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Abstract.

Enzymatic treatment is a common method of fruit juice production that facilitates juice extraction from plant cells. The choice
of enzyme depends on the fruit composition. Pectinase and cellulase are the most popular enzymes while amylase remains
less wide-spread. For some raw materials, enzymatic procedures are more efficient than mechanical comminution or thermal
processing. The fruit juice industry uses enzymes for streamlining. Enzymes maximize juice extraction from raw materials
and improve such processes as pressing, solid settling, and solid removal. Juices that underwent enzymatic treatment are clear
and, as a result, more aesthetically appealing to consumers.

The review covered the most recent and influential publications on the enzyme treatment of fruit juices (2000-2021). The list
of enzymes included pectinase, cellulase, and amylase. The research included the factors that affect the juice fermentation
process, i.e., hydromodule, enzyme concentration, incubation time, temperature, and enzyme combination. The methods
included data extraction, data analysis, and data compilation, as well as literature search and screening.

The review focuses on the effects that individual parameters have on specific responses, e.g., yield, viscosity, total soluble
solids, acidity, turbidity, clarity, pigment concentration, phenolic content, color, and solids. A greater enzyme concentration,
incubation time, and temperature decrease the viscosity of juice and turbidity but cause color changes. If used in different
combinations and at different concentrations, enzymes boost the production of bael pulp, banana, sapodilla, durian, pawpaw,
grape, white pitaya, and water melon juices. A longer incubation period improves the production of bael pulp, citron, date,
and pawpaw juices. However, higher incubation temperatures seem to have no positive effect on the juice yield. Cellulases,
pectinases, amylases, and their combinations are able to produce more fruit juice of higher quality with a more favorable
time-temperature combination of incubation.

The optimal enzyme concentration, incubation time, and temperature can increase the juice yield. Therefore, enzymatic
treatment is an effective method that ensures favorable properties of the finished product.

Keywords. Enzyme, fruit juice, incubation time, incubation temperature, viscosity, color
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V
B
AHHO ramus.

O06paboTka ceIpbs hepMEeHTAMU — PACIPOCTPAHEHHBIH METO/I MTPOU3BOACTBA (PPYKTOBBIX COKOB, CIIOCOOCTBYIOIINI Hanboee
MOJTHOMY M3BJICYCHUIO COKA U3 PACTUTEIBHBIX KIETOK. J[JIsT HEKOTOPBIX BUAOB CHIPbsI ()epMEHTATHBHBIE ITPOLIECCH] OKa3BIBAIOTCS
6onee 3 GEKTHBHBIMY, YeM MEXaHHUECKOE N3MENbYCHHE MU TepMuyeckas 00padoTka. BeiOop KOHKpeTHOTO pepMeHTa 3aBUCHT
ot cocraBa (GpykToB. Yamie Bcero B NUIIEBOH MPOMBIIIICHHOCTH HCIIOJIB3YIOTCS IEKTHHA3A U IIeJUTI0Ia3a, peXke — aMuiasa.
Hcnonp3oBanue pEpPMEHTOB B TEXHOJIOTMYECKOM TIPOLIECCE CIIOCOOCTBYET PAllMOHAIN3ALNH TPOU3BOACTBA (PPYKTOBBIX HAITUTKOB.
®DepMeHTHI CIIOCOOCTBYIOT MAKCHMATbHOMY U3BICUCHHUIO COKA U3 CHIPBS M O3BOJISIIOT ONITUMHU3UPOBATH TaKUE MPOIECCHI, KaK
OT)KMM, OTCTaMBaHUE M yAaleHue TBepaAbIX yacTul. Coku, mpomeamue GepMeHTaTUBHYIO 00paboTKy, Oosee mpo3payHbl U
00anaoT 6oNbIIeH MOTPEOUTETHCKON MPUBICKATEIBHOCTBIO.

