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sesame hull, The study aimed to produce nutritionally enhanced ice cream by adding sprouted soybean (SSB) and sesame hulls (SH) at dif-
sprouted soybean, ferent concentrations to partially replace skimmed milk powder (SMP). The physicochemical, total phenolic content (TPC),
fiber, nutritious antioxidant activity (AOA), and sensory acceptability of ice cream fortified with SSB or SH were evaluated. The ice cream con-
ice cream taining 15% SSB was found to have the best sensory characteristics and was most preferred by the taste panel. The addition

of 15% SSB increased the protein and fiber content and improved melting resistance, while the addition of 15% SH resulted
in a greater increase in dietary fiber but lower protein content and melting resistance. The highest overrun on the cost was
obtained in the sample fortified with 25% SSB compared to the lowest in the sample fortified with 25% SH, but panelists gener-
ally did not like these samples in terms of taste-flavor. The study concluded that the addition of SSB and SH to replace SMP in
ice cream can create a nutritious and low-cost product with similar physicochemical properties and acceptance to the control.
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N3YYEHHNE TIOTEHIWAJIA IIPOPOITEHHBIX COEBBIX BOBOB
N KYH)XXYTHOMU WEJYXHU OJI4 TIOBBIEHNUA ITMIIEBOU
HEHHOCTU MOPOJXEHOTIO

omb-Makeyn A.A.A.Y, Xavinapuuempkan M. A%, Abenensmakceyn, T.I*

! Kadenpa Hayky o Mosioke, CebCKOX03sICTBEHHBIN hakynbTeT, Kaupckuit yuuBepcuret, ['nsa, Eruner
2 Kacdepmpa nuineBoii IpOMBbIIIIEHHOCTY, HayuHO-1CC/Ie[OBATENbCKUIT MHCTUTYT MUIIEBOI HAYKM U TeXHOJOTUM, Menixen, UpaH
5 dakynbTeT HayKM o nuine, CellbCKOX03s1iCTBeHHBI hakynbTeT, Kaupckuit yauBepcurer, ['m3a, Eruner

K/IFOYEBBIE C/IOBA: AHHOTALIA

KYHMYymHas wemnyxa, Llenbio MccienoBaHust 6bUI0 TIPOU3BOICTBO MOPOXKEHOTO C TIOBBIIIEHHO! MUTATEIbHOI IIEHHOCTHIO ITyTEM 106aBI€HNUS TPOPO-

npopoujeHHble coesble  TeHHbIX coeBbix 6060B (I[TCB) 1 KyrKyTHO 1emyxu (K1) B pasnmMuHbIX KOHIEHTPALMSIX /I YaCTUUHOM 3aMEHbI CYXOT0 00€33KM-

00001, K1EMUamxa, penHoro mosnoka (COM). OueHnBamich GU3NKO-XMMMUIECKye TIOKasaTenu, obiee conep>kanue (enonos (OIIIT), aHTMOKCUIAHT-

numameibHoe Hast akTUBHOCTD (AOA) 1 opraHosenTiyeckasi pyeMIeMocTb MOPOskeHOro, o6oraiieHHoro [TCB wu KIII. Bbiio o6HapyskKeHO, YTo

MOopoxceHoe MopoykeHoe, comepskaree 15% I1CB, o6rmamaeT IyyIimMy OpraHoNeNTUIeCKMMY XapaKTePUCTUKAMMU U SIBJISIeTCsT Hanbosee rpez -
MOYTUTEBHBIM PV OLIEHKEe BKyCa JerycTalMoHHOi Komuccueii. [Jobasnenve 15% IICB yBemnunsio comepskanye 6eka 1 Kiet-
YaTKY Y TIOBBICMJIO YCTOMYMBOCTD MOPOYKEHOTO K TastHUIO, TOra Kak nobasienne 15% KIII mpuBeso K 6ObIIEMY YBEIMYEHNIO
CofiepskaHMsI TIUIIEBBIX BOJIOKOH, HO K CHYDKEHMIO COZlepsKaHMs Oeska M MOHVDKEHWIO YCTOMUMBOCTY K TasiHuio. CaMoe BbICOKOE
TPEeBbILIEHME CTOMMOCTHM TIPOAYKTA ObIIIO MOTyYeHO B 06pasiie, oboraieHHoM 25% I1CB, 1o cpaBHEHMIO € CaMOii HU3KOi CTOM-
MOCTBIO ITPOIYKTA, TOTyYeHHOM B 06pa3iie, oborameHHoM 25% KIII, Ho wieHaM JerycTalyioHHO KOMUCCHUM B LIeIOM 3TV 06pas3-
1IbI MOPO’KEHOTO He MOHPaBMIIMCh C TOUKM 3pEeHMsT BKyca 1 apomara. [lokasaHo, uto go6asnenyvie I1CB u KIII as samensr COM
B MOPOKEHOM MOKET CO37aTh IMUTATEIbHbIN 1 HeIOPOTO¥i TIPOAYKT CO CXOKMMU (PU3UKO-XMMUIECKVMM CBOICTBAMY M BKYCOM.

