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Oligosaccharide-Supplemented Soy Ice Cream for Diabetic Patients : Quality Characteristics
and Effects on Blood Sugar and Lipids in Streptozotocin-Induced Diabetic Rats”

Her, Bo-Young ‘- Sung, Hye-Young - Choi, Young-Sun®
Department of Food and Nutrition, Daegu University, Daegu 712-714, Korea

ABSTRACT

The purpose of this study was to investigate not only quality characteristics such as overrun, meltdown and sensory
evaluation of oligosaccharide-supplemented soy ice cream but also physiological effects of ice cream with soy and/or
oligosaccharide on blood sugar and lipid profile in streptozotocin-induced diabetic rats. Powder of parched soybean
was added at 7.6% replacing skimmed milk and cream, soybean oil at 7.6% replacing milk oil in cream, and fructooli-
gosaccharide at 9.5% replacing sucrose on weight basis. Five kinds of ice cream were prepared: MMS (skimmed milk,
milk oil, sucrose), MMO (skimmed milk, milk oil, oligosaccharide), S§S (soybean, soybean oil, sucrose), SSO (soybean,
soybean oil, oligosaccharide), and BSO (black soybean, soybean oil, oligosaccharide). Overrun and meltdown of soy
ice cream were significantly lower than those of milk ice cream. Scores of sensory evaluation especially in mouth feel
and melting feel in mouth were lower in soy ice cream. Freeze-dried ice cream was supplemented to AIN93-based diets
at 30% (w/w). Sprague-Dawley male rats with diabetes induced by injecting streptozotocin were fed experimental diets
for 4 weeks. Plasma glucose level was significantly lowered in SSO group compared with MMS group. Plasma insulin
levels of MMO and SSO groups were not significantly different from that of normal group, while those of MMS and
SSS group were significantly lower than normal group. Plasma cholesterol was decreased in groups fed ice cream sup-
plemented either soybean or fructooligosaccharide compared to MMS group. HDL-cholesterol level was elevated and
triglyceride was decreased significantly in MMO group compared to MMS group. LDL-cholesterol levels of SSS and
BSO groups and liver triglyceride level of SSO group were significantly lower compared to MMS group. In conclu-
sion, oligosaccharide-supplemented soy ice cream lowered blood sugar, and ice cream supplemented with soybean
and/or oligosaccharide improved lipid profile in diabetic rats. (Korean J Nutrition 38(8): 663 ~671, 2005)
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Table 1. Ingredients of ice cream g %
n
Ingrediors lce cream MMS MMO 55 $50 BSO
Soybean? - - 8 (7.6 8 (76 -
Black soybean - - - - 8 (7.6
Skimmed milk 4 (38 4 (38 - - -
Soy oil - - 8 (76 8 (7.6 8 (76
Cream” 35 (33.3) 35 (33.3) 8 (7.6 8 (7.6 8 (76
Oligosaccharide” - 135 (12.9) - 135 (12.9) 135 (12.9)
Sugar 10 (9.5 - 10 (95 - -
Milk 55 (52.4) 51.5 (49.0) 70 (66.7) 66.5 (63.3) 66.5 (63.3)
Gelatin 0.6 ( 0.6) 06 ( 0.6 06 ( 0.6 0.6 ( 0.6) 0.6 ( 0.6)
Emulsifier 03 (03 03 (0.3 03(03 03 (03) 03(03
Vanilla essence o1(0mn 0.1 (0.1 01 (0 0.1 (0.1 01 (0N

"TMMS — Regular ice cream (skimmed milk, milk oil, sugar

MMO —Ice cream with oligosaccharide (skimmed milk, milk oil, ofigosaccharide)

$8S - Soybean ice cream (soybean, soy oil, sugar)

850 - Soybean ice cream with oligosaccharide (soybean, soy oil, oligosaccharide)
BSO - Black soybean ice cream with oligosaccharide (black soybean, soy oil, oligosaccharide)
2 parched soybean powder composed of soy protein 23.3%, soy oil 19.8%, fiver 4.8%.
? Liquid cream composed of milik oit 37%, water 57.7%. milk protein 2.1%.
? Oligosaccharide syrup composed of fructooligosaccharide 41%, water 25%, and the rest of it, glucose and sucrose
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Table 2. Overruns of oligosaccharide-supplemented soy ice cream compared with milk ice cream

