26.64 +(.82¢ 0.63 +0.03* 9.51 £0.34° 88.53+£0.67°
20 25.56 £0.48° 0.61 £0.03* 8.33+£0.24* 90.78 +£0.77¢

Values are expressed as mean + SD. Different letters (a, b, ¢, d) show significant differences within the same column (P < 0.05).

JlaHHbIE NpEJCTaBICHBI KaK CpPeJHEe 3HAUCHHME + CTaHJAapTHOE OTKIOHeHue. bykBamu a, b, ¢, d 0003Ha4YeHbI 3HAYUTEIBHBIC Pa3IUUHS

B IIpeJieiax OJIHOTO M TOTo ke croybdua (P < 0,05).
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Converctive drying Heat pump drying

C

Paowe d

Hot water (70°C)

Hot water (90°C)  Microwaver Control

<0.5mm 0.5 mm-1.0 mm 0.0 mm-1.5 mm 1.5 mm-2.0 mm > 2.0 mm

d

Figure 1. Visual appearance of asparagus samples: a) different lengths; b) blanching methods; c) drying methods;
d) asparagus tea at different particle sizes

PucyHnok 1. BHemHuii Bu 00pasioB criapKu: a) Hape3KH JITHHBI; 0) METOJIbl OIaHITMPOBAHKS; B) METOABI CYLIKH; ') HAMUTOK M3 CIIapKHU
[P pPa3HOH BEJIMYUHE TOMOJIa

Effect of blanching methods on the quality of
asparagus herbal drink. Heat pretreatment of the
asparagus samples aims to inactivate the browning
enzymes such as polyphenol oxidase and peroxidase,
as well as to inhibit microbial growth on the material
surfaces. It can also shorten the drying time as it
softens the structure of the material, leading to a
higher water evaporation rate [21]. According to
our results, all the methods of heat pretreatment
showed an increment in total soluble solids and total
polyphenol content but a decline in vitamin C and
total carbohydrates, compared to the control sample
(without blanching). As previously discussed, high
temperature might degrade vitamin C molecules. The
decrease in total carbohydrates could be ascribed
to the leakage to the blanching water, which was
previously mentioned by Xanthakis ef a/. [20]. High
Temperature Short Time (HTST). Heat treatment can
increase the content of solutes and polyphenols by
causing structural changes in plant cells. In particular,
it can disrupt cell membranes and weaken hemi-
cellulase and cellulase bonds, thus enhancing the
extraction efficacy [22]. In our study, the microwave
treatment showed the best extraction efficiency in
the total soluble solids (32.67 + 0.43%) and total
polyphenol content (0.80 £ 0.05 mg GAE/g DM) of
asparagus, while having a lesser effect on the vitamin C
content and total carbohydrates in the extract. It
was noted that the microwave treatment promoted
a thermal gradient between the extracting medium
and plant cells, facilitating the liberation of phenolic
compounds [23]. A similar finding was reported in
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the study by Severini et al., where the microwave
blanching showed an increase in phenolic compounds
and impaired the degradation of vitamin C in the
sample, compared to hot water blanching and steam
blanching [24].

As seen in Fig. 1b, the blanching processes cau-
sed noticeable impacts on the color of the dried
asparagus samples. Hot water blanching at 70°C
caused a browning effect, while blanching at 90°C
and microwave heating gave the dried asparagus a
yellow-greenish color. This could be explained by the
fact that blanching at 90°C and microwave heating
showed better efficiency in inactivating polyphenol
oxidase compared to blanching at 70°C [13, 20]. High
Temperature Short Time. Thus, microwave blanching
could be a suitable option to develop a yellow-greenish
color for asparagus tea, as well as to achieve higher
total soluble solids, total polyphenol content, and
vitamin C contents in the extract.