https://www.fsjour.com/jour
Hayunas ctaTtbs
Open access

BJIATOOAPHOCTD: ABTOpBI BbIpaKAIOT 61arofapHoCTb Kadeape MUIeBoii MPOMBIIIEHHOCTH U Kadeape HayKy O MOJIOKe 3a MOJAEePKKY JTaHHOTO
MCCIeloBaHMs.

1. Introduction

In recent decades there has been a noticeable increase in public con-
cern for health and quality of life, which concern has led to improved
dietary habits and increased consumption of foods with acknowledged
health benefits, and innovative nutritious foods. Nutritious foods are the
foods that provide specific bioactive components beyond basic nutrition
due to their considered health benefits [1].

Ice cream is a product with high acceptability, universal awareness of
the product, and has a high probability of business growth due to its nu-
merous varieties and combinations [2].

In reality, ice cream is not only considered a fun food but also a rela-
tively well-balanced, nutritious, easily digestible, and delicious food [3]. So,
it is a great model for providing development and innovation products.

FOR CITATION: El-Maksoud, A. A. A., Hesarinejad, M. A., Abedelmak-
soud, T. G. (2023). Exploring the potential of sprouted soybean and sesame hull
to increase nutritional value of ice cream. Food Systems, 6(3), 403-408. https://doi.
org/10.21323/2618-9771-2023-6-3-403-408

On one hand, soybean is one of the oldest food crops in the world
and has been studied as a potential ingredient in many foods. It is also
a good source of vegetable protein and a healthy source of fat, vita-
mins, minerals and fiber [4]. Furthermore, plant-derived substances rich
in dietary fiber play a significant role in enhancing sensory attributes
and exhibiting water-holding properties of ice cream [5]. In addition,
soybean has already gained attention as a potential ingredient for vari-
ous foods due to its numerous health benefits [6]. Sesame, on the other
hand, is a plant of the Pedaliaceae family and has been cultivated for
its oil since ancient times. Sesame hulls are often removed from the
seeds during processing as they can stain the seeds dark [7]. However,
the recent research suggests that sesame hulls have potential health
benefits and are exceptionally nutritious due to their high content of

OIS0 UUTUPOBAHUS: dnb-Makceyn, A. A. A., Xaitmapuuemkan, M. A., AGe-
nmensmaxcyn, T. I. (2023). VisyueHue TOTeHIMaIa MPOPOLIEHHbIX COEBBIX 60O0B
M KYH>KYTHOJA [I€JTyXM 115 TOBBIIIEHNS TIMIIEBOi LIEHHOCTM MOPOKeHOro. [Tutyessle
cucmemsl, 6(3), 403-408. https://doi.org/10.21323/2618-9771-2023-6-3-403-408
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antioxidants, bioactive compounds, and natural preservatives such as
sesamolin and sesamin [8]. These hulls can be used for a variety of pur-
poses including animal feed as a source of dietary fiber and in the deve-
lopment of nutritious foods.

Sprouting of seeds is known as a way to improve the nutritional
value of the seed due to several metabolic changes that are activated
during sprouting, thus, the nutritional content of the sprouted bean is
improved while anti-nutritional components such as trypsin inhibitor
and phytic acid are reduced as the latter substances inhibit the diges-
tion of some important minerals such as Fe, Zn, Ca, and Mg [9]. Ger-
mination, a non-chemical, non-thermal process, is also a better way
than cooking to reduce efficiently the levels of anti-nutritional factors
without deterioration of the resulting product quality [10]. Examples
of the resulting increase in levels of content and bioavailability of
many essential nutrients in soybeans include all vitamins, with ascor-
bic acid levels showing the most noticeable increase during germina-
tion, as soybeans contain no or undetectable levels of ascorbic acid in
the unsprouted seed, which increases greatly during germination [11].
The reduction and elimination of the three main soy allergens also has
several advantages: it is simple, money-saving, and easy to run on an
industrial scale compared to technological processes aimed at elimi-
nating or reducing the number of allergenic proteins. Food produced
this way (by sprouting) is safe since no microbial enzymes or deter-
gents are used in the process [12]. Also, the content of several bioactive
compounds rise during the biological process of germination, such as
the levels of folate, which increases during germination and has im-
portant biological functions, as it contributes to the prevention of DNA
damage; some evidence suggests its preventative effect in some types
of cancer, including colon cancer [13].