B 0030p BKJIIOUEHBI aKTyallbHbIC U @aBTOPUTETHBIC HAYYHbIE MyOIUKAL[UH 110 PepMEHTaTUBHOM 00paboTKe GPYKTOBBIX COKOB
(2000-2021 rr.). B cincox ¢epmMenHTOB I MOKMCKA BOLIUIN MIEKTHHA3A, IIeJUTI0Na3a 1 ammiasza. Hacrosmuii 0630p cymmupyer
Takue (aKTopbl, BIUSIONIME HA NIPOLIECC IPOU3BOACTBA PPYKTOBOTrO COKa, KAK TMAPOMO/YJIb, KOHIIEHTpanus GepMeHTa, Bpems
MHKyOauy, TeMnepatypa nu KoMOuHaIus GpepMeHToB. B kadecTBe HaAyYIHBIX METOIOB OBUIN HCIIOIB30BaHbI TOMCK U CKPUHUHT
Hay'-n-[oﬁ JIATEPATYPBI, U3BJICUCHUC NAaHHBIX, UX aHAJIU3 U KOMIIUJIALUS.

OcHOBHOE BHHMaHHE B 0030pe yAENmseTcs TOMY, KaK OTAEIbHBIC TEXHOJIOTMYCCKHE IMapaMeTphl BIUSIOT Ha pPE3ynbTaT
IPOM3BOJICTBEHHOIO IpOIlecca: BbIXOJ COKa, BSI3KOCTh, 00IIee KOJIUYECTBO PACTBOPUMBIX TBEPJBIX BELIECTB, KHUCIOTHOCTS,
MPUMECH, IPO3PAYHOCTh, KOHIIEHTPAIHIO IINTMEHTA, CO/iepKaHue (peHONO0B, IBET U T. A. boee BrIcOKas KOHIEHTpaIms GpepMeHTa
U TeMIlepaTypa, a Takxke 0oJiee JUTHTEIbHBIH Tepro/] MHKYOAIlMK CIIOCOOHBI YMEHBIIUTH BI3KOCTh COKA M CAENaTh ero Ooiee
MPO3padHBIM, HO OHHU BBI3BIBAIOT M3MEHEHHe IBeTa. ONTHManbHass KOMOWHAIMS W KOHIEHTpanus (EepMEHTOB CHOCOOHBI
MOBBICUTH BBIPA0OTKY COKa M3 MSKOTH Oauiisi, OaHaHa, CaloJMIUIbI, ypUaHa, nanaiu, BUHOrpaaa, 0enoit nuraiiu u apoysa.
bonee qnnrtenbHas MPOAOKUTENBHOCTE HHKYOAINHU yIydIIaeT IPOU3BOACTBO COKA U3 MAKOTHU Oauis, HUTPOHA, GUHUKOB U
nanaiiu. bonee BbicOkHe TeMIiepaTypbl HHKYOAI[MM HE OKA3bIBAIOT MOJIOKUTEILHOTO BIMSHMS Ha BBIXOJ coka. l{emromnassl,
MEKTHHA3bl, aMHUJIA3bl U UX KOMOWHAIIMU TPHUBOIAT K BBIPaOOTKe Oosibmiero odbemMa (QpyKTOBOTO COKa M CIIOCOOCTBYIOT
MOBBIIICHUIO €T0 KauecTBa, €CIM TEXHOJIOTMYECKUH Iponecc NpeaycMaTpuBaeT ONTHMAIbHOE COYSTaHHE TeMIIepaTypHOTo
peXxnMa U MpoJIOKUTEIbHOCTH HHKYOanuy.

OnTuManbHast KOHIEHTpanus (epMeHTa, NPOJOJDKATEIBHOCTh HHKYOAIUU U TEeMIIEPaTyPHBIH PEKUM yBEININBAIOT 00BEM
MPOU3BOACTBA COKa. DTOT (PaKT AOKa3bIBaeT, 4TO pepMeHTaTnBHAsI 00paboTKa — 3P PEeKTUBHBIH METO MPOU3BOACTBA COKa,
o0ecneunBaomui TOTOBBIH MPOAYKT MaKCUMAaJIbHO BEICOKOTO Ka4ecTBa.

Karouessie cioBa. @epmenT, PpyKTOBEIH COK, BpeMsI HHKyOalnu, TeMIepaTypa HHKyOannuu, BI3KOCTh, IIBET

Jnst nuruposanus: [Tyn JI. I1., Canena JI. A. K. [Ipumenenue ¢epmenTOB 1IpH BEIpaboTke GppykToBOro coka: 063op // Texuuka
M TEXHOJIOTHSI MUIIeBbIX npou3BoactB. 2023. T. 53. Ne 1. C. 38-48. (Ha aurun.). https://doi.org/10.21603/2074-9414-2023-1-2413

Introduction part of the fruit juice industry, they boosted the yield
Enzymes have been widely applied in the food  and quality [4]. Enzymes are biological catalysts that
industry, where they facilitate the process of juice are widely used in fruit juice production, winemaking,
extraction from plant cells [1, 2]. Modern science offers and brewing. Pectinases, cellulases, amylases, proteases,
novel enzymes with a wide range of uses, specificity, and etc., allow juice producers to achieve the high production
new application areas [3]. When enzymes first became volume required by the market [5]. Recent studies
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focus on optimizing the enzyme-assisted juice extrac-
tion process based on the quality factors of the final
product [6].

