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Abstract

This research aims to investigate pudding with grain-added yogurt for its quality characteristics and viability during
cold storage. The yogurt was fermented until its pH was 5.10+0.05 after inoculating the probiotic strain (Bifidobac-
terium lactis, BB-12) into the milk base containing grains. The yogurt was added to prepare probiotic puddings.
During cold storage of the puddings at 4+1°C for 4 week, the quality characteristics (pH, acidity, texture) and the
viability of BB-12 in pudding were determined and compared to control (only milk base). As a result, MR had a
significantly lower pH and higher acidity than those of other samples. In texture properties, including hardness,
gumminess, and chewiness, MSIR showed the significantly highest value, and the pudding with inulin was signifi-
cantly higher than rice flour in all textures. For the viability of BB-12, pudding with milk was significantly lower
than pudding containing milk and soymilk, suggesting that soymilk helps maintain viability. MR showed signifi-
cantly higher viability than MI in the milk-based pudding, indicating that rice flour is more effective than inulin.
Therefore, the addition of soymilk, inulin, and rice can maintain quality characteristics and viability of BB-12 in

the pudding.
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ThKim et al., 2003). 3t ZSEL I o] S
zof| "7Vt S 5ol #5571 S71eAthe B (Gomes
et al,, 2009)01x1 ¢} o] ZEjuto] Q Y AE o] g-afe] YET}
Aol 3AAR FIFE Fo] Alvle|eg2ge] 8% 7}
53ltH(de Vrese & Schrezemir, 2008). ZZH}o] 9 Bl A2 A
farol Zolo} & 2% 54 £ it HEHgn
A3 T AEHo] Eotof stz Ho|th(Fuller, 2012). gl
oA ZEulo] Q20 A 7SS UERT] flsiM =
A = ol A7t fFAIEH ok gtk 2B ERE f
E718 el 44 A7t FAE s AL mg Fasith
o] gt ZEufo] Q Bl 0] AEY RS flal Zejule| 2 E
29l FFS F3l Lactobacillus spp.2+ Bifidobacterium
spp.2l S-S deFow F31g F Uvhar HiEo] 9}
TH(de Vrese & Schrezemir, 2008). =& X g]H}o]QElAT
inulin, fructo-oligosacchride, galacto-oligosaccharide 5 ©]
Aom, o5& WAE A &Fo 7A=E ZE-std
S5 A%l =82 F£tH(Yoon & Shin, 2017; Chen,
2018; Cunningham et al., 2021). tH5F+ W43 A&
galacto-oligosaccharide”} F4-3te] Zg|ulo] Q¥ 22X F

23 2]F AR o]XTHGourineni et al., 2011) ZFo}v] =
A Foll methionme:} e A3k O}U]L}\L}o] 9lo] thol

g AS %‘& 0}‘43} A Z-H] —i—ﬁoﬂE—_ E&o] Erf
(Maeng & Hong, 2007). Z o= XZZnH}o] Qg X} 2z
Ho] Q 25 3 HF s =W ZHzhe] Aol §A
of YA =of A|AI7F A gtkE AR o] 9lof(Kim,
2016) AlHfo] @ € zof gk AR FGo] =L Ut
Aluto] @ El2= & 77} (Chouraqui et al., 2008; O’Bryan
et al., 2013), W (Kanamori et al., 2006), &< & 3H(Van
Loo et al., 2005)9} 2 71% d5 et deA it
HAEAO0R Z2ufo| Qe 2o FFA0RE XX, Q72
E 59 fAIFl ‘I‘TF’;: o] FaL A= HIZoll= ZEut
R JE]H}O]OQ 28] AR FuS Al A
FHT oyt AMRF, AR, 25 59 thde JHC
Fo] M= ]U]' oA B8 Lactobicilluss 3
o] A3 Al g S F(Heo et al, 2016), A XA
e fFAFS HUMe ded el s (Roh & Kim,
2009) & 2 AFol B A Ut o T‘lc'l)’, A
2, AR 58 Ao Alxzske REA e A AlEL
T8 textures 7HAL o] &3 F57F AL -Pro}b‘r
IFZMAE FGA JH2E T Ue dEA0 AHER ¢
o] 853 UKo & Lee 2014). Z71F1}
olgdo]l HrtE FHE A XL@P“‘ &<t Lactobicillus
acidophilus®] BE&°] A2 F 3 = B0
A JtHHan & le 2021). +FE 7]E Hﬂol/\i U
FFQ T, olEY, A 55 kst HEAYl 8 FEE
£ o]&3tal A% EH’L] zulo] Qg A 2 gzl xe
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=z 2~ 0O kv _EE__
HA7Vsla Z2ulo] QB AQl B lactis (BB 12)Z FagAzl
STEEE 83 FY& Axst] ¥ Ast= &<t
Fd9 F2 543 BB-129] AEEC vt vl £4
szl ghoh
ME W
IHE