As aresult, there is a growing number of health-conscious consumers
of nutritious foods, including, most recently, the production of nutritious
ice cream. In addition to nutrient-rich ingredients like fruits, vegetables,
legumes, and edible food waste (peels and edible husks), the concept of
functional food also includes food fortified with minerals, vitamins, fiber
and probiotics [14]. Soybean and sesame hulls for decades have been rec-
ognized as inexpensive sources of protein, fat, fiber and minerals [15]. Al-
though ice cream is full of nutrients such as protein, fat, sugars, minerals
and vitamins, it still lacks a very important nutrient, which is fiber, and
despite the number of papers published on functional ice cream, without
mentioning the use of soybean as a source of fiber in addition to veg-
etable protein which is easier to digest due to the sprouting process [16].
Therefore, the aim of this study was the development of a nutritious ice
cream with SSB and SH admixture.

2. Materials and Methods
2.1. Chemicals and materials

All chemicals used in the analyses were purchased from Sigma Chemi-
cal Co. (St. Louis, MO, USA). Soybean, skim milk powder (SMP), buffalo
cream, sugar, and cocoa powder were purchased from a local supermarket
on the 6™ of October city, Egypt. Table 1 observed the chemical compo-
sition of dairy ingredients (SMP and Cream). Stabilizer and emulsifier
(sodium alginate and guar gum) were purchased from MIFAD, the food
additives company in New Cairo.

Table 1. Chemical composition of dairy ingredients
Ta6nuiia 1. XMMMYeCKuii COCTaB MOJIOYHbBIX MHTPEAVEHTOB

Ingredients SMP Cream
Moisture 4.60+0.24 39.15+0.53
Protein 33.04£0.57 2.30+0.11
Fat 1.22%0.12 54.61£0.40
Ash 7.93+0.04 1.64%0.02
Carb (cal) 53.21+1.58 2.30+0.13

SMP: Skim milk powder; Carb: carbohydrate.

SMP: cyxoe 06eskupeHHOe M0oIoKO; Carb: yrieBo/bl.

2.2. Soybean sprouting

Rinse the soybeans with cold water and leave them to soak overnight
in the refrigerator. Place the cleaned soybeans in a planter with small
holes in the bottom and pour more water in the planter every 5 hours
to keep the soybeans wet. The water will drain through the small holes
in the planter’s bottom. A black cloth is also used to cover the planter to
keep out the light for 3 days. Rinse and drain the sprouts several times
before storing them in the fridge. Using a hot air oven, the sprouted soy-
beans were dried at 40°C for 12 hours to remove the moisture without
affecting the nutrients naturally contained in the soybeans [16].
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2.3. Ice cream processing

Four ice cream mixes were produced according to the recipes shown
in Table 2. Buffalo milk was used in the production. The process began by
placing the liquid phase, consisting of water and cream, into a benchtop
pasteurizer equipped with the mixing blades. Following that, the solid
ingredients, which included milled sesame hulls or sprouted soybeans,
sugar, and stabilizer, were introduced. At this stage, either SH or SSB sub-
stituted 15%, 20%, and 25% of SMP. Subsequently, the temperature of the
mixture was gradually raised to 85°C and held at this temperature for 5
minutes, then cooled to 5 °C. A high-shear homogenizer was used to pro-
duce uniformly small fat globules, which improved the whippability and
texture of the ice cream mix. The ice cream is then aged at 4 °C for 5 hours
to allow the milk proteins and water to interact and the fat to crystallize.
The resulting ice cream was then aerated using an ice cream machine and
finally stored in suitable conditions (at -18 °C).

Table 2. Ingredients quantities at the various concentrations of
sprouted soybeans and sesame hull as substitutes for skimmed
milk powder in ice cream mix (g/kg)

Ta6nuua 2. KonmyecTBo MHIpeaMeHTOB Py J06aBIeHNM IPOPOILIeHHBIX
coeBbIX 6000B U KyH)KyTHOﬁ HIeJTYXY B pas/IMYHBIX KOHLIHEHTpauusax
B Ka4ecTBe 3aMEeHUTeJIel CyX0ro 06e3KMPeHHOro0 MOJIOKa B CMeCH
Ji7151 IPUTOTOBJIEHMSI MOPOJKEHOTrOo (I/KT)

Ingredients Control T1 T2 T3
Water 543 543 543 543
Cream 181.8 181.8 181.8 181.8
Sugar 145.0 145.0 145.0 145.0
SMP 85.20 72.42 68.16 63.90
Cocoa powder 40.0 40.0 40.0 40.0
Stabilizer 5.0 5.0 5.0 5.0
SB, SSB or SH 0.00 12.78 17.04 21.30

T: treatment; SMP: skimmed milk powder; SB: soybean; SSB: sprouted

soybean; SH: sesame hull
T: onbiTHBIN 06paser; SMP=COM: cyxoe o6e3kupeHHOe MooKo; SB-CB: coeBbie 6065b1; SSB=ITICB:
TpopoleHHbIe coeBble 606b1; SH=KIII: KyHKyTHas LIemyxa.