Fruit juices contain colloids, e.g., pectin, cellulose,
hemicellulose, lignin, and starch. Pectinase treatment
is a common practice aimed at degrading pectin [7].
Table 1 summarizes the application of enzymes in
the fruit juice industry. Enzymic treatment increases
the juice yield and results in more transparent final
products, especially in grape, apple, pear, and orange
juices. Enzymes degrade the cell walls of fruit mash,
resulting in a lower juice viscosity and a higher juice
yield. Enzymes are known to facilitate the release of
flavors, enzymes, polysaccharides and proteins from
fruit juices [8]. Enzyme treatments provide a better
filtration rate and a clearer finished product, which
is regarded as a better quality indicator. In addition,

enzymes improve cloud stability and texture in fruit
pulp. In some cases, cellulase improves the juice yield
and color properties.

Table 1 demonstrates that pectinase have been
the most popular research object so far. Less popular
enzymes include cytolase and cellulase [9]. Pectinase
and cellulase improve the general fruit juice quality
by yielding more soluble solids and juice particulates.
Chen et al. stated that enzyme concentration and incubation
condition, i.e., temperature and time, affect the pectic
hydrolysis [10].

Study objects and methods

This review concentrated on such enzymes as
pectinase, cellulase, and amylase in fruit juice production.
The list of factors included hydromodule, enzyme
concentration, incubation time, temperature, and enzyme
combination that affect the fermentation process of

Table 1. Variables used in the enzymatic treatment of fruit juices

Ta6nuna 1. IlepemenHnsle, Hcnoib3yeMble IpH GpepMEHTaTHBHON 00paboTKe GPPYKTOBBIX COKOB

Sample Part/ Enzyme/ Variables Responses References
Condition |  Enzyme trade Enzyme Temperature, Time
name concentration/ °C
Dose
Acai Juice Citrozyme-UltraL | 0.01-0.2% 45 15-60 min Clarity, color, pH, [11]
titratable acidity,
total soluble solids,
reducing sugar,
vitamin C
Apple Juice Pectinex® Clear 10U 40-50 60 min Clarification, turbidity, [12]
viscosity, total
phenols, antioxidant
activity
Apricot Pulp Pectinase 0-1.2% 30-50 5 Juice yield [2]
Bael Pulp Pectinase 0.64-7.36 mg/ 28.18- 97.5-652.5 min | Juice yield, viscosity, [13]
5 g pulp 61.82 clarity
Banana Juice Pectinase 5-10% 25-40 50-80 h Polygalacturonase [14]
activity, clarity,
acidity, reducing
sugar
Blueberry Juice Pectinex® BE 10U 4-50 60 min Viscosity, turbidity, [12]
Colour degree of clarification,
antioxidant and total
phenolic content
Carambola |  Juice Pectinex® Ultra 0.10% 30-50 0.3-1.7 Turbidity, clarity, [15]
SP-L viscosity, color
Plum Juice Pectin methyl 0.05 g/kg 50 120 min Yield (96.8%) [16]
esterase and
polygalacturonase
Cherry Juice Pectinase 0-0.5% v/v 50 lh Turbidity [17]
Date Pulp Pectinase, 50U,5U0 50 120 min Total soluble solids, [18]
Cellulase polysaccharide, pH,
total nitrogen, ash,
total phenolic content,
turbidity, sensory,
color

40




[yu JI. I1. [u op.] Texnuxa u mexunonoeus nuwesvix npoussoocms. 2023. T. 53. Ne 1. C. 38—48

