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Abstract

Background and Obijectives: The development of plant-based ice cream products made from germinated legume
milk aims to achieve three objectives: (1) to investigate the production process of plant-based ice cream using
germinated legume milk; (2) to evaluate the acceptance of plant-based ice cream made from germinated legume
milk; and (3) to analyze the chemical, physical, and microbiological properties of plant-based ice cream made from
germinated legume milk.

Methodology: Three types of legumes (black beans, soybeans, and white beans) germinated. in order to extract
germinated legume milk as a substitute for dairy milk in ice cream formulations. A mixture design experimental
approach was used, resulting in 6 different formulations. The ice cream produced from these formulations was then
analyzed to select the three formulations with the highest GABA content. These three selected formulations were
further evaluated for their acceptability as plant-based ice cream made from germinated legume milk. Sensory
quality attributes such as color, aroma, taste, creaminess, mouthfeel, stability, and overall preference were
assessed. Additionally, physical properties including pH, color values, hardness, viscosity, total soluble solids, and
overrun were measured. Chemical properties were also studied, including GABA content, total phenolics, total
flavonoids, antioxidant activity, and chemical composition.

Main Results: After 8 hours of soaking, the three legume types exhibited different water absorption rates, with
soybeans absorbing the most water. After 24 hours of germinating, white beans showed the fastest growth. The

geminated legumes were steamed and blended with water to produce germinated legume milk for the ice cream
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formulations. Among the six formulations, Formula 6 (55:35:10) demonstrated the highest GABA content (32.05
mg/100 g), followed by Formula 5 (29.04 mg/100 g) and Formula 4 (22.10 mg/100 g). Sensory evaluation revealed
that Formula 6, with a ratio of black bean, soybean, and white bean milk at 55:35:10, was most widely accepted.
This formulation exhibited a pH of 6.65, brightness (L*) of 73.52, redness (a*) of 1.97, yellowness (b*) of 10.86,
hardness of 115.94 g-force, total soluble solids of 18.40 °Brix, viscosity of 4840.35 cP, and overrun of 59.48%.
Chemical analyses revealed a GABA content of 33.05 mg/100 g, total phenolics of 25.99 mg GAE/100 mL, total
flavonoids of 76.88 mg QE/100 mL, and antioxidant activities (FRAP, DPPH, ABTS, ORAC) of 14.38, 19.76, 22.93,
and 160.96, respectively. The chemical composition of the ice cream per 100 grams consisted of 80.42 grams of
moisture, 2.39 grams of protein, 2.96 grams of fat, 0.63 grams of ash, 13.60 grams of carbohydrates, and 90.6 kcal
of energy.

Conclusions: The plant-based ice cream formulated with a ratio 55:35:10 of black beans, soybeans, and white
beans showed the highest GABA content. This formulation exhibited a higher amount of black bean milk,
contributing to elevated levels of total phenolics and flavonoids, which are known to enhance antioxidant capacity.
The nutritional composition also showed an increase in moisture, protein, and ash content, while fat and
carbohydrate levels decreased. Therefore, using germinated legumes in ice cream production contributes to
a higher protein content and lower fat and carbohydrate content, making it a nutritionally favorable alternative to
traditional dairy ice cream.

Keywords: ice cream; plant-based; legume milk; germinating; GABA
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Table 1 Quantity of milk from 3 types of germinated legume

Legume milk 1 Legume milk 2 Legume milk 3 Total Legume
Experimental Black bean Soybean White bean milk (gram)
(% / gram) (% / gram) (% / gram)
T 60 (420) 30 (210) 10 (70) 700
T2 55 (385) 0 (210) 5(105) 700
T3 50 (350) 0 (210) 0 (140) 700
T4 50 (350) 5 (245) 15 (105) 700
5 50 (350) 0 (280) 0 (70) 700
T6 55 (385) 35 (245) 0 (70) 700
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Weigh the ingredients according to the recipe

|
Heat the water add ice-cream enhancer, stir until dissolved, add geminated grain milk and sesame milk
Add sugar and salt, stir until dissolved, blend with a blender at speed 7 for 1 minute
Put into container and incubate in a refrigerator at 5°C for 18 hours
Put in the ice cream maker at -5°C for 15 minutes
Keep in a freezer at -18°C

|

Plant-based ice cream from geminated legume milk

Chart 1 Steps for making plant- based ice cream from germinated legume milk
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19an 10 FaT39 (Figure 1) aandsanailinlaaniuendndamaesuazdoni asininisasoyidulalunissanlfmiongn

1.2 nanaratnuN sty Nawwnzean Tunsan laAnsuunausiug wudn n9lauAaSTyNTWIzsang i
80 ALEALTEA DAY 15 W7 AugN uaziNAnstyRTwazeantaiuydlan ludnendou 1 sia 1 Tusauiu nsag
azlaanerauzinunsyNandauduniafmvunzan lunsuam laAnTuunausiug