Effect of drying conditions on the quality of
asparagus herbal drink. The effects of different drying
conditions on the extraction yield of the asparagus
herbal drink are presented in Table 3. Microwave
drying had the shortest drying time of 29 min.
However, it considerably reduced the contents of
vitamin C, carbohydrates, and total soluble solids in
the asparagus drink. Meanwhile, convective drying
and heat pump drying resulted in higher total soluble
solids and vitamin C content in the extract. The ra-
pid degradation of vitamin C by microwave heating
was due to excessive heat generated in the internal
molecular structures of asparagus. As shown in Fig. lc,
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Table 2. Effect of blanching methods on total soluble solids, polyphenol, carbohydrates, and vitamin C in the asparagus
extract

Tabnuna 2. 3aBUCUMOCTH O0IETro COJIEPKAHUS PACTBOPUMBIX CYXHUX BELIECTB, MONH(EHOIIOB, YIiIeBOA0B U BUTaMuHa C B 9KCTPAKTE
CIap’KK OT METO/0B OJIAHIINPOBAHUS

Blanching method Total soluble solids, % | Total polyphenol content, | Total carbohydrate, Vitamin C,
mg GAE/g DM % mg/100 g

Control sample (without 27.56 +0.32° 0.60 £+ 0.03? 12.78 + 0.54° 72.10 £ 1.51¢

blanching)

Hot water (70°C) 28.31£0.21° 0.68 +0.02° 10.40 +0.432 63.52 +2.43¢

Hot water (90°C) 30.63 £0.18¢ 0.74 £0.01¢ 9.92+0.67° 65.29 £2.67°

Microwave 32.67 +0.43¢ 0.80 +0.02¢ 11.56 £ 0.81* 68.61 + 1.43%

Values are expressed as mean + SD. Different superscripts (a, b, ¢, d) indicate significant differences within the same column (P < 0.05).

JlaHHbBIC TIpeCTaBICHBI KaK CpeJHee 3HAaUCHHE £ CTaHAapTHOE OTKIOHeHHEe. bykBamu a, b, ¢, d 0003HaYeHbBI 3HAYUTEIbHBIC PA3IHUUS
B Ipejenax OJHOro M TOro xe cronbua (P < 0,05).

Table 3. Effect of drying methods on total soluble solids, polyphenol, carbohydrates, and vitamin C in the asparagus extract

Tabauna 3. 3aBUCHMOCTB 0OLIET0 COACPIKAHMUSI PACTBOPUMBIX CYXHX BELICCTB, MOJU(PEHOIIOB, yIiIeBoA0B U BuTamMmuua C
B OKCTPAKTE CIIAPXKH OT METOLOB CYIIKU

Drying method | Total soluble solids, % | Total polyphenol content, | Total carbohydrate, % Vitamin C, Drying time
mg GAE/g DM mg/100 g
Microwave 26.93 + 1.44° 0.75 £ 0.04° 11.53 £ 0.54° 52.69 +2.54° 29 min
Convection 30.46 + 1.20° 0.61 +0.02° 13.58 £ 0.32° 68.36 +2.45° 17h
Heat pump 29.62 £2.12° 0.59 +0.03* 12.47 £0.67° 70.33 +£3.12° 22h

Data are expressed as mean + SD. Different superscripts (a, b, ¢, d) indicate significant differences within the same column (P < 0.05).

JlaHHbBIC TpeCTaBICHBI KaK CpeJHEee 3HAaYCHHUE £ CTaHAapTHOE OTKJIOHEHUEe. bykBamu a, b, ¢, d 0003Ha4YeHbBI 3HAYUTEIbHBIC PA3IHUUS
B Ipejesnax OJHOro M TOro xe croyubua (P < 0,05).

Table 4. Dried asparagus in the teabag and sensorial properties of asparagus infusion at different particle sizes

T3.6.TII/II_I8. 4. BI)ICyIHeHHaH CIlap’Ka B MaKE€TUKaX U OPTraHOJICNTUYECKUE CBOMCTBA HACTOS CIIapKu 1pu pa3H0171 BCIIMYMHEC ITOMOJIa

