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Abstract: Sweet potato is always considered a food item that gives a sufficient stock of calories,
nutrients, and minerals, and its syrup has numerous applications in the food industry. There is a need
to review sweet potato syrup production processes in order to develop cost-effective and reliable
designs for its production. The overall objective of this study is to update the current knowledge of
the sweet potato syrup production processes and factors affecting its production. This study briefly
reviews the sweet potato (its varieties, cultivation, and chemical composition/nutritional values),
syrup production processes (acidic hydrolysis, enzymatic hydrolysis, acid–enzyme hydrolysis, and
other processes to improve the quality of syrup), and effective parameters (e.g., enzyme type, enzyme
dosage, temperature, pH, the role of water, and the role of starch and starch pretreatment) on the
syrup production process. Finally, based on the gaps identified in the area, it discusses the conclusions
and future outlook.
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1. Introduction

Sweet potato (Ipomoea batatas (L.) Lam) has unique features and nutritional values
compared with other root crops. It can be considered a natural source of calories in
the human diet due to its unique agronomic features, high calories, energy, dietary fiber,
vitamins, mineral content, and high dry matter yield per unit area of land under proper
cultivation [1–3]. Therefore, compared with any other food resource, not only can it provide
food and nutritional products for more people per unit hectare but it can also help reduce
food shortages in developing and developed countries [4,5].

Generally, features such as high drought tolerance, adaptability to various climates and
farming systems, high yielding, and nutritional values can make a crop play an important
role in people’s diet and producers’ cash income [6]. Large amounts of roots are destroyed,
especially in developing countries, due to challenges such as poor storage management,
food insecurity issues, limited transport infrastructure existence, droughts, and limited
agricultural technologies. Hence, processing these roots into other useful and value-added
products is imperative [7].

Depending on both genetic and environmental factors (e.g., soil type, light, etc.), the
nutrient and chemical compositions of sweet potato roots vary [7]. Among the various
nutrients present in sweet potatoes, protein content is notably diverse [7–9]. Carbohydrates
contribute 80–90% of the dry matter content of sweet potato storage roots or 24–27% of the
fresh weight. Starch and sugar contribute over 60% of dry matter [10]. Glucose, fructose,
and sucrose are the sugars found in the raw sweet potato. However, sucrose is the major
sugar in sweet potato roots [11–13]. Hence, based on its chemical composition, the bulk
ingredients from the sweet potato can be processed into value-added and ready-to-use
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products like sweeteners and syrups, with wide applications in industries such as food,
pharmaceutical, space (for long-term space missions), and on-earth consumers [5,14–16].

Studies have reported that sweet potato’s low glycemic index [1] has anti-diabetic
properties, which makes it an appropriate food for people living with diabetes [1,17–20].
Nowadays, due to improved public health and food nutritional values awareness, con-
sumers try to reduce their consumption of products with chemical treatments, additives, or
preservatives as much as possible [6]. On the other hand, sweet potato has a high vulner-
ability to spoilage [21,22], with a shelf life of no longer than a few weeks [22]. Therefore,
it is necessary to develop novel industrial methods to reduce its moisture content and to
process it into value-added food products with longer shelf life such as starch, noodles,
sugar, syrup, etc. [22,23].

Processing sweet potato into alternative products such as glucose and high fruc-
tose syrup (HFS), which are valuable sweeteners for the food and beverage industries,
should be considered a solution for the increasing demand for sugar and the slight in-
crease in sugar prices worldwide [24–26]. Starch processing has been extensively stud-
ied/discussed [27–34]. Processes used to hydrolyze starch are generally simple and rela-
tively clean. They can be carried out either by acidic (hydrolyzed at low pH) or enzymatic
processes. In the enzymatic hydrolysis process [27,28], investigating the effects of differ-
ent factors such as type of enzyme and enzyme dosage and physical parameters such as
temperature, pH, and time is important.

Bovell-Benjamin [7] reviewed the role of sweet potato in human nutrition [7]. Also,
Zhu and Wang [35] reviewed physicochemical properties, molecular structure, and applica-
tions of sweet potato starch [35]. Furthermore, Wang et al. [9] thoroughly examined the
chemical components and health benefits of sweet potatoes [9]. Sweet potato syrup has
emerged as a promising ingredient in the food industry, with various potential uses such
as sweeteners, pancake syrup, jams, etc. Thus, there is a need to conduct a review of the
production processes involved in making sweet potato syrup in order to develop cost-
effective and reliable methods for its production. This review aims to provide insights into
the current knowledge of sweet potato syrup production. The study briefly reviews the
sweet potato (its varieties, cultivation, and chemical composition/nutritional values), syrup
production processes (acidic hydrolysis, enzymatic hydrolysis, acid–enzyme hydrolysis,
and other processes to improve the quality of syrup), and effective parameters (e.g., enzyme
type, enzyme dosage, temperature, pH, the role of water, and the role of starch and starch
pretreatment) on the syrup production process. In addition, based on the gaps identified in
the area, the review discusses the conclusions, recommendations, and future perspectives.

2. Sweet Potato Origin and Production

The origin of the sweet potato was suggested to be between the Yucatan Peninsula
of Mexico and the Orinoco River in Venezuela [36]. According to historical records, sweet
potato was known as a major food source by various indigenous populations in southern
Central America and South America [37]. Previous studies by Roullier et al. [38,39], using
chloroplast DNA and molecular phylogenetics, supported the sweet potato’s hypothesized
origin. Huang and Sun [40] also suggested Central America as the likely region with
the highest genetic diversity.

