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Manufacturing and Quality Characteristics of Rice Muffins with Apple and
Vegetable Powders Partially Replacing Rice Flour

Julio Tanjaya - Bok-Mi Jung™
Master, Department of Food and Nutrition, Chonnam National University, Gwangju, Korea
Professor, Division of Food and Nutrition, Chonnam National University, Gwangju, Korea"

ABSTRACT

This study examined the quality characteristics of rice muffins with apple and vegetable
powders partially replacing rice flour. The proximate composition, color, texture, and cooking
properties of gluten-free rice muffins made by combining apple and vegetables (cabbage,
spinach, and broccoli) powder added at 2:3 (fruit: vegetable) ratios were investigated. The
moisture content of rice muffins mixed with apple and vegetable powder was significantly
lower in the apple-vegetable powder group than in the control group. The brightness (L)
of rice muffins was highest in the control group, followed by apple-broccoli, apple-cabbage,
and apple-spinach, with a significant difference. Redness(a) was significantly lower in the
apple-spinach powder-added group compared to the control group. Yellowness(b) was
significantly higher in the apple-broccoli-added group than in the control group. The weight
of rice muffins was significantly higher in the apple-broccoli added group than in the control
group. The baking loss rate of the rice muffins was significantly lower in the apple-broccoli
added group than in the control group. The volume was highest in the control group, followed
by apple-broccoli, apple-spinach, and apple-cabbage, showing a significant difference. The
specific volume was significantly lower in the apple-cabbage group than in the control group.
The hardness, cohesiveness, gumminess, and chewiness of rice muffins were significantly
lower in the apple-vegetable powder-added group than in the control group, but there was
no difference in adhesiveness and elasticity. In the sensory evaluation, the apple-cabbage
and apple-spinach groups showed no difference from the control group in terms of taste,
flavor, texture, and overall preference, but the apple-broccoli group had the lowest evaluation.
These results showed that a product was developed by manufacturing rice muffins using apples
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and various vegetable powders to provide a simple,
avoid flour and those who eat rice muffins.

balanced meal for consumers who
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Table 1. Formula of rice muffins made by
combining apple and vegetables powder

Ingredient Rice muffins”

(%) RM RMAC RMAS RMAB
Rice flour 30.0 29.0  29.0 29.0
Apple powder - 0.4 0.4 0.4
Cabbage powder - 0.6 - -
Spinach powder - - 0.6 -
Broccoli powder - - - 0.6
Butter 20.0 20.0  20.0 20.0
Sugar 14.0 14.0 14.0 14.0
Egg white 18.0 18.0 18.0 18.0
Egg yolk 12.0 12.0 12.0 12.0
Baking powder 0.6 0.6 0.6 0.6
Salt 0.4 0.4 0.4 0.4
Soy milk 5.0 5.0 5.0 5.0
Total (%) 100.0  100.0 100.0  100.0

DRM: rice muffins (control), RMAC: rice muffins
added with apple and cabbage powder, RMAS:
rice muffins added with apple and spinach powder,
RMAB: rice muffins added with apple and broccoli
powder

Egg white and sugar (little by little),
mixed well (until meringue formed)

I

| Add egg yolk, mix well for 30 seconds |

I

| Add melted butter, mix for 30 seconds |

I

Add vegetable powder,

little by little until mixed well

{

Add the mixture of apple powder and soy milk,

mix well

{

|Add rice flour, salt, baking powder until mixed well

I

Divide and pour into a tin lined with muffin cups
(75 g for each)

s
Bake the dough, top heat 170C ;
bottom heat 160°C temperature, for 25 min

{

Rice muffins

Fig. 1. Process for making rice muffins with
the addition of apple and vegetable
powders.
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Bakinglossrate (%) =

Doughweight (g) — Muffinsweight (g)

X
Doughweight (g) 100
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Table 2. Proximate composition of rice muffins with apple and vegetable powders partially replacing

rice flour

Rice muffins”

Component (%) F-value
RM RMAC RMAS RMAB

Moisture 3345 + 0407 32,13 + 048 3195 + 0.04° 31.53 + 0.21° 18.80""
Crude ash 0.99 + 0.01%  0.98 + 0.01 0.99 + 0.00 0.99 + 0.00 3.17
Crude protein 8.71 + 0.04% 9.57 + 0.02° 9.15 + 0.14° 8.87 + 0.09° 56.98"""
Crude fat 28.92 + 0.23° 27.80 + 0.48°  28.61 % 0.07° 28.36 £ 0.27%° 7.46"
Carbohydrate? 2793 + 0.64* 2951 £ 0.61° 2930 £ 0.07° 30.25 £ 0.51° 10.70"
USee Table 1

2100 - (moisture + crude protein + crude fat + ash)
YAll values are mean + SD of the three replicates.