3. Methods of analysis
2.4.1. Chemical composition

Ash, moisture, protein, fat and fiber contents of all samples were de-
termined according to AOAC [17].

Carbohydrates were determined by the DNS method with some modi-
fications. The samples of 5 g were diluted up to 100 ml with ethanol of
70%, then heated to 90°C for 1 hour, after that a saturated solution of
lead acetate was used to precipitate the impurities, the solution was fil-
tered to get the filtrate, then another precipitation process was run by us-
ing sodium oxalate to get the pure filtrate of reducing sugars. The result-
ing clear solutions were built up to a known volume. 1 ml of both extracts
was diluted with 1 ml of DNS in separate test tubes and then boiled for
2 minutes, after that each extract was added to 8 ml of distilled water. The
final step involved using a spectrophotometer at 540 nm to measure the
amount of absorbed light which indicates the amount of reducing sugars
in the samples [18].

2.4.2. Tannin content

Tannin content: quantitative determination of tannins was carried
out according to Pulipati et al [19] as follows: One gram of each sample
was separately mixed with 10 ml of HCI in methanol 1% (v/v) in a dark
bottle and shaken for 20 min at room temperature, then filtered. 1 ml of
the supernatant was mixed with 5 ml (vanillin / HCl) mixture (by mix-
ing equal volumes of 2% vanillin in methanol and 8%HCl/methanol) in
a test tube and was exposed for 20 min to room temperature. The color
formed was measured at 500 nm using a spectrophotometer (Jenway 6300
VIS, Laborned Inc., USA). Catechin was used for the preparation of the
standard curve. Tannins were calculated as mg of catechin equivalent
(CE)/100 g on dry weight basis.

2.4.3. Total phenolic content

Total phenolic content was determined by the Folin-Ciocalteu method
according to Elsayed et al.[20], with some modifications as in described by
El-Maksoud et al [21]. Briefly, 1 ml of each sample (extracts before evapo-
ration) was placed in a test tube and 1 ml of Folin reagent was added.
After 3 min, 1 ml of sodium carbonate (7.5%) was added. The mixture was
left in the dark for 1 h and the absorbance at 740 nm was measured. The
total phenolic content was calculated from a standard curve of gallic acid
content and expressed as mg of gallic acid/mg of the sample.
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2.4.4. Phenolic compounds of sesame hulls

The phenolic composition of sesame hulls was determined by HPLC
(Agilent 1260 series, Santa Clara, CA, USA) according to Fathy et al. [22].
The UV detector was used to measure the phenolic chemicals at 280 nm.

2.4.5. Apparent viscosity of mixtures

Following the aging process, all mixtures were subjected to analysis to
determine their apparent viscosity. The apparent viscosity was measured
in triplicate at 25 °C using a concentric cylinder of the Brookfield Pro-
grammable viscometer (Model DV-II; Brookfield Engineering Laborato-
ries, USA) equipped with the UL adaptor. Spindle 2 was run at a rotational
speed of 40 revolutions per minute (RPM).

2.4.6. Overrun on the cost estimation

Overrun on the cost were estimated using the weight of the mixture
in a fixed volume container (50ml cup) and the weight of the fixed vol-
ume of ice cream (50 ml cup). Overrun on the cost was estimated at the
end of each collection point, resulting in three estimations of overrun on
the cost per the collection point. This was calculated by comparing the
weight of a known volume of ice cream (M,) with the weight of the same
volume of unfrozen ice cream mix (M,) by the formulation as follows [23]:

M
Overrun on the cost% = #x 100 1

2.4.7. Melting characteristics

The sample, placed on a wire mesh, melted and dripped into the bea-
ker below. The weight of the drip collected in the beaker was measured
over time. The rate of weight increase was defined as the melting rate.
This experiment was carried out at 25 °C in the laboratory incubator [24].