F o] A7 $-(Seoul Milk Co., Seoul, Korea), A
BH(CJ Cheiljedang, Incheon, Korea), Z & E-& 2| ZL(CJ
2} €l (Chungeun F&B,
Ansan, Korea), O]+(Yuginongchon, Gwangju, Korea) &<
Al BEE FYste] AFEsklem o]E W (inulinge NOW
FOODS (Bloomingdale, IL, USA), B]E}Yl C& SERIM-
FOOD (Bucheon, Korea), Z2H}0] Q€ 221 Bifidobactrium
lactis (B. lactis, BB-12)=
Denmark)ol| Al 7+ 3FA 2L A7+
(9 5423, Namil(SA)-flo2)S =
Korea) o ZHE| A gito} A2-3}3 T}

Cheiljedang, Incheon, Korea),

Chr Hansen (Hoersholm,
= 2019909 433t 22

= 2] F2 S (Wanju,

=7 &t 272E FEo M=

FPe T B S TR E9eS VIELE s
T8 988 olsd v VMRS FUtsAY olsd 2
THEE Ao Hrbste] Z2ufo] Q¥ 22l B lactis (BB-
12)5 AT ste] LR a7 EEs} e ge|uTd, A
g, BE CE A7 79 o] zo] Eete] Al

THFig. 1). Table 19 YePd i} o] =2 Ago] H7t
o o] wal M, MI, MR, MSI, MSR, MSIR 67}4] ¥4

| Milk and/or Soymilk base (warm) | | Milk base (warm) |

| 2 | 2

| Sugar, inulin, rice powder |

| Fructo-oligosaccharide, gelatin I

| . | 2
Pasteurization | Stirring |
(63.5°C, 30 min, 50 rpm) 3
L Pasteurization
| Cooling (40 + 1°C) | (63.5°C, 30 min, 50 rpm)
| ] ]
| Inoculation of BB-12 | | Cooling (43 £ 1°C) I

L 2 4

| Incubation (40 *+ 1°C) | Mixing with grain-added yogurt |
4 3

| Fermentation (pH 5.1 + 0.05) | Cooling (4 £ 1°C) I

Fig. 1. Manufacturing process of pudding made by mixing with
grain-added yogurt fermented to BB-12.
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Table 1. Abbreviation of pudding according to the main

ingredient

Abbreviation

M milk
Ml

major ingredients

milk, inulin

MR milk, rice powder

MSI milk, soymilk, inulin

MSR milk, soymilk, rice powder

MSIR milk, soymilk, inulin, rice powder

o7 AxdRen 7zt Fgo
ERf At

AZ vjH]= Table 29 Y}

pHS} A= E %7‘ O]—Oir/]- 3+ -4 pHE pH meter (S20
SevenEasy™ pH meter, Mettler Toledo Inc., Columbus, OH,
USA)E =435 or, JAATE Jeon et al. (2005)2] H+
Hell w2t Z4s3ith 9 10 g2 100 mL Wl &ZEk==
of ZRel A A8 F 20 mLE AP F ANfoz
1% d==29e]l 2335 H7FskaL 0.1 N NaOH=E 27
ol 1) Wap Ao S4 Aol 2018 01 N
NaOH®] mL4E =&t AAA T t129] Aatale
o]-gate] Bitol] gk ¢Fo g ghlste] AhEERiTh

Titratable acidity (%)

mL of 0.1 N NaOH x Factor x Dilution rate x 0.009 100
= X
Weight of sample (mL)

