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(a)

® 0 @ o —— Fat
o’ co%el
o> 00 Bl ® Cocoa powder
® % ¢ @ ™ sygar
e Coe ®o e T Milk powder

(b)

Fig. 1-1 (a) Schematic representation of structure of chocolate. (b) Microscopic image of melted

chocolate.



Table 1-1 Cocoa butter polymorphs and their properties.

Fig. 1-2 Structure of POSt molecule.'”- 24

Polymorphic forms Chain packing Melting points (°C)
I Sub-a Double 17.3
II o Double 23.3
I B2’ Double 25.5
v Br Double 27.5
A\ B2 Triple 33.8
VI B1 Triple 36.3




ayleishi aibuls

Cluster

Network

Fig. 1-3 Schematic representation of the different levels of structure in crystallized fats.
A single crystallite may have one or more domains of a thickness &, composed in turn of
several lamellae of thickness d. Each lamella is formed by TAG organized with a

characteristic longitudinal stacking and lateral packing.'”



(@)

a-form B’-form B-form

#
@7

(b)
A
Ny <
/.
o 4 -
Hexagonal Orthorhombic Triclinic
perpendicular parallel

Fig. 1-4 Crystal packing of triacylglycerols. (a) Projection showing arrangement of alkyl

chains for a, f and B’ polymorphs. (b) Projection parallel to direction of alkyl chain.
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Fig. 1-5 XRD patterns of different cocoa butter polymorphs
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A
50 °C
Heat Cool
32°C
30°C
Chocolate Reheat
Cool
27 °C
Solid All fats (o3
orrect Unstable
chocolate melted number of crystals
stable melted out
crystals

Fig. 1-6 Tempering sequence during fat crystallization in chocolate!?.
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(d) () (f)

Fig. 1-7 Fat blooms in chocolate with different morphologies. (a) Fat bloom after long-term storage.
(b, c, d) Fat bloom after high temperature exposure. The size of a dark brown sphere depends inversely
on the number of B crystal nuclei. (e, f) Fat bloom after temperature-cycling storage. Various

appearances can be obtained depending on the composition, temperature conditions, and storage term.

29



1.6 AFFFD B L FasTERR

ZIETHRARTEZLIIL, Faalb— MUGEIZBW TR RWE & IREELHERT D
TeOIZiZa a7 N2 — ORI R EZ BAE LT 2 Z L 3RO 6D, FrICRHIRES
REEEC LY TAG OYEHPRENE DS THEL DL 7 7 v M7 — 20 X 9 25 {bBl%I
BELPETHY, TRNETICHE OMER R SN TE 2. Hix RIRERF O IR 5 H
W iFgE A B L TE < OBERICE S BN RA LN TE 2R, REICHH I TWDEL
FUIFREHWTHY, ZHHDOHFRDOATITHHTERWBE L LKA TS, 77 v b
TN— BOIRARI 72 A S = A XETF 3 2 b— bR\ T B MM S 7 53 o T
SHEELTH D0, £ TITIIERA RBEEERAFEL TR Y, ZOTEERLDOETHELEE
BRI T DT TikZe.

—J7, fiEERE LT, T8, MiEOSHRSCR ik 2 & st~ 0t e &, F =
AL — b2 LD ESHHGRENRESELEDSoTETEY, L ThEVERI ATV
o7z IMNENEE 2B 2 5 @RS CAELL 7 7 v P T =L BREZPED—D LT
ETWD. KB 5 —HOMEOBIL, £ X O @i~ DgEZ &R AR
TOHT, Faalb—FORMEED KO RTN—LNFRAET DT IR E SRR IR S
N2 Licdhd 9. ZORELFEEMETTERIND 7 7 v b7 b—2OMBITRHE D %
A7 3 LEETH T2, BEY A 70 BVI BADO LIS 2 T, £z 2 < I
(BEERILIN) OIEENBLTE - AR 7L —L0NFAETH R E, ZHE TOREITITRVE
MaffolcbDThole. ZOXHIRT 7 v F7I—AIT, 35~37°C~DNN#%, 25~27°C
DPHHAZ R T, EHIT20°C~NHEIEND L 9 RIRELFSARIZ B W TER S 17 2.
WK, 77 v FTN—AGEOE T, a7 Y —BV B ORI T O—EIRESLCER
TTOERMRERBIOREY A 71, HD5WIE BV BFEREORNE - HE GETF oY v 7R
BV T il 2 2 2 IR EE T OB KRB O IR E~OBEMMAZ LV RET LT 7
v R T N—=BIZONWTEL OWENEINTE RN, ERRO LI aa 7 2 —pV B OES
(33.8°C) DT NTHEZ DIRE~ONR & 2 BeEOWBEl (i) 12X 577 v T A— A4
TERLGAFIZ BT 2L R, SO XD Rl &k R o727 7 v b7 v— A& BFgExt
G352 LT, FEEELEINTW W T L— AR OBLEER ORI S 723 5
AREMEDNHIRE S LD . & 2 TAMIECIE, O RIRELESA A VT, ZhE TICH

30



BINTIR S TWIRNWT 7y F T N— AORAERBE LRI T 52 L2 AL Lz, 2D &9
RIRERME T TR END 7 7 v b7 b— NEE OB OR8N & O ik 36 T3
BT D ATREMED @ <, OFEHEME A IR 5 Z L 13 R A U 5 L THERB®R A,

FRSCOMERUTILL T O Y ThoH. 5 2 B CIEARR TR Ho7-ilkhl L OV FERTIE
DEAZATS. 3 ETE a7 NI —DORRZ B DIRE~OIEE 2 BREOMAND
RAHREHNTELND 7 7 v k7 b—AOIMEL L IR DB SV TR L7z,
HAECIIHEIETEONE 77y F T A —ADOREREEICHOWTEHELL -, 5=
TIEH 3 ETHWRE S ESIRERBRME T TR ZTZPREEN £ D K (SRR
WCEEL TV O EBIE LT, S5, B3 E, BL4EO/EREEEZ, 77> b7 r—
LOREREE B LT, BRI, 66 B CIIAMIEZ R L

X MR

1. REERE, AME—, HREBEER, EREE 17 21— boRy), #laEE, ot
(2015)

2. Steinberg FM, Bearden MM, Keen CL (2003) Cocoa and chocolate flavonoids: Implications for
cardiovascular health. Journal of the American Dietetic Association, 103(2): 215-223.

3. Matsumoto C, et al. (2015) Chocolate consumption and risk of diabetes mellitus in the physicians'
health study. American Journal of Clinical Nutrition, 101(2): 362-367.

4. Latham LS, Hensen ZK, Minor DS (2014) Chocolate-Guilty pleasure or healthy supplement?
Journal of Clinical Hypertension, 16(2): 101-106.

5. Sikand G, Kris-Etherton P, Boulos NM (2015) Impact of functional foods on prevention of
cardiovascular disease and diabetes. Current Cardiology Reports, 17(6).

6. HAFaal—hk-aaryfs Gk [Faab— MULERE - @bA - HEHERE)

7. Stephen T. Beckett, Mark S. Fowler, Gregory R. Ziegler #&, OB, 1LBEIEMRE R [T 3
2 b— MGGEHAT O3 ~T), E=ERE, A (2020)

8. Beckett, ST (2009) Industrial chocolate manufacture and use 4" edition. Chichester, UK: John

Wiley & Sons.
31



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Glicerina V, et al. (2016) Microstructural and rheological characteristics of dark, milk and white
chocolate: A comparative study. Journal of Food Engineering, 169: 165-171.

Beckett ST, Fowler MS, Ziegler GR (2017) (Eds.) Beckett’s industrial chocolate manufacture and
use, 5™ edition. Chichester, UK: John Wiley & Sons.

Afoakwa EO, Paterson A, Fowler M (2007) Factors influencing rheological and textural qualities
in chocolate — a review. Trends in Food Science & Technology, 18(6): 290-298.

Chaiseri S, Dimick PS (1989) Lipid and hardness characteristics of cocoa butters from different
geographic regions. Journal of the American Oil Chemists’Society, 66(12): 1771-1776.

Jahurul MHA, et al. (2013) Cocoa butter fats and possibilities of substitution in food products
concerning cocoa varieties, alternative sources, extraction methods, composition, and
characteristics. Journal of Food Engineering, 117(4): 467-476.

Bloomer S, Adlercreutz P, and Mattiasson B (1990) Triglyceride interesterification by lipases. 1.
Cocoa butter equivalents from a fraction of palm oil. Journal of the American Oil Chemists'
Society, 67(8): 519-524.

Afoakwa EO, Paterson A, Fowler M, Vieira J (2009) Fat bloom development and structure-
appearance relationships during storage of under-tempered dark chocolates. Journal of Food
Engineering, 91(4): 571-581.

Schenk H and Peschar R (2004) Understanding the structure of chocolate. Radiation Physics and
Chemistry, T1(3-4): 829-835.

Stephen T Beckett &, fi&A#F R RIF 3 a2 L— K~ B A4 Ok & fEHEI ), &7,
H (2015) pp. 79-96.

Veigig e, LRI IRE OMRErE LG -t P b~ AN T -Faal—FET)
FLFEHIRR, HORC (2011)

Campos R, Ollivon M, Marangoni AG (2010) Molecular Composition Dynamics and Structure of
Cocoa Butter. Crystal Growth & Design, 10(1):205-217.

Lonchampt P, Hartel RW (2004) Fat bloom in chocolate and compound coatings. European
Journal of Lipid Science and Technology, 106(4): 241-274.

Loisel C, Keller G, Lecq G, Bourgaux C, Ollivon M (1998) Phase transitions and polymorphism

32



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

of cocoa butter. Journal of the American Oil Chemists' Society, 75(4): 425-439.

Wille R, Lutton E (1966) Polymorphism of cocoa butter. Journal of the American Oil Chemists’
Society, 43:491-496.

Smith K (2009) Ingredient Preparation: The Science of Tempering. In: G. Talbot (Eds.), Science
and Technology of Enrobed and Filled Chocolate, Confectionery and Bakery Products (pp. 313-
343) Cambridge, UK: Woodhead Publishing.

Beckett ST (2000) The science of chocolate. Cambridge, UK: The Royal Society of Chemistry.
HREFER [Fa ab— bORERT ], BARRMS TSI, 56 (2014) pp. 319-322

Afoakwa EO (2010) Chocolate science and technology. York, UK: Blackwell Publishing.
Glicerina V, Balestra F, Rosa MD, Romani S (2015) Effect of manufacturing process on the
microstructural and rheological properties of milk chocolate. Journal of Food Engineering,
145:45-50.

HAFazab—F - aar7Hs Gk IFaal— bR TEL5ET)

Ralph E. Timms %, VoilEie BE, ¥R R TRERMIE N> N7y 7, £E5E, K’
A (2015)

Bolliger S, Breitschuh B, Stranzinger M, Wangner T, Windhab EJ (1998) Comparison of
precrystallization of chocolate. Journal of Food Engineering, 35(3):281-297.

Stapley AG, Tewkesbury H, Fryer PJ (1999) The effects of shear and temperature history on the
crystallization of chocolate. Journal of the American Oil Chemists' Society, 76(6):677-685.
Debaste F, Kegelaers Y, Hamor HB, Halloin V (2008) Contribution to the modelling of chocolate
tempering process. Journal of Food Engineering, 88(4):568-575.

Maleky F, McCarthy KL, McCarthy MJ, Marangoni AG (2012) Effect of cocoa butter structure
on oil migration. Journal of Food Science, 77(3): E74-E79.

Winkelmeyer CB, Peyronel F, Weiss J (2016) Monitoring tempered dark chocolate using
ultrasonic spectrometry. Food and Bioprocess Technology, 9(10): p. 1-14.

Loisel C, Lecq G, Ponchel G, Keller G, Ollivon M (1997) Fat bloom and chocolate structure
studied by mercury porosimetry. Journal of Food Science, 62; 781-788.