2.4.7. Sensory characteristics evaluation

The sensory evaluation of the ice cream samples in terms of their color,
taste, fat feel, rate of melting, viscosity, aftertaste, grittiness and overall ac-
ceptability (OAA) was carried out using a nine-point hedonic scale (1 = dis-
liked very much and 9 = liked very much) according to Ghaderi et al. [25] by
a semi-trained panel of ten members, including the laboratory’s scientific
staff. The samples were randomly drawn from each experimental block,
coded and served to the panelists in a sensory laboratory (the samples were
tested at room temperature of 25#1°C). Drinking water was provided for
each panelist to rinse the mouth before tasting each next sample.

2.4.8. Statistical analysis

The results obtained in this study were analyzed by analysis of vari-
ance (ANOVA) and the mean values were compared using the least sig-
nificant difference (LSD, 95%) by Duncan’s multiple range tests using
SPSS software.

3. Results and Discussions
3.1. The chemical composition of SB, SSB and SH

The Table 3 shows the chemical composition of soybean (SB), sprout-
ed soybean (SSB) and sesame hull (SH). It also shows the comparison be-
tween the chemical profiles of the sprouted soybean and the unsprouted
soybean. Composition is given in as percentage of moisture, ash, fiber,
carbohydrate, protein and fat. The moisture content of SB and SSB is
different, while SB containing 7.4% moisture and SSB containing 8.31%
moisture. SH features the highest moisture content of all three sam-
ples reaching 8.86%. The moisture content of the germinated soybean
increased significantly. When water enters the seed hull, seed swelling
starts and germination is initiated [26].

Table 3. Chemical composition of SB, SSB and SH
Ta6nuua 3. Xummueckuii cocras CB, IICB u KIII

Moisture% Ash% Fibers% h}gg::toe-% Protein% Fat%
SB  7.40%0.10¢ 4.00+0.10° 9.67+0.10> 25.2%0.2* 32.29+0.20" 21.4+0.2?

SSB 8.31+0.20° 5.90+0.30° 10.97+0.10° 21.0+0.2> 35.71+0.10° 17.4%0.1°

SH 8.86+0.20* 9.32+0.20° 20.28+0.10* 15.9%2.0¢ 17.20%0.10¢ 17.8+0.3"

SB: soybean; SSB: sprouted soybean: SH: sesame hull. Different letters (a, b,

¢) mean statistically significant difference (p < 0.05); The data is mean=SD
SB=CB: coeBble 606b1; SSB=IICB: mpopomieHHble coeBble 600bl: SH=KIII: KyHXyTHas Iiemyxa.
PasznuuHble 6YKBbI (@, b, ¢) 0603HAYAIOT CTATUCTUYECKY 3HAUMMYO pasHuiy (p < 0.05); ITokasaHbl
CpenHyie 3HaUYeHUs. icranuap’rﬂoe OTKJ/IOHEHMe.

In terms of ash and fiber content, SH had the highest percentage at
9.32 and 20.28% respectively, followed by SSB and SB. The increase in
ash content of SSB may be caused by starch loss during germination [27].

Therefore, the inclusion of SH or SSB into the diet may provide additional
nutritional benefits by contributing to the support of digestive health.
The carbohydrate content of sprouted soybeans was significantly reduced
compared to their raw versions. Vidal-Valverde et al. [28] explained that
during germination carbohydrate was used as an energy source for germ
growth, which could explain the changes in carbohydrate content after
germination. In addition, activity of B-amylase was increased, which hy-
drolyses starch into simple carbohydrates [29]. Starch in the cotyledon
was broken down into smaller molecules such as glucose and fructose to
provide energy for cell division as the seeds matured and grew [28,30].

SSB has the highest protein content (35.71%), followed by SB (32.29%)
and SH (17.20%). The apparent increase in protein content may be at-
tributed to the loss of dry matter, particularly carbohydrates, through
respiration during the sprouting [31]. Higher sprouting temperature and
longer germination time would result in greater loss of dry matter and
an increase in crude protein content. There is a resumption of protein
synthesis after imbibition [30], leading to an increase in protein content
in sprouted seeds.

Finally, the fat content is highest in SB at 21.4%, followed by SH and
SSB. The fat content of sprouted soybeans decreased significantly com-
pared to unsprouted soybeans. The decrease in fat content may be due to
the depletion of stored fat, which contributed to the catabolic activities of
the seeds during sprouting [32]. Devi et al [26] reported that the degrada-
tion of reserve nutrients (lipids and carbohydrates) during sprouting is a
process whose main purpose is to provide the energy required for protein
synthesis during a plant growth.

The differences in the composition of these three plant-containing
foods highlight the importance of including a variety of foods in a bal-
anced diet to ensure an adequate intake of all essential nutrients.