#DValues with different superscripts were significantly different by Duncan’s test (p<0.05)

N9Not Significant

"p<0.05, ""p<0.01, "*"p<0.001
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Table 3. Hunter's color value of rice muffins with apple and vegetable powders partially replacing

rice flour
Rice muffins?
Color properties F-value
RM RMAC RMAS RMAB

Lightness (L% 72.74 £ 0.957¢  60.74 + 0.91° 52.67 + 0.48° 63.87 + 0.12¢  2,776.81"""
Redness (2% 0.11 £ 0.20° 0.93 + 0.08¢ -324 + 0.27° -2.05 £ 0.04> 243952
Yellowness (5% 3427 £ 142 37.70 + 0.12% 37.64 + 0.31° 38.48 + 0.28 127.07°""
DSee Table 1

DAll values are mean % SD of the twenty replicates.
“DValues with different superscripts were significantly different by Duncan’s test (p<0.05)
""p<0.001

!; : ¥ i 4 "‘ “‘ ‘ 3 o N e AT
! !f REWI RAFSER L 20D 0 . St |
RM: rice muffins (control), RMAC rice muffins containing apple and cabbage powder, RMAS: rice muffins

containing apple and spinach powder, RMAB: rice muffins containing apple and broccoli powder

Fig. 2. Appearance of rice muffins with apple and vegetable powders partially replacing rice flour.
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Table 4. Cooking properties of rice muffins with apple and vegetable powders partially replacing rice

flour
Rice muffins”
F-value
RM RMAC RMAS RMAB

Weight (g) 65.03 + 0.34%* 6527 + 0.27° 6511 + 0.32° 6577 + 0.28°  6.02"
Baking loss (%) 1343 + 0.45° 13.10 £ 0.36° 1330 + 043> 1244 + 039 582"
Height (cm) 58.00 + 2.12™  59.80 + 0.84 60.20 + 1.30 5880 + 1.10 2.44
Volume (mL) 14120 £ 1.104 13320 £ 1.10° 136.80 = 1.10° 13840 + 0.89° 50.67
Specific volume (mL/g) 2.17 + 0.02° 2.04 + 0.02° 2.10 + 0.02° 2.11 + 0.01° 4743
USee Table 1

YAll values are mean * SD of the five replicates.

“Values with different superscripts were significantly different by Duncan’s test (p<0.05)

N9Not Significant
""p<0.01, ""p<0.001
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Table 5. Texture properties of rice muffins with apple and vegetable powders partially replacing rice

flour
Texture properties Rice muffins’ F-value
RM RMAC RMAS RMAB
Hardness (g) 66749 =+ 60.022° 61561 + 57.72% 581.92 + 71.71* 57550 = 96.87*°  3.30°
Adhesiveness (g.sec) -0.77 + 048 -081 + 054 -0.84 + 0.61 -0.66 = 0.37 0.23
Springiness(%) 0.86 + 0.01 086 = 0.02 086 + 0.01 0.86 + 0.01 0.17
Cohesiveness(%) 0.602 + 0.01° 0.57 £ 0.02° 059 + 0.01* 0.8 £ 0.04® 420"
Gumminess (g) 391.05 + 36.59° 35148 + 39.74* 34632 + 42.34° 330.98 + 41.87° 4.05"
Chewiness (g) 34492 + 32.26°  300.94 + 30.45° 307.68 + 42.30° 285.63 + 37.75° 4.89™"

DSee Table 1

DAll values are mean % SD of the ten replicates.
*Walues with different superscripts were significantly
NNot Significant

"p<0.05, ""p<0.01

T-AlFA], AR-BE2Ee] 7S tizol Hls|
F5HA(p<0.05) R4t F2F4(adhesiveness)
I} B(springiness)> WEw ALY
77 Aol Tk 23X (cohesiveness)
2 iz2olA 0.6029] Foz 7HY &2 ghe
B, AR-RES H7kEo] 0.579 7P W2
#HE UE AR 7F 593 Apol7h AATH(pC
0.05). A% (gumminess)oA tiZto] vl A7t
o] FAe AAE yEdon fo4do] sl
(p€0.05). & 2] H3l/3(chewiness) 285.63~
344.92 W= iRl v H7RolA =4
Yt §9%Kp 0.01) Aol EAth Celik &
Isik(2023)= 9P d F7ieo] S71d45 #u
O] A=t F7181AL, Kim & An(2021)2 At
ot £ H7F HH9] A= FH7Fgol 0-9%7HA
F7FeI7E 12%3H710A AAste= HERS
™, B2 XY(springiness)¥ -5-%4d(cohesiveness)
< 27 Esof 28 A7kl Alo|7} glsle
™, HYY(chewiness)> HEZI HFoHEd

9% H7HZ7HA Zel7t llout 12% H7HEol
xEY footA WA Uehde= Eask
11, Lee(2023)9] 521% BAET 71 #HY
735 tixtol Blsf A £82 A7IdeE B

different by Duncan’s test (p<0.05)