Kinta Y, Harte]l RW (2010) Bloom formation on poorly-tempered chocolate and effects of seed

33



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

addition. Journal of the American Oil Chemists' Society, 87:19-27.

Hachiya I, Koyano T, Sato K (1989) Seeding effects on solidification behavior of cocoa butter
and dark chocolate. II. Physical properties of dark chocolate. Journal of the American Oil
Chemists' Society, 66(12):1763-1770.

Hachiya I, Koyano T, Sato K (1989) Observation of Seeding Effects on Fat Bloom of Dark
Chocolate, Food Microstructure, 8(2) 257-261

MRk, JRERFEWBIR R, RS (1989)

Lonchampt P, Hartel RW (2006) Surface bloom on improperly tempered chocolate. European
Journal of Lipid Science and Technology, 108:159-168.

Delbaere C, Van de Walle D, Depypere F, Gellynck X, Dewettinck K (2016) Relationship between
chocolate microstructure, oil migration, and fat bloom in filled chocolates. European Journal of
Lipid Science and Technology. 118:1800-1826.

Widlak NR, Hartel RW (2012) Causes and Best Manufacturing Practice to Minimize Bloom in
Confections. In N. Garti & N. Widlak (eds), Cocoa butter and related compounds. (pp. 195-212).
Urbana, IL: AOCS Press.

Kinta Y, Hatta T (2012) Morphology of chocolate fat bloom. In: N. Garti & N. Widlak (eds),
Cocoa butter and related compounds. (pp. 195-212). Urbana, IL: AOCS Press.

Sato K, Koyano T (2001) Crystallization properties of cocoa butter. In: Garti N, Sato K (Eds.)
Crystallization processes in fats and lipid systems. (pp. 429—456) New York, USA: Marcel Dekker.
Kalnin D (2012) Methods of Studying Cocoa Butter and Bloom. In: N. Garti & N. Widlak (eds),
Cocoa butter and related compounds. (pp. 307-337). Urbana, IL: AOCS Press.

Cerbulis J (1969) The effect of various substances on the blooming of chocolate. International
Journal of Food Science & Technology. 4(2):133-140.

Stortz TA, Marangoni AG (2011) Heat resistant chocolate. Trends in Food Science & Technology.
22(5):201-214.

Hartel RW (1999) Chocolate: fat bloom during storage. Manufacturing Confectioner, 79(5):89—
99.

Kinta Y, Hatta T (2005) Composition and structure of fat bloom in untempered chocolate. Journal

34



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

of Food Science, 70:S450-S452.

Cebula DJ, Ziegleder G (1993) Studies of Bloom Formation Using X-Ray Diffraction from
Chocolates after Long-Term Storage. Lipid / Fett, 95(9):340-343.

Bricknell J, Hartel RW. (1998) Relation of fat bloom in chocolate to polymorphic transition of
cocoa butter. Journal of the American Oil Chemists' Society, 75:1609-1615.

Ali A, Selamat F, Che Man YB, Suria AM (2001) Effect of storage temperature on texture,
polymorphic structure, bloom formation and sensory attributes of filled dark chocolate. Food
Chemistry, 72(4):491-497.

Hachiya I, Koyano T, Sato K (1989) Seeding effects on Crystallization Behavior of Cocoa Butter.
Agricultural and Biological Chemistry, 53(2):327-332.

Seguine ES (1991) Tempering — the inside story. Manufacturing Confectioner, 71:117-125.
Sato S, Hondoh H, Ueno S (2020) Fat Bloom Caused by Partial De-Oiling on Chocolate Surfaces
after High-Temperature Exposure, Journal of the American Oil Chemists' Society, Accepted for
publication. Doi: https://doi.org/10.1002/aocs.12447

Hachiya I, Koyano T, Sato K (1989) Seeding effects on solidification behavior of cocoa butter
and dark chocolate. I. Kinetics of solidification. Journal of the American Oil Chemists' Society,
66(12):1757-1762.

Koyano T, Hachiya I, Sato K (1990) Fat polymorphism and crystal seeding effects on fat bloom
stability of dark chocolate. Food Structure, 9:231-240.

Lohman M, Hartel R (1994) Effect of milk fat fractions on fat bloom in dark chocolate. Journal
of the American Oil Chemists' Society, 71:267-275.

Tietz R, Hartel R (2000) Effects of minor lipids on crystallization of milk fat — cocoa butter
blends and bloom formation in chocolate. Journal of the American Oil Chemists' Society, 77:763—
771.

Easton N, Kelly D, Bartron L, Cross S, Griffin W (1952) The use of modifiers in chocolate to
retard fat bloom. Food Technology, 6:21-25.

Andersson W (1963) Fat bloom and phase changes. Revue Internationale de la Chocolaterie,

18:92-98.

35



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

DuRoss J, Knightly W (1965) Relationship of sorbitan monostearate and polysorbate 60 to bloom
resistance in properly tempered chocolate. Manufacturing Confectioner, 45:50-56.

Campbell L, Keeney P (1968) Developments in fat bloom research on dark chocolate coatings.
Manufacturing Confectioner, 48:77-82.

Campbell L, Keeney P (1968) Temper level effects on fat bloom formation on dark chocolate
coatings. Food Technology, 33:1150.

Jana A, Thakar P (1993) Fat bloom in chocolates and confectionery coatings — a review. Indian
Food Industry Mag, 12:33-39.
Hodge SM, Rousseau D (2002) Fat bloom formation and characterization in milk chocolate
observed by atomic force microscopy. Journal of the American Oil Chemists' Society,
79(11):1115-1121.
Kinta Y, Hatta T (2007) Composition, structure, and color of fat bloom due to the partial
liquefaction of fat in dark chocolate. Journal of the American Oil Chemists' Society, 84:107—-115.
Timms RE (2002) Oil and fat interactions. Manufacturing Confectioner, 82(6):50-64.
Groves R (1999) Fat migration through chocolate. Candy Industry, 164(3):28.
Ghosh V. Ziegler GR, Anantheswaran RC (2002) Fat, moisture, and ethanol migration through
chocolates and confectionary coatings. Critical Reviews in Food Science and Nutrition,
42(6):583-626.
Dahlenborg H, Milliqvist-Fureby A, Brandner BD, Bergenstahl B (2015) Effect of shell
microstructure on oil migration and fat bloom development in model pralines. Food Structure,
5:51-65.
Ziegleder G (1997) Fat migration and bloom. Manufacturing Confectioner, 77:43-44.
Le Révérend BD, Fryer PJ, Coles S, Bakalis S (2010) A Method to Qualify and Quantify the
Crystalline State of Cocoa Butter in Industrial Chocolate. Journal of the American Oil Chemists'
Society, 87(3):239-246.
Brittain HG (2016) Polymorphism in pharmaceutical solids. Boca Raton, USA: CRC Press.
Rao MA, Hartel RW (1998) Phase/state transitions in foods: chemical, structural and rheological

changes: Marcel Dekker Inc.

36



76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Cardew P, Davey R (1985) The kinetics of solvent-mediated phase transformations. In:
Proceedings of the Royal Society of London A: Mathematical, Physical and Engineering Sciences.
The Royal Society.

Ziegler GR (2009) Product design and shelf-life issues: oil migration and fat bloom. In: Talbot G
(eds) Science and technology of enrobed and filled chocolate, confectionery and bakery products
(pp. 185-210) Cambridge, UK: Woodhead Publishing.

Sato K (1993) Polymorphic transformations in crystal growth. Journal of Physics D: Applied
Physics, 26(8B): B77.

Timms RE (1984) Phase behaviour of fats and their mixtures. Progress in Lipid Research. 23(1):1-
38.

Choi YJ, McCarthy KL, McCarthy MJ, Kim MH (2007) Oil migration in chocolate. Applied
Magnetic Resonance. 32(1-2): 205-220.

Sonwai S, Rousseau D (2006) Structure evolution and bloom formation in tempered cocoa butter
during long-term storage. European Journal of Lipid Science and Technology, 108(9):735-745.
Adenier H, Chaveron H, Ollivon M (1993) Mechanism of fat bloom development on chocolate,
In: Charalambous G (Eds.) Shelf Life Studies of Foods and Beverages: Chemical, Biological,
Physical and Nutritional Aspects. (pp. 353—-389) Amsterdam, Netherlands: Elsevier.

Altimiras P, Pyle L, and Bouchon P (2007) Structure—fat migration relationships during storage
of cocoa butter model bars: Bloom development and possible mechanisms. Journal of Food
Engineering, 80: 600-610.

Zhao H., Young AK, James BJ (2018) Effects of fat polymorphic transformation and non-fat
particle size distribution on the surface changes of untempered model chocolate, based on solid
cocoa mass. Journal of Food Science, 83:998-1004.

Rousseau D (2006) On the porous mesostructure of milk chocolate viewed with atomic force
microscopy. LWT - Food Science and Technology. 39(8):852-860.

Rousseau D. Sonwai S, (2008) Influence of the dispersed particulate in chocolate on cocoa butter
microstructure and fat crystal growth during storage. Food Biophysics. 3(2):273-278.

Jin J, Hartel RW (2015) Accelerated fat bloom in chocolate model systems: Solid fat content and

37



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

temperature fluctuation frequency. Journal of the American Oil Chemists' Society. 92(10):1473-
1481.

Aguilera JM, Michel M, Mayor G (2004) Fat migration in chocolate: Diffusion or capillary flow
in a particulate solid?—A hypothesis paper. Journal of Food Science. 69(7):167-174.

Lencki RW, Craven RJ (2013) Negative pressure induced cavity formation during cocoa butter
crystallization. Journal of the American Oil Chemists' Society. 90(10):1509-1516.

Aguilera J, Stanley D (1999) Microstructure and mass transfer: solid-liquid extraction, In:
Aguilera J, Stanley D (Eds.) Microstructural principles of food processing and engineering. (pp.
325-372) New York, USA: Springer.

Aguilera JM (2000) Microstructure and food product engineering. Food Technology, 54(11):56-
65.

Afoakwa EO, Paterson A, Fowler M, Vieira J (2008) Particle size distribution and compositional
effects on textural properties and appearance of dark chocolates. Journal of Food Engineering,
87(2):181-190.

Liang B, Hartel RW (2004) Effects of milk powders in milk chocolate. Journal of Dairy Science,
87(1):20-31.

Aronhime J, Sarig S, Garti N (1990) Emulsifiers as additives in fats: effect on polymorphic
transformations and crystal properties of fatty acids and triglycerides. Food structure, 9(4):1.
Garti N, Aserin A (2012) Effect of Emulsifiers on Cocoa Butter and Chocolate Rheology,
Polymorphism, and Bloom. In: N. Garti & N. Widlak (eds), Cocoa butter and related compounds.
(pp. 275-305). Urbana, IL: AOCS Press.

Hasenhuettl GL, Hartel RW (2008) Food emulsifiers and their applications (2nd ed.). New York,
USA: Springer.

Svanberg L, Ahrné L, Lorén N, Windhab E (2011) Effect of sugar, cocoa particles and lecithin on
cocoa butter crystallisation in seeded and non-seeded chocolate model systems. Journal of Food
Engineering, 104(1):70-80.

Hartel R (1996) Applications of milk-fat fractions in confectionery products. Journal of the

American Oil Chemists' Society, 73:945-953.

38



99. Wright AJ, Hartel RW, Narine SS, Marangoni AG (2000) The Effect of Minor Components on
Milk Fat Crystallization. Journal of the American Oil Chemists' Society, 77(5):463-475.

100. Aguilera JM (2005), Why food microstructure? Journal of Food Engineering, 67(1-2):3-11.

101. Maleky F, Marangoni A (2011) Nanoscale effects on oil migration through triacylglycerol
polycrystalline colloidal networks. Soft Matter, 7(13):6012-6024.

102. Afoakwa EO, Paterson A, Fowler M, Vieira J (2009) Microstructure and mechanical properties
related to particle size distribution and composition in dark chocolate. International Journal of
Food Science & Technology, 44(1):111-119.