Overrun (%)

Group 10 20 30 40 min
MMS 23.42 + 0.715° 41.02 + 0.566° 45.64 + 0.489° 34.46 = 0.881°
MMO 13.79 + 0.229° 30.71 £ 0.794° 38.54 + 0.548° 22.67 + 0.523°

$SS 15.64 + 0.321° 16.91 + 0.581° 29.99 + 0.583° 16.31 + 0.338°
S50 17.46 + 0.381° 26.27 + 0.333° 29.90 + 0.214° 21.23 + 0.585™
BSO 16.73 + 0637 25.31 £ 0.438° 26.33 =+ 0.296° 20.59 + 0.536°

Values are mean + SEM (n = 3), and those not sharing common superscript within a column are significantly different by Duncan’s

test, P<0.05.

Table 3. Meltdown properties of oligosaccharide-supplemented soy ice cream compared with milk ice cream

Melt down (%)

Group 30 45 60 75 90 min
MMS 0.978 + 0.010° 8.049 + 0.071° 11.488 + 0.580° 14.863 + 0.157° 18.989 + 0.248°
MMO 0.546 * 0.002° 5.063 + 0.047° 12.285 * 0.330° 16.485 + 0.263° 21.021 + 0.373°

S5 0.434 + 0.148° 1.461 + 0.026° 3911 +0.084° 6.177 + 0.426° 8.319 + 0.23°
S50 0.663 = 0.114° 2518 + 0.345° 3.963 + 0.149° 6.587 + 0.335° 11.701 % 0.687°
BSO 0.653 + 0.059° 3.925 + 0.216° 5.135 + 0.376° 6.207 = 0.106° 11,577 + 0.288°

Values are mean £ SEM (n = 3), and those not sharing common superscript within a column are significantly different by Duncan’s

test, P<0.05.
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Table 4. Sensory characteristics of oligosaccharide-supplemented soy ice cream compared with milk ice cream

MMS MMO SSS SSO
Mouth feel 4.26 £+ 0.156° 3.70 + 0.158° 2.63 £ 0.161° 2.52 £0.135°
Melting feel 4.22 +0,134° 4.11 £ 0.180° 2.67 + 0.151° 2.70 + 0.139°
Sweet 422 + 0.154° 3.70 + 0.168° 3.26 £ 0.182° 3.07 £ 0.130°
Bitter 4.85 + 0.070° 4,67 = 0.092° 3.85 + 0.190° 3.59 +0.228°
Beany flavor 4.37 £0.132° 433 = 0.169° 3.52 + 0.209° 3,67 + 0.220°
Color 4.59 + 0.144° 437 +0.170° 3.33 £0.131° 3.67 £ 0.107°
Overall acceptance 456+ 0.134° 3.74 + 0.165° 3.07 £0.130° 3.11 £0.082°

Values are mean * SEM (n = 27), and those not sharing common superscript within a row are significantly different by Duncan’s

test, P<0.05.

Table 5. Body weight, food intake and food efficiency ratio after feeding experimental diet

Group Initial weight (g) Final weight (g) Weight gain (g/day) Food intake (g/day) Food efficiency ratio
Normal 251.00 + 591° 354.70 + 15.94° 3.70 £ 0.482° 19.67 + 0.373° 0.189 = 0,026°
MMS 228.33 * 5.46° 269.55 + 10.16° 1.47 + 0.247° 26.81 + 0.774° 0.054 + 0,009°
MMO 226.67 + 6.28° 283.33 + 13.34° 2.02 + 0.485° 27.09 + 1.078° 0.073 = 0.017°
S5 231.43 + 553° 297.71 + 12.94° 2.37 + 0.352° 28.70 + 0.714° 0.081 = 0.010°
SSO 227.50 + 3.66° 293.12 = 14.60° 2.44 £ 0219 2690 + 1.178° 0.089 + 0.018°
BSO 228.12 + 2.4%° 282.75 = 16.13° 228 +0.222° 26.25 + 0.844° 0.077 + 0.022°

Values are mean = SEM (n = 10). and those not sharing common superscript within a column are significantly different by

Duncan’s fest, P<0.05.

Table 6. Organ weights of diabetic rats fed ice cream

Group Liver Kidneys Spleen Pancreas
g/100 g B.W.