3.2. Phytochemical composition of unsprouted soybean,

sprouted soybean and sesame hull

Table 4 displays the phytochemical composition of unsprouted soy-
bean, sprouted soybean and sesame hull, in particular, their total phe-
nolic and tannin content. It also highlights the potential health benefits
of consuming the sprouted soybean and sesame hulls due to their high
tannin content and total phenolic content. Tannins and phenolics are two
types of plant compounds known for their health benefits due to their
antioxidant properties, which can help protect against oxidative stress
and prevent the development of chronic diseases such as cancer and car-
diovascular disease [4].

Table 4. Phytochemical composition of unsprouted soybean,
sprouted soybean, and sesame hull

Ta6nuua 4. PUTOXUMMUIECKUI COCTAB HEIIPOPOLIEHHBIX COeBbIX 6060B,
IIPOPOLIEHHBIX COEBBIX GOGOB M KYHKYTHOI LIETyXU

Materials Total phenolics * Tannins ®
SB 03.46+0.2b 4.73%0.2b
SSB 10.23+0.2a 8.31+0.2a
SH 31.40+0.3 —

2 Expressed as mg of gallic acid equivalents/g of dry material.

b Expressed as mg of mg catechin equivalents/g of dry material

SB: soybean; SSB: sprouted soybean: SH: sesame hull

Different letters (a, b, c) mean statistically significant difference (p<0.05); The

data is mean=*SD.

2 Bopa)kaeTcsl B MI' 9KBMBAJIEHTOB Iajl/IMeBoi KMCJIOThI/T CyXOro MaTepuarna.

" BeIpaskaeTcsl B MI' 9KBYMBAJIEHTOB KaTeX)HA/T CyX0ro MaTepuara.

SB=CB: coeBble 606b1; SSB=IICB: mpopoleHHbIe coeBble 606b1: SH=KIII: KyHKXyTHAasI LIemyxa
Pasmunbie 6yKBbI (a, b, ¢) 0603HAYAIOT CTATUCTUYECKY 3HAUMMYIO pasHuily (p < 0.05); TTokasaHbl
CcpenHNue 3HaYeHUsT iCTLlIUZLLlpTII()e OTKJIOHEHHMe.

The tannin content of dry soybean and sprouted soybean is given in
mg/g dry matter. Sprouted soybean featured significantly higher total phe-
nolic and tannin contents — 10.23+0.2 mg gallic acid eq/g and 8.31+0.2 mg
catechin eq/g compared to the dry soybean with 3.46+0.2 mg gallic acid
eq/g and 4.73+0.2 catechin eq/g, respectively. In contrast, the phenolic
content of sesame hulls was 31.40£0.3 mg/g and it contained no tannins.

The comparison between the phytochemical profiles of the sprout-
ed soybean and the phytochemical profiles of the unsprouted soybean
is shown above in the Table 4. The amount of total phenolics in 1 g of
soybean sprouts (in terms of dry matter) significantly increased with the
number of germination days. The amount of tannins in 1 g of sprouted
soybean (in terms of dry matter) increased significantly along with pro-
cess of germination [33].

The phenolic fractions of sesame hulls were quantified with the help
of HPLC, as it was demonstrated in the chromatography diagram pre-
sented in Figure 1. Significant amounts of coumaric acid, vanillic acid and
resveratrol acids were detected in.
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Figure 1. Phenolic fractions of sesame hull
PucyHoK 1. ®eHonbHBIE ppaKyy KYH)KYTHO HIETyXU

3.3. Effect of sprouted soybean and SH on the nutrition value of Ice-cream

Apparent viscosity values (cP) are plotted as shown in Figure 2. The
viscosity behavior is influenced by the addition of plant sources. The sam-
ples fortified with sesame hull (SH) showed increased viscosity compared
to the control sample or those fortified with sprouted soybean (SSB). This
may be due to the higher fiber content in SH (20.28%) compared to SSB
(10.97%) as shown above in Table 3[5].

140 -
120
100

80

60

Viscosity (cP)

I

40

20

T

I

Control SSB15 SSB20 SSB25 SHI15 SH 20

Figure 2. The average values of apparent viscosity (cP): SSB:

sprouted soybean: SH: sesame hull
Pucynok 2. CpegHue 3HaueHus1 Buaumoii Bsiskoctu (BB): SSB = IICB:
npopoieHHbIe coeBble 606b1: SH — KIII: KyH)XyTHas 1exyxa
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Overrun the cost of ice cream influences the final product’s body, tex-
ture, and palatability. It is also related to the yield and profit. The average
overrun on the cost was the highest in SSB (25%) and the lowest in SH (25%)
(Figure 3). The addition of sesame hulls significantly reduced the overrun on
the cost. The inclusion of sprouted soybeans (SSB) exhibited a tendency to
considerable rising of the overrun on the cost. This effect could potentially
be attributed to the supplementary introduction of protein into the product.
All samples could be statistically distinguished from each other.
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Figure 3. The average values of overrun on the cost (%):

