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Effect of Thai-Grown Temperate Cereal Malts on Physicochemical and
Sensorial Properties of Craft Beer
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Abstract

The contemporary craft beer industry increasingly seeks local adjuncts to establish unique product
identities and enhance agricultural value. However, empirical data regarding the application of temperate
cereals cultivated in Thailand as alternative brewing ingredients remains limited. Therefore, this study aimed
to evaluate the physicochemical and sensory properties of beer brewed from Thai-grown temperate cereals
malted, including barley line FNBLS#140, oat line SMGOTC21099 and wheat variety RDW1 (Samoeng 72).
Three brewing formulations were investigated: Formula 1 (barley mixed with oats), Formula 2 (barley mixed
with wheat), and Formula 3 (barley mixed with both oats and wheat). The results indicated that the grain
composition significantly influenced the physicochemical characteristics of the beer (p<0.05). Specifically,
Formula 1 exhibited the highest lightness value (L*) and received the highest color preference score from
untrained panelists. Formula 2 demonstrated the highest yellowness value (b*) and turbidity, whereas Formula
3 yielded the highest viscosity and total soluble solids. Conversely, variations in grain combinations did not
significantly impact the protein content, ash content, alcohol by volume (ABV, ranging from 7.50% to 7.53%),
or overall sensory acceptability. These findings substantiate the potential of Thai temperate cereals as viable
alternative brewing ingredients, offering a practical approach to modulating beer characteristics, consumer
acceptability, and generating value-added agricultural products.
Keywords: barley, wheat, oat, malt, craft beer, physicochemical properties, sensorial property, upper northern
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Table 1 Malt germination process
Day Process details

1 Steeping in water for 5 hours at 14.5°C, followed by air resting for 19 hours at 14.5°C with

85% relative humidity

2 Steeping in water for 4 hours at 14.5°C, followed by air resting for 20 hours at 14.5°C with

85% relative humidity

3 Steeping in water again for 2 hours at 14.5°C with 85% relative humidity
3-6 Germination for 96 hours at 14.5°C with 85% relative humidity

7 Kilning at 50°C for 24 hours, followed by the removal of roots and shoots
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Formula 1
(Barley: Oat) (Barley : Wheat) (Barley: Oat : Wheat)

Fig. 1 Physical appearance of craft beers produced from different formulations of Thai temperate

cereals
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Table 2 Color parameters of beer brewed from Thai temperate cereals under different formulations

Formulation Color values
L* b* AE*
1 (Barley : Oat) 10.17+0.06 a -0.49+£0.04 b 5.32+0.11 ¢ 82.24+0.26 b
2 (Barley : Wheat) 9.77+£0.10 b -0.81+£0.03 a 6.72+0.07 a 82.33x0.18 b
3 (Barley : Oat: Wheat)  7.72+0.05c¢c -0.52+£0.08 b 5.63+0.12 b 83.64+0.13 a
CV (%) 2.54 3.12 2.88 1.45

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly different at 95% confidence

level by DMRT

\DesHaduam (Kunze, 2014) wanaini Tseiuluiana
Tuggarnd1aanauazdialénaianindfizaiu
an3szneuindaWues (polyphenols) sy
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TAANa919 Yaead (Steiner et al., 2011)
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NasanAtANNdwWaen[u (b*) azwuddes
gnsv 2 JAN b* NINTGA (6.72) UATUANGINNAINGAT
AuneneliiadnAty (0<0.05) (Table 2) TeaanARAIIL
Anwouzlsngnaaniann (Fig. 1) Awans i
PR ai a a A A o LA
Hesgasn 2 AnuBivassmesiutauacadnaign
dl = o dl [ rd” o c = o‘d‘
Weaauduwnau naansiidwenaneaiveade s
nandnaataiaannsainansngunan louessiay
a a A v a 1 o
WuadAnannilaend1aa1asendnanszuIun1s4na

‘iﬁm@ (Depraetere et al., 2004)
ANUSUAIAINNLANAN9Ia4A At 9N (AEY)

wudn (Hefgeati 3 A0 83.64 wnfign Seazeuli

LﬁudﬁLﬁ'f;lﬂufi@m;m?ﬁlﬁﬁmmmuu@zmﬁmmmﬁ“wﬁmﬁ

o !

AN ANARBANEUCLIINGNNBNNUAZ AN N

kg al

pudnHenansaiieniyiaaaades (Table 2)

3. ATAANAY (turbidity)

pNgu uandnsuzdsngnianianIng
gdysianisdsviiuguunimdes Inaenizlungs
P | 2 . =2 9 oa !
\Dasldstyaniaiaen (adjuncts) B9gUsnALNNgN
218l ANAIAUIIAa AN AN URLAN ATl
FNNA LR ATBILATENAN ANNNITIAIZHIRAIAINTY
oINS oyNTvia 3 gae Aaaniiagl NTU wudn aia

\
o A A

2RI Y NIN U N INANAINAHaAIAI NG a9

o

o o

Wad1Aty (p<0.05) Tnananisnaaas wudn af

Table 3 Turbidity values of beer brewed from Thai temperate cereals

under different formulations

Formulation Turbidity (NTU)
1 (Barley : Oat) 39.40+0.20 b
2 (Barley : Wheat) 42.60+0.70 a
3 (Barley : Oat : Wheat) 39.83+0.55 b
CV (%) 4.21