Sweet potato is a vital economic crop in numerous countries [41] and was amongst
the 15 largest agricultural products globally [22]. Countries such as Taiwan, China, Korea,
and Japan use sweet potato starch as a raw material for several industrialized products
such as beverages, industrial alcohol, ethanol, and sweeteners. Based on the Food and
Agriculture Organization (FAO) of the United Nations, as of 2021, China was the largest
sweet potato producer in the world. Tanzania and Nigeria followed China in sweet
potato production [42]. Previous studies by Hijmans et al. [43], da Silva [44], and Mu and
Li [45] had supported Africa’s position as one of the largest sweet potato producers [43–46].

Between 2000 and 2014, sweet potato consumption in the United States was en-
hanced [47], possibly due to the widespread commercial availability of frozen “French-
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fried” sweet potatoes. Among European countries, Portugal and Spain grow sweet potatoes,
with 22,591 and 13,550 metric tons produced in 2014, respectively [48]. Despite the lack of
significant growth in production over the past four decades, which has been attributed to
limited public knowledge about the nutritional value of sweet potatoes and a decline in
public consumption [49,50], sweet potatoes remain a vital protein source for a substantial
proportion of the world’s population [4,51].

2.1. Sweet Potato Varieties

Sweet potatoes are produced in different ranges of sizes, formats, and internal col-
ors [7,52–54]. There are sweet potato varieties in different colors of skin and flesh. The
sweet potato’s nutritional profile varies depending on flesh color, offering β-carotene,
anthocyanins, dietary fiber, vitamins, minerals, and other compounds [7,52]. The most
commonly grown sweet potatoes are white and yellow/orange flesh varieties [7,53]. Some
of the sweet potato varieties available in the United States include the Yellow Jersey, CA
Oriental type, Japanese type, White type, One Beauregard, Okinawan type, and Beauregard
White type [54]. Generally, each variety has its own characteristics, making it suitable for
different culinary applications.

2.2. Sweet Potato Cultivation

Environmental and biophysical factors can affect sweet potato growth. Requirements
for sweet potato growth have been discussed in the literature [55–58]. With growing in
tropical and sub-tropical climates and in mild temperate regions [57], sweet potato growth
is negatively impacted by heavy clay soils [54]. The soil should be rich in organic matter; to
maximize sweet potato production, it is important to cultivate them in well-draining sandy
loams with adequate moisture to effectively facilitate water drainage. The required pH
should be between 5.6 and 6.6, and a temperature of at least 20 ◦C is needed and growth is
negligible below 10 ◦C [57]. To grow and develop storage roots, it is necessary to maintain
water supply during the first 40 days after planting and during the tuber formation stage
(7 to 9 weeks after planting) [58].

2.3. Chemical Composition and Nutritional Values

Depending on the variety, soil type, and period of cultivation, the chemical compo-
sition of sweet potato may be different [22,59]. Sweet potatoes are rich in calories and
nutrients, including protein [7,8]. In other words, they provide carbohydrates, minerals,
carotenoids, dietary fiber, and vitamins. Sweet potato varieties typically contain high
moisture [60–62]. The sweet potato vine’s crude protein content is 18–30% dry matter,
which is comparable to leguminous forages [63]. Also, Bovell-Benjamin [7] reported ranges
of 4–27% and 1–9% for protein contents of sweet potato leaves and roots, respectively [7].
Research regarding sweet potato chemical and mineral composition shows that not only
the sweet potato roots but also its leaves are very nutritious and can be used as any leafy
vegetable [22,64].

Mineral and centesimal compositions of conventional and organic cultivars of sweet
potato were studied by dos Santos et al. [65]. The average concentrations (mg/100 g)
of minerals in conventional and organic cultivars, respectively, were reported as 23.5 and
40.7 (calcium); 0.082 and 0.159 (copper); 0.303 and 0.481 (iron); 197 and 381 (potassium);
166 and 35.7 (magnesium); 0.183 and 1.15 (manganese); 68.6 and 0.433 (sodium); 54.1 and
62.2 (phosphorus); and 0.197 and 0.261 (zinc). There were no significant differences between
the centesimal compositions of conventional and organic cultivars, meaning that centesimal
concentrations were reported to be 72 and 72% (moisture); 0.87 and 0.90% (ashes); 1.5 and
1.4% (proteins); 0.63 and 0.54% (lipids); 24.8 and 23.9% (carbohydrates) for conventional
and organic cultivars, respectively [65].

Several studies reported that sweet potato components can have beneficial effects
on human metabolisms, including but not limited to anti-inflammatory [66], anti-cancer [67],
anti-diabetic [68,69], and anti-obesity [70] effects.



Processes 2023, 11, 3280 4 of 19

3. Syrup Production Processes

Syrup has been produced by direct and indirect methods [71–75]. Most research
studies have emphasized the indirect method of sweet potato syrup production (converting
sweet potato to starch and then utilizing the starch for syrup production) [5,15,16,71].
Only a few studies have reported the direct method of sweet potato syrup production or
direct conversion of roots to syrup [10,75]. The aim of the direct use of tuber roots for
producing glucose syrup was to overcome the cost related to starch production and to
reduce production time [75]. However, it has been reported that the final product had an
unacceptable dark color and a bitter taste [5].

Starch is the main component of the sweet potato root (6.9–30.7%) [76] and it is the
main carbohydrate in roots [77]. One of the applications of starch is to produce products
such as glucose, maltose, and coupling sugars using hydrolysis processes [78,79].

