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STORAGE WASTE OF ASPARAGUS AS A VALUABLE SOURCE
OF PHENOLIC COMPOUNDS

Summary. Waste from the fruit and vegetable industry dominates on the food
waste market. With a tendency of increasing consumers’ interest in healthy food and
growing consumption of fruits and vegetables, according to forecasts of analysts, the
share of this waste will constantly increase. Therefore, nowadays the search for
effective solutions of fruit and vegetable waste use, e.g. to obtain biologically active
compounds, is extremely timely. Amount of waste during processing and storage of
asparagus can reach up to 50%. However, these disposed residuals are rich in
polyphenolic compounds, which are characterized by high biological value and can
provide additional income. This work provides evaluation of phenolic compounds’
content in the waste generated during commercial processing of asparagus, at the stages
of preparation for storage and after storage. Two varieties of Asparagus were studied,
namely, varieties Prius F1 and Rosalie F1. It was established that the amount of
phenolic compounds in asparagus waste reaches 67.73-74.77 mgx100g-1FW depending
on the variety. Despite the differences in color, the studied varieties of asparagus did not
differ significantly in terms of polyphenolic compounds’ total content. In the asparagus
waste, content of phenolic compounds was estimated to be only 20-27% lower than in
whole spears. Significant differences in the amount of polyphenolic compounds in
asparagus waste produced during commercial processing before and after storage were
not recorded. Asparagus waste of both studied varieties Prius F1 and Rosalie F1 thus
may become a valuable source for obtaining polyphenolic compounds of high biological
activity.

Key words: waste, storage, green asparagus, purple asparagus, phenolic
compounds.

Introduction. In the "Sustainable Development Goals™ adopted by the
UN Summit for the period until 2030, goal 12 is set as "Ensure sustainable
consumption and production patterns.” Task 12.3 envisages halving (per
percentage of population) global food waste at the consumer and retail
levels by 2030. Food losses occur at all stages from growing, harvesting,
processing, storage, logistics and distribution to consumption. The analysis
of the food waste market for 2022 shows that fruit and vegetable waste
dominates in the share with 20.3% of total food waste. The reasons for such
a high amount of waste are losses at the stage of growing products, non-

© O. P. Priss, P. O. Bulhakov, 2024

Scientific Bulletin of TDATU. 2024. 24. 2


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
mailto:olesia.priss@tsatu.edu.ua

HaykoBui BicHUK TOATY Bun. 14, tom 2
2310

compliance with storage conditions, and disposing of some product
quantities during processing. Consumer interest in healthy eating, an
indispensable part of which are fruits and vegetables, will fuel the growth
of waste in this sector [1].

Losses at a later stage increase the detrimental impact on the global
food system. Therefore, reducing losses and waste of fruit and vegetable
products can be one of the leading global strategies for achieving
sustainable food security and improving diets, reducing greenhouse gas
emissions and wasted resources, as well as increasing productivity and
ensuring economic growth.

Fruit and vegetable waste can be used in various industries. Most
often, waste from the fruit and vegetable industry is composted and used as
organic fertilizer to improve the soil properties. In addition, such waste can
be used in animal feed. Today, the possibilities of using waste to obtain
biofuel, biogas or other forms of energy through anaerobic fermentation or
pyrolysis are also being studied. However, content of antioxidants,
phenolic compounds and other phytonutrients that fruits and vegetables are
rich in, can be still high in the fruit and vegetable waste. Therefore, it can
be a promising raw material for obtaining valuable compounds with high
biological activity, thus creating products with value added.

Recent research and publications analysis. Phenolic compounds are
of particular importance in fruit and vegetable waste. Today, residues and
byproducts of the food production chain are used to extract phenolic
substances as products with high value added [2]. Phenolic substances
show high biological activity. For instance, they serve as protective
compounds during cardiovascular diseases, cancer, diabetes, inflammation,
etc. [3]. Their impact on health is known especially due to their strong
antioxidant effect. These compounds are classified into several groups,
such as phenolic acids, flavonoids, xanthones, stilbenes, lignins, tannins,
and others, being also divided into various subgroups.

Depending on the type of fruit or vegetable, content of phenolic
compounds differs, with presence or even prevalence of specific groups.
Asparagus contains a wide range of phenolic substances, therefore, the use
of waste obtained during its processing for the production of biologically
active compounds is considered today as a valorization strategy [4].