1.3 wan19vgms laAnTuunAUMLgANUUN STy AN zean Tagtin Syt zean 3 THANIMALNUUNER
AaedansldmAliAnIsaNLULNIIMARBILLLNAN (Mixture Design) 1#a1uau 6 gm3 (A9 Table 1) AnsAMaNLH
NWNILNIN LAZANINNINLAN WL ANA A1UAINAYS (LY) gRsh 5 HANgegalananuadeaaugn 1898930

dl Yo i v a [ | =3 :/ dl % v 1 1 o 1 IS
ugnah 4,3 uaz 6 lAranadnelndipesiu Arffunnesudeianuanazaraun s ladfinouuansieiuadied

o o o aa

e dAuN19ad5 (p>0.05) uariEunmansniun Tnaasniun (GABA) ilunsaerdluifintunusssugnfnag lu

A v & a =

W &57 uazqauniae nARAINNITLIUNIAATUANTIATY (Decarboxylation) a84nsaaziilungmain tnaaulafazgn
L99A08 AN9ENITUT WAYNII9aN (Sarasa et al., 2020) WU UFNIUANINILNGATA 6 AunTiga A 32 mg/100 g
99989N1GR9N 5} 29 mg/100 g UATERsT 4 H 22 mg/100 g (A9 Table 2) AIAALRDNAIUI 3 AT AD §AIT 6, 5 LAT

4 gnAnenreeNiUleAnTuUNAUUAANUN WS AWz 9N
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1. Black beans germinate at 0, 10, 12, 18, 24 hours

2. Soybeans germinate at 0, 10, 12, 18, 24 hours

3. White beans germinate at 0, 8, 12, 18, 24 hours

Figure 1 Three types of Legumes with different growth times for germination

Table 2 Physical and chemical properties of plant- based ice cream from germinated legume milk.

ol Black: Soy: White Color TSS™ GABA

Bean L* a* b*"® (°Brix) (mg/100g)
1 60:30: 10 71.99+40.76° | 2.25+0.11° | 11.33+0.41 | 18.7540.10 | 13.70+0.10°
2 55:30:15 72.17+0.88™ | 1.81+0.38° | 10.76+0.57 | 18.50+0.12 | 15.40+0.12°
3 50 :30 : 20 73.86+0.64™ | 1.99+0.44° | 11.60+0.57 | 18.50+0.15 | 17.11+0.16"
4 50:35:15 73.87+1.11% | 1.91+0.13% | 10.81+0.55 | 18.55+0.10 | 22.10+0.15°
5 50:40: 10 74.23+1.18% | 1.95+0.26™ | 11.26+0.15 | 18.60+0.11 | 29.04+0.11°
6 55:35:10 73.50+1.40® | 1.98+0.11% | 10.87+0.88 | 18.70+0.13 | 32.05+0.10

Note : *° The vertically different superscripts refer to statistically different average (p < 0.05)

" The horizontal superscripts refer to statistically not different average (p > 0.05)
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2. naAn¥INM9eaniUlaANTNLNAWMLAANUNUN Y RTINNZ 10N TIHIUN19ARIABNA N AANTRN NN UAY

UFHIA1INILN AU 3 gms Nmadeussiliuamninniglsramdnda T Eua1wu 50 A (A4 Table 3)

Table 3 Sensory Evaluation of plant- based ice cream from germinated legume milk.

Ratio of germinated legume milk (black beans : soybean : white beans)

Sensory Evaluation

50:35:15 50:40: 10 55:35:10
Color 7.22 +1.09° 7.46 +0.93%° 7.70 + 1.14°
Odor™ 7.40+1.03 7.78 + 0.93 7.36 + 1.06
Taste 7.12+1.22° 714 +0.86° 7.98 +0.77°
Smoothness 7.28 +0.95° 714 + 095" 7.96 +0.75°
Stability™ 7.52 +0.89 7.56+ 0.88 7.82+0.89
Melting™ 7.25 + 0.94 7.24 +0.81 7.22+0.86
Overall preferences 7.12+1.09° 7.84 +0.74° 7.30+0.83"

Note : *° The horizontal different superscripts refer to statistically different average (p < 0.05)

"™ The horizontal superscripts refer to statistically not different average (p > 0.05)

a o

AN Table 3 wudnleAnsuunausuagnsn I uuiyawIzeenIidnadouaasdoni Gamaed waziounn
#1 55:35:10 fAnlnnseaniuninigaa1ud sa118 wazaanfiaureaiialednsn uazaonuassinresladnsndan

loAnanunausiuagmai 50:40:10 gauliniseaniuuniigasiunau uazanuaeulnasu uazloAnsuunausiug