103. Afoakwa EO, Paterson A, Fowler M, Vieira J (2009) Influence of tempering and fat
crystallization behaviours on microstructural and melting properties in dark chocolate systems.
Food Research International, 42(1):200-209.

104. Dahlenborg H, Millqvist-Fureby A, Bergenstahl B (2015) Effect of particle size in chocolate
shell on oil migration and fat bloom development. Journal of Food Engineering, 146:172-181.

105. Miquel ME, Carli S, Couzens PJ, Wille HJ, Hall LD (2001) Kinetics of the migration of lipids
in composite chocolate measured by magnetic resonance imaging. Food Research International,
34(9):773-781.

106. Khan RS, Rousseau D (2006) Hazelnut oil migration in dark chocolate — kinetic, thermodynamic
and structural considerations. European Journal of Lipid Science and Technology, 108(5):434-
443.

107. Sonwai S, Rousseau D (2010) Controlling fat bloom formation in chocolate — Impact of milk fat
on microstructure and fat phase crystallisation. Food Chemistry, 119(1):286-297.

108. Quevedo R, Brown C, Bouchon P, Aguilera JM (2005) Surface roughness during storage of
chocolate: Fractal analysis and possible mechanisms. Journal of the American Oil Chemists'
Society, 82(6):457-462.

109. Rousseau D (2007) The microstructure of chocolate, In: McClements DJ (Eds.) Understanding
and controlling the microstructure of complex foods. (pp. 648-690) Cambridge, UK: Woodhead
Publishing.

110. &HZEE, \HERE [Faal— M MIBITAMRKRES 77y 7 b—A] AR

39



AR FEE Vol. 41, No. 4 (2014) pp. 194-204

111. Seguine E (2001) Diagnosing Chocolate Bloom. Manufacturing Confectioner, 81:45-50.

112. Chapman GM, Akehurst EE, Wright WB (1971) Cocoa butter and confectionery fats. Studies
using programmed temperature X-ray diffraction and differential scanning calorimetry. Journal

of the American Oil Chemists' Society, 48:824-830.

40



FE2E FFATHWERERR L OERER

2.1 Bk

211 INVIFazalb—Fh

AR TIE— MBIV T Faalb— bEFExIGE Lic, Faab— MIEICWHE, =
AT NG — I A AT S, IV Faal— MNIS GRS E &, ZOMIZ,
DEOHAA (L F e d) DEFTOREMT a 2 L— FOREIMEOSEE B & LTH
MEN5. BAA~2A 200%, WhHE 40.0%, 23 20.0%, 237 /3% —19.5%, L F
0.5%% &Iy Faal— e, m—/)L L7 7 A F—(SDY200;Biihler, Uzwil, Switzerland)
2 X DR 20 um LL R~k L 2 49— (5DM ; Dalton, Tokyo, Japan) (2L % 1 R0
HIREG (2vF 7)) X0 ERLE. ZOINTFaal—hE 55°5COT 4 —H—/ A
(T-N22 ; h—~ {7, HOX) ThEL72%, =ROKT30°CE TRMICTHIIRL, A
StOSt Dt EE AT HIHIRO > — RAl (Fa 2> — KA, R85 ) 2HWTy—F
47 LTz, = RANZ 30°C ICHHIR L7=F a 2 L— MMCHIEE A ED 0.5%DEIZR D L 9
IR L7z, =T 4> 7 LIy Faalb—haR) h—Rx— oM (BLZ 38
mm X 20 mm X 8 mm) |Zif LiAZx, 13°CT 1 REEGHI L7z bz F a aL— FEfR L,

T—U T DT 200CTH R &b T EBRELEE, FERICAEL-.

212 EFEINLIFzal—|

AN Faab— UL oMmic, XRD JIER OB NIC & 2 BT ~D 8 2 PR+
DI, BHFA~YA391%, IN7 T T A EHEY (MPC4850; Fonterra, Auckland, New
Zealand) 11.5%, HEKFAEN (AMF) 103%, =227 /3% —38.1%, L F L 1.0%»167%5
BHEAGERNTFaab—  ERRLE. 2oy OMKLERT 211 OINVs Faa
L — MR OMALRIZESNTWD. iz £V Faalb— M, 2101 OIT F =
Al —FERICEBEBZHNCHRE U AR A—=F —FFITTHERI SN, Y —%— /X T
55°C CRbfi L7=#%, =IROKT30°CE TKREICTHIRL, dilkO>— A (Faa—F
A, R8I () 2Z2NENOMEEARED 0.5%DETIRML Ty —T 17 L, &
FRIEE ICADE RO FIRITFIE LT 13°C T 1 WAL 72, H 2 711 20°C OfF

41



FICl#EFRE L=y 7 aSnizob, £FERICInT-.

213 INVIFaal— MO

INTFaal—hbBIOEEINLY FaalL— 7%, XRD HIECHR G
BRI ORERE LI X DB A PRI 5 720ic, Ivr F a3l — hofMKICE SN2
WAERL Sy DH-OY T Z HE L. WIER Y 7L, IArFaab—  oEHak
RIZHSNT, 842%D 2 2T RE —, 144%DMKFLAEN (AMF), 53X 1.4%D L F
TR S LTz, U4 —Z —/3AT 55°C TR L7-%%, &V 7% 30°C ISR L, miflk
Dy—FAl (Faa—FA, A28 (BR) 220 Zn0IEEAED 0.5%0 & THRAN
LCy—T 47 Liz. ERERIEBIZEDETIRORHRCATA RATZ A7)
Y7L, 13°C T 1REBMAI L7z, &30 7 0iE 20°C OREFF© 1EBRE Lo—Y v 7 &
TeDb, BEBRITHE LT,

42



2.2 EREE
221 HARE RS

BAMGEIE, 2 BWIEZ L LD L v R B AA DY, SRR BT B T
L. BMEEICIE, RERCENICL - T, e BB ERDD.

B R B 2%
BIHEFEIZ2IT L - & b AR BIEET, Yo A 2B— TR L, Bl L2 8
B HHETHD. HEIIH A<, e L=V o 7L O GE 0BIE72 Sz L T b,

I AL B B 2%

BEREHIR O DAY T THEDE 2B T 5 Z I8 Y, mar 7 A b - B
EOBRETHBMCHD. Feikrar T o —% AL, ML v XXEERITEE A
T HREN S OBE DA TBIETE DL LT LTV,

222 FTUZNEWHE (A r/nRa—7) BE

AN BB IR L > XA TRIR TSR T 2 BMst A T — 5, v o m
A a— TRV o AR, ROV AT ZHEH L TE=4 I RBE25 LT
BRE LD, — R EBMEI IS, ~ A 7 8 A a—T TG FGRER T &0 )RR
RO, WHERIRE L L, LU X TR E G LIBEOE Y MG ED Z L AT, 5
FRENENE MMOH 5B E B L THEY RRA I#FANILL, EffIC2Rz8l
BTELREBH 5.

2.2.3 EERFEAMKEESBIZZ (Scanning Electron Microscopy: SEM)

EHEME M (SEM) IXBE A2 BN TTRmZBIET 2 EETHD. BT
BAFENOEFREFESETMESE, FRL ALY L DL INE L 72 E
ZRE EOEFAR Y P LTERL, EEAA NI ZOBEFAR Y FEFEE (Fr—
7) L LTCHRE EABE S (EFHER). MESRITEBOE ARSI E LT
ErErEzlRlL, EEETOREZAOHLSE LTERRLEONSEMETHLS. 5

43



BT ORARITREOMMHEETET 5720, SEM {ICITREO R mBERR LH S h
5. A COREIE T RKETROBE LT 7.

2.2.4  XBREIFTHEIE (X-ray Diffraction : XRD)

X #EE, BEZ 0.05~025nm OWRAEFT LEMETHY, REQRTZFALF—2FFO.
fEanlC X e BT 2L, T ORFFICBRT2EFICLY XBPBEShD., 2ok
&, Bragg O3 (2dsind=n)\) &7 T KMAICBNT, B L OEELAEDE 5 (Fig. 2-1).
2T, diXmEkR, 0 XARA, MIKEE, n XK THS. 40D, Bragg DR A -
T IR o 1A A D JE A 7o A RO 5 XORRIEIT I L1, HAEASIC X # 2 B L,
AR AIE 2 S 2 B X BIETE L, SRR LT XA 28T, 4
EIRDE T DM EEZ D Z LN TE LR X BEHHER ® 5. MIEHEEICRIT D
XAREHTHIE & 1%, 13 LA EPHR X BEPHELZIET. iUk, HEs X SRETE T
TOIDICHERREIOMIBORKREBRT L2 ZENRETHL-HOTHD. LoT,
ARFSCICHT D XBREWFHE & 1%, LT, R X MREPEO 2 & 2467,

MRS 1T D X BETRE T, IR OB EME & AR TS 2 M5 Z LT
& 5. ZBERRETE D XHEHTANEE, AT 2 e — & W T BRI 2 5k 5 DSC
LA AT, AR OYNEE RS S ETRNERWFETH S, FrA O/ NERICIEF
b (O FORS) ICHRT SR —77, IRARITIIERRE (RIKFREFOR ) 12
HR T 2ETE— 27 BNHBLT 2. T72b 5, /IMAIOET E— 7 2 b EHEME, JAAMolE
e — 27 BRI FEED 0005 . IR DRSS T I LRI G DI E S 4, IS AN H
I HETE— 7 (L@ &[T — 7 ORE — N2 L » TR E 2 RET 5. £72, HEME
ENOREMSEEFET HZ LT TERVD, HEMELERZEEZHENT 2 R0 &
%, ZHUE, ZIBOEWIC K > THEMENZ(LT 2 TAG WFEETDHZ L L, FUHE
WETHo TORESHICRDIEEDFOMMENREL ARV, REMRIELS 2570 T
H5.

AHFTEOH 4 T TR X REPFFEEE (RINT-Ultimalll, () U H7) ZHWi=. £z,
5 5 FEC U PRI IR MBI A P L 7R X AR E (SmartLab, (BK) UV 2) %
e, BIESMILLTO@EY Th 5.
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[RINT-Ultimalll & 5544

- X Cu-Ka #%, 2=0.154 nm + T i PR 20 =5~ 40 deg.

- 1.6 kW (40 kV, 40 mA) < HEIRE 20°C (=)
[SmartLab JH & 5:1F]

- X Cu-Ka #%, 2=0.154 nm - JEFLPE 20 =18 ~ 25 deg.

- 9.0 kW (45kV, 200 mA) - W EIRE 36°C—26°C—20°C

Fig. 2-1 Bragg’s low
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225 EICHEMEESBIZ (Fluorescence Light Microscopy: FLM)

WH 1L, WEISINED LIRS X MEH T & &I, FEOWHREDONE HTHET

L. WEIZEINRS X MR SND &, TOWEDRANEDO TR —%WINT 2
LK o THEFPEERREN D EREICEE L, TOBRBELR TR LoEFR,
W L7z = x e F—Z2 e LT L THOREREBIZCRL2OTH LS. ZoMEEZFIHL,
FERR Qe % i L 723 UBHZ Y 2 & C TR B3 D D B 2 BlE3 T 2 O D3 st L AR
Thd. ZOLEITRET 2000 L 2R & RS, SEOMBIIMERIT AR TE T OEY
PEMBRIC, R HOEIRBIEE A A DR TR Th 5. BHBEE T 572D OIEARZ HOF,
B LIPS, HOCEA TN, Yt RoAE RO U A E 2 80OE (Bt D 5
WIEHEE T B — T EIER) THRE L ER L D THhS. 72771, tad b0 > THH
THRTOND Lo REan-> bIF TlEe <, dOtREEN s BAL THllaZs & DRFE 7257

IZHEE L TWDIREETH 5. SOLBMEIBIERIT, & 2DREDEMLOZ 2l L CTHi%
FARITEHENEFFROPICHBD > TRA D IZOMHBERRE VR EDRERH 5.

