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Abstract

Drying characteristics of wet apple pomace (WAP) was investigated to optimize its drying process for
the yearlong supply of the dried apple pomace as the raw material for the fermented products. The
drying of the WAP consisted of 3 stages; constant rate drying, 1st and 2nd stages of falling rate dry-
ing. The drying rate constant of each stage of drying was evaluated and its temperature dependence
was estimated according to Arrhenius equation. The magnitude of activation energy of each drying
stage were 21.0 kJ/mol for the constant rate drying, 26.2 kJ/mol for the 1st stage and 24.0 kJ/mol
for the 2nd stage of the falling rate drying. The optimum drying condition of the WAP was at 70°C
and with the air velocity of 0.7 m/s. It took 2.5 hrs for the WAP drying under the optimum condi-
tion. The dried apple pomace (DAP) was ground and added to the saccharified rice solution (SRS)
for the Bifidobacterium fermentation. The addition of DAP showed no effect on the growth of the
Bifidobacterium upto the level of 2.0%, but slightly decreased the number of the Bifidobacterium at
the addition levels above 2.5%. The sensory properties of the fermented product were greatly
improved by the addition of the DAP, and the optimum addition level of DAP was 1.67% to the SRS
for the fermentation.

Key words: apple pomace, drying, optimization, saccharified rice solution, Bifidobacterium fermentation

—_—

M E AstA st L8 w53 AR F4E PPT
B, olgd] AEH 2 o3 713 ]
R Al &3ke ohdA AEQ Al A FAEE Holwt oz Az UTHREF, 1994).
AA FY AFEF F 498 A E, fElvElXs gk Abe] Mfdaw Ade EA fele) B
FALE 45% olg AAEe P F4% A4Y dobacterium®] & F7HA7le ¥, Fald<l E coli
ot} Al 7HET7} 95%0]2 Eo] 85%= (B 9} Staphylococcus 58 ZAAA Y % 7RMe =
5, 1988) A3lE moiFy Wl JlAE HRE o} HoAME {AFH o] welHen ©]dot &, 1994),
894 sk &9 o ZES dEol o TR A3 N4 AF= IDF(insoluble dietary fiber):.Th
o] e 3ESF EAatAl 2 AFgoE UEA SDF (soluble dietary fiber)7} $-73F o8 HIHT
o Algte] AAg 2 WAL o B8 A% ATHEIREd} 5, 1997).
o) ogt FAoH, §Hf F714e Hde EHlE % SEvEtel A At giRE A 22 olgH
I U ARl mFg HE3 35 et FA
Corres-pondi.ng: .Chulkyoon Mok, De.partr.nent of Food N Al AzAZEos ole® x 9foln Tk
& Bioengineering, Kyungwon university, San 65, S Alsh 7hEAEo] AZsige] Yth SeluatdA

Bokjung-dong, Sujung-ku, Sungnam, Kyunggi-do 461-
701, Korea UR. o|F F2hee #7pha] g A k¥o] o

o ¢
e
2
2
2
¥
fr
o




2 AALETE A 49 A 1 (2000

Ztes AP glon 754 e B3 13 HF
< B8t EZ 7AFE Ade] Axso] ¥R
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Alzhe Fd dadlA aEg FARE Yk A
LEHow, e 7y EA|EY B sE)E B
8l AMR-BIRTY. Bifidobacterium 358 1% A
2+ L-ascorbic acid (Duksan pharamaceutical Co.
Korea)& 1%(w/ivy&H o2 A3t AMg-stqi). 29
38 #1% amylolytic enzymese o-amylase$} glucoa-
mylase (amyloglucosidase)& Sigma Chemical Co. (St.
Louis, MO, US AW E& AM4-3t5tl. Alpha-amylase
(EC 32.1.1, Type X-A: from Aspergillus oryzae)$t
glucoamylase (EC 3.2.1.3, from Rhizopus mold)®] &
232 z}z} 300 units/mg solid®} 22,500 units/g solid
oloitt, w4 =& AleF2 Sigma Chemical Co. (St.
Louis, Mo, US.A)5oA FYsted Abgaigon Z2
ELYF, AFELIT, JAEELYILTE (F)
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Bifidobacterium
E 23 A&3 Bifidobacteriume F=-919] A
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Lactobacilli MRS broth (Difco Co. Detroit, MI, U.S.
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Fig. 1. Changes in moisture content of apple pomace du-
ring drying at 70°C and 0.7 m/s.
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Fig. 2. Changes in moisture ratio of apple pomace during
drying at 70°C and 0.7 m/s.
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Table 1. Effects of air velocity and drying temperature on
drying rate at constant rate drying period