Iy ' (% = a

qnan 50:35:15 Hanlin seeniuuinigadiunisazatalutin Watdnndweziatinuansing wudt AuA saTii

Ao 2 us

AnaLieueaiialedniy wazanteulnasin HAnNuAnsA1eiuesinaldudn Anynneana (p < 0.05) Teganlinng

(7 al

'
o

o = - oy s o Ao ) o o = o A
ﬂ@N?Ui@ﬂﬂ?NLLW@umLU@@JW?WIﬁuquNﬁmWﬂLWWzQﬂﬂWN@miq@'Jum@\iﬂQﬂq NLUARY LATNIUNT N1 55:35:10

50:35:15 50:40:10 55:35:10

Figure 2 Plant- based ice cream from germinated legume milk (Black: Soy: White)
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3. ANIAMNIMINAT AANTRNINIENIN UAZATNINN NGRS
3.1 P9AIRAeLANNINNINLAY Uinnuansdsznauuedniiaunn waztFuinmanlauessdviavun (Figure 3)

AAUNBAUELYABATY LaTLFNIUA1INILA (A4 Table 4) AnTedaerlssnaunnaail (Table 5)

Total phenolic and total flavonoid

BAB 2
B .
g0 79.67 B
76.88

80
E e
8 8 7o
[T
<<
3 2 eo
g E
i) g 50
s s
@ ©
5 = 40
s 8 b b b
= " a0 25.89 27.07 25.99

20

10

o]
Formula 1 Formula 2 Formula 3 Milk ice cream

I Total phenolic I Total flavonoid

Figure 3 Total phenolic and total flavonoid of plant-based ice cream from germinated legume milk and milk
ice cream
Note : “°° The horizontal different superscripts refer to statistically different average (p < 0.05)

*® The horizontal different superscripts refer to statistically not different average (p > 0.05)

v
o

a1n Figure 3 wadATedtfuianstszneviluadniavun uazdsunnmanliueamiavunvesledniv
- ¥ o A al ' a = al ~ o | o
UNAUFLAANNUIUN SN TN zean wazladnTuun wudn laAnTuuuldiuiufuedniesvuawingy 42.74 mg

GAE/100 mi dauleAnauunausiuaanununsayNamnzeaniia 3 gns Hlsunnmueaniisunn liuansneiueied

o o

e d1Aun19ada (p>0.05) doutFunauanlaueasianungandnlesnsuun Inagasnlduiiunsyianizeanid

v

TRIdauesionT d9maes uaziaena 7 55:35:10 HAuIngawiniL 83.20 mg QE/100 mi dquladnsnuniAtias

2 o

NqawiniL 64.94 mg QE/100 ml a3tAsziANLANFNg HAnuuanseiuatnlisdAtynisalis (p<0.05) Hadt
=
a

o

IARADNGAT IO ANTHUWAUSTLAR NN NS RTIN 298N gRIlDRI14IUTIBI09AT GRS UAZTA112 71 55:35:10
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Table 4 Antioxidant properties and GABA of plant-based ice cream from germinated legume milk

and milk ice cream

Ratio of germinated legume milk

Antioxidant (black beans : soybean : white beans)
properties Formula 1 Formula 2 Formula 3 Milk fce cream
(50:35:15) (50:40:10) (55:35:10)

FRAP 13.39+0.33° 14.34+0.27° 14.38+ 0.26° 8.17+1.03°
DPPH 14.54 + 155" 13.99+0.11° 19.76 + 0.56 ° 10.22+ 0.83°
ABTS™ 2217 +0.17 22.44 + 0.4 22.93+0.34 22,55+ 0.37
ORAC 152,51+ 5.82° 147.94+10.12° 160.96 +3.30° 44629 + 5.48°
GABA (mg/100 g) 23.01+0.10° 29.03 +0.06° 33.05+0.06" 3406 +0.07°

Note : * The horizontal different superscripts refer to statistically different average (p < 0.05)

" The horizontal different superscripts refer to statistically not different average (p > 0.05)

-

Q7N Table 4 HANNIAATITUNEA
=
W

nuayyadaszaeslaAnsuLNAUUAAINUNUN

£

[% e~ =
nzean wazlaAnauuy
BN198N 3 gAs AAuaNnsnlunsFueYyaBdsy FRAP, DPPH, ABTS

wudn laAnTuLNANRILAAINUNUNSTY
waz ORAC gananlaAnsuun lHedLA1ipanuuansIaN1sfuaLyyasase FRAP, DPPH Uay ORAC HAYINWANGIN

Auatnalded1ATYn19aA (p < 0.05) Puaua1snIun gaslamnTNuniFuia19n1u7 34.06 mg/100 §9N4A