=5 HJ| @T2E FEZO| SM(texture) Y
Fgo] BAL pH 2 AwEs) wnA AR 45 Fot

4e1°Col N A BESEA 17 Ao ST,

TA-XT2 texture analyzer (TMS-Pro, Food Technology
Co., Rockville, MD, USA)E o]&3le] Fdo] =7kl 7
%= (hardness),
stk =4
A3} 3L load cell value 25 N, trigger type= auto 0.1
No|ith F92 A4 5 cm, =°] 2 cme] F7]2] £7]9

.Z.XO

v

774 (gumminess), % 3 *d(chewiness)=

=
S 9] 2712 force in compression EE&

2o} flat cylindrical probe (25 mm diameter)S A}-&3}o]
A3t
=19 BB-122| M= &8

%} VJ %— 312«1 *EZ"—O— 45 &<t
4x1°Col A 7%]%
sk LhERY /\)\1:}. Z‘H-ﬂfﬂ'
mLel o] #2stet & 4%l 34 @oi 4"40}"4 4/‘4‘311
FHZ petri dishdl] EF3IA k. F4bd WIX(MRS agar,
Oxoid Ltd., Basingstoke, Hampshire, England)o|* #&3
HIH O Z 37+1°Coll A 48A17F HiFEE ol 30-300
colony”} HEMUYE H 9] colonyF S AlZ3t] colony
formmg unit (CFUYmLE A4t T8 EAISFTH(Yang et

1., 2012).

%ﬁlﬂal

o] 7 9 ZZulo|QE A MES
@J/PE 33] o] RHE S ote] WH+ETAAE FAISHA
om, A 7+ FYHQI AolE A 5] -°r]’3
(Ver. 24.0 IBM., Armonk, NY, USA) 57 Z&
3t oneway ANOVA (analysis of Varlance) 2 Duncan's

multiple range test® p<0.05 =4 ASs3i )

_-_E x47|. _.?_:r"EE
Azl FHE W Agshe S pHt 2Ee] W

Table 2. Formula of pudding including with grain-added yogurt fermented to B. lactis (BB-12).

Ingredients (g) M MI MR MSI MSR MSIR
Milk 400 400 400 200 200 200
Soymik 200 200 200
Yogurt Sugz.ar 26 13 13 13 13 13
Inulin 20 20 10
Rice powder 20 20 10
BB-12Y 0.6 0.6 0.6 0.6 0.6 0.6
Milk 300 300 300 300 300 300
Fruto-oligosaccharide 92.3 92.3 92.3 92.3 92.3 92.3
Pudding  Gelatin 9.1 9.1 9.1 9.1 9.1 9.1
Vitamin C 0.2 0.2 0.2 0.2 0.2
Grain-added yogurt 300 300 300 300 300 300

YBifidobactrium lactis
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d

s}= Fig. 29} Fig. 3 zH2F Yepliich, di-ite] F9o IR &t QT EE FH9 E“’\I{(texture)

A HE T 47 B2 pHY W= A9 YERA e TH FHE VIEASR st olwd, AT 52
o o-fol B7MEE A7 FYMR)Y Aol A 27 A7Vt BB-12& HEste] HEAZ QFEEES UL
e the AEEF Aol7F YEPA] AT Hak A 3 FEE Y AGshe 5t 7 E(Hardness), WA

3l 33 STHEE UE A Z S HF)] FoFom o (Chewiness), A/ (Gumminess)S 15+ 7H4 o2 =43}
pHE YeERHUTh At=9] A= pHeb vl o ﬁakoi Table 3, 42} 59 Z}zF vepliich W A4 71703 9
Uebsk=tl pH 7ﬂ44'9]r FtEe A¥oRE AR 71710 9] texture W3l F-24 Q1 Aol & Holz] IV 2
oj el whet - E2 AhETt A sHA FA = AA o et ztol7t dedTh T, olEd, AVMRE
7 MR #]7% 1z SHE 1 s Eokmom A47)7ke] J—"?— A7He F9Q MSIRS FoHoR 7P 52 A%
Aold 45 A S7kst] {§9% 20 ZolE YERAAT 5 YeIRer MSL MI= I 9522 AErF =34t
(Fig. 3). BB-122 2&AI7] @ F2EZS H7I5E FdojA (Table 3). pH7}F F92 A Ao T3 JFS v|A+=
A7l M7Vt pH AAet Abwe] F7HE SXAT]AL ol 99 4 Y& AA st Aetde S5 0] pH 4.8
ol H7te= pH 249 Axe] F7HE =55 A0 U 528 I @R pH SolA Aol A TS
Epstt}. o]2igk A= Han & Lim (2021)8] Lactobacillus UEPATHMo et al,, 2007). SFAIRF 2 A7 E MRS
acidophilus= W2 Z FHoA ] A5 Aol FAFA Al&lstae A F pHO #shE A9 gldler AE=
ow gujo] Hrtero] FIIETE F99 pH7F RolA & AZNM = oA ztol 7t yehA] ot pHel 9%
3 AT EolAle AFRSE YA S THRhee & Sim, ojg}7|BHrh= FFo HIIR sl dEe] Axd F+xE
2018). A3l ATt Asdte AogE FEETE Rhee & Sim