(hardnesss)2} FA412A(brittleness)?] 32514
dolx|= F3E H¥ o, A (springiness),
S%4(cohesiveness), 3 A (chewiness) T 2A|
4 7o) S71ErE Rok= AdS Eiith
o5 MH(An 201493 AL HB(Choi 2015)9]
B A, S84, ©EA, A, 2ol A4
Sh= Aol e, ol HAR] vHl&o] S/t
TE 22 Aol 7Y go] FasAL,
T Ago] FE5H BAA7] 9% oFe 27t
Hrpal(Park 2012)5t0] HEolA FA| w2} £
orgo] Fxo FF= R Ao=m HRlt Hith
2, 28< HH(Cho & Kim 2014) QoA &
Az H7FFo]l EoldE A, 72, ©Y
7, Z2Hdo] F7IRtttaL HalkE|o] 2 A Aot

A Fe Bet oAY ArhEe BAEG
A% W 5 ole 270 wet Zabt e 4
QlomE, A AGEL RAZ0] fARE THE

A2} Bl waks Flo] Zasiha o, & o
FolA AR AT Brhe] A%,
%, W@Aol WA Leht Ayt vigo] uls] w7)
ol £2 Aow A7
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4. Mt
Aol fAETS St

£ Yehd Z3k= Table 63+

ARGl A7 Tl folRt &Fol 7t QIgle

U ARR-AlEA], AR-BEEESE JA7REE diRd

I AR 7] Hlsl R-2]sHA|(p<0.001)

okt B2 Al-EEEE] H7kto] diRed

o2 7kl v f-25kA(p<0.05) RA ek

Wt ARty A7) Rl &

o|7} Qiqlth Azl AT xl TR Al

FHlS, AR-AlEA] F7RElE 9401 g

on, F7HE Tl Zpol7E Il ot i Etof H]

3 AH-EE2FE H7kte] f5HA|(p<0.05) R

otk ARtH o A-BH2 g Hrkto] Ask

7b 7P @& WhE AR, AR-AlE A A

e s S T Bl A Ll S e R el

Ao|7h gllth. & AFLATE Boto] Al-Ala

A 7R AollA BIE7F RBekow, Al-BE

9 A7) B7PF BA U=t W A

ZHHsH T, AAE HFIsH] Hside -

i 7F e 4L FIAIZIL AlFel gt

Q14l& #0]7] 913t ko] Hosiriy Agztdct.

LT SIHAO.0) D3Ik
ol uls) Alvh-opi, Al
H7hzo] HI3HA(p<0.001) 3k
ol s Afah-opeaa Aokl
S43A(p(0.05) Rekeh. 2IRL g A
7127e] Aol7h YAem, BThEe i
Hl3) A7kze] §2lsHAI(p<0.05) ESke. & M
o) W) tazol 13 oo 4
s-nege) An-opiE, A-AFAeew
Bt $013Kp<0.001) Fol7h ATk A ()
= ozl Hle) AE-ARA B drkgo] £
I5A(p<0.001) WTh FAEDB)E Rl
a8 Ah-H22e H7kzo] £218(p<0.001)
9Lt 2SN & vi3lo] FFL ao]
uls) AEh-EeEe A7kl $IsH(p<0.01)
7 ey 4 vje] 7] CESE)

, 2

=%,

=2 0
SAES

v At-BEEd d7kEo]l F2stA(p<0.01)
Table 6. Sensory evaluation of rice muffins with apple and vegetable powders partially replacing rice
flour
) Rice muffins”
Properties F-value
RM RMAC RMAS RMAB
Color 7.00 + 1.83%° 6.15 + 1.66° 430 + 1.52° 410 + 1.55° 14977
Taste 5.85 + 1.42° 6.25 + 1.52° 6.15 + 1.09° 495 + 1.54° 3.55"
Flavor 515 £ 1.428 450 * 1.36 450 £ 1.50 420 *+ 1.64 1.45
Texture 525 £ 1.65™ 5.45 £ 1.50 570 * 2.03 485 + 223 0.73
Overall preference 6.15 £ 1.75° 5.85 + 1.50% 5.80 + 1.73% 490 + 1.65° 2.10"

DSee Table 1
YAll values are mean * SD of the twenty person.

*alues with different superscripts were significantly different by Duncan’s test (p<0.05)

N9Not Significant
"p<0.05, ""p<0.001
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W Uebgteh. B gageld 7 e
oo Algh-Hege, AT, Algh-op
2 o= ek} $018Hp<0.001) Holg 1B
o mgAe tze] s Aol ¢
JBHA(p<0.001) Wkeh. EAHY AL AE,
A4, 4T AL ol Bl A-A

) w2 Ao
2, AR RS dEE % ¥, 92,
ARl ABE] Zol7} glglont, Alst-B e
o B7k2ol ABEst Mg WA e
2 AT 23 Aot tloR A4 2L of
sfe] 4 RS AxgoRH WS sl
AU & oot Adst 398 AL 43N
Es & HEow Aol AT 4 Yt

Xﬂ%% AT 4 AU
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