Continuation of table 1

Sample Part/ Enzyme/ Variables Responses References
Condition | Enzyme trade Enzyme Temperature, Time
nhame concentration/ °C
Dose
Durian Juice Pectinex® Ultra 0.10% 38.5 3 Juice yield, total [19]
SP-L soluble solids, pH,
viscosity, color,
sensory
Grape Juice Pectinase 1.5-3mL 50 and 60 1h pH, total soluble [20]
100/kg solids, titratable
acidity, turbidity,
color intensity, juice
yield, organic acid
Grapefruit Peel Pectinex® Ultra 1-15 and 45 - Yield of sugar, dry [21]
SPL, Cellulase 1-10 mg/g matter
1.5L
Guava Mash Cellulase 0.048- 50 11.7-68.3 min Extraction yield, [22]
0.132% (w/w) total sugar, ascorbic
acid, total phenolic,
antioxidant activity
Lemon Juice Pectinase 0-1200 U/L 25-50 0-90 min Dry matter, protein, [23]
ash, total phenolic
content, turbidity,
viscosity, color,
clarity, pH, sugar
Litchi Pulp Pectinase 100-500 ppm 40 2 Total soluble solids, [24]
titratable acidity,
color, sugars, ascorbic
acid
Mosambi Juice Pectinase 0.0004% w/v - - Color, clarity, total [25]
soluble solids, acidity,
pH, density
Passion Juice Pectinex® 3X L 1 mL/L 50 90 min Turbidity, color, [26]
fruit total soluble solids,
viscosity
Peach Juice Pectinex® AFPL3,| 240-1200 1845 30-150 min Viscosity, pulp [7]
Ultra SP WOP ppm decrease
Pineapple Juice Cellulase, 25-150 35-55 210-540 min Juice yield, clarity, [27]
pectinase, mg/100 mL viscosity,
hemicellulase
Pineapple Juice Xylanase, 0-3% 37 270 min Yield, clarity [28]
pectinase,
cellulase
Pome- Juice Pectolytic enzyme | 0-15 pL/L 25 120 min Antioxidant, juice [29]
granate yield, color, total
soluble solids,
betacyanin content
Red Juice Pectinex® Ultra 0.01-0.1% 30-50 20-100 min | Proximate, vitamin C, [30]
pittaya SP-L, Pectinex® total phenolic content
CLEAR
Sapodilla Juice Pectinex® 3X L | 0.03-0.10% 30-50 30-120 min Turbidity, clarity, [31]
viscosity, color
Water- Juice Masazyme 0.01-0.1% 30-50 20-120 min Juice yield, total [32]
melon (w/w) dissolved salts,
viscosity, turbidity,
cloud stability,
lightness
White Juice Pectinex® Ultra 0.01-0.1% 30-50 20-100 min Yield, viscosity, [33]
pittaya SP-L clarity, color
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fruit juice. The processing approach made it possible
to compile the most recent reviews and research papers
on the enzyme treatment of fruit juices (2000-2021).
The methods included data extraction, data analysis,
and data compilation, as well as literature search and
screening.

Results and discussion

Enzymes in juice production. Pectinase. Pectolytic
enzymes, or pectinases, hydrolyze pectic substances.
Fungi used to be the main source for commercial
production of pectinases [34]. Pectinolytic enzymes
are classified into two main groups: esterase and
depolymerases. Esterase affects pectic substances by
hydrolysis. Depolymerase happens via two mechanisms,
namely hydrolysis and trans-elimination lysis [34].

Pectinex® Ultra SP-L enzyme (Novozymes, Denmark)
was described as early as in 1996 as a means of mash
enzyme preparation [35]. It had both pectolytic activities,
including polygalacturonase, pectinlyase, pectinesterase,
etc., as well as hemicellulose, cellulase, protease and
amylase galactosidase, chitinase, transgalactosidase,
etc. [15]. Pectinex® Ultra SP-L was reported to have a
polygalacturonase activity of 26 000 U/mL at < 50°C
and pH 3.5-6.0 [36]. On the other hand, Wilkins et al.
reported that Pectinex® Ultra SP-L exhibited a pectinase
activity of 233 IU/mg [21].

The major industrial application of pectinases is
fruit juice extraction and clarification (Table 1) [34].
Girijesh et al. employed pectinase enzyme to extract
kendu (Diospyros melanoxylon Roxb.) juice, an underused
seasonal fruit that grows in India and possesses various
medicinal and nutritional qualities [6]. Pectinases have
been used to clarify apple, kiwi, tangerine, pineapple,
sapodilla, and carambola [15]. Several other purposes
of pectolytic enzymes involve liquefaction, maceration,
and cloud stabilization [35]. Pectolytic liquefaction
caused qualitative and quantitative changes in tropical
fruit compounds and increased the volume of carotenoids
released into juice [37].