2.2.6 fRCEEM%SESBIZZ (Polarized Light Microscopy: PLM)

MEBEMENT, L v XRDOEBPIAR T T4 F EMEN DRI (RET) %, sthL
YARLBIRV U XOBNCT T T A Y LRI DRI (BT A 2BMEEcH D, A
7 I7APIE, HFNSELEH B DL HMONOEE A 1 SO Hm (EHFEL) OHdiES
ORI THY, 7FI7AFIEIRT T4 &@LU ORE F it L TER S 7

(90°[RIE: L 72) EARMFIEOZ Tl S E LRI TH D, 7ok, 7774 Hid 360°mlin s &
LT ENTEDLN, AFFRTIIRT 74 FITx LT 90°EHE S HIREE (= mA=2)L)
THEA L. Tbh, BB HEE LR WEGA, M OBV BITE R TH 5.
ZOESIORBIZEWT, HEIT 2 AT 2306, O 0 A CITmiERm S FEET
BtaRT T4 LT T IAPOMICELS &, —RAICHBITIA o TREZET 52 &8 T
5. MWIERAIIOEFRICE GO H LM TH Y, e AN EE D &, s CHRER A
EAZ L7222 DOJEIEIC 58158 (BIEYT) RAR 1S, 02 SOEIrtidThth
RN R D72, MAHOTI (A7) NEL L. ffHoFh-HEfIL ¥ 57—>a v

(R) &FETH, R=d (mm)TERIND (A BBOEL, ni BUVOEOJEITER, n: EVLG
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DIEFTE) . ZOMEEDH HERL L 2 DORBFTHPHRERIND &, EHFELHS—
ARANZAE PR & 2 WIZFRE~ L 2 2. MR LS 2 WIZFERIET 7 4 2w
W5 ENTE LD, AENTZ2AT /BB FET 256, MBEEE ThE L THEl%E
THILRTED.

X BR

1. PERkiErE, EBR IEEOMKEN: LS - It S Fhb~ANT-Faalb—FETY
SRR, B (2011) pp. 1-14.

2. Stephen T Beckett &, HA¥H R R [FFa = L— K Ul Aok s i), =&
7, HAE (2015) p. 79-96.

3. EEW TEaFEMORCBMEAM ), 77t 2 —, F0L (2001) .

4. BWEMETEMEEOMHENTT /) — b JEFBMEN S CCD U A Z £ T, 4k, B (1997)

5. MRS, fEMFESR TXBEHTAM G380 1, FabEFRA, BOT (1993)

6. ILUFHEF, EBHEIMIPE 1T A 79 A = RBEMEET N K7 v 7 |, #IAEE, Hi (2018)
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EIE Fagal—DT7y7v hTN—A
IRk b F DTSRRI R

31 IC®IT

Faalb— D77y FT—AF, BRESCHBLIR LRI EL 52 D E
BRI TH L. ZOBRIT, ar RIBESMICS S SmlEfmomEZicky, F
g 2 L— FOMmE L72Em CHNERSA T2 IRV AT LTS D @E oy

0

I

B, DFEVFaal— BT RWEREOIRE COMRKICEZVERINDG 7 7 v T L—
A, [Faalb— FRATHIEOSIERNREET S Z L THRORLNZ5 &2 LA->
EFRAD] LV AD=XLPRBINTEY, R<ZTFANLLNTND., £, ZO
W BEE L = R0 ~D IR OBATP R I COFAE AL - fSb R RIS 24k« 7o B 2 7
S XAPRE SN TVDN, BT, 3 a7 NZ —DFEEEE T O TR, Z OFHRHE T2 BVI
BThHDZEDHERINTND Z &G, BV ENG BVIBUCHARE T 2 BRICHE MR b L
T7 Y FTN—ANEREND E VI ETFTANRSGIESIBELTEY, %< OEENRZ
O BVI MR ERFINTHDL EEZXTWD., —FHT, ZOH®mZTCEIATE VT 7 v
NN —AbERENTEY, RIEL ORMPEINTWD. fIIX, TN 7T
gl — FOHEICESENZTF aalb— DK I 72 BV REROARIE < HENFR & 720
BETDHZ7 7 v NT—AF, FELITERSNTDED B FESZOE OIS L
RT2Z2LCE0EMO~ MY v 7 ZHOMESAEROR T 25 & Z LlRAICEDS
AN AAPREBEIN TS, 20L& VIALIHBEE T, IVoBV IR N AE L TV D,
ZORIBRIEND, 77y FTA—LERINDBLERICED THEZMITD &, ZOR
ARHIg A T = A LT F a 2 b— FEREICBIT LM CEESRhRkbhd 2 L) ThHhD L
BRDHD, T ZITIIIERO GRS TITHB T Wik 2 2 OB ER H FE L TR Y,
ZOFEEL L OETHELERTHMIN TV D DT TIEZRV. Kinta HIX 6 DEER
77 v R T N—AIZOWTIREEINZ 3 DD X A T ~O5FERATND 23,

KL DO—BEOFFRIZIATL, Faalb—hOREEE) LRI N—LBRETDH
TEIRRESAEAFE R ST S, ZOREQIEE T TR SND 77 v b7 — D8Nl
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Kinta & 29DOMEICBIT D XA 7 3 LREETH 720, BEY A 7 =0 BVI BI~D LR
Battbd, £70 2 <R BRI OREASEE TEH > B 7V — LA T 570 L,
INFETOREIFTRVFEE R -7 b D Thole. ZDOX 277 v b7 —ANIE, 35~
37°C~DNREE, 25~27°CO PAHBEIZFE T, I HIZ 200C~METI N D K O ZRIREELF S
HIZBWTER SN Y. ZRETaaT7 Y —BV BORS EIB 2 72 WIRE TORSeMH
FHETCTORMREBLOEEY A 7V EWVSTERERETOHET NV T Faal—
NCRAET D77 v b T I—ADIFEIC OV TIEL K ORENREN TS, L, 22
ToNE—BV BLOFS (33.8°C) DTN ERIAIRE (Bl x1X35°C) THETDHZ 7~ b
TN— BDZOWTITEFEMRFRIZIZ & A S Tt Ty, £, MEANCELTHLZNET
O TITIRE Y A 7 VSCHEMSHINETH Y, BENRBENIC DD TIIRF ST
W, ZORI RIRERBEEZRTCHRAETDL 7 7y T A—AITHARDENSIKITNT TOE
WREIRO BT R O HIIZ B W CEBRO TG TRAT D WREMEAEm W E B2 bR D.
T ZTARETIE, 2a7 "2 —BV O (33.8°C) 20T I EEISIRE (35~37°C)

~OWEFER, 2 BEORMICE > TR END 7 7 v h 7 — L DR FRIRHEIZ DUV TR

BT B 7200, TR LI & OBIRHE % RRAOIC T2
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3.2 ERFEB LUOERSE
3.2.1 BB X URBRRR T

AR TIE— MBIV Faalb— bEFExIGE Lic, Faab— MIEICWHE, =
AT NE—, AT ATHERII, IAVT7TFaal— MIZLIZHEDEET. ZOMIZ,
DEOHAAA (L F i d) DETOEMTF a 2 L— FomEMEOSEE B & LTI
MmEnNsd. A~ A 200%, WhHE 40.0%, 23 20.0%, 237 /3% —19.5%, L F
0.5%% &Iy Faal— &, n—)LL 7 7 A F— (SDY200, Biihler, Uzwil, Switzerland)
WL DRIE 20um LA F~Df L 2 % — (5DM, (BF) # /v b)) 2k 5 1 FEREOBERE
G (arFo7) kv ER L. ZoINsFaal—hE 55CO0 3 —F—_" A (T
N22, b—~ARFERR (BK)) TR L 721%, RO KT 30°CE TKMICTHIEL, p &
StOSt D EE AT HIHIRO > — RAl (Fa 2> — KA, A28 () 2HWTo—F
47 LTz, = RANZ 30°C ISR L72F 3 2 L— MMCHIEE A ED 0.5%DEIZR D L 9
WMLz, v—=F 47 LiEInsFaal—haeR) h—Rx— oM (BLZ 38
mm X 20 mm X 8 mm) |ZifE LiAZr, 13°CT 1 RFEGHI L7z, b neFa aL— M2 L,
L= T DI 200CTH < &y 1 BERAF L2k, 625 FERmICAE L (Fig. 3-
1.

322 REAESMHE
TRTTGATTAFax—4— (11300, Y~ MR (BR) #HWCTT7 7 v F7b—A
EHRAEIE. Faalb— b U TET T ATy 7 BORD FICHETOREET A % 2
W= — Ol FEPIICERE L, #:1f Th 2 RSt o b & A iXBacikg s Lz, &7
7 v BT — ARED T D OIRESIIL Fig. 3-2 [N TREICHE - 7. IMENEE (T) % 35
~37°CIZ, FPARMENRE (To) % 25~27°CIZRRE L, MMERFFRR (1) B X OTRmEIR
FiRf (o) 2223 1~2 h IZERE L7, gL - HERE 1349 0.2°C o & Lz, 3T
DFEBRIZEBWTERENRE Z 20°C IZREL, 7V EoREREL P —FLa—¥—
(TR-72U, (k) T4 7> KT A) Tk L7z, 71— LONBOFMITTF =221 — ok
OO BRBIZRIZ L V1T o7, BIEIIARELEER 200CT 1 @ERAFE LI 7L
ERWTCEE L. a3 ab— bR L 70— A5 4134 2 [ 2170, HEMEA R L
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Fig. 3-1 Milk chocolate prepared for the bloom test.

o]

~

5

+

£ .

o Pre-cooling

=

[3) | .

= | Limiting
! cooling

Fig. 3-2 Schematic image of thermal processing for fat bloom development. The heating and cooling

rates were approximately 0.2 °C/min.
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33 MR
331 REEELET7 7y T A—LOBRK

TRFFIFEZ 1=2h 22D ty=2h ITEE LI RFITRBWNT, MEVRE (T) & TmENERE
(Ty) OHMABEDLEIZLD T 7 v N T N—LONE~DFEZ TR L=, Fig. 3-3 [ZIRFEAL
HETO =2 hu—LOANBLE, Fig. 3-4 1G0T 7y 7 A—LONBlERT. TiB X
O Ty DMABEDEIZ L > ThRA R BRDABLO 7 7 v FT— 203G bz, Ti=35CT
TR D L 9 RIRD 7 7 v 7 — DAL G bivie—T757 (Fig. 3-4a,d, g), Ti=36°C
TIEENEADT N — LR EE D KO ITRET DR S 417z (Fig. 3-4 b, e, h).
Ti=37°CTHARICHENWEAD T L — AN REREHE D L5 ITRAET 2HmR R 67223, T)
=36°COLGG LT 5 & 7 —LH O EAENIRVR S o Tve (Fig.3-4c,0). &5
(2 T1=37°CH>D Tr =27°COLEAITIE, MEOT CTRLSHRTHIIZHL2 DT, BHT
HRITEDL 7 7 v T N—AFHER SN0 - 72 (Fig. 3-41). T (IZ DWW TE 26°COTE N
&b 77y M7= LOFMBINL R HEAA RO, BENEL R THES 2> ThH
77y F7V— AOHEHFITRE T 2EAA RO, b0 ) bbb —THLN R T

7 v N T — LD R LTI E ST Ti=36°CH>D Ta=26°CTdh - 7= (Fig. 3-4e).