The procedures for starch production from roots share many common steps. The
combination of the following steps is required for starch production: grinding the washed
and peeled roots, homogenization with water, centrifugation for several times (the starch
granules will sediment in water due to their higher density), dehydration, and milling [5,7].

Sweet potato syrup is made by heating a mixture of water and sweet potato/sweet
potato starch, treating the slurry with acid and/or different types of enzymes at different
stages and operating conditions until obtaining a desired product followed by cooling,
clarifying, decolorizing, and concentrating the final syrup. In other words, the hydrolysis
process is used to produce syrup [5,10,15,80]. The starch to syrup conversion can be
achieved with the following techniques: (i) enzymatic hydrolysis (involving the treatment of
a starch–water mixture with either a single enzyme or a combination of enzymes) [5,81–84];
(ii) acid hydrolysis [83,85] (employing a pH around 2 and temperatures exceeding 100 ◦C);
and (iii) acid–enzyme hydrolysis [86], where an acid-converted hydrolysate undergoes
further treatment with one or more starch-hydrolyzing enzyme.

3.1. Acidic Hydrolysis

Acidic hydrolysis is the original method of starch hydrolysis. Corrosion resistant
materials are needed to carry out this process [83]. In this method, a starch slurry is
subjected to treatment with an acid such as hydrochloric acid (HCl) at high temperatures
and a low pH (around 2) for a specified duration [86]. The acid breaks down the glycosidic
bond between monosaccharides, allowing water molecules to penetrate the starch granules
and cause expansion [87,88]. Parameters including acid solution, concentration, and
treatment time can affect the efficiency of acid treatment [85,89,90].

Numerous advantages that acid hydrolysis presents include relatively simple installa-
tion, inexpensive acid catalyst or low prices for the materials, and short hydrolysis time [91].
Disadvantages of this method include but are not limited to the need for corrosion resistant
materials, more energy usage for heating, and difficulty controlling the reaction [83]. To
avoid these constraints and to reduce the energy consumed, enzymatic hydrolysis [92] has
been used/introduced. Also, as the enzymatic hydrolysis process has the potential to gener-
ate high yields of desired products and less unwanted materials, it is usually preferred [93].

3.2. Enzymatic Hydrolysis

In 1833, Payen and Persoz [94] published the first scientific article on the enzymatic
conversion of starch, a method that utilizes amylases to degrade raw starch. Since then,
researchers have focused on optimizing the enzymatic hydrolysis process by considering
various effective factors such as enzyme selection, immobilization, and genetic modifica-
tions and physical parameters such as temperature, pH, time, and concentration. These
factors greatly influence the efficiency and effectiveness of the hydrolysis process. Enzy-
matic hydrolysis generally needs a longer processing time compared with other meth-
ods [95]. This prolonged period allows the enzymes sufficient time to fully break down the
starch molecules into their constituent sugars. The enzymatic hydrolysis of sweet potato
starch to glucose syrup involves a series of steps. Firstly, gelatinization of the starch takes
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place. This is followed by dextrinization or liquefaction, which occurs after gelatinization
through the action of α-amylase. Finally, saccharification takes place, leading to the further
conversion of maltodextrins into glucose [7,15,96].

In order to convert raw starch to other processed products, gelatinization should
be applied [92]. Gelatinization or destruction of the crystalline structure of starch can
significantly increase the digestibility of the starch due to diffused amylose chains [97]. In
this step, starch with excess water is heated (the temperature for gelatinization of sweet
potato starch is reported to be in the range of 58 to 90 ◦C) [76].

The liquefaction process is an enzymatic method that uses heat-stable enzymes (com-
monly α-amylase enzymes from various sources) to treat a starch slurry and produce a
soluble dextrin called amylodextrin [81]. This stage decreases the viscosity of the slurry
and typically requires high temperatures. α-amylase enzymes fall under the category of
endo-enzymes, signifying their action on glycosidic bonds and leading to the formation
of dextrins with varying molecular weights. This process involves the cleavage of α,1,4-
glycosidic bonds, resulting in the production of shorter chains of soluble dextrins [98,99].

The formation of some insoluble components in liquefaction is also expected. Their
formation can be limited by using diatomite, and remaining insoluble compounds can be
liquified by α-amylase, followed by fungal glucoamylase [81,100,101] or both enzymes
jointly [81,102,103] may be helpful.

In order to produce sugar syrups with varying degrees of dextrose equivalent (DE)
and disaccharides such as maltose and other lower saccharides, it is necessary to un-
dergo saccharification, which completely converts maltodextrins into glucose and other
saccharides [81]. Saccharification is a crucial step in the manufacturing process of sugar
syrups, enabling the production of a wide range of products with varying compositions.
Different factors, including the enzyme type, concentration, and reaction time, can im-
pact the saccharification efficiency [81,104]. The saccharification of starch usually needs
a combination of hydrolyzing enzymes such as α- and β-amylases, pullulanase, and glu-
coamylase [81,105]. It has been observed that the enzyme glucoamylase can effectively
cleave 1,4 terminal bonds present in the degraded molecules to release a single glucose
unit at a time [72,106]. Although the saccharification process is slower than the liquefac-
tion process, it can be expedited by more than 50% with the use of fresh substrates and
enzymes [81].

Overall, enzymatic hydrolysis can represent some advantages over acid hydroly-
sis [107].