Normal 2.745 + 0.324° 0.707 + 0.039° 0.204 = 0.016 0.033 + 0.007°

MMS 4.086 + 0.080° 1171 = 0.035° 0.183 = 0,005 0.019 + 0.002°

MMO 4.068 + 0.050° 1.131 = 0.033° 0.189 £ 0.010 0.021 + 0.002*

SSS 3913 £ 0.124° 1.100 + 0.037° 0.194 £ 0.010 0.018 + 0.003°

SSO 3.828 + 0.130° 1.093 + 0.094% 0.197 £ 0.006 0.020 + 0.002°

BSO 3.799 = 0.094° 1.157 + 0.08° 0.192 + 0.008 0.017 + 0.002°

Values are mean = SEM (n = 10), and those not sharing common superscript within a column are significantly different by

Duncan’s test, P<0.05.
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T
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L_O_Normq, o MMS —oMMO 55 0S50 —0o-BSO Fig. 2. Plasma levels of glucose and insulin in nomal rats and
diabetic rats fed ice creams. Data are expressed as means with

" error bars representing SEM (n = 10), and those not sharing
Fig. 1. Blood glucose changes in normal rafs and streptozotocin-  common superscript are significantly different by Duncan's fest,
induced diabetic rafs fed ice creams. P<0.05.

Normal MMS MMO SSS SSO BSO

Table 7. Plasma and hepatic levels of lipids in streptozotocin-induced diabetic rats

Plasma (mg/100 mL) Liver (mg/g wet liver)

Group Total HDL LDL Tialveerid Total Trialvcerid

cholesterol cholesterol cholesterol glyceriae cholesterol ngycerice
Normal” 825+ 3.2° 437 + 20° 263+ 47® 626+ 48 128 £ 0.9 71.4 +145®
MMS 1525 £ 17.1° 47.7 £ 2.3° 390+ 87° 328.9 + 61.5° 130+ 1.4 80.4 +10.2°
MMO 1126 = 4.6° 678 £ 11.1° 17.2 £ 10.6® 137.8 + 33.6™ 104 £ 0.6 458+ 87°
SSS 1001+ 79° 563 + 55 Nne+ 7.7° 160.6 + 72.4°° 1M2+1.1 48.9 + 12.4%
SSO 1183 + 142° 527 £ 51° 164+ 7.0% 173.4 £ 59.0%° 103 £ 0.9 405+ 7.8
BSO M3+ 59° 506 £ 2.1° 127 + 87° 189.4 + 25.5% 11.7+£10 66.9 + 109®

Vdlues are mean + SEM (n = 10), and those not sharing common superscript within a column are significantly different by Duncan’s
test, P<0.05.
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ol F2 SARBK: olAFEHEE: genistein, daidzein, glyck
tein®] 3%F9 aglycone® 2zt 3%<] szt &A%
ohP AL oBgolzeie AAF AAA FAea
W7} &3 glycitein®] A2E9eH isoflavone, anto-
cyanin B4 Fo] FHEO] UTE? 1 Fojja o) ZE
< 7 AEEAE IoE, Y AEAYE 9 &
HE Hol: 5 AEF &o| B3A By Jroz®
genisteing 3 TN 2]o]Fo] genisteine AAT F
G o] Fof uld| ¥ ZYAEHES AR =@
F9 genistein EFo] APZY 2ulo] D39 & o
ATV =FFAHTl ARFART v @3
FY2HE 5 AstadArt A Jehgoh E Aol
5 Agta oz wFololATge] HAFolo)| AT 1]
3 A T A e AR B, old A =
FF9 AAT A9 genistein 59 vIFAE o)
o 93 Roz Algdr}

T oMY olAEErR ) @A tiE 32 5
7t} B EE v, )52 71E AT} estrogen &4
e Ao wx= &) dEv: RaPE Uk
7o delA s o &dfell Qlo] ¥ AAE ol
SR YTk e AEo] o uigEsi, ole
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W7 HEE el o8 AP EAEY 98] & A%
5220, orolfNAYH diF AAZ W THEAEe] &
ko] ool o ulgAE Aol ARksIgit