332 AEEHEE T 7 v T A— OB

331 DOFRER LY, HbB—THLDRENA AL 2 LTZIRESME (Ti=36°CH D T,=26°C)
IZBWT, MEVREFRFHE (6) B X OPImEIRFFH (b)) ORELME L. Fig.3-512
AR, ZZTOFig. 3-5d 13 Fig. 3-d4e LAl —ThHD. ti=2h2>>t,=2h DHFEHITI
RTu=1h226=2h DHHFITHELND T 7 v b T/L— LD B T L 72 (Fig.
3-5¢). £ tb=2h DA, t1=24h FTEL LTHHMLIL Fig. 3-5d L R%ThH 7= (Fig.
3-5¢). —J7, BIRRNZ LI, b=1h DHEIT 4 OEICEDLT T 7 v P 7/ — AT HE
L7pipotz. DFE D THGEIOREFRFA 1h LT 0581, MERERICB DS 7

RNV VIZE N € s WA RN

333 77 v FTA—ADEEE

33.1, 332 THOLNEZT7 7y T —00D 5 bbb —CHLNRIEEEZ R LT 7 v
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7 —2 (Fig.3-4e © L<ILFig.3-5d) #FA 7 CTHEEICH Y ML, WrmtEEs sl
o, 77w FT—ARRAE LT 3 a b — FOWHE T, JEIREE B2 S (Fig. 3-6),

BWEGONE & ESK 100 pm OFEWZEEOINE D 2 DO/ LT,
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Fig. 3-3 The appearance of chocolate before the bloom test.

35°C 36°C 37°C

25°C

(d) (e) (f)

26°C

27°C

(9) (h) (i)

Fig. 3-4 The appearance of chocolate fat bloom with varying heating temperature (T1) and pre-cooling
temperature (T2) combinations. The heating time (t;) and pre-cooling time (t2) were fixed at 2 hours

respectively. Ti, Ta, t1, and t> correspond to those shown in Fig. 3-2.
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t,=1h

(

a)
c) (d)

t,=24 h

(e)

Fig. 3-5 The appearance of chocolate fat bloom with varying heating time (t) and pre-cooling time
(t2) combinations. The heating temperature (T1) and pre-cooling temperature (T>) were fixed at 36°C

and 26°C respectively. T1, To, t1, and t, correspond to those shown in Fig. 3-2.
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Outer layer_ .. 3

100 pm

Fig. 3-6 A micrograph of the bloomed chocolate cut section from Fig. 3-4 e.
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34 EBE

AETIE, a7 "\Z—pV BOFS (33.8°C) TN ERIHEE (35~37°C) ~D
BREETR, 2 BXPEOmA] (25~27°CHB L TF20°C) IZ K-> TSNS 7 7 v F 7 /v— L DJTE
FHRHYIZ DV CTHIHRES 2 7200, 1R & W & ORIRME 2 RRANCTR 2. W< O OTRE
RRFFRER OB G DT DFEREIT, 77 v NI A—LONBlEER LTZ L 25, KR
Ko TRECHBLOR DA77 7 v FT—L20W 5605 Z LN LC2 -7 (Fig.
3-4,Fig. 3-5). L7z »> T, 77 v b TI—LDREL, MABIONTHGEHIAT v 7 OHE
JE L RERNCIRKAET 5. FTMMEAR T v T ORFFRHINELS 2D L 77 v hTL—AD
PP (RIS 223 S 7= (Fig.3-5). 202 S 3R T v 7O @R F I O R &
WZE DS TN E GO REO MR BANREIZRET 20 E0PBRICER IS D 7
7Y FTNN—LONBUEE L TV L AREMEEZ ERT 200 TH S, —ERFHU EORE?
TiX 24h DESICHHRESLTHEETL V7 v FTA—L2OMMBUTITIT L A LR
bihehotz (Fig. 3-5e). £7-, BBRENZ 212, PHAOHIOMEERM2 1 h LFOSRA
X, MMBVREFRFRIZEED ST 7 7 v N7V — LB R D o T2, T OB OB ERERC X
DFaal—  MNATHOLLPOEZLBEL, 77y hTNA—LDFZEICRESHELT
WHETREIND. 70, OB —THLREWREZ S L7ZDIE Ti=36°CHD T,=26°C
DEFEThoT. RbEIROFETHSIZE 20 BT, Ti=37°ChD Ty = 27°COHH
IZiE, BECHBITE S 7 7 v M7 v—NFHER S e o 72 (Fig. 3-41).

INFETZF a7 A" F—oEL EIZl SN TRET L7 7 v F 71— A2 20T
2 OWENRDH L. FRERAHEL, B EOBRICARRE T 5 Z & TREER M AT LT
AL, BETRTCOEBEORBIZED 77y NI AV—LDOREEIT o F—FT =L L
TR<HLNTWS, —F, KEOHERIZEBWT, HONIREMGRBEETIRZMETHD
T ORIETORMETIE, BANCS, 77y T A—2OREITALNRL Lol 2D
X, kO aa T AN —O@ELL FITI SN THRET L7 7y R L—L & TR R
HAN=ZALTHY, FEESPHEETL LD L LADLTNIIEGT D MOFEN
FDBRDT 7y b T N— LRI L TS AR Z RIE L TV 5.

7z, PRI B IEROWME L ITMERN R S, Bk X 5 2iEkiE I T
AaF7NZ—OR R RSN TRAET 27 7 v T — A0, JBERFERICIEZ A 721
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SPHEEND 2. XA T2, BERESEAOKBIZE > THADIERORE SNRR D
DD, PWNKREAH T EZNLY HED D TWAREAEL L TWDERSNEE IR L 724
Rz mTmAaNREN. RETHLNZT aaLb—hDOT 7 v h T — LDBREF IR
X, Y4 72X0 b0 LAXA T3 E—HLTN=2). X473, Faal— ol
DEFHIRBACIC L > TSR ZEND T 7 v b T A—LE LTHESATWD 29, 1272
L, A7 3 ICHETLINETORELARETAKEINZY 7 v F 7 A—LOBIZIEFRAE

FCREREVNARHDH. ZNETORETIE, 1 EBOREY A 7 v EANTTL—L%
FHE L T2 DITkE LA CIXEIFRRIZ 7 7 > b T — A3 AEL TR Y, FBAITH
D RN KIEIZ Y. £z, T — DJERREME DML b 522 > Tz, SEATHIZE TIT # A
73T N— LR, T a 2 b— FOMBIa 27 2 —BV RO (33.8°C) DIE T (32°C)
EFTTHALDITH L, AHETIERUALLE (35~37°C) IZMEAL TV 5.

HZAT3IDT7 7y T N— LT L EATHEIZIEN T, Kinta SITIREY A 7 /WX 5D
TR ORIy AR & FHRE AL OBV IRLMThI D Z LIC k- T, BV D VI~ =
T NG —HEEREEE, TAG FAREET 72 b RSy & ARRLRR S O o & i BT R
5 MRS OB KL Z B LT D 29, LML, P THESh Wb 77 v b7
=A% 1 BEORES A 7 V2 RIZEDTHY, ZORWHIROMIZW < D085
BEMIZAECTW D ARERIIGEL ENT, TAEhDT 7 v P T N—LRE~DFEHD
BREFHA LR TN, RETHEONTET 7 v hT N —AE, 473 LRKOINME
ERLENL LI CRAELZZEND, ZORTELD 7 7 v b7 — L DOEERE
R EMBEEANIET 22 LT, KOKRENRT 7 v b7 — DR EBEOBIRIZ DR 5
AREMED B 5.
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35 ¥£L&®

AETIE, 2a7 "2 —BV O (33.8°C) LT ) kBB IRE~DORER, 2 R
DB L > TIBREND 7 7 v T — ADOBREFIIRMIC O\ THIR T A 720, R
&R & DBIRIEZ RRIICHRAR T, 20X RIBEREEARCRAET L7 7 v R T —
DEHARDE ) BEKIZ 3T T OB IR BE KU D MU I W CTEBR O TRAET S
AREMEAS R VDS, THUE TEMZRFRIIE L A ST TE T, JREDRE, 2ok
IREMTTRAET L7 7 v M7 — JIMEAE KO TRA A OWRE & Rk < RAF T
52 ENMABMNTeoTo. Flo, ZOXHRT 7 v T N— AOMNMBFFHRIL, Z A7 2 T
B LAXAT 3 E—FK L. BRI, a7 32—V Blogis (33.8°C) ZilBx
LMBERZRCTHELTZT 7y T A=A THLHZHELLT, 1EHEIN TS BV i
PEET LIV RAET D77y T —LDIBE (XA 72) Tid/i, aar7ng
—BV ol (33.8°C) OEF (32°C) £FTOEMOEREY A 7V TRAET D Z &M
ENTET 7y b —5h (XA473) LR USMERHAE R LT, 202 &1, 16K
SNTNDAN=ZALDHTIFTHHALENRWBREZEATEY, WE X TONZETITM®
HLENRDST AN =X LOERORBRR L LTHMTH D AIREMEZ R L TV D,

X #R

1. Schlichter-Aronhime J, Garti N (1988) Solidification and polymorphism in cocoa butter and the
blooming problems. In: N. Garti N, Sato K (Eds.) Crystallization and polymorphism of fats and
fatty acids. (pp. 363-393) New York, USA: Marcel Dekker.

2. AHFRME, \HERES [Faalb— MBI MR E 7 7y M7 —A) HAREGAK
F525%E Vol. 41, No. 4 (2014) pp. 194-204

3. Kinta Y, Hatta T (2012) Morphology of chocolate fat bloom. In: N. Garti & N. Widlak (eds),
Cocoa butter and related compounds. (pp. 195-212). Urbana, IL: AOCS Press.

4. Kinta Y, Hatta T (2007) Composition, structure, and color of fat bloom due to the partial

liquefaction of fat in dark chocolate. Journal of the American Oil Chemists’ Society, 84:107—115.
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BAE Tyv NTA—LAOEGEEE

41 XC®IT

IHNET, Faal—rD7 7y b7 A—LOEICOWTIIL RBENRSNTND.
Hodge & DWIJFTHIAHBEMEEEZ AT, 7 Faalb— hORMOB S NRESA 7 v
HIZHIINS 5 2 L 2R L7, FERIC LC, Smith X° Sonwai BT 3 =2 L— FORMFHIC
PN & RIS T 28k T2 Bl52 L7229, Dahlenborg HIZHEME AR T ~ L BAMEHE
BEHWCTFaal— bOREE FICZEROFEEZMRL, 7— LB E ORI A
LY. ok, 77y T A—LOMIEBIET, TORRTFRFE AR D L
THRAERA B = R LMRE L BRI 7N 5, EEAER IO A THD.

—xHZ, I T ANZ—0 VI BIEHROFEERE ST D 2 L TREDERF 5| &
L, 77y NTA—LOFERIT/RDZ ENRSRBAMSNTND. ZORRIL, £<0F
BT BVI D a a7 REZ—RNT)—AL-Faal— MIBWTRH ISR E W) FEIZ
FESNTNG 50, FIETIE, a7 X —BVAO@S (33.8°C) b3 /M kD iREA~
DIFFE L 2 BEORIBIZL VB IND T 7 v FTA—AIZOWTHAL, #1473 O
BFFE A RS 7 7 v N TV — AR END Z ERH LoD, T TARETIE, o
D7 7 v T — AOREERHEZ XRD 8 X O FEBEISIBIEIC L 0 i~ 7.
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4.2 FEBRREB LOERFGE
42.1 FEB X UORBIFRETE

AW TIE— AR I N7 Faal— bEFREMRE Lic. Fa ab— MNIEICHHE, =
AT N —, I~ A THERIN, IAVTTFaal— MNIS OIS Z Gt £ Oz,
YEDOHAAH (LF i l) NETOREMT 3 2 L— FoREEodEE 2 A& L TR
MEND. A~ 200%, WHE 40.0%, 2 20.0%, 23732 —19.5%, L F
0.5%% &teI Ny Faal— k&, u—/L L7 7 A7 —(SDY200, Biihler, Uzwil, Switzerland)
W2 K DRI 20 um L R ~DO & 2 X — (5DM, (Bk) Z v b)) 12X 5 1 REEORHERR
A (arFol) CE0ERLEZ, ZOINVsFaal—hE 55COT +—HF—" A (T-
N22, h—~ AR (BK)) It L7, =|IEOKT 30°CE TRMICTIEL, B &
StOSt DL & EA T HHIRD v — KAl (Fa 2> — KA, A28 () 2Ty —F
47 Uiz, = FANL30°C IR L7=F 2 2 L— MCHIEEAED 0.5%DEICR D LD
WCRILZ, =T 4 v LI Faal—a2R) h—Rx— MoR (BX% 38
mm X 20 mm X 8 mm) (Zit LiAZx, 13°CT 1 RFfiimAI L7z, 5o/ Faab— Fa2@iliL,
T—V T DIHIZ 20°0CTH 7R &b 1 HERF LR, SORDFERICMLE. 77y
RTNV—BRBAEFHIET R T T AA U F aX—%— (11300, ¥~ bR () Z6ML,
Fig. 3-2 ODF&MFIZHB W T t1=2h, b=2h, T=36°C, T,=26°C%jiff L7=.

