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Freeze Drying of Fermented Milk Prepared from Milk and Fruit Juices

Young-Tac Ko and Mi-Hwa Oh
Department of Foods and Nutrition, Duksung Women's University

Abstract

Fermented milk was prepared from milk or mixture of milk and apple juice/grape juice, and it was freeze
dried. pH change and growth of Lactobacillus acidophilus (KCTC 2182) during freeze drying were studied.
The effects of freeze drying on sensory evaluation and volatile aroma compounds in freeze dried sample or
reconstituted sample were also studied. Freezing and freeze drying did not affect pH of fermented milk.
Number of viable cells of L. acidophilus was markedly reduced during freezing or freeze drying. When
number of viable cells in original fermented milk was considered as 100%, survival ratio of viable cells after
freezing was 64.5~85.2% and that after freeze drying was 10.0~21.1%. When sensory properties of original
fermented milk prepared from juice-milk (ratio 15:35) were compared with those of freeze dried/
reconstituted sample, sensory properties of original sample were better than those of freeze dried/reconstituted
sample. Ethanol, diacetyl, butanol and acetoin were detected in all of original samples and freeze dried/
reconstituted samples while acetone was detected in samples containing high amount of grape juice. Volatile
aroma compounds in original fermented milk were reduced during freeze drying. L. acidophilus produced

ethanol, diacetyl and acetoin during fermentation.
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A Az AEE AFCEIYF4), F713 100%
AAFFAE SR R), F71F 100% EEFAEES
R)E AHEEC A 3] AR B ¥FEA
X+ acetone, n-propanol, butanol (53, Junsei Chemical
Co., Japan), ethanol (GC-%, 99.8%, Merck Co., F.R.
Germany), diacetyl (55, Tokyo Kasei Co., Japan) ¥
acetoin (GC4-, 98%, Fluka Chemie, Switzerland)& A}
43kt

AT F

A7l BEFQ) Lactobacillus acidophilus (KCTC
2182) A5 AHEsl o AT BES wix2e
MRS §H3ull=] (Difco Lab., USAYE AH-ghedc).

UHERO M=

+# 50 mL& di2FoE (V) L AAF~
25 mL:$-% 25 mL, II. A}352~ 15 mL:$-§ 35
mL, III. A}~ 5 mL:$F- 45 mL, IV. 532 25
mL:$% 25 mL, V. ¥ 552 15 mL: 9§ 35 mL,
VI LEF2 5 mL: 9§ 45 mLe] v &2 &3 &,
MRS BA|uf ol 4] 24A17F wijoFgt ZHAME wlofdg
1% (V/V)9] H18(10 CFU/mL F)& H3F3lo
40°C2] 8F27] o)A 2147k A A A}
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&} rubber septum (24 mm, Sigma Chemical Co., USA)
o2 =WREF F 53°Ce pair stirer (Eyela, PS-100,
Japan)ol| &) 208-7F wwbsleict. wHA%) headspace gas
£ 5 mL gas tight syringe (Hamilton Co., USA)Z. 1
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Packard Co., USA)E. #43l9ic} ¥5 248 Al83}
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Table 1-& 57 (freezing)?} E27 F(freeze drying)
7} WES2] pH2} Lactobacillus acidophilus (KCTC
2182)0] Agol] vlxl= G ol g Ao} T4

A wEG] pHE 3.92~4.47, 57 3= 3.89-4.53, &
AAZx F+= 3.90~4.500.8 A& Wiz} gt AF
FE T4 A I8 100%2 Y& o, T4 £ 4
E&2 64.5-852%, FAAx 9 A=&L 100~
21.1%0) 3, 4 A Foll= I, 9} VIS A2 o}
HA] A&7t f2]AQ 2ol & RB3low(p>0.05),
ARZE A3} F9] ARE BF foHel o) vy
tHp>0.05). o]AS] AE ¥ B3 v EAAZR
of 23t WA f-2] pHi= 7o War} glovy, A
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o5 gEch 2 23 Adart A4 olde
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Table 1. Effects of freezing and freeze drying on pH change and survival of L. acidophilus in milk or mixture of

milk and apple/grape juice

Viable cell count”