3.3. Acid-Enzyme Hydrolysiss

The acid–enzyme hydrolysis of starch is applied in some industries [108], such as the
conversion of starch to sweetener. In other words, the other method of syrup production
is the acid–enzyme process. In this method, acid hydrolysis (e.g., using hydrochloric
acid) is combined with the second stage of hydrolysis, which is an enzymatic hydrolysis
(e.g., using appropriate enzymes like α-amylase and glucoamylase), to produce glucose
syrup [86,109,110].

3.4. Other Processes to Improve the Quality of Syrup

In addition to the main steps for syrup production, other processes such as filtration,
decolorization, and concentration/evaporation can be applied to improve the quality of the
final product. After hydrolysis, the dilute syrup can be passed through a column to remove
impurities, thus improving its color. Silayo et al. [10] studied the ash content and color of
the produced sweet potato syrup using a system comprising filtration, deionization, and
concentration. The filtration process consisted of vacuum filtration alone and combined
with centrifuging. The vacuum filtration method resulted in a product with reduced
pigmentation, albeit at a slow rate [10].

Ion exchange is used in the sweetener industry for demineralization, specifically for
the production of high purity products. Ion exchange can be used to produce syrup with
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low ash content [10]. It plays an important role in the production of desired sweeteners, as
it improves the color of the syrup while substantially reducing the ash level and improving
the flavor [86]. Depending on the specific needs of the final product, the ion exchange
process can be used alone or in combination with other techniques, such as filtration [10] or
activated carbon treatment.

In order to enhance the profitability of glucose syrup, it is crucial to minimize the dark
color and make it more amber- or light-colored. One possible approach to achieve this
goal is to use activated carbon, which has been demonstrated to be effective in reducing
color precursors and off-flavors. This method has been explored in the work of Aït-Aissa
et al. [111] and has been shown to be effective in improving the quality of glucose syrup by
removing unwanted compounds [111].

Evaporation is a key process in the production of syrup due to its significant impact
on raising the solids’ concentration of the syrup, which is typically measured in degrees
Brix. The evaporation process involves heating the solution to a controlled temperature and
pressure, usually in a vacuum evaporator, to remove water and concentrate the solids [10].

4. Sweet Potato Syrup Production

Historically, several engineering methods [112–118] have been used to enhance the
starch hydrolysis process. These methods may include the use of fluidized-bed reactors and
fixed-bed reactors among others. For instance, fluidized-bed reactors offer higher enzyme
activity and operational stability in the enzymatic reaction [112,113]. Also, continuous
recycling membrane reactors can help address the issue of enzyme activity loss during
starch hydrolysis [115].

The hydrolysis of starch has extensively been discussed in the literature [119–134]. A
summary of different methods for sweet potato starch hydrolysis and/or sweet potato
syrup production is listed in Table 1.

Lee and Kim [92] examined the optimal conditions for gelatinization and liquefaction
of starch slurry. A single-step liquefaction and saccharification process, which utilized
a heat-stable α-amylase, was used. The DE value for the saccharification of liquefied
starch was selected to be 10. The study demonstrated that the percentage of gelatinization
of sweet potato and corn starches was in the range of 80.4–89.8% at 110 ◦C, without
considering starch moisture content [92]. Miller et al. [5] prepared sweet potato starch
syrup with acceptable physicochemical and viscometric properties (refractive index (RI),
color, and viscometric values). The sweet potato syrup’s viscosity increased gradually
during its storage [5]. In another work, Bovell-Benjamin et al. [15] examined the effect of
α-amylase concentration, effect of storage (room and refrigerate) on the syrup stability, and
consumer acceptance of the syrup. They concluded that 4.5 mL α-amylase had a higher
syrup yield, higher RI, ◦Brix, and shorter filtration than the 3 mL α-amylase. The storage
examination showed that ◦Brix increased in the refrigerated sweet potato starch syrup,
which led to crystallization after 12 weeks [15].

Johnson et al. [135] studied the potential use of cassava/sweet potato flours and blends
with rice or wheat for HFS production. The study revealed that the cassava–rice flour blend
yielded a saccharified slurry with 70–72 g reducing sugars/100 g, which was greater than
that of native cassava flour (69%). In contrast, when sweet potato was combined with rice
or wheat, the resulting saccharified mash exhibited a reduced content of reducing sugars,
typically ranging from 60% to 66% [135]. Meanwhile, Johnson et al. [75] achieved the direct
production of fructose syrup from sweet potato and cassava roots. They concluded that the
direct hydrolysis of root slurry using Stargen can potentially decrease the production cost
of HFS [75].
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Table 1. Summary of sweet potato starch hydrolysis and/or sweet potato syrup production studies reported in the literature.

Objectives Enzymes/Acids Production Process
Steps Operating Conditions/Method Major Findings Reference

Single step gelatinization
and liquefaction of sweet
potato and corn starch

α-amylase Single step gelatinization
and liquefaction

A single-step process was used to gelatinize and liquefy a
20% (w/w) starch slurry containing 1% (w/w) α-amylase
solution by heating it at 95 ◦C and a pH of 6.5 in a
steam-jacketed kettle. Starch powder was fed into an
extrusion cooker at a rate of 10 kg/hr, with added water at
rates of 2–6 kg/hr to achieve moisture contents of 20%,
30%, 40%, 50%, and 55% (w/w). The slurry was stirred at a
rate of 180 rpm, while the temperature was varied at
110 ◦C, 120 ◦C, 130 ◦C, and 135 ◦C; the concentration of
added α-amylase ranged from 1% to 4% (w/w).

v Gelatinization and liquefaction time for 20%
starch slurries in a kettle at 95 ◦C was 45 to 50 s.

v The gelatinization rates of sweet potato and corn
starches were found to be in the range of
80.4–89.8% when heated to 110 ◦C, regardless of
the moisture content of the starches.

v Sweet potato starch could be easily gelatinized
and liquefied in an extruder when compared with
corn starch.

v An increase in α-amylase added could enhance
DE values of liquefied starch.