F7o, TN —LRAEROBHOBIE BT 57010, T3 2 L— hOBLIIE A ER L7-.
ATGARTTZALEHIN=TZ2AOMIZ, JEE 80 um DT VI {HA—H— (Fig. 4-1) %k
AT, U= FREIANY DIEEI VI Faal— b8 uL # ATHEIZEAE L. o7z
13°C T 1 KM AIL721%, 20°C TA < &b 1EMRE L=—Y 7 Lctk, SHEETT
ol T T T A rFax—F— (U300, ¥~ MEF (BR) A LT, SLmT =
L= MU T TN BB S TIV— DI AEDIRESMFE, Fig. 32 I2BWT

tt=2h, t,=2h, Ti=36°C, T.=26°C%ZiEMA L7-.

422 X#REHHEIE (XRD)
ayhao—Fagal—hrEIN—LFgal— hORB DI T NNE—FELDOLIE %

SN B 7201, XRD 43 2 3 L7=. XRD HIE T OB A b Ol 2 PR 5 720,
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Cebula HOFEEZHNWTRO L HICH T LEHRB LI 9. £Faalb— ok
NWNEFTAT7Thy LT, o7t A X% 0.5mm Kl L7z, Faalb—kr%ax 4°C O
Milli-Q 7Kk (T UARY, HH) 500mL HTHEEL, 4 FFEITREF L ORERTSS 2 VeV it L721&,
a7 NE =GR RNEEWE %, 7Tum OFLEOUEH (5A; Advantee, HUX) % HWW TR
W LURE L. Zo% I ARIETFIRIL, o2zl <)l 4°C OFFK T
THEMENZ. R LZRE 2 XRD R LA~y ML, O/ IF — % RINT-
Ultimalll ((B§) Y #7) %M T, 40kV-40mA T 5~40° (20, Cu Ko, & =0.15418nm)

DO THIE L7z, XRD HJIEIZ T 20°CTITo 7.

423 EHEAEFREMEBIE (SEM)

EAE M EE (SEM/VE-9800, (Bf) ¥—=> ) Z@HALT, 2> ha—1L/ 7
—ALF a3l — FOREOFEMLHEEZ _REFRICEIVBIRE L., BiEPIcFaal—
MU TANET RN K 91T, EERERICEMHIRE LD, SEM AT —VIZHEHET =
al—bh&xty PLCEZEI XL, Faal— 0@zl b oBRERR LIRS DFE
A S A BlEE LTz,

424 TUH VRSB

SEM & [AIHEFCOF g 2 b — MRIEOBIEIE, DR F2BIEEHEORME LTT V¥
N=A 7 aAa—7F (VHX-1000, (kk) F—x2 ) 2T THo72. 20L&, KM
BROFIE OR LI L 2EELLITR SN0 T

42,5 HOLBEMSESE (FLM)

TNh—bF a3l — FOELWTEO LV FEMRBEST OO, A A—V T %
AW BIE A AT Uie. BIEUITEORBEMEE (Axio Tmager 2, I —Y 7 A4 A () %{f
FAL7-. Wilod*¥+ /—F iM% Nilered (Sigma-Aldrich, St.Louis, MO, USA) T
0.025% (w/w) TYta L, AT A4 RH T ADF 3 2 L— hOFREESFICERM LIz 10, H
7 VX, 555 nm B2 D LED L —%— (43HE, 71—/ 7 A A (#k)) & Nile red {23 L 7=

Ty —ty bk (X470 vy 7 IT7—KE 570 nm) ZfEH LT, @EHEEE (Axio
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Imager2, —/L> 7 A4 A (#R)) CTHEGIZBIE I, &EBIEF, ~LF o mHINEA T
—7< (Linkam model LTS120, Linkam Scientific Instruments Ltd., Tadworth, UK.) % > CTIEE

Z 20°C ICHERF L7-. BBl A A—1%, B/ 70 h AT Tk LT-.

4.2.6 EHRIRHT

7 V— LA R O BECLETIE O A B EE (VHX5000, (BF) F—x 2) (280 EfG
L, Image-J'P% IV C, 2AOHEMS XU 2 EKIC X W 70— AR (Kiaz &) Ok
AT L7z, 70— DBAERNIE—EXIANE TN D720, T — L RAERDIEN GG
TIEBRD 7L — L ER R 2 B H L 7-.
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(b)

Aluminum foil

{ RS Glass microscope slide

Chocolate

Cover glass

()

Cover glass (170pm thick)

~ Glass microscope slide

[ >\ i

r -~ \
Aluminum foil (80 pm thick) Chocolate

Fig. 4-1 (a) Experimental setup used to observe a cross section of chocolate. (b, ¢) The illustration of

the top and side view.
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43 MR
431 Z7 v NTNA—LHDaaF7NE—OfERESH

Fig. 3-2 DE&AFIZB VT t1=2h, tb=2h, Ti=36°C, T»=26°COHBAIRHEAET L7 7 v k
T—2A (Fig.3-4e & L<IXFig.3-5d) XKLL L, 7—2ALF 3 alb— FNREOMIEHR
%% XRD (L VFH~7-. Fig. 42 IZRT L9, 7—AFaab—rRuEO=aa7
NE—F, arba—Faalb—hEZERT BV B XRD ¥ —r &R L. 2O
RiL, 77y FTNV—LFZ AT 3ONEEZR LI DD, 70— LEEFIZH 623 BVI
NDOSIERBIIRE Lol b ) ZEERLTND.

432 77 v FIN—AOREEEBLE

Fig.3-2 ORMFEIZB W T 4=2h, tb=2h, Ti=36°C, T,=26°COLEIZHETDH 77 v b
7 N—2A (Fig.3-4e b L<ILFig.3-5d) x5 & L, 7Vv—AhF aal— FOXKE %, SEM
ZRHWTED @ERTBIE L. Fig 431%, &EETcoar be— (Fig. 43a,c,e) B
JOTNV—ALFaal— R (Fig.43b,d,f) ®SEM %4/ RL 5. a2 ha—/L
Faal— hOERHRITBONTHD—F, 7/ —hFaal— MIR@mPIHEVVEETH -
2. EfEER (1,000 %) O TIE, TA—ARMICIEL OEEASH Y, HORTAEL L
TWe (Fig. 4-3 1), REMEEZ S HICBET D L, ZAERTE 7V — L DOMICEE B
R D ZLIRBENT. TA—LF a3 b— hEHEOIST HALEZ SEM & 25
WEE TR L, Fa 3 Lb— MR EOZEROS (Fig.4-4a) & 70— LW
tBOME (Fig. 4-4b) & OMBARGRE ZNEhER LI-E 25, Fig.4-da-c DEIEBIT
BIRShsd K51, BEMEEROBNFREAOHS (AL (£ SEM BEifROZERE 5y & [ AL E
ZHY, RIS, IROWKEOEHS (BH) 1T FERMEDONEICH D Z ERDnd.

433 77 v NTA—LDORLMEEGEE

Fig.3-2 DFKMIZB VT t1=2h, =2h, T=36°C, T2=26°COLAICHET L7 7 v K
7Nh—2A (Fig.3-4e b L<ILFig.3-5d) Zxtg L L, Fazalb—  Ngllm o7 7 v b
TN— L OIS BIEE LT, Fig. 4-51%, IRELIRFE TOF 3 22 L— FEHEWETIR O ELE

bR LTWD. BMEC LY, @R EOINE AT 2 EIMERIIER sz (Fig. 4-5
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b). ZOMWEACORBOEIIH 100~500 um Tho7z. T A—AF a2 lb— kv MEHE
LRBEDEREZ R > T 728 (Fig.3-6), Z ORI X7 V— LR P OF o 2 L—h
Wriki OREIEZAL ZBIEET 2D LTV D ST Sz, IRELBIC KD T 4 A7 KT =
2L — FOHWENLT 2 2 L— FORMNCHD > THIEWEEDR B (Fig. 4-5). ZE%
CHR LT aab— T4 AT DOFEDOIZPRELSREEEZ, NEHITIZE A EEVHR
RoNRhholz. &I, A —sFaal— OV A AL (F 427 OEE) HFLA
ERO BN o7z (Table 4-1). F7=, SELUETTH OBGIRNT ORI, Wrm a4 57
JU— DER RS O M ZRITHK 8.5% CTdh o 7= (Tabled-1). BRI V> 7 N DIE IR T AL —H—
WD —TBIREHEINRTVWDLZEND, TA—AHOKESRLINETLWVETHD &
HIRTZENTES.

Fig. 4-6 1%, F =3 2 b— MR T ¢ A 27 AL OILKER 27 L TWD. WIRTIZA-
ELS A DR EAE D7 NV — LRGN, ASERHGEL L TL o XZEE LWo), dit
A BAMBE CIERF< 2% (Fig. 4-6d). 2D Z &b, Faal— MNalims «+ 27
DA EFNANTRERF IR SN2 ZBOKIERLZERPFEL, 77 v R T A—L %L
TWDZENTRINE. 22T, Faalb— NEEimT « 227 oXRmitm (EiLHE) 12
HOECYLE) Nilered Z G TR (v /2 —Z ) %M Lz, Ot TRESNTZF v /
— 7ML, Faal— MEZORWEEICT ITRALL (Fig. 4-6e). ZHIETL—L)E
O & —F L7z (Fig. 4-6 f). —J, Yasin/zMizay bue—F a3 2 b— Ml
F 4 AT YA E 22 v o T (Fig.4-6a-c). ZDZ L, ZDOT7 7 v b7 /L—LhDREE

1%, ZBREGOERNOERV N> TWAZ ENRHLNTR -T2,
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Fig. 4-2 XRD patterns of cocoa butter in fresh and bloomed chocolate. Solid line describes a pattern

of cocoa butter in fresh chocolate while dashed line describes a pattern of cocoa butter in bloomed

chocolate.
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Fig. 4-3 SEM images of (a, c, e) fresh chocolate surface and (b, d, f) bloomed chocolate surface with

100x, 500%, and 1,000x magnification, respectively.
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@) )

Fig. 4-4 (a) SEM images of bloomed chocolate surface with 500x magnification. (b) A microscopic
image of bloomed chocolate surface. The image was obtained in the same field of view of (a) and (b)
as confirmed by the position of the sugar crystal fragment (indicated by arrows). The white circles
indicate the representative whitish bloom areas in (b) which overlaps the porous area of (a). The black
circles indicate representative brown areas in (b) which overlaps the smooth structures in (a). (c) An

overlay image of (a) and (b). The image was processed by overlaying a translucent (b) on (a).
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Fig. 4-5 Appearance of pseudo-cross section of chocolate between glass plates (a, ¢) before and (b, d)

after blooming.

Table 4-1 Area measurements of pseudo-cross sections of fresh and bloom chocolates

Bloom area including Net bloom area
Sample Total area (mm?)
air bubbles (mm?) (mm?)
Fresh chocolate 85.01 2.18 -
Bloomed chocolate 84.84 9.44 7.26
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(e) (f)
) . .