T 3t AEEH Vs Aegde sy
g5E o] 88 54, % QTFEE, frozen soy yogurt 5
3} 2 7HEAE] FAIE dAAELZA s T Qrk
ool Aad MRoE F2 $Fu3E gal BT
Gle ARG AFE0) AEHJLLTY HAFRE o&
3] g 713 S AN GFLTEE olo]Agy
FATER YFAFoR AT AR TG Al
592 vk gy 29 FHeA o)hTeho] AFR|UF
7 83 AFAE MArReY, Z2u8e]2E (probiotics)
o] o]AZeHE S AFE FSAITIA Tk Bast &
At g olol2~ag e Alavhs ERIFA gt B
AT E T FA JFg Zenlo] 28 (prebiotics)
9 TYPeLT vy g9 FF XA Jhded U F9
F o AeAE3

B Ay oz gujugd A7) hololxage] A
+ EAEA] £ o JldE ol FBAE st A7)
SAQ olo)ATY AFOE o] 7HeE ZoE wdd
o} Fololxadbe] A FVE WA ¥ R A
7ViAY A7AE 212N overrun melidown &
e ANE F dE F&5 dvr Bedhh B3 dnd
A Sejug A7F FolelAade g 9@ AAdAL

WA ans AEshe @AAEARE 488 Zo® Algdnt
oo 9 B2
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ojolAgYe AEZ T SYuFe AU aHe} F
o] £5E 2ello] gy o g Ul BXog ¢
Folel2ad (MMS), £33 FH7 S-fetel~ad (MMO)
Folo]ATE (SSS), Gt Foto]Aa® (SSO),
A7 AAFoe)A~TE (BSO)& AZ3ISAH. Al
%3}k ofo)A-E overrun, meltdown, Fs54 HellA
FAEAL vwaely, AXE ololAaYe A7A
F71E Y8 $230xE ol)AAYE AIN-93 2o]9
30% sFo7 H7isl] Aoz 313l
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5% ¥ Sprague—Dawley & 3% H& 9=2 ¢
312 42 BT (Normal) ¥ F=F (Diabetes) 5F9.
2 W, streptozotocin (STZ) 0.8 9nE -5islo
T 157U F7E APHlE ARFA 47 T A
FAANZ AE FHY F718 s Hly, ¥F, de
s 9 ek viXe 898 S g3 2
< ZAHE 99k

1) Overrun® meltdownZ Felo]A33 (SSS, SSO)
o] $-FololAad (MMS, MMO)°ll Hldl] H-oJ3tA *
Al vebstch

2) $HelolamdeN Rt e A% gl &8
1S 71 A TA HolRAA Yggken, Fololx

g $ ANEAQ A ot Aee B Sl st
o}, BE FEANA fololAajel Hlgh] {2

° =

TEYRY ¥eY FEE LY agHs} Fop|ATY
Fo| $HololaaRFel vl st iR on,
g7 Jgd F5E guTo] AT v R £F2S
nglov TR} $hololaag Su|ugHst 2
o] ATYTF-E ANTH HAT 2012 Ro|X) Ygpth

4) 87 FAUSL 29T (FD) T A of
o]Aa¥ (MMO, SSS, SSO, BSO)#o] $roloiAad
Fo vla) SolhAl Re ANE mgow, HDL A
2 ¥EE 2817t SfollAaUTo] Sfololaz
g7o] 8] s B AHE Btk FHAY 5
E 2B adAt $hololAaRTol SHololAagT)
w8l FlsA Wit 2tEAe) FAANEEE gay
A7}t FololAaRTo] S-fololAabTel vla) st
vigke,

B A7 a8 49 A7) AsEs gt &
fololAaY il A% 283 8342 A Sol &
A 23 mRA7t TololAaAYE Az FEAY
¢ B9 7154E TEROER FuBiSe] AF AU
Zg 93|y AE7)EE 2EA7)EH 7105 2 Aot
gpzas AANe] 2 B L2y Hrl olo)ATY
o] ZATE BP0} 53] T LEluYE FAo Are
opolAage] a7} b Aok 2t Seust
ololAzo] EA I B Byl Qo] Uk 9§ ool
Aol HNR) Falo] FA EAL SN A T
T Az Wil 98] Mol ololAAlela £HE )
Do 24 Pl olla} Qg 7|5AE, tholo]
E 4Foz ojgo) isaelet By
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