Cellulase. Cellulases are a group of enzymes that
catalyzes the bioconversion of cellulose into soluble
sugars and glucose. These enzymes are produced
by bacteria, fungi, insects, and mollusks. Cellulase
components, such as endo-1,4-f-D-glucanase, exo-
1-,4-p-D-glucanase, and f-glucosidase, are generally
produced by fungi, bacteria, and actinomycetes,
either separately or as a complex. Cellulase is
produced by Trichoderma reesei. It can be used to
break down cellulosic materials, increase yield, and
reduce the viscosity of soluble cellulosic substrates.
Wilkins et al. stated that Celluclast® 1.5 L had a cellulase
activity of 0.126 FPU/mg protein [21]. Cellulases are
used in a variety of industries, including food industry,
catering, food supply, and food preservation. Cellulases
tenderize fruits, clarify fruit juices, decrease roughage in
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dough, hydrolyze roasted coffee, extract tea polyphenols
and essential oils from olives, and improve food flavor
and taste [38].

Food industry uses cellulases to extract or clarify fruit
juices. Cellulases also remove cell walls, thus facilitating
the release of flavors, enzymes, polysaccharides,
and proteins. According to Abdullah et al., cellulase
outperformed tannase in cashew apple juice extraction by
4.69% [39]. In the enzymatic extraction of sugar from date
fruit, the optimal conditions for the cellulolytic enzyme
included 58°C, pH 5.5, and 0.015% concentration [40].

Amylase. Amylases are one of the oldest and most
important commercial biocatalysts, accounting for
over 30% of the worldwide enzyme market. They
find widespread commercial use in the starch proces-
sing sector, where they facilitate starch liquefaction
and saccharification. Other spheres of application
include baking, pulp production, paper industry, fruit
juice clarification, detergents, textile desizing, and
distilling [41]. Amylases have been used to process fruits
that contain starch: they hydrolyze the raw material into
glucose forms. This method prevents retrogradation
and post-bottling haze formation, which results in a
better clarification and filterability of some fruits, e.g.,
unripe apple [35].

Lee et al. treated banana juice with amylase to obtain
starch hydrolysis before treating it with Pectinex® Ultra
SP-L [42]. Will et al. added Fructamyl HT amylase (80
mL/t) into apple juice to avoid gray and foggy shade, a
color defect that resulted from starch retrogradation [43].

Combinations of enzymes. Previously, scientists
focused on single enzymes. Recently, scientific attention
has shifted into the direction of more effective enzymic
combinations. For instance, Padma ef al. used multiple
enzymes (pectinases, amylases, and cellulases) to clarify
apple juice [44]. Borchani et al. reported the optimal
treatment for prickly pear syrup using 5 U cellulase
and 20 U pectinase [45].

Handique et al. found that 0.34% cellulase and
0.35% pectinase served as optimal conditions for banana
juice extraction [46]. On the other hand, Heffels ef al.
used four commercial pectinolytic and two cellulolytic
enzymes for bilberry juice extraction [47]. For palm juice
extraction, the optimal ratio of pectinase:cellulase
enzyme was 1:0.75 (w/w) while for blueberry juice
it was 1:1 [48, 49]. In addition, Navarrete-Solis et al.
applied response surface methodology to jackfruit juice
hydrolysis, which was at its best at 1% cellzyme and
pectinex enzyme treatment [50].

The results may differ from fruit to fruit. For
example, when Chang et al. applied Pectinex® Ultra
SP-L, Celluclast® 1.5L, and Fungamyl® 800 L to soursop
in single or combination, Pectinex® Ultra SP-L proved
to be the primary liquefaction enzyme to yield the best
puree samples [51]. Bora ef al. found out that pectinase
improved banana juice yield, compared to cellulase and
their combinations [52].
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Effect of hydromodule on fruit juice fermentation.
Table 2 shows different applications of enzymes in
liquefaction or clarification of fruits. Clarification may
need numerous prior extraction stages, including hot,
cold, and enzymatic extraction, to maximize the fruit
juice yield. The enzymatic stage proved to be the one
with the highest juice recovery yield when compared
to the previous two preparatory processes [53]. Water
is commonly added to aid in the extraction of fruit
juice from pulp. A water to pulp ratio of 1:1 facilitated
the enzyme maceration of soursop and yielded more
juice from the pulp. Al-Hooti ef al. used a higher pulp
to water ratio of 1:2—1:4 to homogenize date pulp and
facilitate juice extraction [9]. Norjana and Noor Aziah
utilized a ratio of 1:2 (w/v) to facilitate juice extraction
from durian pulp [19].