Asparagus waste reaches up approximately 50% of the total harvested
amount [5]. Most waste is generated during canning of asparagus. Only 15
cm of the tops of asparagus spears are left for canning, and the remaining
15-18 c¢cm ends up in the waste. At least 20% is wasted during its
commercial processing, storage and further preparation. Such a large
proportion of waste derives from removing the lower part of asparagus
spears (usually about 2 cm) during the storage, as this piece tends to be
coarser or due to the necessity of adjustment spears to same length. Such

Scientific Bulletin of TDATU. 2024. 24. 2


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBui BicHUK TOATY Bun. 14, tom 2
3310

slicing is, however, recommended to reduce mass loss during storage, with
preference of the straight cut to diagonal to reduce surface of evaporation
from the fresh cut [6]. In addition, after storage, asparagus slices are
renewed by removing the dried part of the spear. Unfortunately, due to this
fact the basal part of asparagus spears that actually contains a greater
number of biologically active compounds is removed [7].

According to literature, Asparagus contains variety of phenolic acids:
gallic, protocatechuic, p-hydroxybenzoic, vanilic, caffeic, chlorogenic, p —
coumaric, ferulic, sinapic. Among flavonoids, rutin, isoquercetin,
hyperoside, astragalin, quercetin and kaempferol are abundant [8]. Rutin
dominates among phenolic substances, with the share of about 67%.
Further 10% are taken by its derivative — rutin-4'-glucoside [9]. Recent
studies indicate that asparagus waste can be an excellent source for the
natural rutin production [10]. In addition, asparagus contains stilbene,
lignans and norlignans [11]. Still, the content of phenolic compounds and
their ratio differs a lot depending on such factors as genotype, variety,
agricultural cultivation techniques, stage of plant development, soil
composition, environmental conditions and other abiotic and biotic factors
during plant growth, as well as storage conditions of the harvested product
[12-14].

Purpose statement. In view of the abovementioned, this work aims to
evaluate the content of phenolic compounds in the waste generated at the
stages of asparagus commercial processing of asparagus, during
preparation for storage and after storage.

Materials and methods of research. For this study two varieties of
asparagus (Asparagus officinalis L.) were chosen: the green variety Prius
F1 and the purple-green variety Rosalie F1. Plants were harvested at the
end of the season (the third decade of June) in 2023 in the Chaichyntsi
village, Ternopil region, Ukraine. After collection, the samples were
immediately cooled and transported to the laboratory of the Institute of
Food Resources (Kyiv), where all further research was carried out.
Asparagus had closed bracts and no visible mechanical damage, as well as
met the size standards: diameter at least 8 mm, length 23-25 cm, as
corresponds to the CODEX STAN 225-2001 standard. The prepared
asparagus was stored at a temperature of 2°C+0.5 and a relative humidity
of 95%=1 for 14 days.

The total content of polyphenolic compounds in mg per 100 g of raw
weight was determined using the Folin-Denis reagent, according to
National Standard of Ukraine 4373 [15]. This determination method is
based on the complexation reaction of polyphenols with the Folin-Denis
reagent that form colored substances. Reaction is followed by the
determination of the optical density of the solution (measurements were
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made at a wavelength of 670 nm). The amount of polyphenols was
determined by the extinction coefficient of rutin.

The content of polyphenolic compounds was determined in the
following samples:

1. Whole asparagus spears, without separating the basal part prior to
storage. Different asparagus variates were marked as Prius 1 and Rosalie 1,
respectively.

2. Waste in preparation for storage — Prius 2 and Rosalie 2.

3. Whole asparagus spears after storage before the separation of the
basal part — Prius 3 and Rosalie 3.

4. Waste, produced during preparation for product sale after storage —
Prius 4 and Rosalie 4.

The research was carried out in five repetitions, and the results were
subjected to statistical processing by the method of variance analysis.

Results and discussion.

During preparation for storage or sale, operations of primary
processing of asparagus spears are carried out, when the lower section of
asparagus is leveled and the spears are collected in bundles of standard
height. On this stage, first asparagus waste is produced (Fig. 1).

a— place of an oblique cut to be leveled; b — asparagus leftovers accumulated
during preparation for storage; ¢ — asparagus prepared for storage; d — basal
part of asparagus after storage to be cut off due to its condition.

Fig. 1. The asparagus waste production

In addition, more waste is formed at the stage of commercial
processing after storage, when the lower part of the dried slices is removed.
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According to our observations, at the stage of primary processing, 15-17%
of stems are sent to the waste, depending on the varietal characteristics and
quality characteristics. After storage, when renewing the slices, another 5 to
7% of asparagus is thrown away.