Air velocity Drying temperature Drying rate
(m/s) ‘0 (g H,O/min - m’)
40 2.4083
50 4.0746
03 60 6.6705
70 85170
80 8.7999
90 10.3968
40 4.5802
50 5.4041
60 7.0626
03 70 7.9056
. 80 11.5194
‘ 90 12,5745
40 49117
50 6.7530
60 10.
0.7 0.2549
70 10.3200
80 15.2280
90 17.1628

Table 2. Effects of air velocity and drying temperature on
drying rate constants at falling rate drying period

(unit: min™)
Air velocity Drying Stage of falling rate drying
! temperature
(m/s) €C) Ist stage 2nd stage
40 0.0172 0.0127
50 0.0322 0.0093
03 60 0.0557 0.0209
70 0.0273 0.0432
80 0.0647 0.0629
90 0.1108 0.0340
40 0.0237 0.0237
50 0.0478 0.0157
60 0.0494 0.0186
05 70 0.0875 0.0245
80 0.0765 0.0241
90 0.1015 0.1015
40 0.0294 0.0110
50 0.0407 0.0123
60 0.0456 0.0145
07 70 0.0578 0.0376
80 0.0998 0.0187
90 0.1146 0.0478
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Fig. 3. Changes in drying rate of apple pomace for con-
stant rate drying period.
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Fig. 4. Arrhenius plot of drying rate constant for con-

stant rate drying period of apple pomace at air velocity
0.7 my/s.
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Fig. 5. Arrhenius plot of drying rate constant for falling
rate drying period of apple pomace at air velocity 0.7 m/s.

Table 3. Activation energy of drying rate constants at air
velocity 0.7 m/s

Drying stage Ea (kJ/mol)
Constant rate drying 21.014
Ist stage of falling rate drying 26.207
2nd stage of falling rate drying 24.036
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Table 4. Duncan's multiple range test for drying rate con-
stant of falling rate drying stages of apple pomace

Drying rate constant* (min™")

Effect Iststage (k) 2nd stage (k,)
Air velocity (m/s)
0.7 0.06463* 0.02365"
0.5 0.06441° 0.02075°
0.3 0.05889° 0.03051°
Drying Temperature (°C)
90 0.10896" 0.0409"
80 0.08036° 0.0353*
70 0.07266° 0.0351®
60 0.05023° 0.0180™
50 0.04023% 0.0124°
40 0.02342° 0.0118"

*Values of each effect with same letter in each column are
not significantly different (0=0.05).

Table 5. Drying time of apple pomace at different air

velocity and drying temperature (unit: hr)
Drying temperature Air velocity (m/s)
(o) 03 0S5 0.7
90 2.8 1.8 1.8
80 33 2.8 23
70 35 35 2.5
60 5.0 53 4.8
50 8.0 6.3 5.5
40 103 7.0 7.0
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7) Mo AEEt B8 ¥4 2 257t AREE
o PlAE FFe THE Ak Table 4% Zo] %
o WE dz&EAFe W FolH0] ot
exd] me Aole FY ROE veht exo
@ 9yl FHuchs 2 2oz FAAYT,

52

Lightness

42 r
40 — - . .
30 40 50 60 70 80 80 100

Drying temperature (°C)

Fig. 6. Lightness (L value) of dry apple pomace with re-
spect to drying temperature and air velocity.
€@-:03m/s, ---:05m/s, —& —: 0.7 m/s.
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Table 6. Properties of fermented dry apple pomace/saccharified rice solution with respect to dry apple pomace addition

level
. Fermentation Dry apple pomace addition level (%)
Pre A
operties time (hr) 0 20 25 33 50
Sweetness (°Brix) 42 116 12.5 12.6 13.0 13.4 142
TA %) 0 0.045 0.046 0.048 0.049 0.051 0.052
¢ 42 0.126 0.153 0.144 0.135 0.153 0.153
H 0 6.08 5.04 479 475 457 4.40
P 42 331 3.45 3.52 3.61 3.64 3.70
Bifido-bacterium 0 4.8x10* 4.8x10" 48x10" 4.8x10° 48x10" 4.8x10*
number (CFU/mL) 42 1.44x10 1.36x10 1.28x107 7.16x10° 6.52x10° 6.48x10°
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Table 7. Sensory score of Bifidobacterium fermented beve-
rage with respect to dry apple pomace addition level

Sensory properties Add“;‘?%f‘) level Sensory score*®
Color 133 6.3
1.67 5.7°
222 53*
0 39
3.33 34
Flavor 1.67 5.7
1.33 5.1°
222 4.3
3.33 24
0 23
Taste 222 4.6
1.33 4.3
1.67 4.2
3.33 4.1
0 2.3°
Mouthfeel 1.33 59*
1.67 a7*
222 a7
0 41*
3.33 3.3
Overall 1.67 5.6"
1.33 5.2°
222 5.2°
3.33 31
0 2.1

*Scores with same letter are not significantly different
(0=0.05).
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