Factors that affect the properties of enzyme-
treated fruit juice. Enzyme concentration. Pectinase
can hydrolyze plant cell walls, causing carotenoid
release from plant cells [37]. Pectinase increased the
yield, soluble solids content, and clarity of asparagus
juice [10]. Chauhan ef al. also reported an increase in the
total soluble solids in juices compared with pulp [2].

Table 3 illustrates the effects of enzyme concentrations
on the properties of fruit juices. Sin ef al. concluded that
the enzyme concentration was the most crucial factor
for sapodilla juice [31]. The yield of durian juice treated

Table 2. Extraction of fruit juices with different
water percentage

Tabnuna 2. DxkcTpakuus GPYKTOBBIX COKOB C pa3HBIM
HPOLCHTHBIM COJICPKAHUEM BOIbI

Sample Sample:water References
ratio/percentage

Banana pulp 1:2 [14]
Acai juice 30% (w/v) [11]
Apricot, plum, 100 mL/kg [2]
mango mL

Citron waste 2:3 [54]
Date pulp 1:3 [18]
Grape pomace 1:5 [55]
Pitaya pulp 1:1 [56]

with 0.05% Pectinex® Ultra SP-L increased by 35%.
Mango showed a 70—80% reduction in viscosity after
pectinase liquefaction, which increased juice recovery
and soluble solids.

A greater enzyme concentration resulted in a larger
amount of positively charged protein. This effect reduced
the electrostatic repulsion between cloud particles, and,
in turn, caused aggregation of larger particles. However,
these particles eventually settled down [58]. According
to Nur Aliaa et al., it is polysaccharides, e.g., pectin
or starch, that are responsible for cloudy juice [33].

Table 3. Effect of enzyme concentrations on fruit juice properties

Tabnuua 3. Bnusiuue KoHLIEHTpauuu GpepMeHTa Ha CBOICTBa (GPYyKTOBOTO COKa

Sample Enzyme concentrations 3 > . E—, "
.5 57 . 5|2 SZ g
= |3 |2 =15 |5 |2 |88 5 |22|%
282 R 22 2 |8 B2 3 (&35
~ |z |35 s |8 | |© |F2|e |© ERERR>
N B g |2 |F g5 ES &
= = | < S |= > £
ﬁ [ o 5 =
Bael pulp 0.64-7.36 mg/25 g pulp | tve | -ve — - - +ve | — - — - | [13]
Banana juice 0-0.2% tve | — |+ve | — - - - |tve | - — — - | [57]
Carambola juice 0.01-0.1% v/v - |-ve | — - — — |-ve |-ve - — | L*+ve | - [15]
Durian juice 0-0.1% +ve |-ve |tve | -ve | — - - - - — | L*-ve - [19]
a*-ve
b*-ve
Grape juice 1.5-3.0 mL100/kg +ve | — | NS|NS|NS| — |-ve | — — — NS - | [20]
Guava juice 0.16-0.84 mg/g - |-ve | — — — |tve | — |+ve | — — | L*+ve | — |[58]
Pawpaw juice 0-40 mg tve | -ve | — - - - - - - - - - | [599]
Pineapple juice 25-150 mg/100 mL - |-ve | — - - — - |tve | - - — - | [27]
Pomegranate juice 0.5-5 pL/mL — - - — - - — | -ve - | tve — — | [60]
Sapodilla juice 0.03-0.1% -ve | — - - — |-ve |-ve - — | L*+ve | - |[31]
Watermelon juice 0.01-0.15% (w/w) +ve | -ve | — - - — - - - — | L*+ve | +ve |[32]
White pittaya juice 0.01-0.1% +ve |-ve | — - | -] - - |tve | - — +ve - | [33]
*+ve — positive effect/increases; -ve — negative effect/decreases; NS — no significant effect; — — not reported; L* — brightness; a* — +red
to -green component; b* — +yellow to -blue component.
*+ve — MOJOKHUTENbHBIN P deKT/yBennueHne; -ve — OTpULaTeabHblil dQpextr/ymenniienne; NS — 6e3 3naunmoro 3d¢dexra; — — JaHHBIC