When analyzing the content of polyphenols in samples of whole
asparagus before storage, no significant differences were recorded for
different varieties (Fig. 2).
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Fig 2. Total content of phenolic compounds in different asparagus
samples

Total phenols content, mgx100g-tFW

As can be seen from the histogram, after storage of asparagus, the
content of phenolic compounds significantly increased in whole asparagus
shoots of both varieties (samples 3 vs samples 1). However, if the Prius
variety showed an increase in phenolic compounds of only about 9%, the
Rosalie variety showed an increase of 36%. In literature, different data and
opinions regarding the change in the amount of phenolic compounds during
storage of asparagus are presented. It was described that the phenolic
content of asparagus increases during the first days of storage at 4 °C and
remains stable thereafter [16]. Toscano et al. showed that the total content
of phenolic compounds increases in Atlas asparagus variety on the third
day of storage, and then gradually decreases [17]. The authors believe that
this decrease in the total level of phenolic compounds reflects a response to
the aging of asparagus.

Barberis et al. observed a similar pattern of changes in the total phenol
content during storage of Vegalim asparagus variety [18]. This variety
showed an increase in the amount of phenols on the 6th day, however, on
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the 12th day of storage, the content of polyphenols decreased by 20% from
the initial content. Two other varieties described in this article showed a
completely different trend of changes in the content of polyphenols. Grande
(green) and Purple Passion (purple) asparagus after 12 days of storage
increased the content of polyphenols by 45 and 36%, respectively.

A constant increase in polyphenolic compounds was described in
asparagus of the Grande variety stored at 2 °C and 10 °C by Palma et al.
[19]. Authors explain the growth trend by an increase in the content of
phenols in the cell walls of asparagus. However, the authors note that
spears stored at 10 °C showed no change in phenolic content when they
were in the stage of decay, most likely because decaying cells are no longer
able to synthesize phenolic compounds. The opposite nature of the change
in the content of phenolic compounds was observed by Chinese
researchers. They showed that with increasing storage time, the amount of
phenolic compounds decreases [20]. As noted by these authors, this may be
due to the constant involvement of phenols in the synthesis of lignin during
storage, since phenolic compounds serve as precursors of lignin synthesis.

Such radically different results prove that not only the quantitative
characteristics are different in different asparagus varieties, but also the
nature of the formation and degradation of polyphenolic compounds can
differ significantly depending on the varietal specificity and other factors.

As for the basal parts of asparagus spears, which are normally
disposed (samples 2 and 4), we observed them containing a 20-27% lower
amount of phenolic compounds than in whole spears. However, such
amount of phenolic compounds in such waste is still quite high: 74.77
mgx100g*FW in the Prius variety and 67.73 mgx100g*FW in the Rosalie
variety. Similar results were obtained by other authors [20], although
Rodriguez et al. claim the basal part of asparagus to be richest in
polyphenolic compounds [8].

We did not record significant differences in the basal parts of
asparagus, which are waste before and after storage. It is obvious that some
changes, however, occur anyway as long as physiological processes are
taking place. But, perhaps, in parallel with the new formation of
polyphenols, process of their degradation occurs with comparable speed,
therefore detected sum of polyphenolic compounds is not reflected.
Differences still might be traced in the content of individual phenolic
substances, but to detect such, additional research is required.

Conclusions. According to our data, asparagus waste of both studied
varieties, Prius and Rosalie, contains high amounts of phenolic compounds
and can thus become a valuable source for obtaining compounds of high
biological activity. Significant differences in the amount of polyphenolic
compounds in asparagus waste produced during commercial processing
before and after storage were not recorded. Despite the differences in color,
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the studied varieties of asparagus did not differ noticeably in terms of the
total content of polyphenolic compounds. Variety-specific features also did
not affect the amount of phenolic compounds in asparagus waste.
Additional research is needed to identify the transformation of individual
phenolic substances in waste samples obtained before and after storage.
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O. Hpice, I1. Byarakos
TaBpilicbkuii 1epkaBHUIl arPOTEXHOJIOTiYHNI YHIBepCcHTET
imeni /Imurpa MoTopHoro