- 1
Sample ratio pH (CFU/mL)
No. Before After After Before After After
Juice Milk freezin freezin freeze freezing freezing  freeze drying
g g drying (x10% (X 10%) (X109
I Apple 25 25 4.04 4.03 4.04 174038 144051 24'+1.04
(100%) (82.4%) (14.1%)
I Apple 15 35 4.08 4.07 4.09 2.9°+1.01 23131 29°+096
(100%) (79.3%) (10.0%)
I Apple 5 45 4.20 4.18 4.21 2.0°+0.51 1.6"+0.21 3.9°4+2.40
(100%) (80.0%) (19.5%)
v Grape 25 25 3.92 3.89 3.90 25'+1.12 1.8+064  51°+2.62
(100%) (72.0%) (20.4%)
v Grape 15 35 4.02 3.96 3.98 27°+0.83 23"+085 5.7°%+3.56
(100%) (85.2%) (21.1%)
VI Grape 5 45 421 4.29 4.22 3.1"£0.89  2.0°+056 32°+137
(100%) (64.5%) (10.3%)
VI Juice 0 50 4.47 4.53 4.50 2.9°+0.81 22'+077  3.9°+097
(100%) (75.9%) (13.5%)

“Median values of seven or more replications.
“Mean values of seven or more replications.

““Any two means in a row not followed by the same letter are significantly different at the 5% level.
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Fig. 1. Photograph of freeze dried fermented milk pre-
pared from milk or mixture of milk and apple/grape
juice, From left 1 (Apple-Milk 25:25), 2 (Apple-Milk 15:
35), 3 (Apple-Milk 5:45), 4 (Grape-Milk 25 :25), 5 (Grape-
Milk 15:35), 6 (Grape-Milk 5 :45) and 7 (Milk 50).
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Table 2. Effects of freeze drying on organoleptic properties of fermented milk prepared from milk or mixture of

milk and apple/grape juice”

Sample ratio

Supernatant separation

No. —————————————Appearance Odor Acid taste” Color
Juice Milk 0 hr’ 18 hr’
I Apple 25 25 Fluid None 22~28% Apple yogurt 4.0~4.2 Less milky white
smell
II  Apple 15 35 Fluid None 12~21% Weak apple 4.3~4.7 Slightly milky
yogurt smell white
I Apple 5 45 Fluid None 6~15% Milk yogurt 5 Milky white
smell
IV Grape 25 25 Fluid None 27~37% Grape yogurt 4~4.3 Violet
smell
V  Grape 15 35 Fluid None 13~27% Grape yogurt 4.5~4.7 Slightly violet
smell
VI Grape 5 45 Fluid None 11~24% Grape & Milk 4.9-5 Slightly violet-tinted
yogurt smell milky white
vl Juice 0 50 Fluid None 16~22% Miltk yogurt 5 Milky white

smell

"Samples were prepared from milk and juice fermented with L. acidophilus for 21 hr, freeze dried and reconstituted with water.

20 hr: Measured immediately after reconstitution.

718 hr: Measured after 18 hr standing in test tube (diameter 1.8 cm) at 5°C.
“Acid taste: 9.0 extremely strong, 5.0 equal to control, 1.0 extremely weak.
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&3 vigo] 15:35¢] 7|42 wtE A s (A9 B
g HERE FEAAR-3UT A5 (B)Y] TEAE
AFE Aatol}, Aukdal 7135 A A 77} 630, B
A|87} 57022 A A7) frejdeg $4sle]on
(p>0.01), 5%, &, 227k, WAre] A9 = A A8V} B
Alg ik 95t} olabe) AE Zitsle] B,
$A7Z o) AR Ay ¥ AR B w54
o] $<pstel, oloh e AYL TEFAh B
A7 7o Bk #xE Ao eyl T4A