OTCYTCTBYIOT; L* — SIpKOCTB; a* — +KpacHBIi, -3eJIeHbIi; b* —HKeNnThIi, -CUHUH.
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Incubation time. Table 4 summarizes the effects
of incubation time on the properties of fruit juices.
Tadakittisarn et al. optimized incubation time to increase
the yield during banana juice liquefaction [57]. They
treated banana juice with 0.15% pectinase enzyme at
50°C for 120 min and obtained a yield of 59.44—65.29%,
which exceeded that in the control sample (43.2%).

Norjana & Noor Aziah increased the yield of durian
juice by 35% by treating the durian pulp with 0.05%
pectinase for 3 h [19]. Bhat treated fruit pulp with
enzymes and obtained a greater yield and a better
performance [1]. Not only did this method increase
the yield but it also reduced the processing time and
improved the extraction of fruit compounds.

Viscosity is usually considered as an important
physical characteristic related to the quality of liquid
foods. Enzymes decreased viscosity due to their hydraulic
action on cellulose and pectin present in the juice [31].
Domingues et al. found that a shorter treatment time did
not reduce viscosity in passion fruit juice after 30 min
of incubation [26]. In the production of banana juice, a
longer treatment time was associated with an increase
in filterability and clarity [42]. A longer maceration
time also decreased the absorbance [33].

The highest yield of carotenoids was reported after
the enzymatic maceration of orange peel. The extraction
time was 12, 18, and 24 h. The experiment involved 5-,

10-, and 10-mL pectinase, respectively, per 100 g of wet
peel and 0.5 g of cellulase per 100 g of cellulose [63].
Enzymes are known to disrupt cell wall, thus releasing
carotenoids that bind with protein. This process prevents
pigment oxidation and affects color stability, while
solvent extraction causes its dissociation and affects
water solubility.

The change in incubation time from 30 to 90 min
was the variable that significantly affected turbidity,
clarity, viscosity, color, and yield [64]. The L* value of
carambola juice decreased with time and started to in-
crease after 80 min [15]. The increase of incubation time
triggered the development of protein-tannin complex.
Sin et al. tested sapodilla juice and managed to increase
its L* value by raising the enzyme concentration and
incubation time [31].

Incubation temperature. Table 5 summarizes the
different effects of incubation temperature on the
properties of fruit juices. Enzymic incubation can be
performed at different temperatures, but the main range
is 40-50°C. The incubation temperature fell below 50°C
because the high temperature deactivated the enzyme [19].

Chauhan et al. increased the yield of apricot, plum,
and mango juice by increasing the incubation time,
the optimum being 5, 5, and 6 h of incubation, respec-
tively [2]. In terms of clarity, a longer incubation time
had a positive effect on the clarity of banana juice [61].

Table 4. Effects of incubation time on fruit juice properties

Tabnuna 4. BausiHue npoJoJKUTEILHOCTH HHKYOAlIMU Ha CBOMCTBA ()PYKTOBOTO COKaA

Sample ° K>
£ 2 B § |- = =2 g
S - |2 2508 & |z (5% 255 |Esgl
5 = 2 °o%T |2 it 3= 285 |g¢ |8 s 23|85
E £ 18 |25 g 2 | |BE|5E |3 |ES3|s
£ £ g7 5 | P |F2 £% 2272
2 S g8 < a-Al
= <
Bael pulp 97.5-652.5 min | +ve +ve — — — +ve — — — — [13]
Banana juice 20—120 min - -ve - - - +ve - +ve +ve [61]
Blackberry juice 120 min - -ve — — — - +ve - - [18]
Carambola juice 20-100 min - -ve - - +ve - - L*-ve - [15]
Citron waste 20-80 min +ve - - - NS - — - L*-ve - [62]
a*+tve
b*+ve
Date pulp 120 min +ve - +ve - — - - - - [18]
Guava juice 0.95-11.05h - -ve - -ve - +ve - — | L*¥tve - [58]
Pawpaw juice 0-360 min +ve -ve - - - - — - - - [59]
Pineapple juice 210-540 h — -ve - - — +ve - - — - [27]
Pomegranate juice 30-300 min - — — — — -ve — +ve - — [60]
Sapodilla juice 30-120 - -ve - - -ve -ve - — | L*+ve [31]
Watermelon juice 20-120 min NS NS - - -ve - - — | L*+ve| +ve [32]
White pittaya juice 20-100 min -ve +ve — — -ve — — -ve — [33]
+ve — positive effect/increases; -ve — negative effect/decreases; NS — no significant effect; — — not reported; L* — brightness; a* — +red
to -green component; b* — +yellow to -blue component.
*+ve — MOJIOKHUTENbHBIN 3G PeKT/yBennueHne; -ve — oTpulareabubpiii a¢pext/ymenpuenne; NS — 6e3 3Hauumoro sddekra; — — raHHbIC