SSB: sprouted soybean: SH: sesame hull
PucyHok 3. CpegHue 3Ha4eHUs peBbimeHns croumoctu (%): SSB=IICB:
npopoiuieHHbie coeBbie 606b1: SH=KIII: KyH)XyTHas mieayxa

Resistance to melting. Meltdown is another essential feature of ice
cream that influences its sensory quality (Figure 4). Deviation in the
melting parameter from its optimal value might cause the ice cream to be
faulty. Melting time was dependent on the ice cream formulation and es-
pecially on the nature of the emulsifier. Fat aggregation proved to be the
largest contributor to ice cream melting resistance [34] via the presence
of bounds formed by the presence of fat, proteins, or other stabilizers,
while the melting of the ice cream is also influenced by the ambient tem-
perature and heat transmission rate. Resistance to melting is calculated
via the following formulation, where A, is the weight of the initial sample
(30g) and A, is the weight of the melted sample [35].
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Figure 4. The average values of melting rate (g/min):
SSB: sprouted soybean: SH: sesame hull
PucyHok 4. CpegHue 3Ha4eHUsI CKOPOCTU TasTHUS MPOAYKTA (I/MMH):
SSB=IICB: npopoieHHbie coeBbie 606b1: SH=KIII: KyH)KyTHas mieixyxa

In general, as viscosity increases, so does resistance to melting and
texture smoothness [36]. Slow melting is usually attributed to over-sta-
bilization and this condition can be adjusted by reducing the amount of
stabilizer and/or emulsifier. The sprouted soybean may be responsible
for the increased viscosity and hence the increased resistance to melting
(Figure 3). The sample SH (15%) was criticized for “ “inability to melt”, as
it was considered a defect. This sample’s properties were often accompa-
nied by texture defects such as soggy, gummy, doughy, and sticky body
of the ice cream. This suggests that if such a high resistance to melting
is not required, it can be corrected by reducing the amount of stabilizer,
emulsifier, or milk solids (not fat) with additional cost benefits. Further-
more, it is noteworthy that in this study, the greatest impact on the resis-
tance to melting was correlated with the ice cream’s overrun on the cost.

Protein, fat, and crude fiber percentage in SSB and SH supplemented
ice cream were also reviewed. Table 5 presents the protein, fat, and crude
fiber percentages in ice cream made with sprouted soybean and sesame
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hull at different concentrations, as well as a control sample for compari-
son. As shown in Table 4 there is an increase in protein content in SSB ice
cream, unlike the SH ice cream which features protein content decrease.
This may be due to the high protein content of SSB (35.71% Table 3).
There are no significant differences in the fat ratio throughout all ice
cream trials. The crude fiber ratio shows significant differences through-
out all trials and the highest fiber concentration was found in the ice
cream with the highest SH concentration, due to the high fiber content of
SH as shown in the Table 2. In general, this table shows that the addition
of sprouted soybeans and sesame hulls to ice cream does not significantly
affect the protein content and fat content compared to the control sam-
ple. However, the addition of these ingredients increases the crude fiber
content, especially at higher concentrations. This may cause implications
for the nutritional value and potential health benefits of the ice cream,
but further studies are needed to fully understand these effects.

Table 5. Protein, fat, and crude fiber percentages in ice cream
with sprouted soybean and sesame hull

Ta6nuua 5. IIponeHT GeKa, )Kupa U ChIPoii KJIeTYATKM B MOPOKEHOM
¢ 106aB/ieHMeM IIPOPOLIEHHBIX COEBBIX GOGOB M KYHKYTHOJ LIETyXOii

Parameter Protein% Fat% Crude Fiber%

Control 4.65+0.10® 10.21£0.102 0.00

SSB15 4.67%0.10% 10.19£0.10° 0.44+0.10°
SSB20 4.80%+0.10° 10.21£0.202 0.93%0.10¢
SSB25 4.81%0.10° 10.14£0.10° 1.08+0.10¢
SH 15 4.51+0.10° 10.22£0.10? 1.07£0.10¢
SH 20 4.34+0.10° 10.30+0.10° 1.34+0.10°
SH 25 3.96+0.10° 10.11£0.10° 1.75%0.10°

Different letters (a, b, ¢) mean statistically significant difference (p < 0.05);
The data is mean*SD/

PasnuuHble GYKBHI (@, b, ¢) 0603HAYAIOT CTATUCTUYECKY 3HAUMMYI0 pasuuiy (p < 0.05); ITokasaHbl
cpeziHye 3HaUeHNs £ CTaHZAPTHOE OTKIOHeHVe/