[92]

Designing a lab-scale
system for conversion of
sweet potato starch into
glucose syrup

Diastase of malt
Dextrozyme C

Gelatinization
Liquefaction
Saccharification
Filtration
Deionization
Evaporation

The system consisted of several units, including a blender,
a continuous stirred tank reactor (CSTR), centrifugal and
vacuum filters, a deionization column, and an evaporator.
An amount of 300 g sweet potato starch and water (ratio of
1:2) was homogenized; gelatinization took place at a
temperature of 85 ◦C for 30 min, the mixture
was hydrolyzed in the CSTR with 0.5 g CaCl2 to enhance
stability of the α-amylase enzyme.
For liquefaction, the pH and temperature were 6.9 and
50 ◦C, respectively. Diastase of malt was added and
incubated for 3 h. For saccharification, the conditions
employed were a pH of 4.5 and a temperature of 60 ◦C. A
volume of 2 mL of Dextrozyme was added and incubated
for a period of 24 h. Slurry was centrifuged and vacuum
filtered. Evaporation was at 100 ◦C bath and centrifuge
filter was at 6600 rpm.

v Reducing sugar concentrations of 259 and
310 mg/mL in 150 mL syrups were reported in
processing batches utilizing centrifuge and
vacuum filter in series and vacuum filter alone,
respectively.

v Through concentration trials, 100 mL and 70 mL
volumes of syrup were produced with DEs of 281
and 213 mg/mL, respectively.

v The resulting syrups had a brownish color.

[10]

Production of syrup
from sweet potato starch
and evaluation of its
physicochemical
properties such as
refractive index and
color, as well as its
viscometric properties
during syrup storage

α-amylase
Glucoamylase

Gelatinization
Liquefaction
Saccharification
Filtration
Evaporation

A mixture of 30 g sweet potato starch and 400 mL water
was heated to 102 ◦C and treated with α-amylase at 90 ◦C
for 5 h, then the mixture was cooled for saccharification.
Glucoamylase was added at a temperature of 62.5 ◦C and
incubated for 12 h. Storage temperatures were 21 ± 4 ◦C
(room temperature) and 4 ◦C.

v Sweet potato syrup had a higher refractive index
(1.4 ± 0.02) than the previously reported literature
value of 0.7.

v The sweet potato syrup had mean L*
(representing lightness/darkness), a*
(representing redness/greenness), and b*
(representing yellowness/blueness) values of
68.8 ± 0.6, 0.7 ± 0.1, and 18.7 ± 0.6, respectively.

v The sweet potato syrup’s viscosity increased
gradually during its storage.

[5]
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Table 1. Cont.

Objectives Enzymes/Acids Production Process
Steps Operating Conditions/Method Major Findings Reference

Effect of different
concentrations of
α-amylase on syrup
characteristics, shelf life,
and consumer
acceptance of the syrup

α-amylase
Glucoamylase

Gelatinization
Liquefaction
Saccharification
Filtration
Evaporation

A mixture of 30 g sweet potato starch and 400 mL distilled
water was heated to 102 ◦C, then it was cooled to 90 ◦C;
α-amylase was added, the mixture was incubated in a water
bath at 90 ◦C for 6 h and then it was cooled to 25 ◦C and the
pH was adjusted to 6.4 to stop the hydrolysis process.
Glucoamylase was added and the mixture was incubated at
62.5 ◦C for 12 h, then the mixture was filtered
and evaporated.

v In the 4.5 and 3.0 α-amylase-treated syrups, the
refractive index was measured at 1.5 and 1.4,
respectively.

v The 4.5 mL α-amylase-treated syrup had a higher
moisture content (16.7 vs. 12.5) and ◦Brix
(65.0 vs. 57.0) in comparison with 3.0 mL
α-amylase-treated syrup.

v During storage, the ◦Brix and L* color values of
refrigerated syrup were observed to be higher
(p < 0.05) than those stored at room temperature.

v In syrup tasted by children aged 12–13 years old,
there was no significant difference between the
sweet potato starch syrup and maple syrup.

[15]

Direct use of cassava and
sweet potato root slurry
for glucose production
through six treatment
systems. The treatment
systems included
Liquezyme-Dextrozyme
(treatment1, T1), Stargen
(treat-ment2, T2), Stargen
in two split doses
(treatment3, T3),
Spezyme–Stargen
(treatment4, T4), Stargen
at 60 ◦C (treatment5, T5),
and Spezyme–Stargen at
60 ◦C (treatment6, T6).