Particle size,| Appearance of dried Color Flavor Taste Sensory score
mm asparagus in the teabag
<0.05 Fine powder Light yellowish color, | Very light characteristic | Very light sweet 7.40 +0.32
presence of many fine flavor of asparagus
particles
0.5-1.0 Homogenous form Presence of particles, | Light characteristic flavor Light sweet 9.00 +0.23
light yellowish color of asparagus
1.0-1.5 Homogenous form Yellowish color Intense characteristic Relative sweet 15.40+0.24
flavor of asparagus
1.5-2.0 Homogenous form Yellowish color Intense characteristic Relative sweet 16.00 + 0.35
flavor of asparagus
>2.0 Inhomogeneous form | Light yellowish color | Very light characteristic | Very light sweet | 9.60 + 0.32
flavor of asparagus

convective drying and heat pump drying gave dried
asparagus a yellow-greenish color, whereas microwave
drying induced a brown-yellowish color, reducing the
sensorial attributes of the asparagus herbal drink. The
lower total polyphenol content caused by convective
drying and heat pump drying, as compared to the
microwave-dried asparagus, could be attributed to the
degradation of phenolic compounds when exposed to

an extended drying time (17-22 h). The decrease in
the total polyphenol content could also be due to the
enzymatic processes that occurred during drying [25].
Although the heat generated by microwave drying
was considerably higher than that in the other drying
methods, the microwave drying time was not sufficient
to cause a significant impact on phenolic compounds.
As for sensorial properties, the asparagus samples
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Figure 2. Effect of asparagus particle sizes on total
soluble solids in the tea extract

Pucynok 2. BiimsiHue BeJIMYMHBI IIOMOJIA Ha o0LIee comepikaHue
PacTBOPUMBIX CYXHX BEIIECTB B DKCTPAKTE CHAPIKU

acquired a yellow-greenish color from convective
drying and heat pump drying and a dark brown color
from microwave drying, which significantly affected
their appearance. Both convective drying and heat
pump drying produced the drinks with the same values
of total soluble solids, total polyphenol content, total
carbohydrate, and vitamin C. However, convective
drying required a shorter time (17 h) to achieve the
desired moisture content (12%) in the asparagus tea.
Therefore, this method proved the most suitable for
developing the asparagus herbal drink.

Effect of asparagus particle sizes on total soluble
solids in the asparagus infusion. After drying, the
asparagus samples were ground to different particle
sizes and packaged into teabags. The effect of particle
sizes on total soluble solids in the tea extract is
illustrated in Fig. 2. We found that the grinding size
from 1 to 2 mm produced the highest total soluble
solids (> 26%), while very fine powder (< 0.5 mm)
produced the lowest total soluble solids (13.37%) in
the asparagus infusion. This agreed with many previous
studies where the small particle size facilitated the
extraction of solute in the solvent medium. However,
very fine particles tended to agglomerate and deposit
at the bottom of the teabag, preventing the diffusion
of solute to the extracting medium sieving and selec-
ting the optimal granulometry (0.15-0.74 mm) [16].
Table 4 shows a sensorial description of asparagus
tea, while Fig. 1d features the appearance of dried
asparagus at different particle sizes. According to the

sensory evaluation, dried asparagus with 1.5-2.0 mm
particles produced an asparagus infusion with the
highest score (16) for color, intense taste, and
characteristic flavor. Therefore, this size proved the
most suitable for developing the asparagus herbal
drink since it produced the highest soluble solids
and good sensorial properties.

Conclusion

In this study, we developed an innovative asparagus
herbal drink. The asparagus length of 5 mm was found
to facilitate subsequent steps. Microwave blanching
caused the dried asparagus to acquire a yellow-greenish
color. Unlike hot water blanching, this method produced
higher values of total soluble solids, total polyphenol,
and total carbohydrate, while having a lesser effect on the
content of vitamin C. Of all drying methods, convective
drying proved suitable for higher total soluble solids and
total carbohydrate, as well as better visual appearance of
asparagus tea. Finally, the grinding size of asparagus was
selected at 1.5-2.0 mm to obtain the highest total soluble
solids in the asparagus infusion and the highest sensory
score. The asparagus herbal drink had a yellowish color, an
intense characteristic flavor of asparagus, and a relatively
sweet taste. In addition, we selected the process parameters
for the asparagus teabag to maintain a high content of total
polyphenol and vitamin C in the asparagus herbal drink
to enhance its nutritional value. Further investigations
can be carried out to produce an asparagus herbal drink
with a higher polyphenol content in the infusion. Besides,
a pilot-scale study should be conducted to enhance the
feasibility of the asparagus herbal drink as a commercial
product.
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Kpurepuu aBTopcTrBa
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