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not

significantly different at 95% confidence level by DMRT
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nQuAU (beta-glucans) g3 TNATNIIDINANNATALAL
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4. AANMNNURA

Auuila uantRnnilelad (rheological
properties) ﬁzﬁ’ﬁﬂ”ﬁyﬁi@@mmwmmmﬁ;mﬁuﬂ@xmw
e desmndauduiuslnenseiuanui@nans
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Han1INAAaeLans Wi iasgmsdraundiae
HANTRTERLAZENNENA NANANNTTA 1.82 cP 11N
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gradnauniaduandraand ffleaanuuila 1.78 op
Tuanidesgretnounsiaduandnlin fenanuvils
1.60 cP ﬁﬂﬂﬁqmﬂwﬁﬁmﬁﬁﬁa&l (p<0.05) (Table 4)
Fafinannesdlsyneuniaafisamizaesdnagna
flsnnuaflulameatuanalug lunguindudn
anlasTilad g uite afinessndTulouau (arabinoxylans)
TutBuaiigenn sadediisiuiilassadedudeu
assznenmANIMLTNusan stesaatede eyl
TuseminadunauntafiatnmIa LaYaNNITRAZANE
@ﬂﬂmumu@ﬂﬂmﬂuﬁﬁﬁ{w aqnalilpsaaiieres
sesmarfianudumusanslnauasiinanumiia v
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lusnusfidratEmdusnyiafigaulUdaews-
nguAY Fafugnsianunsnfinanumiinlisuio us

Table 4 Viscosity values of beer brewed from Thai temperate cereals

under different formulations

Formulation Viscosity (cP)
1 (Barley : Oat) 1.60+0.03 b
2 (Barley : Wheat) 1.78+0.02 a
3 (Barley: Oat : Wheat) 1.82+0.06 a
CV (%) 3.67

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly

different at 95% confidence level by DMRT
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5. AMAANLTIUNTA-A4 (pH)
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=) a 1 Yo
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14
aniiaead (Boulton LAz Quain, 2001) uanani sty

Table 5 pH values of beer brewed from Thai temperate cereals

under different formulations

Formulation pH
1 (Barley : Oat) 4.33+0.1 a
2 (Barley : Wheat) 4.30+0.1 a
3 (Barley : Oat : Wheat) 417+0.1 a

CV (%)

1.15

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not

significantly different at 95% confidence level by DMRT
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Table 6 Total soluble solids (TSS) of beer brewed from Thai temperate

cereals under different formulations

Formulation Total soluble solids (°Brix)
1 (Barley : Oat) 3.83+0.06 b
2 (Barley : Wheat) 3.90+0.10 b
3 (Barley : Oat : Wheat) 4.27+0.12 a
CV (%) 3.94

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not

significantly different at 95% confidence level by DMRT

Weasnuraudazalindelidansdsenaunaaina
(phosphates) uaznsnazdunusaiMuAAIINg
Twlafunnsneiu nsldsygiasviunaniauaen
o =K a o val o a‘ v
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FaauianFauiaunugasi 45y nainas 2 1iin
(Kunze, 2014)

6. ﬂ?mmmmuﬁqﬁmmﬂﬁﬁﬁzuum (total soluble
solids; TSS)
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Table 7 Chemical composition of beer brewed from Thai temperate cereals under different formulations

Chemical composition (%)

Formulation
Moisture Protein Ash Fat Carbohydrate
1 (Barley : Oat) 97.87+0.01 a 0.44+0.03a 0.05+0.01a 0.03+0.01b 1.62+0.05 ¢
2 (Barley : Wheat) 97.71£0.01 b 0.43+0.03a 0.06+0.01a 0.05+0.01 a 1.76+0.04 b
3 (Barley : Oat : Wheat) 97.54+0.04 c 0.44+0.01a 0.05+0.00a 0.04+0.01 ab 1.93+0.03 a
CV (%) 0.85 5.42 419 6.73 4.28

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly different at 95% confidence

level by DMRT
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8. Ysunnuuaanagas
Usnnmuueanesedidunmanyusiidfy
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Weaswsduinivuadszinnaeadas whdeiing

Table 8 Alcohol content of beer brewed from Thai temperate cereals under

different formulations

Formulation Alcohol content (% ABV)
1 (Barley : Oat) 7.50+0.10 a
2 (Barley : Wheat) 7.53+0.06 a
3 (Barley : Oat : Wheat) 7.53+0.15 a
CV (%) 2.10

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly
different at 95% confidence level by DMRT
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9. AMANHMUENIIUSTEAINANAA (Sensory
evaluation)
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Table 9 Sensory characteristics of beer brewed from Thai temperate cereals under different formulations

Formulation Appearance Color Aroma Flavor Overall acceptability
1 (Barley : Oat) 711+1.35a 7.03t164a 7.14+1.29a 6.66+1.33a 6.80£1.28 a

2 (Barley : Wheat) 7.06£1.39a 6.49+1.34b 7.20+1.35a 6.83+1.07 a 7.00+1.19 a

3 (Barley : Oat: Wheat)  7.29+1.25a  6.29+0.67c 7.29+t1.18a 7.00+1.50 a 7.09+1.46 a

CV (%) 12.45 11.82 10.56 13.12 12.04

Note: Data are expressed as mean + standard deviation

Means in the same column followed by a common letter are not significantly different at 95% confidenceg

level by DMRT
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