1
o o

o - das¥ o 4 dat o . - o d
7098987 laAnTuunausiuagasn lduuniyRainizeennddnadoueddonn dowwaes uazian # 55:35:10
HUFNNuA19N1L7 33.05 mg/100 §AdrasAniaenleAnTuunausiuagn s lduiuusysnizeanndansndon

IIHIAN TAUNADI WAZHIU9 1 55:35:10

Table 5 Chemical properties of plant-based ice cream from germinated legume milk and milk ice cream

Chemical properties Formula 6 Milk ice cream Percentage Increase
(55 :35:10) or decrease
Protein (grams) 2.39 2.08 +0.31
Fat (grams) 2.96 8.03 -5.07
Ash (grams) 0.63 0.46 +0.17
Moisture (grams) 80.42 72.84 +7.58
Carbohydrates (grams) 13.60 16.59 -2.99
Energy (KCal) 90.60 146.95 -56.35
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AN Table 5 W41 laAnTuunausiuagn s I dunun syt zean i nadauaeaion fo1ae uazfaunam
55:35:10 TpuA e lnguin siinausuldsiu i wazaanaulnefeuazNiinau Ae 0.31,0.17 way 7.58

° o d! 24 1 U a
ATNAAL sﬂ\ﬂ‘VlQMﬂWWWQIﬂﬂuWﬂWiN’]ﬂﬂQ’]VL@ﬂﬂﬁ‘llull

3.2 N17MIVREDUAMANTANNAENIN (A4 Table 6)

Table 6 Physical properties of plant- based ice cream from germinated legume milk and milk ice cream

Ratio of germinated legume milk
Physical properties (black beans : soybean : white beans) Milk ice cream
50:35:15 50:40: 10 55:35:10

pH value™ 6.65+ 0.01 6.66 + 0.01 6.65+ 0.01 6.70+0.10
Color (L*) 73.85+1.16°  74.26+117° 7352+ 138°  91.29+1.40°
(a*) 1.92+0.10° 1.95+0.30° 1.97+0.80° 0.79+0.11°
(b*) 10.86+0.50°  11.28+0.13°  10.86+0.88°  14.60+ 0.98°
Total soluble solids (°Brix) 18.45+0.10°  18.30+0.10°  18.40+0.15°  18.90+ 0.23°
Hardness (g force) 117.84+ 851  121.03 +8.49° 11594+ 7.74°  57.42+7.50°
Viscosity (cP) 4,835.39+6.73° 4,829.37+4.62° 4,840.35+5.74° 1,275.33+6.44"
Overrun (%) 59.46+0.01°  59.46+0.01°  59.48+0.01°  67.37+0.02°

Note : * The horizontal different superscripts refer to statistically different average (p < 0.05)

" The horizontal different superscripts refer to statistically not different average (p > 0.05)

41N Table 6 Wud1 leAnTuunauiuaa NN EyNTnazeniAn pH Nidunsngan] 1 3 guslndiAaeiy

o

' a 1= ' o 1 a o o aa a0 A U ¥ ! a
A1 pH m@avl,fammuuu 11]3\1ﬂQWNLLﬁmﬁ]’Nﬂuﬂﬂ’NNuﬂ@? UNNMNADF  LATHATAAITHAIN (L*) u@?_lﬂ'ﬂvla@ﬂﬂﬁ‘llull

e =

A9uA1 a* HAAHuALaeNiInnInlaAnTNLE d9uAn b* HAA N udwasstesndnleAnTuun Talamndu

% o

unauFlugaINUnuNSyAanzean i ldarldmisau Wadinmziaunanste JaanuuansneiueeneldadAny

o

' ' a -

N19EDA(p < 0.05) ANLFNN BT NN AN AzA 81N b HAN88T2rINe 18.45 — 18.30 a9A1UINT daulerAnTuuu

U

'
! o e A

Ay 18.78 aeAUIng WaAlAsziANLANANS HAouuansteiued 19ldadAyneaia (p < 0.05) daumn
ARNNTA BRIINITTUNTBINARA DT UATAIAINUTY HATANULABL LIS 4,840.35 — 4,829.37 Laufnasd

ﬁ’]ﬁﬂvmmmﬁuﬂagﬁwdw%@ﬂm 59.48-59.46 warAIANNLDa(Hardness) 8¢j7e1314 121.03-115.94 g force 491

a

laAnsuuniAtaunila 1275.33 iuinesd A1dnsnistulieaay 67.37 uazAradnuude(Hardness) HANAL

o a 2 o o

57.42 g force WadlATziAINUWANGN A uuaANsiuetaliltdAtynneadia (p < 0.05) fadudnaanladna

D

A o ]

wnauFLUAgAsT NN Rt zsanIRERI dauaasdann damaes uazinan 1 55:35:10
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