Liquezyme-X
Dextrozyme-GA
Spezyme®

Stargen™

Gelatinization
Liquefaction
Saccharification
Isomerization
Filtration
Evaporation

T1 involved Liquezyme-X for incubation at 90 ◦C for 1 h,
followed by incubation with Dextrozyme-GA at 60 ◦C for
48 h. T2 involved gelatinization and Stargen for incubation
at room temperature for 48 h. T3 involved two doses of
Stargen for incubation at different temperatures and times.
T4 involved Spezyme for incubation at 90 ◦C for 30 min,
followed by Stargen for incubation at 30 ± 1 ◦C for 48 h. T5
involved gelatinization at 95 ◦C for 15 min, followed by
Stargen for incubation at 60 ◦C for 48 h. T6 involved
Spezyme for incubation at 90 ◦C for 30 min, followed by
Stargen for incubation at 60 ◦C.

v The conversion rate to glucose was greater in T1–T4
(95–98%) than in T5 and T6 (88–92%).

v The production cost of HFS could be lowered
through a direct hydrolysis of root slurry
utilizing Stargen.

v The yields of glucose and fructose were more from
cassava than sweet potato due to the high initial
starch content.

v Starch from sweet potato or cassava root slurry
could be directly hydrolyzed to glucose at
temperature (30 ± 1 ◦C) and pH 4.5 using enzyme
Stargen™ 001, which could then be effectively
isomerized to fructose.

[75]

Investigation of the use
of native cassava and
sweet potato flours and
their mix with rice and
wheat flours for HFS
production to tackle the
production costs related
to starch preparation.

Liquezyme-X
(thermostable α-amylase)
Dextrozyme-GA
(glucoamylase)
Sweetzyme-T
(immobilized
glucose isomerase)

Gelatinization
Liquefaction
Saccharification
Isomerization

After preparation of a 25% (w/v) suspension of the native
cassava or sweet potato and their blends (pH 6.5) and
equilibrating at temperature of 90 ◦C for 10 min, Liquezyme
was added and incubated at temperature of 90 ◦C for 1 h.
Then, the solution was cooled to 60 ◦C at a pH of 4.0 and
Dextrozyme-GA was added. The slurry was incubated for
48 h.
For isomerization, immobilized glucose isomerase was used
at a pH of 7 and incubated at temperature of 60 ◦C for 48 h.

v Cassava/rice flour blends produced saccharified
slurry with higher reducing sugar content
(70–72 g/100 g) than native cassava flour (69%),
while sweet potato blends had lower reducing sugar
content (60–66%).

v Fructose conversion rates were similar (42–43%) for
cassava/sweet potato blends and blends with cereal
flours, which higher fructose yields observed in
native cassava flour and cassava/rice mixtures
(28–29 g/100 g).

[135]
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Table 1. Cont.

Objectives Enzymes/Acids Production Process
Steps Operating Conditions/Method Major Findings Reference

Improving the quality
and storage stability of
an isomerized sweet
potato starch syrup.

α-amylase
Glucoamylase
Glucose isomerase
Pullulanase

Gelatinization
Liquefaction
Saccharification
Isomerization

A blend of sweet potato starch (30 g) with 400 mL distilled
water was heated to 100 ◦C.
For liquefaction, the pH was adjusted to 4.5 and α-amylase
was added and incubation took place at 90 ◦C for 2 h.
Saccharification was conducted using pullulanase and
glucoamylase at 62 ◦C and a pH of 7.5 for 48 h.
Isomerization took place using glucose isomerase at 60 ◦C
for 5 h. Then, vacuum-filtered and concentrated to
63–73.9 ◦Brix.

v Mean fructose content was 7.6 ± 0.4%.
v The sweet potato starch syrup had

significantly higher (p < 0.05) mineral content
compared with ginger and pancake syrups.

v Increasing the shear rate caused the sweet potato
starch syrup, pancake syrup, and ginger syrup to
exhibit a shear-thinning behavior due to the
decrease in their apparent viscosity.

v Viscosity of syrup during 70 days of storage
decreased as shear stress increased.

[16]

Assessing the potential
of arrowroot, cassava,
Curcuma, dioscorea, and
sweet potato starches
relative to corn starch to
produce high fructose
syrup.

Liquezyme-X
Dextrozyme-GA
Sweetzyme-T

Liquefaction
Saccharification
Isomerization

A mixture of 20% (w/v) of starch was prepared. For
liquefaction, 0.1% (v/w) α-amylase was added at a pH of 7
and incubated at temperature of 90 ◦C for 1 h. For
saccharification, (0.2% v/w) Dextrozyme was added (pH 4.0)
and incubated at 60 ◦C for 48 h. Glucose syrup was filtered
and concentrated to 40% (w/v) solids. For isomerization,
50 mg of Sweetzyme T/g glucose and MgSO4·7H2O (16 mg)
were added at a pH of 7.5 and incubated at temperature of
60 ◦C for 24 h.

v The conversion of starch to glucose was either
equivalent or superior for arrowroot, Curcuma, and
cassava starches compared with corn starch.

v The sugar profile of the saccharified slurry for
arrowroot, Curcuma, and cassava starches
contained a high proportion of glucose
(98.28–98.84%) and lower amounts of maltose and
maltotriose (1.03–1.69% and 0.03–0.10%,
respectively), whereas other starches had a lower
range of glucose (94.76–97.28%) and higher levels of
maltose and maltotriose (2.0–4.3% and 0.49–0.75%,
respectively).

[71]

Exploring the impact of
time, enzyme dosage,
and temperature on
glucose levels during a
two-step optimized
enzymatic hydrolysis of
sweet potato peel.

α-amylase
Glucoamylase

Gelatinization
Liquefaction
Saccharification

A 27.5% (w/v) starch slurry was prepared (10 g of flour was
added into 20 mL of a 26 ppm CaCl2 solution) at a pH of 6.5;
gelatinization took place at 97 ◦C.
A Box–Behnken experimental design was used to optimize
liquefaction and saccharification processes with 17
experiments. The variables included time (20, 40, 60 min for
liquefaction and 10, 35, 60 min for saccharification), enzyme
doses % (v/v) of glucoamylase and α-amylase (0.5, 0.75, 1),
and temperatures of 50, 60, 70 for liquefaction and 40, 50, 60
for saccharification.

v The statistical model demonstrated the highest
glucose concentration as 126.66 g/L by setting the
temperature at 56.4 ◦C, α-amylase dose at 1% (v/v),
and time for 60 min for the liquefaction step.

v The statistical model for the second step showed
that the highest glucose concentration was
178.39 g/L, at a temperature of 45 ◦C, glucoamylase
dose at 1% (v/v), and time of 60 min.