BIAXOIU ITPU 3BEPII'AHHI CITAPKI SIK HIHHE ZKEPEJIO
®EHOJIBHUX PEHOBUH

Anomauin

Bimxomu 1mio00BOYEBOi Taly3i 3aiiMarOTh IMEpPeBaKAIOUY YacTKy PHHKY
XapyoBHX BIAXOMiB. BpaxoByrouum TEHIEHIII0O A0 3al[iKaBIECHOCTI CIOXHUBAYiB Yy
3I0pPOBOMY Xap4dyBaHHI Ta 3POCTAaHHS CIOKMBAHHS IUIOAIB Ta OBOYIB, 32 MPOTHO3aMHU
AQHANITHUKIB, YaCTKa IMX BIAXOAIB Oy/e MOCTIHHO 3pocTaT. TOX aKTyalbHHM € TOIIYK
e(EeKTUBHUX pIlIEeHb /i1 BUKOPUCTAHHS IUJIOJJOOBOYEBHX BIAXOMIB JUISI OTPUMAHHS
010JI0r1YHO aKTMBHHUX CIIONYK. Bigxonu npu nepepoOiii Ta 30epiranHi cnapxi MOXYTb
caratu 10 50 %. HaifuacTime BiIXOJU KOMIIOCTYIOTh T4 BUKOPHCTOBYIOTH Yy TOMIBII
TBapuH. OJHAK, BIAXOAU TUIOJOOBOYEBOI MPOMYKIli MICTAThH LiHHI (DITOHYTPIEHTH Ha
aK1 OaraTi mwioau Ta oBoYi. ToXX BOHU MOXYTbh OyTH NMEPCHEKTUBHOIO CHPOBUHOIO IS
OTpUMAHHS  I[IHHUX CIOJYK 3 BHCOKOI OI1OJIOTIYHOIO AaKTHBHICTIO Ta CTBOPEHHS
MPOJIYKIIii 3 ToAaHO BapTicTio. Criapyka MICTUTh Taki (PeHOIbHI KUCIOTH, (PIIaBOHOI TN
iHIIT  pedoBMHU  (PEHONBHOI TPUPOAU, MIO BOJOMIIOTH AHTHOKCHIAHTHUMH,
aHTHOaKTeplaJbHUMHU, BITAMIHHUMHU BJIACTUBOCTAMH. OUEBHIHO, 110 1 BIIXOIU CIIApXKi
OaraTi Ha mMOMI()EHOJBHI CIOJNYKH, IO XapaKTEPU3YIOThCS BUCOKOIO O10JIOT1YHOIO
IIHHICTIO 1 MOXYTh JaBaTH JOJATKOBHM mNpUOyTOK. Y poOOTI OMIHWIK BMICT
(eHONBHUX CIIONIYK Yy BiIXOZax, 110 YTBOPIOTHCS IiJl Yac TOBapHOi 0OpOOKHM criapiki, Ha
erarax IiJIr0TOBKH J10 30epiranHs Ta micis 30epiranHs. JocmimKyBanu crapxy COpTiB
[Ipiyc F1 ta Po3ani F1. He3Bakatoun Ha BiAMIHHOCTI y 3a0apBieHHI, IOCIiIKyBaHi
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COPTH CIIapXKi 3a CyMOIO MOJi()EHOJBHUX CHOJYK TOCTOBIPHO HE BiIPi3HSUIUCH. Y
Bimxonax cmapxki Ha 20-27% HIKYa KIIbKICTh (DEHONBHHUX CHONYK, HIK B IUIUX
criucax. BeraHoBieHO, 0 cymMa ()EHOJNBHUX CHONYK y BiAXOAax cmapixi csrae 67,73-
74,77 mgx100g-1FW 3anexno Big copry. CyTTeBUX  BIAMIHHOCTEH Yy CyMi
1oJ1i()eHONIbHUX CIONYK Y BIAXOJAaX CHapxi, 1[0 YTBOPIOIOTHCS MPHU TOBapHiil 00pooii
70 Ta micist 30epiranHs He 3adikcoBaHo. Binxoau crapiki 060X 1OCHIIKYyBaHUX COPTIB
IIpiyc F1 Ta Pozami F1 MoXyTh cTatu XOpOIIMM JIKEpENoOM Ui OTpPUMaHHS
NOJi(EHONBHUX CIOIYK BUCOKOT 01070T14HOT aKTUBHOCTI.

Knrwouoei crosa: nnonooBodeBa NpoayKIlis, BIAXOAH, 30epiranHs, criapxa 3eJjieHa,
cnap:a (ioseToBa, PEeHOJIbHI PEYOBUHHU.
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