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Abstract

The heat treatment indicators such as HMF contents, lactulose contents and whey protein denatura-
tion rates were measured to refer to the heat treatment intensity of domestic market infant formulae.
The HMF contents showed 21.0~43.9 umol//: in the case of powder types, the HMF contents in
enriched nutrient products(ii) were higher whereas in the case of liquid types they were packed
in cans(i). The lactulose contents showed 2.5~11.4 mg/100 m/ in the powder type and 27.0~164.8
mg/100 m!/ in the liquid type. There was much difference in the lactulose contents according to the
product types. Compared with the ADPI standards, most of infant formulae were considered to be
medium-heat class. The whey protein denaturation rates were 1.1~69.4% in the powder type and

374~71.3% in the liquid type.
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Fig. 1. HMF standard calibration curve
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Fig. 2. Procedures of sample preparation for lactulose
determination
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DWPN of infant formula (%)=

WPN of low heat standard—WPN of formula
WPN of low heat standard

X100
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Table 1. HMF values of market infant formulae
Absolute HMF

Total HMF + sp» HMF of

Samples® raw milk
(umol/y  (umol/t) (umol/l) (umol/100g)
powder type
A Gy 282116 72 210 16.2
A (i 370+ 26 7.2 29.8 229
B @) 36.8*+ 2.6 72 29.6 22.8
B (i) 51.1% 3.1 7.2 439 338
CQ) 39.0+ 48 7.2 31.8 245
C (i) 419+28 7.2 34.7 26.7
liquid type
D @) 486+ 29 7.2 414 319
D (1) 32.0£ 2.0 7.2 24.8 19.1

“number of samples, n=5

5SD: standard deviation

‘(1): 0~5 month-old infant, grade of stage 1
4ii): 6~10 month-old infant, grade of stage 2
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Fig. 3oll, 28] 2 ek Au= 87 AlEelA Z-H lactu-
lose §ekol| A Ao FA)H lactulose H712ES w3
A4 lactulose ek 2 Table 20 viehiidch £
Aol A% Alg (A)E FAghe] Artedrcod Fteb Al
A 22 9lgd v, (B): 9.0~11.4 mg/100 mi, (C) ol M=
25~26 mg/100 ml 22 ¥R A ZH =g o, olf A}
(D)ol 4= 27.0~1648 mz/100 MO 2 We Tg
ot Al#EE 2A LR Folle W71 lactulose #eE
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Table 2. Lactulose contents (mg/100 m/) of market in-
fant formulae

Samples® Lactulose Label  Subtracted lactulose
Meant SD® (added) (Mean-added)

powder type

A Gy 348+ 54 65.0 -

A Gy 305+ 4.7 65.0 -

B 740% 6.5 65.0 9.0

B (i) 498+ 48 384 114

c 25102 156.0° 2.5

C (i) 26102 260.0" 26
liquid type

D (i) 2298+ 105 65.0 164.8

D (i) 99.0+ 3.7 720 270

‘number of samples, n—5

®SD: standard deviation

‘1): 0~5 month-old infant, grade of stage 1
4(ii): 6~10 month-old infant, grade of stage 2
*: fructooligosaccharides

lose &=ko] ¥ Fxgvin Bustded, ol &
Ao Antele AFE Aoz} lsivh Beachol Men-
zies® = ZAE-Go| A lactulose TeFg ZAsto] Za1
LH3F 2AEGFE 429 lactulose S -F-3thw, B5-4
AZEGE 17Tmg/100 mE @983 olokm Mashel
£, oA B Aol AFo| 733H lactulose T
FE oWl FEA RzEfe) el 9~11 mg/100 mi2t
fArEhe 2yl

Lactulose: Aael| 4] Rsl| = x| ¢k Lactobacilli 2}
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ARl A7y H7) w ol fote] odekol Fasichi st
G w3 lactuloses $5-5 LAY o w2
g ofubo] HAE Wolu g Kolg ZAEF ol lac-
tulose S 7}8kA17 718 A|tsled o b, Olano® ¢} Za-
dow® = AubA 3% 9 lactulose7}t o1® YA Aol &
dod £5 vty Wugo g fobd A EFfele
bsd A et astel AskS v|x|A| & WHE2 lac
tulose?] FEZ AAslol Holsle o] nlATE
A Abeksiet. Lactulose® frobdloll whed 1~2% A%
1kgd 1.0~15g¢) ko2 Ad71g W A4 microflora®
zA0] EH4E He 718 folsl AY zepes Aol #
HAEU®, L AgAs 2uade] 2AEF AES &
obe] wpA ghata el o3 aFg WA Y& FEelgie
(DYA}e] 15hA] AR Fo At 164.8 mg/100 m/2 2
o $HEA
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Fig. 3. GC-chromatogram of lactulose in market infant
formula (powder type (P): B-i, liquid type (L): D-i)
1. phenyl-B-D-glucoside(internal standard)