2018y el Ashrt F99o Fx5 AsHA & o]

l

m\l

o

il

6.0
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—-=-M ——M -=-M —o—MI
—+—MR  -@- I ——MR  -@- MSI
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06 |} —4=MSR -E- MSIR
55
@ 0.5
- z
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4
0.4
5.0
0.3
45 0.2
0 1 2 3 4 0 1 2 3 4
Incubation time (week) Incubation time (week)

Fig. 2. pH change of pudding including with grain-added yogurt Fig. 3. Acidity change of pudding including with grain-added
fermented to BB-12 during cold storage at 4°C for 4 week. yogurt fermented to BB-12 during cold storage at 4°C for 4 week.

Table 3. Changes of hardness on pudding including with grain-added yogurt fermented to BB-12 during cold storage at 4°C for 4 week

Storage period (week) Unit: N
Sample
0 1 2 3 4
MY 1.28+0.02° 1.30+0.08° 1.28+0.16° 1.25+0.08° 1.33+0.06°
MI 1.59+0.05¢ 1.69+0.01¢ 1.74+0.10° 1.64+0.04¢ 1.64+0.12¢
MR 0.72+0.06* 0.63+0.02° 0.58+0.03* 0.54+0.02* 0.50+0.02°
MSI 1.34+0.06° 1.28+0.06° 1.35+0.04° 1.35+0.04° 1.31£0.06°
MSR 0.97+0.02° 1.02+0.02° 1.08+0.05° 1.05+0.04° 1.13£0.04°
MSIR 1.85+0.05° 2.00+0.05° 1.89+0.16° 1.94+0.06° 2.02+0.22°¢

YRefer Table 1 for abbreviations.
IData values indicate the mean+SD of triplicate and the same superscripts in a column are not significantly different each other at p<0.05 by Duncan’s
multiple range test.
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Table 4. Changes of gumminess on pudding including with grain-added yogurt fermented to BB-12 during cold storage at 4°C for 4 week

Storage period (week) Unit: N
Sample
0 1 2 3 4
MY 1.12+0.01? 1.00+0.09% 1.01£0.10° 1.03+0.04° 1.06+£0.03°
MI 1.36+0.05¢ 1.37+0.08¢ 1.34+0.05¢ 1.3540.04¢ 1.32+0.03¢
MR 0.58+0.04* 0.51+0.01* 0.48+0.02° 0.43+0.01° 0.37+0.02°
MSI 0.99+0.05% 1.07+0.06¢ 1.1840.02° 1.20+0.02° 1.15+0.02°¢
MSR 0.84+0.02° 0.91+0.02° 0.97+0.02° 0.95+0.04° 0.99+0.04°
MSIR 1.58+0.03¢ 1.66+0.08° 1.51+0.09° 1.55+0.05¢ 1.61£0.10°

YRefer Table 1 for abbreviations.

PData values indicate the meantSD of triplicate and the same superscripts in a column are not significantly different each other at p<0.05 by Duncan’s

multiple range test.