[72]

Investigating particle
size and solid-to-liquid
ratio effects on
the hydrolysis of sweet
potato starch with
endogenous enzymes.

Sweet potato
endogenous enzymes

Liquefaction
Saccharification

Liquefaction was conducted at 71.5 ◦C and a pH of 6 for
25 min. For saccharification, temperature, pH, and time were
53 ◦C, 5.5, and 72 h, respectively.

v Smaller tubers enhance enzyme mobility but lower
sugar concentration.

v Utilizing the endogenous enzymes of sweet
potatoes for pre-hydrolysis can lead to a significant
reduction in the amount of enzymes required for the
conventional hydrolysis process, up to nearly 50%.

[34]
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Table 1. Cont.

Objectives Enzymes/Acids Production Process
Steps Operating Conditions/Method Major Findings Reference

Producing glucose from
potato tuber by
acid hydrolysis

Sulphonated salicylic
acid A/B
HCl

Starch solutions were prepared using HCl or solid acid.
Then, the solutions were stirred for 6 h at 50 ◦C. The
resulting solutions were filtered. Dinitrosalicylic acid
solution was added to the filtrate and the solution was
boiled in water bath for 5 min and cooled.

v The use of mineral acid (HCl) for hydrolysis results
in a greater yield of glucose compared with
solid acid.

v The solid acid can be conveniently filtered and
reused multiple times.

v Hydrolysis of starch using distilled water does not
yield glucose, and solid acid B proves more effective
than acid A due to the presence of more or bulkier
acidic groups.

[93]
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5. Effective Parameters on the Syrup Production Process

Operating parameters play a crucial role in the syrup production process. The effects
of operating factors, including enzyme type, enzyme dosage, temperature, pH, the role of
water, and the role of starch and starch pretreatment on syrup production, are discussed in
this section.

5.1. Enzyme Type

Starch is composed of amylose and amylopectin. Amylose is a linear polymer contain-
ing α-1,4-linked glucose units, whereas amylopectin contains branched chains including
α-1,4 and α-1,6 linkages [136–138]. Amylase refers to a group of enzymes that facilitate
the hydrolysis of starch, breaking down the polymer into individual glucose molecules. In
other words, these enzymes can be applied in the industry for the hydrolysis of starch [137].
Dunn [136] developed a model for the breakdown of starch granules by mixtures of α-
amylase and β-amylase [136].

Starch hydrolyzing enzymes have extensively been explored and discussed in the
literature [137–154]. α-amylase, β-amylase, glucoamylase, and pullulanase are the major
amylolytic enzymes typically used in the industrial processes of starch enzymatic hydroly-
sis [138]. α-amylase can cleave both amylose and amylopectin molecules [137] and release
glucose monomers by acting on all the α-1,4 glycosidic bonds except those near the branch
points [23], whereas β-amylase can release maltose from the non-reducing ends of amylose
and amylopectin molecules [23,137]. Debranching enzymes, including pullulanase and
isoamylase, can only catalyze the hydrolysis of α-1,6 glycosidic bonds at the branch point of
amylopectin [23]. D-glucose (dextrose) syrups and crystalline D-glucose can be produced
using a combination of α-amylase and glucoamylase [137]. Glucose isomerase, also known
as xylose isomerase, can catalyze isomerization of D-glucose to D-fructose and is utilized
for high fructose syrup production [137,150,151].

Norman [140] reported that the optimal temperature and pH of the pullulanase (60 ◦C
and pH 5.0) could be similar to those of Aspergillus niger glucoamylase and soybean
β-amylase [140]. Hesam et al. [3] stated that sweet potato’s β-amylase enzyme is active in
a wide range of pH levels (3.5 to 7.5), making it beneficial in processes that need a wide
range of pH alterations [3].

Enzymes that have been utilized in the sweet potato syrup production process have
been listed in Table 1. Utilizing the endogenous enzymes of sweet potatoes for pre-
hydrolysis can result in a substantial reduction in the amount of enzyme required for
the conventional hydrolysis process [34].

5.2. Enzyme Quantity

The quantity of enzymes can significantly affect the hydrolyzing and converting of
starch into glucose syrup. Bovell-Benjamin et al. [15] used three levels of thermo-stable bac-
terial α-amylases (1.5, 3.0, and 4.5 mL) for the conversion of sweet potato starch into glucose
syrup. Results indicated that 4.5-mL α-amylase-treated starch had a significantly higher
conversion (p < 0.05) compared with 1.5- and 3.0-mL levels [15]. Lee and Kim [92] reported
that an increase in α-amylase added could enhance DE values of liquefied sweet potato
starch [92].