2. lactulose

3. a-lactose

4. B-lactose
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Table 3. Distributions of nitrogen fractions of market infant formulae (mg/100g of liquid form (% of TN))
Samples® Low heat Powder type Liquid type
N-fractions stantand Ay A B() B(ii) CQ) C(i) D@) D(Gi)
Total nitrogen 2712 3057 2688 2966 2498 3228 2824 3782
Non -casein nitrogen 88.2 98.4 74.0 66.7 122.6 162.0 65.6 105.9

(32.5) (322) (275 (225 (49.1) (502) (232) (28.0)
Casein nitrogen 183.0 2073 1948 2299 1272 1609 2168 2723
(675) (67.8) (725) (775 (509) (49.8) (76.8) (72.0)
Non-protein nitrogen 264 353 417 37.2 273 277 37.9 456
(97 (116 (155 (125 (109 (86) (134 (121)
Whey protein nitrogen 96.3 61.8 63.1 323 295 953 1342 276 60.3
(228) (206) (1200 (100 (382) @416) (98 (159
Denatured whey protein nitrogen 34.6 332 64.0 66.8 1.0 68.7 36.0
DWPN (%)® 359 345 66.5 69.4 1.1 713 374

‘number of samples, n=5

DWPN (%)= WPN of low heat standard—WPN of formula

WPN of low heat standard X100

(i): 0~5 month-old infant, grade of stage 1
4(i): 6~10 month-old infant, grade of stage 2
TR ks AFog sle] A }dﬂ} (D2} 374%(i) & HAEL Bl ()L cane 2 (i)

B Age) Az AgET 9l 8/ ZAES A E7h) £ tetrapack ® 2 AT 53] cane® £ (D)9
AERE 2SS B Felrt sdsdeh zxﬂﬂr ST e] Qg go] ¥tk
AlE2 CN: WPN : NPN 8|82 50~78: 10~42 : 9~
1622 5§ %] 44:37:199 w]g®3 cpzA o 2 %
etk 2AERel SRRy e Shoha o) 254
& mhek A sl A FAREAs F7H4A Ao w4 T°r b 2AERe A4 JEE
A4l L AR B &S Ao} mael A & A, welalr] slated HMF @ lactulose 33, 4k a
Alo]4le] I Lghol] 23k Alo]AlA 4 vl Al A A AE HAE 58 5434 ‘4. ZA 259 HMF ek 210
Rl 7 & A, i kAl WA A 5o AES ~43.9 umol// 2 BT 75 21E cdFAdEe kol
At gleba shgd o, o 7rEg (DA AFeld w2 HMF 3fakg »d

ADPI'®¥ o] 4]4= Harland-Ashworth®] #¥-¢- ¥ & | # o}, AAke] AL can AL AFoA v wotcl =
AW AL Kjeldahl B4 o2 Akt ghoz B89 A HF2] lactulose §HeF-e- Eababoll A 2.5~11.4 mg/100
dHE 5-F& EFslded, low-heat &3] EHE 741 mIQ B Akl A 27.0~164.8 mg/100 m/ 2.2 A2 &
mg/g, medium-heat &= ¥H+ 740~046 mg/g, L] eoll whel ge zjo)rt ik ADPIo A #| A& o 22

3 high-heat &2 &4+ 045 mg/ge =2 A A)s}sich Ta— =FL 7 Fog RHYS u OjREe] ARG A Fo]
ble 3o Jehd ZAEG2] SAuiwl x4 Fepe- medium-heat S-3ol sjg=Egon, =484 At

ArelQl mg/go 2 #Albstd, (A)= 4.75 mg/g(i) 4.85 WA GHAEe E2AF A, EaabdAE 1.1~694
mg/g(ii), (B)+= 249 mg/g(i)# 2.27 mg/g(ii), (O &= %93 MAfol| A= 37.4~71.3%0) 3]t}
7.33 mg/g(i)#} 10.33 mg/g(ii) 287 (D)& 2.12 mg/g

()3} 4.64 mg/g(ii) ©.2, o] F5& ADPI® o)A A4 2 8

dAe] 5FE VELE ¥HAe 9 B AP (A),

(B), (D) A%< medium-heat EF¢ siz=gdw, (C) 1. AAle, o)HH ! fols ZAE-F(Infant formula)el
Z O T4 3 et 329 A7 5 ST 4(2), 61(1986)
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