Table 5. Changes of chewiness on pudding including with grain-added yogurt fermented to BB-12 during cold storage at 4°C for 4 week

Storage period (week) Unit: mJ
Sample
0 1 2 3 4

MY 4.28+0.10% 3.76+0.40% 3.75+0.45° 3.99+0.21° 3.89+0.13°
MI 5.35+0.13¢ 5.37+0.35¢ 5.27+0.21¢ 5.11+0.28¢ 5.06£0.06°
MR 1.96+£0.14* 1.77+£0.05* 1.59+£0.11* 1.46£0.12* 1.07+£0.07*
MSI 3.79+£0.22° 4.20+0.28¢ 4.4540.09° 4.60+0.12¢ 4.82+0.15°¢
MSR 3.19+0.06° 3.50+0.13° 3.62+0.08° 3.53+0.17° 3.63+0.10°
MSIR 6.69+0.39" 6.27+0.14° 6.01£0.39° 6.26+£0.28° 6.36+0.39¢

YRefer Table 1 for abbreviations.

JData values indicate the mean=SD of triplicate and the same superscripts in a column are not significantly different each other at p<0.05 by Duncan’s

multiple range test.
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Table 6. Changes of viability on pudding including with grain-added yogurt fermented to BB-12 during cold storage at 4°C for 4 week

Storage Period (week)
Sample
0 1 2 3 4
MY 1.52(x0.15%?*10° 2.50(x£1.29%)x10° 8.13(x1.31%)x10° 4.75(£3.59")%10° 4.50(£4.04"%10°
MI 3.00(x0.96")x 10" 1.25(x0.50*)x10° 2.50(£1.91")x10° 1.10(x£0.66")x10° 4.90(£3.74"%10°
MR 4.03(£0.66")x10* 2.13(+0.84")x 10" 2.10(x0.29°)x10® 8.20(+4.13%)x10’ 8.20(0.86")x107
MSI 2.49(x0.74"")x 10" 1.52(x0.23")x10® 1.73(£0.07°%x10® 2.06(x£0.19%x10° 1.94(x0.21°%x10®
MSR 2.14(x0.25%)x10* 1.68(x0.47")x10® 1.41(x0.319x10® 1.21(x0.38%x10° 1.45(x0.38%x10°
MSIR 2.71(x0.67"")x 10" 2.53(x0.47°)x10° 2.16(x0.23%)x108 1.90(x0.34%x10® 2.34(x0.37%x10®

YRefer Table 1 for abbreviations.

YData values indicate the mean+SD of triplicate and the same superscripts in a column are not significantly different each other at p<0.05 by Duncan’s

multiple range test.

E pH7} Yolx] 93|8 ZEujo] @ gm0l S #aA]
71e Aow g Utk 22lY Irkin & Guldas (2011)
7} Ve E A7V FH oM A% 25U 7k ZEulo] @ E
27} 10° CFU/g oA} AMZE3Y AINE §]-?_-a} v}
ol ¥4 Ag aFEEY 1201] Hlal] 2ol 7173 }
A ot A7Fet71 7t goletal Zajuto] Q Bl et 1he 9
& T3S A fAAE B3 e e fﬂ% §L
7} Qlo] ZREupo| Y28 #FE fA k=t B0l ¥
< A& WA Y] SR AFEE e ZeE BAE
T (Han & Lim, 2021). -5 7|EAEE 3}L 5, ©l
=4, A7 59 FR/E 718t BB-122 @
?EEE' Az F9S YF A= 5 BB-129] A
o gt A& Table 60l YeERIT. ZE &S
4% 27101E $9159 Ao1S nolA B3k
FE M3 MI7F fold ez e &S JeRidS
A 717ke] EojdrE #47F A gasdnh A% 3
FHEE MR ATE0l $494 £HE EF A1 4
Foll vls) oMoz Yol FFS Bl ¥
128] EES FAskeTl il He JAe= L}E}kkt}
T A7FFY olm ) e zejuto] Q| A7 EA T uf
BB-12¢] AE&0] HoAl= AR Yot f Hﬂ°l
28] FoMe A7LEE H7lellS Wl BB-129] A&
o] B EolxE Ao & eyttt olsdo] was} Z%Wl
7F &9t Ak gk B #E-S st Ao®E dEA
A 7K Donkor et al., 2007) LFEE A|Z Alof| o]EHo]
HalEo] B3 g3t ashe 2w Aztdr. 2wt
oleE AR Z 4HX olEd vl A AVIRFE MUV
MRe| MIE Tt} BB-129] A&&0] o202 =4 veht
A7V ZE7) ol mHU T BB-129] &S HolE Zo= U
bt on Ffo] H7LR Qs ASE&S A7l 23t
AE Ao et
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