Fig. 4-6 Microscopic images of the chocolate pseudo-cross section before (a, b, ¢) and after (d, e, f)

the bloom development; (a, d) optical microscopic images, (b, €) fluorescence microscopic images
which indicates canola oil, (c, f) overlaid images of optical microscopic images and fluorescence
microscopic images. Canola oil stained with Nile red was added to the interface of each sample. The
overlaid images were processed by overlaying (b, €) a translucent fluorescence images on (a, d)

corresponding optical microscopic images.
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4.4 BE

AETITRE TR OLONTZZA T 3O 2R"T 7 7 v N TN —LAOBIEIZOWTEEL
SHARZ. ZNETIE, AT 3OTN—LFaal—rOaa7 R "Z =B\, Faa
L — h DIMAI DTN @IS (7 7 v 7 b— A8 & IO G ERSS Ot 7 T pVI Y
PWRENTZEFRRESNTND B —F, AMIRICBTL27v—aF 3 aLb— bREO
a a7 N —fERE, XRD OfER, a2 br—F aal—k EIFERELT BV AL XRD /)
H—2 iR LTz, ZORERIE, 77y FTA—AEFE AT 3ONBE R LIZLOD, T—
LRI BVI B~ DZ IR IT R E L T e o e Z 2R LTS, DF Y, BVIAIR
FEELRS TOHLNRIA T 3ONBEET D7 7 v hTA—LABRRELTED, VI AL
MEAT 3 D77y T N—LBRITHATIIRNZ L 2R/ H/ERDG . %
OWETIEZA T 3L VEBOBRES A 7 VLV RELEZ ERRESRL TN Y. o
AT NE—FTREY A 7R BV D BVI BAOEEBMEEI N D Z EBNRSH L
NTW5., D, ZOPVIREZIZA T3 D77 v b T h—LERICKUATIIROE D
D, WEFA 7NV Lo TBRESNTZbOPBEINTZEEZZ 6N, 12720, ZORRIT
BVITRIDZ 7 v R 7 N — AR A~D UG ZERICHBET H DO TIERY. 77 v b T —A
DOREERRIIIARERIIIMNATIIRNWEEZ N b DD, FBAELZRET HERDO—D
Th D5 AREMEIT oIt fiESND.

FHEEBZIZBW L, ZLEERmE TV —2OMICEERBEERENH D Z L3RR X
Nic. 77y F 7N —LFILAUEERE & A —OFEFTIER S LTz, BUBmEiE Ty 2
D EEEMTHERNELN, 77y NI — AOBEITZERE G LR B Y 3L
TWAZERHLMNZroT. TN —AF g al— FhOREIHOWEDT-DIZAL A A
HZERREINTWD W, AR THEE L TWAS 77y h7A—ATlE, Faalb—
N DORENHAAT DZERIZB N TOLOWELNE L D700, REPESIES A DHEEZD
nos.

TEREFHNC A A T2 I IND 7 7y N7 A—LT0NZONTE, 77y T —AD
HolEWEOHSBNMELZEZET, ol aa 7Tk THERINTnD Z L2l
W2 . ZHUIARFRETHEGEE L TN XA T 3 LITRARY, T R) 7S T
WF g alb— FRERBORNTF a 3L — MNIBET LA TDT7 7y hTL—LTHY,
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IVRIZ S U CRAT 2 160, —J, REFFETHEE LizZ A 7 312250 T, ZiLETRVI
T2 B FlR®RE SN TEY, BVIEA S e m Bl A E SRR OBENC K- TR S,
BELIC B Z 52 DM SESZHAEMELZ 16T A=A LRRREIN TS P, Zh
IARFEOELRL —M—ET 20, T TOMRIZTNV—LEMEIC VI BADLBEB %
ALTELT, 77y N7 A—AOMERBRICARERICE S L T2 OIS mE B
HOBIRTh HATREMEZ RIE L T D,

75



45 £

ARETIE, 227 3% —BV BOfLE (33.8°C) % b T ElAl 5 IRE~DORGER 2 Bt
DIRWIZ L > TR IND XA T3 DONEZRT T 7 v N7 L—LDOREIEIZ OV T XRD 35
FOBAMEEEI I LV EEL<HF-. XRD OfER, 7 —AsFgal— b ERDOaTaTA
F—iZarbr—Faalb—hkEFERT BV ELO XRD /¥ — 2 2R LTI 2 LD, BVI
WADEERBIIZA T 3 DT 7y FTN—LBRICHATIZRWZ VRIS iz, Kk
EBEICBWTE, 77y N A—ANEZAEREICERINTND Z LB LN S
7. THUTREIMEBIE T HRBRORBRBZGE O, 77 v b7 — AOMEIXER E 5 Te2e
BRNOE D Lo TWD ZERRB I, ZNHDZ ENnD, ZO7 7 v M7 /—LJBO
AL, OO ZRE 2 MWHE LR WERNS &0 iR OB 8234 © T
K OWRMAFEB L, T3 2 — NREITHNRERPBELTHZETT 7y b T
—LDREL L TENLEEZEADND.
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msE T7rv hTA—ABRBRIIBITS
F g alb— b ROVHIE DEE AL

51 XC®IT

A E TIE, a7 3% —BV RS (33.8°C) %30 LEDIRE~DORER 2 B
BEDIRIMIC L > T SN D, AT 3DHNBLLIYZRT 7 7 v T — LhDOHEEIZONT
HEL, aaT7 "X —0 BVI BADIEBIZX A7 3 D7 7 v F 70— AR HHE T 72
WZ EMB BN ol —FHT, Sato HINE, 77 v FTA—LNT 4 — 4BV THIHAE
THAREMERH L Z LA L TS, oA, RO B X0 IV BABEIZ LT
ETHZ LT, KO RERBVEIDFMDIERENT 7 v NT—LBRETDH L END.
DL Ty NTNA—AF, TN T IRTW RT3 3 b— MRS O 720
Faalb—NCTRAETLHIENRESNTEY, IVHENTLIEHRTHLZ EAFEH SN
TWD 4, ZhbD7 7y M7 —b DML #ERT 2 LT 7 v b7 L—LJERE
RICBIT DT a3 b— M OMERBZEOLLZIBHT5 2 LITEETHS.

T2, INETFaal— D77y N7 A—ADOFBGRFEDBIERIZ OV TITEX 22
HERSD. REEBRBROKE AT v S NIBT HREMEDOEEBETHZ 81, 77 v b
TN—DLFAEDA T = A L2 g LEIET 2 ECEBERMLE RV 55, L, Z0RAE
DB A P2 TBERIZHOWTRIZ L A EWER RV, UL, 77 v P 7 A—ATRHOR
BICERT 200, ERFICPoL D & LEBEREEHE I BARZNNLTHS.

AREBETIX, a7 2 —BV RS (33.8°C) O30 kA2 IEE~DORER% 2 Bk
DRI L > TIBREND XA T 3 ONETR~T 77 T NA—LHIZONWT, 7y b7
Jo— L EGEIRIC BT DB R BEIE T Coa a7 7 — i bk L OR EiEE 02 L
% XRD 3 J OV FRBEMEBL S K 0 i~ 7.
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5.2 FEBRREBLIOERFGE
521 BB X UORBIFREGE

AW TIE— AR IV Faalb— FEFREMRE Lic. Fa ab— MNIEICHHE, =
AT N —, I~ A THERIN, IAVTTFaal— MNIS OIS Z Gt £ Oz,
YEDOHAAH (LF i l) NETOREMT 3 2 L— FoREEodEE 2 A& L TR
MEND. A~ 200%, WHE 40.0%, 2 20.0%, 23732 —19.5%, L F
0.5%% &Iy Faal— &, a—/L L7 7 A F—(SDY200, Biihler, Uzwil, Switzerland)
W2 K DRI 20 um L R ~DO & 2 X — (5DM, (Bk) Z v b)) 12X 5 1 REEORHERR
A (arFUol) CE0ERLEZ, ZOINVsFaal—hE 55COT +—HF—" A (T-
N22, h—~ AR (BK)) It L7, =|IEOKT 30°CE TRMICTIEL, B &
StOSt Dtz E AT 2D > — KAl (Fa 2> — R A, A28 (B) 2Ty —F
47 Uiz, = FANL30°C IR L7=F 2 2 L— MCHIEEAED 0.5%DEICR D LD
WCRILZ, =T 4 v LI Faal—a2R) h—Rx— MoR (BX% 38
mm X 20 mm X 8 mm) (Zit LiAZx, 13°CT 1 RFfiimAI L7z, 5o/ Faab— Fa2@iliL,
TV DD 20°CTA e &b LHEBRTE LR, S50 FERICH L.

F7o, TN—LRAEROMOB X 28529 57012, 3 = L— b ORI 2 /ERk L7z,
ATGARTTZALEIN=TFZ2AOMIZ, JEE 80 um DT VI {HA—H— (Fig. 4-1) % $k
AT, Y= FRAINY ORI NV Faalb—h8ul # AVTHBICHAI LTz, Yo7 vs
13°C T I BFEmAIL721%, 20°C TH7R< &b THFRE Lo—Y 7 Lc, SHEZTT

7.

522 X#HEFTHEIE (XRD)

TN—LBEFOF aalb— MO aa7 SE—OEEERET 572012, EEHIHEA
T—=Y %MW XRD IE&#AT o7z, IV Faalb— b 7roMic, XRD JIERFORE
il dnET 22 72 < 97201, WhEZ B ERWIERSs Z HE Lz, Wisa > 7 vix, v
7 Faal— hOWRIZHESNT, 842%Da a7 N\ —, 144% DKM (AMF),
KR 14%D Lo F o THERES . EBIZ, DA~ A39.1%, IN7TaT A RgiEn

(MPC4850; Fonterra, Auckland, New Zealand) 11.5%, ®/XKILIEN (AMF) 10.3%, =227
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2 —=381%, L¥F U 1.0%NORLIEEGEERVWTFaab— b2l Lz, BHA S E
N Faalb—hE, INTFaalb—hEFEURTA—F—THER -2 F 7552k
IRV ISz, U —H% —/3AT 55°C CRilfig L7ztz, & 7% 30°C IZHHIRE L,

RO — RAl (Faav—RA, A28M (K) 22N EThOMEEEED 0.5%D&ET
WML Ty —T 47 L. =T 7Sl 7 % XRD MIEMO AT L A4+
>N (Fig. 5-1 @) IZ1EE, 13°C T 1KEWAEAI L7z, £ 7 0d, 67535
SN DRENC, 20°C OREFTC 1EBMRE Lo—Y v 7 &7, AR L= 7% XRD H
DOIREHIE AT — (Fig.5-1b) 2k~ F L, XRD (SmartLab, (BF) U H7Z7) ZHT 45
kV-200mA T 18~25° (20, CuKa) DOFEIH/F — ZEfF L7, RET 777 A%, Fig. 3-

2 DT I— DFEAESMEIZHEL, t1=2h, 2=2h, T1=36°C, T2=26°CZmH L7-.

523 BIHEF /RSB BRIGIEIE

T— DRI 5 F a a b — FREZ, IEHE L X (MPLFLN20xBDP,
FVRZ (BR)) 2AWT T R TS TR OB L. Faal— a7
—)Ly 7 vy 73 A (ASCH-201, 7 AT > (BR)) OMBWAHI 7 L— b (-vF =FET)
O biCES, JHEZ B CHA, BT ORBEEZ = Fr— Lz (Fig.5-2). iE
s T AL, T—AOFESML (36°C OINEL, 26°C OFEEL, 3L 20°C OEH
HA) ICHEASWTHRESINT. =7 A F a—F— L [JINEGHFE & im A 2N 7 5 Al gEME
Do BT, MEVE TARMEIOREIA U F 2 _X—3 3 VEFEIE, IREZ(LORHZ 5O TE
NEN 180 ITRRE LT, iz, BIEPICHGOEANEDRIRD I ENboT2izd,
PREE IS U CFE CHEAZTE L.