3.4. Effect of different concentrations of sprouted soybean
and sesame hull on sensory attributes of ice cream

There were two types of admixtures (SSB and SH). Each type was pre-
pared in three concentrations. The parameters of these types and con-
centrations were tested and assessed, as shown in Figure 5. Among the
tests SSB15 seems to have performed relatively well, with scores close to
or above 8 for most attributes, except for color and sandy texture, which
were slightly lower. SSB20 and SSB25 appear to have generally lower
scores, particularly for color, flavor and resistance to melting, resulting
in a lower overall acceptability score. The SH ice cream samples (15, 20
and 25) also appear to have varied in their performance, with SH 15 per-
forming quite well, particularly in flavor, and SH 20 and SH 25 performed
relatively poorly in most attributes except flavor and fat feel.

The color of the majority of the ice cream samples was very accept-
able, except for the sprouted soybean one at 25% concentration. Regard-
ing the flavor score: both SH and SSB ice cream featured an unacceptable

flavor at 25% and 20% concentrations, but there is no noticeable flavor at
15% concentration of SH and a nutty flavor at the same concentration of
SSB. The viscosity score varied between 5 and 8, with the best viscosity
at 20% SSB and the worst one at 25% SSB. None of the trials gave feeling
of grittiness. As for the overall scores, the preference was given in the
following order: SSP 15%, SH 15% >SP 20%, SH 20% >SSP 25%, SH 25%.

Color
9

Control
= SSB 15
SSB 20
e SSB 25
e SH 15
SH 20
e SH 25

Overall acceptabillity

Sandy

/ Fat feel

After test Melting resestent

Figure 5. Effect of levels of sprouted soybean
and sesame hull on sensory attributes of ice cream,
SSB: sprouted soybean; SH: sesame hull
PucyHOK 5. BiusiHue comepskaHusi IPpoOpocCuIeii cCon
u KyH)KYTHOﬁ HIeJIyX¥M Ha OpraHoJiennTu4yeckue CBOJiCTBa MOPO>KeHOoro.
SSB=IICB: nipopouieHHbie coeBbie 606b1; SH=KIII: KyHKyTHas mexyxa

4. Conclusions

Sprouted soybean and sesame hulls improve the nutritional value of
ice cream by increasing the protein content and fiber content. According
to the sensory evaluation, ice cream with SSB15% was best preferred.
The newly developed ice cream features higher protein content and fi-
ber content compared to the commercial ice cream. The results support
the assumption that the use of SSB available in Egypt and the tech-
nology developed for its admixing to the ice cream increases the nutri-
tional value of ice cream; it now contains more protein and more fiber.
On the other hand, SSB admixture reduces the cost of the ice cream as
the mild soybean is used as a fiber source without affecting the sen-
sory properties of the ice cream. The protein content in SH ice cream
is slightly lower than in the control sample and SSB samples, ranging
from 3.96+0.1% at 25% SH to 4.51£0.1% at 15% SH. The fat content in
SH ice cream is similar to the control sample and SSB samples, ranging
from 10.11+0.1% at 25% SH to 10.30+0.1% at 20% SH. The crude fiber
content in SH ice cream increased along with increasing of SH concen-
trations, ranging from 1.07+0.1% at 15% SH to 1.75+0.1% at 25% SH.
In general, although sesame hulls may not be as nutritious as sesame
seeds, they may still have potential health benefits and numerous ways
of its application in various industries.
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* aBTOP JJIS1 KOHTAKTOB

Kpurepun apropcra

JTa CTaThs He COOEPKUT KaKUX-TM60 MCCIeI0BaHMIA
C YUaCTUEM JTIOJEI UM SKUBOTHBIX.

Bce aBTOpBI TpounTaIy OMy6IMKOBaHHYIO BEPCUIO PYKOIIMCH ¥ COMIACUITICH
¢ He¥i. Bce aBTOpBI TpouMTany 1 0f06pMIM OKOHIATEIBHYIO PYKOINCh.
Bce maHHble, MOTyyeHHbIE WIIM TPOAHAIM3MPOBAHHbIE B XOZe 9TOTO
MCCIIeI0OBaHNSI, BKTIOUEHbBI B JAHHYIO OITyO/IMKOBaHHYIO CTAThIO.
ABTODBI B paBHBIX JOJISIX MMEIOT OTHOLIEHNME K HAIIMCAHUIO PYKOIIICH
¥ OMHAKOBO HECYT OTBETCTBEHHOCTD 3a IIaruar.

KondmukT nHTEepecon

ABTOp 3asBisIeT 06 OTCYTCTBYM KOHGIIVKTA MHTEPECOB.
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