5.3. Temperature

Enzymes have optimal performance temperatures, and understanding the temperature
effects is essential for various industrial and biological processes. Temperature can affect
the reaction during starch degradation. Kim et al. [155] reported that increasing the
reaction temperature from 50 ◦C to 60 ◦C could enhance the degradation rate of potato
raw starch granules because of effective enzyme attacks on these granules at 60 ◦C [155].
The optimal temperatures of α-amylase and β-amylase were reported as 71 ◦C and below
75 ◦C, respectively [156].
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5.4. pH

The pH level is an important factor in starch hydrolysis as it can influence the activity
of enzymes involved in the process, thus impacting the extent of hydrolysis [29]. Purwadi
et al. [34] performed liquefaction (at 71.5 ◦C and pH 6 for 25 min) and saccharification
(at 53 ◦C and pH 5.5 for 72 h) processes in the hydrolysis of sweet potato starch using
endogenous enzymes [34]. Lee and Kim [92] carried out gelatinization and liquefaction
of sweet potato and corn starches at 95 ◦C and pH 6.5 in a steam-jacketed kettle with
α-amylase (a single step process) [92]. Johnson et al. [75] reported the direct conversion of
cassava or sweet potato root slurry to glucose using the improved enzyme, Stargen™ 001,
at 30 ± 1 ◦C and pH 4.5 [75].

5.5. Role of Water

The presence of water plays a key role in hydrolysis, particularly in the enzymatic hy-
drolysis of starch. Heating starch molecules in excess water can result in disrupting the
crystalline structure and linking water molecules to the hydroxyl groups of amylose and
amylopectin that can enhance granule swelling and solubility [157]. In a solution with
an initial starch concentration of 35%, about 5% of the initial water content is needed
for theoretical complete conversion of starch into glucose via hydrolysis. Van der Veen
et al. [158] have discussed starch hydrolysis under low water conditions [158].

5.6. Role of Starch and Starch Pretreatment

Form, functionality, and hydrolysis of starch have been discussed in detail in the liter-
ature [159,160]. The digestibility of starch can be influenced by several factors, including
granule size and shape, crystallinity, amylose to amylopectin ratio, and phosphate and
lipid content on the surface of starch granules [159–163]. In other words, the size of starch
granules, along with their surface characteristics and degree of crystallinity, can play an im-
portant role in determining their rate of digestion. Smaller granules with increased surface
area are more digestible [164]. Kumakura and Kaetsu [165] reported that pretreated starch
raw materials with mill could be effectively hydrolyzed using immobilized glucoamylase.
Mechanical crushing treatments may affect enzymatic hydrolysis [165]. Generally, starch
crystallography is divided into A, B, C, and V types, depending on their crystallographic
characteristics, with amylose content affecting their crystalline structure. Cereal starches
exhibit A-type (monoclinic); tubers and high amylose starches display B-type (hexago-
nal); legumes, certain fruits, and stems demonstrate C-type; and V-type is observed when
amylose is complexed with lipids [166–170]. Enhanced levels of A-type crystalline struc-
ture and amylopectin side chains in the range of DP 6–24 contribute to an accelerated
digestion rate [171]. Amylose content and amylopectin architecture can affect thermal
properties and gel formation [159]. Wickramasinghe et al. [162] reported that high amylose
can decrease starch gelatinization enthalpy and its effect is stronger than that of phosphate.
Also, amylose contributes to the decreased swelling power [162]. Lipids in starch limit the
accessibility of digestive enzymes to the starch granules, which can reduce the rate of starch
digestion [172–174]. As phosphate content affects the physicochemical properties of starch,
it can also influence starch digestibility [175]. Noda and Sarker [176] studied the enzymatic
digestibility of various raw and gelatinized starches (e.g., potato, sweet potato, cassava,
and yam starches) and reported that higher values of phosphorus content are typically
associated with lower digestibility in raw and gelatinized starches [176].

6. Conclusions and Future Perspectives

This study provided an overview of sweet potato properties, syrup production pro-
cesses, and effective parameters on syrup production. Sweet potato glucose syrup pro-
duction can be a promising and viable alternative to traditional corn-based glucose syrup
production. The use of sweet potato as a raw material can provide several benefits, includ-
ing a more sustainable production process, as well as a potential for increased nutritional
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value in the final product. Additionally, the use of enzyme technology can allow for more
precise control over the hydrolysis process, resulting in a suitable yield of glucose syrup.

Two approaches can be applied for syrup production: (1) direct use of sweet potato
root and (2) use of extracted starch for syrup production. Sweet potato starch extraction is
processed through the following steps: grinding the washed and peeled roots, homogeniza-
tion with water, centrifuging several times, dehydration, and milling. Different methods can
be applied to convert the starch into syrup, e.g., acidic conversion, enzymatic conversion,
and acid–enzyme conversion. Acid hydrolysis is a simple method. However, disadvan-
tages such as the need for corrosion resistant materials, more energy usage for heating,
and difficulty controlling the reaction have shifted the option to enzymatic hydrolysis.
Enzymatic hydrolysis of sweet potato starch consists of gelatinization, liquefaction, and
saccharification. To improve the quality of syrup, the process can be followed by filtration
and concentration.

Further investigations are still desirable to focus on optimizing the production process
to improve the efficiency and cost-effectiveness of sweet potato glucose syrup production.
This can include improving sweet potato syrup production and its storage, determining the
key physical and chemical factors modulating the acceptance of sweet potato sweetener
syrup by consumers, low-cost and appropriate sweet potato processing technologies and
methods, exploring new enzymes or enzyme combinations that may be more effective in hy-
drolyzing sweet potato starch, and investigating new methods for pretreatment or refining
of the raw material. In addition, continued efforts can be made to develop new applications
for sweet potato glucose syrup in various industries, such as food, pharmaceuticals, etc.
Improvement in these areas can contribute data and knowledge to the food industry.
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