Table 3. Comparison of sensory properties of (A)
fermented milk prepared from milk/apple juice and (B)
those of reconstituted fermented milk prepared from
milk/apple juice

(A) Fermented
milk prepared

(B) Reconstituted
fermented milk

from milk/apple prepared from
juice” milk/apple juice”

Overall acceptability — 6.18+0.76**? 5.70+0.80
Taste 6.20+0.80** 5.731+0.83
Odor 6.00+-0.71 5.98+0.70
Texture 6.00+0.69** 5.60+0.74
Color 5.55+0.50 5.55+0.50
“Ratio of substrate: milk/apple juice 35/15.

“p>0.01.

Table 4. Comparison of sensory properties of (A)
fermented milk prepared from milk/grape juice and (B)
those of reconstituted fermented milk prepared from
milk/grape juice

(A) Fermented
milk prepared
from milk/grape

(B) Reconstituted
fermented milk
prepared from

juice” milk/grape juice"
Overall acceptability 6.301:0.80%*> 5.70+0.71
Taste 6.354+0.84** 5.75+0.75
Odor 6.23+0.87*" 6.13+0.85
Texture 6.25+0.81%* 5.451+0.89
Color 6.131+0.74* 5.98+0.60

{’Ralio of substrate: milk/grape juice 35/15.
“p>0.01.
5> 0.05.
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Table 5t AMAGFASH B3t 7148 BHE UFHE
FARZAZ DAL AR 3FEH FHAAEAY) 5
A B(FFA] B reference)e] #5A-2 w3 Ao
o} AMbdel Z1Eve AlabA-8 15:35 Algs)
7 et em(p > 0.05), ohE AR A5 £
A8l AR ZFABHRT) B5Ale] Az =
sttt o9} & Avlke EFA 89 v, JA7 254
BRY AH o pslchs S 9fn|jlt). Table
6& TEFA-9H EF 7148w HEAS 3% &
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Hol}, MUk el 7|5 EEFA-2H 15:35 A8

Table 5. Sensory properties of freeze dried fermented
milk prepared from milk or mixture of milk and apple
aoox 1)
Jjuice

Milk Ratio of apple juice to milk
(Milk 50)  25:25 15:35 5:45
Overall 500" 5034034 5504023 5.10°+0.21
acceptability
Taste 5.00°  5.83'+0.41 5.60"+0.31 5.18+0.24
Odor 5.00°  5.83°+0.37 5.53"40.26 5.10°4+0.21
Texture 5.000 4404021 473" 4026  5.00°
Color 5.00°  430°4+030 4.78°+026  5.00°

"Samples were prepared from milk and juice fermented with
L. acidophilus for 21 hr.

““Any two means in a row not followed by the same letter
are significantly different at the 5% level. The scores were
assigned numerical values 1 to 9 with "no difference between
sample and reference’ equaling 5, “extremely better than
reference” equaling 9 and “extrmely inferior to reference’
equaling 1.
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Table 6. Sensory properties of freeze dried fermented
milk prepared from milk or mixture of milk and

grape juice

Milk Ratio of grape juice to milk

(Milk 50) 25:25 15:35 5:45
gc";gﬂbimy 500° 5554036 6.08'+0.44 5.20°+025
Taste 5.00°  5.95°+0.56 6.35°+0.46 5.15°+0.24
Odor 500"  6.10°+0.35 5.95°+0.36 5.05°+0.15
Texture 5000  445°+0.15 490"+021 5.05'+0.15
Color 5.00° 4.85+0.76 5.83'+0.71 5.28°+0.55

*See footote in Table 5.
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Fig. 2= AP -9-8-(25:25)2 2HE B a.-4-9] 3
Al 8F7] A ®-9] GC chromatograme|™, Fig. 32 &£