OTCYTCTBYIOT; L* — sIpKOCTB; a* — +KpacHBII, -3e1eHbIN; b* —+KeNThI}, -CHHHH.
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Table 5. Effects of incubation temperature on fruit juice properties

Tabnuna 5. Biusiaue TeMnepaTypbl HHKyOalluy Ha CBOMCTBA (PPYKTOBOTO COKa

Sample ° 2z o = g
= g 2 s |E 2 |_8lv = 5_= 3
= 2 |5, 2|8 |8 |z £ |EE2E|, 23538
5= = Z |53 |z o |8 |E |38 8 8§52 |8 S < 4 | 5
2o o 9 S ? = 2 |8 |B g s ES|g 5|0 Eg= |2
— Q QL _— = =} (SR e)
2 & - |2 =32 < |8 |5 | |8 ::D 812 = »z 2 <
- - 153 = —
£ 3 S E |z = 5 5|~ < 87 |«
F . —
Bael pulp 28.18-61.82 | NS |+tve | — - | - — - |-ve | — — — — — [13]
Banana juice 30-50 - | -ve - - - — |-ve |-ve |tve | -— - - - [42]
Carambola juice 30-50 - NS | - - | = - - |NS | - — | TC+ve - [15]
Grape juice 50, 60 NS| — | NS NSNS | — |-ve | — - — — — — [20]
Guava juice 36.6-53.4 - | -ve - - = |-ve +ve L*+ve [58]
Pineapple juice 35-55 — | -ve - - | = - - |tve | — - — - [27]
Pomegranate juice 20-50 — - - - | - - - |NS | - - | tve - - [60]
Watermelon juice 30-50 NS | -ve - - | = - |-ve | — - — | L*tve +ve [32]
*+ve — positive effect/increases; -ve — negative effect/decreases; NS — no significant effect; — — not reported; L* — brightness; TC — total color.
*+ve — IMOJIOKUTENbHBIH P deKT/yBennueHue; -ve — oTpuuareabublii 3 dexr/ymenpiienne; NS — 6e3 3Haunmoro s¢dexra; — — IaHHbIE

OTCYTCTBYIOT; L* — sipkocTh; TC — mOTHBIH 1BET.

Color is an important sensory criterion for fruit juices.
Sin et al. also stated that the enzyme clarification should
be conducted under moderate temperatures because the
temperature of 40—-60°C facilitated enzymatic clarification
in their experiment with sapodilla juice [34]. A higher
temperature increased the enzymatic treatment rate in
the clarification process when it stayed within the range
of 40-60°C, which was below denaturation temperature.

Conclusion

Enzymes improve the sensory profile of fruit juice.
The optimization parameters of enzyme treatment include
enzyme concentration, incubation time, and temperature.
According to this review, different enzymes applied
at different concentrations increased the yield of the
bael, banana, sapodilla, durian, pawpaw, grape, white
pitaya, and water melon juices. A longer incubation time
increased the yield of bael, citron, date, and pawpaw
juices. However, a higher incubation temperature had
no positive effect on any of the abovementioned raw
materials. Cellulases, pectinases, and amylases, when
applied individually or in combinations, increased
the amount of fruit juice produced and improved its
quality throughout the incubation process. A correct
adjustment of the enzyme concentration, incubation time,
and temperature improved the juice yield. The effect
differed for each fruit, which means that juice producers

have to define the optimal conditions in each particular
case. Proper enzyme concentrations, incubation times,
and temperatures decreased juice viscosity, reduced
turbidity, improved color, and increased yield and total
soluble solids. Incubation time had a positive effect
on pigment concentration, while a greater enzyme
concentration increased the clarity.
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