Table 7. Composition of volatile aroma compounds in samples before and after freeze drying” (unit: ppm)
Sample ratio Acetone Ethanol Diacetyl Butanol Acetoin
No Juice  Milk Before After Before After Before After Before After Before After
I Apple25 25 -2 - 3934084 1531042 4071093 3.08+0.79 0.39+0.07 028+0.06 32.01+9.09 16.70+7.73
Il Apple 15 35 - 7.78+1.18 249£023 3761058 2361049 0321004 024£0.03 29.92+6.04 13241238
I Apple 5 45 - 11.87+2.66 2.56+0.33 1401027 1.05+£033 0291006 0.1320.02 14.03+496 630£1.72

IV Grape 25 25 3061023 1.32+023 88.12+891 31.7617.34 430+037 345+096 0.32+0.03 0.1810.03 21.68+2.63 10.94+3.80
V Grape 15 35 219£038 0.61+0.12 52.77+7.06 16474399 1401031 1.26+032 0.28+0.05 0.1410.03 10824322 5.66+1.15
VI Grape § 45 - - 2647307 4284032 072£0.11 0591017 026+£003 0124002 7964261 4.03+1.27
VI Juice 0 50 - - 6811074 1.23+0.26 0.89+0.06 0.73£0.t5 020£002 0.11x0.02 31.35+9.32 10.02+4.68

UMean values and standard deviations of 18 or more replications.
P+ Trace.
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Table 8. Recovery ratio of volatile aroma compounds after freeze drying (unit: %)
Sample ratio
No - - Acetone Ethanol Diacetyl Butanol Acetoin
Juice Milk

1 Apple 25 25 - 38.9 75.7 71.8 522

I Apple 15 35 - 320 62.8 75.0 443

I Apple 5 45 - 21.6 75.0 44.8 449

v Grape 25 25 43.1 36.0 80.2 56.3 50.5

\% Grape 15 35 27.9 31.2 90.0 50.0 523

VI Grape 5 45 - 16.2 81.9 46.2 50.6

viI Juice 0 50 18.1 82.0 55.0 32.0
Y : Trace
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Fig. 2. GC chromatogram of volatile aroma compounds
in fermented milk prepared from mixture of apple juice
and milk (25 mL: 25 mL).

1: unknown, 2: dodecanol, 3: ethanol, 4: diacetyl, 5:
unknown, 6: n-propanol, 7: unknown, 8: unknown, 9:
butanol, 10: unknown, 11: acetoin.

4 HEFE FEAUR-BUT AR LA )
Axel GC chromatogramOIE}. A Fig. 28 39 »
5 14e) Bz7h elskize, o] Fol4 dodecanol
(2), ethanol (3), diacetyl (4), n-propanol (6), butanol (9),
acetoin (11)9] &/ RFEA ] L5274k v] s}
of AJBo] Felo] =] 7, 57)¢] ¥ =(1,5,7,8,10) & 4
5 #d¥ 5 el n-propanold WHEFEA
(internal standard)@ 713k Z o)™, dodecanol-& GC
9] ChemStationo] ¥aj¥e] 7|93}y Qe A ¥l
&4 Fig. 32 29 9] =29] S0} H5d-& Fig. 29} A <)
FeAksiLE, 7)z2e) o) & 4 Slchel):
diacetyl 17.5 pA — 12.0 pA). o]} Z+-& Ash= E4A
Zol| ofste] A F] A 7] A Fo] e
Table 89] Ao} Adx]sli= Ao} 5709 nidtal A&
< Ik Zlo] oz Sasjof & stalolc}

2 %

2 AP HE-h

Fig. 3. GC chromatogram of volatile aroma compounds
in freeze dried/reconstituted sample prepared from
mixture of apple juice and milk (25 mL : 25 mL).

1: unknown, 2: dodecanol, 3: ethanol, 4: diacetyl, 5:
unknown, 6: n-propanol, 7: unknown, 8: unknown, 9:
butanol, 10: unknown, 11: acetoin.
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