TN— LREROMOB X 2BIET 572012, Fa3 3L — hOERLIWEEZ/FER LBIZEL
7. ATA KT TRELHN=TFADMIZ, JEE 80 um DT /L I{HAX—H— (Fig. 4-1)
AT, = FHIADOWREI N Faab—h8uL Z ANVCHIBIZHEM L7z, o7
V% 13°C T 1M AI L 724, 20°C TO< &b 1IAMRE L=—T 0 7 Lctk, Bl
L7z, ~vF = B HNEAA 7 — 2 (Linkam model LTS120, Linkam Scientific Instruments Ltd.,
Tadworth, UK.) ZHWCIREZHIE L, 7/ —23EFOF 3 a2 b— NGB O

LB 2 B8 (Axio Imager 2, —/Y 7 A4 A (¥R)) ZHNTHEIEL, £/ 700 A
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T TRk LT-. IRET 1T AL, Fig 322 DT /L—LFAESRMICHELD, t1=2h, t2=2h,

T1=36°C, T2=26°C%xiEMH L7-.

524 ECHEMEESE (PLM)

TN—LRBETRIZBITS2INVIFaalb— NHOMBEORKREELZBIET 129,
PLM %2 (BX51, #F VU /"X (KR)) ZfT-o7z. BEHIINZ Fa 2L — FOMARIZHE
SWIHIER G DO HOY TV HE Llc, Wisa 7 nix, IrFaalb—hho
EALRITHESNT, 842%D a2 T K —, 144%DHKIIE (AMF), 83X 1.4%0 L
TF T SIS, U — X —/N AT 55°C TRIME L 7=, £9 7V% 30°C IZHIR L,
RO — RHl (Faa— KA, A28 (BK) 25 LT 0.5%D&ETIRML T
—F 4Ll v—F 4 7 LIl E 10uL, 2 KD h "= T A (18X 18 mm) THeAx
ERIZIRRA S T2HREET 13 °C T 30 pm Al LEHL S E72 b 0 % 20°C T 1 HELL Ex—P
7L, BEICH L. BB OREIXIEMEH LT = XmEINEL A 7 — (Linkam model
10021, Linkam Scientific Instruments Ltd., Tadworth, UK.) Z 7=, RE7 0 7 J A%, 7
= DFEAESME (36°C DINER, 26°C D Pt Al 8 LT 20°C O FMAH)) (THESWVTRIE

=hi-.
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Fig. 5-1 (a) The illustration of the SUS pan for thermal XRD analysis. (b) Experimental setup for

thermal XRD analysis.
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Fig. 5-2 The illustration of the experimental setup for dark-field microscopic observation of

chocolate surface under temperature control.
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53 fER

531 77 v FTA—AEHRBARICET 5 a2 a 7 "E—DkkaEHEL

Fig. 3-2 IR ENDEELMHD 9B t1=2h, b=2h, T1=36°C, T,=26°CTREIND 7V
— BFEAELME VT T — AER T OIRFEBRSAT FCha a7 "4 —% % XRD T
~_7= (Fig. 5-3). Fa alb— NOMiEE AW EBRTIE, pV AfESED XRD /X4 — 0%
36°CTMET 2D ETHA L, 2 BEREDENC X0 Ffldh L72AS, Ok CREER S O%
FIFR OGN -T- (Fig.5-3a). BHRARHESITHE—27, d=0458nm (%, 26°CTO i
WHPICHER SN2, 26°C T, B AL BHEDSFE LT D ATICIARL = 2 7 /82— b [EAERE
pafb L7220 7e 8 9, AR A HEZ2 LoV OFEBINERA T > 7% D, B A kD72 D
FEfEm S LTHBEL TV A Z R PHEENDS. -, B2 &G E VW Faal—toaay
NE—FEE S & T N — DR OB T T L7 (Fig. 5-3b). FEEDEW IS 523,
WA & ERNTF g alb— MIBWTHEYLEIRICEKmIZ T L— AR fER I, BV LD
BRI 72 /85— 1% 36°C ITINEAT 5 LR L, 2 B DMEICH OB, REELE
ERT NG —ATRENL o, ZORRITMIE (a7 "2 —REY) OfIR LT
724 (Fig.5-3a), PMAETE—271X26°C TOPHGEEITIZIZ L MCELS Bk Sz, 2
OftEALEE O I, B2 5 < I A AERM e EORLT OIFEIC L D9RTHD D, &6
2, WhEEEtI Vs Faal— MEHWTHRBROEREZIT->7- (Fig. 5-3¢). B REET
V=271, MR T v FTEM LR > T HERBICHRT 5 2 DOm0V E— 7 ORIZEIEE
SN, ZOBRDOE—27 1L 36°CETIMET S ETHAL, 2 BFEOMANZ LV BOELT-.
B G OBFEIL, WA S ERNTFaal—k ERSETH-7-. L ELY, Fig 53 IOF
T, AT ARNE LT T N — LR O—EHOBEREEZ B U T PV M Th o7, oF 0,

EVEDIRNZ B2 LT GRS IR0 b i o 7z,

532 77y FTA—AEHRBRICEBITS5F a3 a L — MREOHEEE/L

Fig. 3-2 (TR ENDABEMED 9 Bty =2h, thb=2h, T1=36°C, T,=26°CTHESND T/
—LFAERMEEMWT, EHREBMEBZICIY Faalb— b REIZT 7y T L— L0
RSN DT 2 U T VA LATRZ D Z LI Le. BULEERTHIZIE, DT ME0H 5
o REPBESINT (Fig.54a). MEATHE, Faal— MNIFE- BB LD,
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By MROHBOT ARSI, 36°C I 58T, HEAERmICEH L7 (Fig. 54
b). TN TH D Z LIX T OB & = H AT X DR REIC X 0 ERB S
7. Z O OIAIE, SRR O ERE L 2T a ab— F ORI G
SN LML TV, IRELY BT 5L, OB, £0%, K0 KRE 0
WCAIKRL, WoEDADE I ICFaal—bOREIIWVIAENTHIN =72 2> 7= (Fig.
5-4c). WEN 36°CIZET D&, Faal— hOREITOWEHESCD &b &b o7 FidT
RTRABRL otz ZOBIE, ErRORe 2 (22K L) WA CORRBELT 572
DAL L TWe & B2 b s, BEREN & EWEBITR L2 F oK cRE N EBDNLD &,
BELSIHI SN D, L7edi > T, REOENHRA T EnbonD K918, EHEITERE» 5
WA S 472 b OO, RiEFIEEH TRNTZ LD RIRETH D LE X b d (Fig.5-4d). 36°C
T, Faalb—MIKEN< Y, DTN TMNDIZED/NS R NEMZ 5 EEHIC
BaRKOIOBETH T, i< 26°C ~DFHMEAT » 7z, Fazalb— FOREH S
HmL7- (Fig. 5-4e). ZOMWEEIZD-< Y LIS, PRmAEREZRETLY BHIZ
RADEIIToTno7z (Fig. 54 ). PlimHAZEOF g aL— MIFE(LLIZb DD, 2
WBRRTO R OF a 2 b— F E T 5 & ELEMO o7, 2, HIEO—E7210 23
fgmfb L, 1ZEAENRETIREDEETH ST LERLTWND. ZD% 20°CITHA]
THE, 77y NI A—AOHBINHER S, 20°C IZE LT bESUANIL, #EARAD
BEART X MBI, Faalb— NORBIILN 72 (Fig. 5-4 g (BEEFIEE 2 um) ).

2T, MEAART v 7 THEURIRRONE L 7 v — LA E ORICIZHBEBERIT R b /e
Mmolz. o7 — LB, TEE TR O TT I ORIER TR bR o To. Efcry
27 V= L3 F 3 ab— FORERIKIZILN -7 (Fig. 5-4h).

533 77 v M A—AHBGRBRICET 5T a 2 L— MREME OEEE L
Fig. 32 [T R SNDLEAGKMED 9Bty =2h, t=2h, T1=36°C, T,=26°CTHEIND 7L
— DFEAEZMTONT, ZOFBETFTTELE 7 7y b7 A—ADEMBRIZBIT S5 F 3 =
L— NSRRIy OREELAL & SR 7 2 O TSR B L VR L7 SF 4 &
TR SN2y, WIRTIIA X RA 2 R EHED 70— L@, AR EEL L
TL U RIZEEFEL RV, S FHEMEE Tl <#lgans (Fig4-6d). 2D LD
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727 V— LJEIE 26°C TO P I, 20°CIC EmEIT 2\ T X iz (Fig. 5-5) . 7=,
ZOEETT 4 A7 RT3 ab— FORERIE SN~ EREL TV o T2

534 77 v MTNA—AFEEGRRICKT D B DR ALER)

Fig. 3-2 IR ESNDHEGMHED 9Bty =2h, t=2h, T1=36°C, T,=26°CTHEIND 7 /)L
— LRERMFIZONWT, ZOFRMETTAELD 7 7y NI L—LAOBBRRICKIT 5T 3 =
L— MR OfS b 2B 2 RSB IC L VR L. v —T v 7 &k Faz
L— N OMAEORAWIL, RELEERT T ES A BB EEICGE £ o 7ol 2R LTz
(Fig. 5-6). ZAUDH DOifidhlE 36 CC~DMEMNRFIZIE & A ERbfR L7223, fEICmElT %> T
DISYWEE LT, LML, ZDHD 26 )C~DIHHIOMEE TG O/MELIC 1T 4 < Zbn
Ronieinodz (Fig. 5-7). 26°CEREEAZ TR HOBMITHER S RN >Teb DD,
26°CIRFFFICHER 1P o < D & LICHE THOFNITH I RE L T SERF IR S
(Fig. 5-8). Z OBE, EiRAVEL CRElT > Tl S sy DAL E & I3 EEBIR O & T 2> Bk
R DI ERR S 4L, 2 B OBMRMII R S o7z, EHIZ200C~mHT 5 &, 26°CHLER
RRCRR Lol 282 & U Ok SR v U — 2 B3 b7z (Fig.5-9). £ 0
%, BREOREMIESFE R L L, MM H DEEIT/ > TSR ER S 7z, A%
(AR AS D VTR S ORE R, IR ALBERT O 22545 SIS (Z D LWy R U
— 7 B L T\ e,
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Fig. 5-3 XRD patterns of (a) cocoa butter containing AMF and lecithin, (b) sugar-removed milk

chocolate, (c) milk chocolate corresponding to each time and temperature in dynamic thermal

conditions. The arrows indicate the peak position that characterizes p form. Unit: nm.
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50 pm

Fig. 5-4 Dark field microscopic images of structural changes on chocolate surface during the thermal
processing: (a) at the start of processing (b) 5 min heating to 36 °C (c) 10 min heating to 36 °C (d)
180 min heating at 36 °C (e) 90 min pre-cooling at 26 °C, (f) 180 min pre-cooling at 26 °C (g) 10
min limiting cooling to 20 °C (h) 60 min limiting cooling at 20 °C. The crescent-shaped white areas

in (b) and (c) represent the reflection of light.
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(@) (b)
() (d)
(€) (f)

Fig. 5-5 Microscopic images of structural changes on pseudo-cross section of chocolate during the

cooling from 25 °C to 20 °C at 0.2 °C/min: (a) 25 °C (b) 24 °C (c) 23 °C (d) 22 °C (e) 21 °C (f)

20 °C.
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Fig. 5-6 A polarized light microscopic image of cocoa butter crystal containing AMF and lecithin

before the thermal processing

Fig. 5-7 Polarized light microscopic images of cocoa butter containing AMF and lecithin
crystallization during cooling from 30 °C to 27 °C at 0.2 °C/min: (a) 30 °C (b) 29 °C (c) 28 °C (d)

27 °C.
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Fig. 5-8 Polarized light microscopic images of cocoa butter containing AMF and lecithin

crystallization during holding at 26 °C for 0 min to 90 min: (a) 0 min (b) 30 min (c¢) 60 min (d) 90 min.
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Fig. 5-9 Polarized light microscopic images of cocoa butter containing AMF and lecithin
crystallization during holding at 20 °C for 0 min to 50 min: (a) 0 min (b) 10 min (c) 20 min (d) 30 min

(e) 40 min (f) 50 min.
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54 EBE

AFETIZa T ANZ —BV BOFS (33.8°C) % DT I BRI HIEE~DOIRFER 2 BEREO%K
WIZEoTERIND XA 7 3 ONBZ T 77> E7—AIZD0T, XRD B LUK
PBMBEBSETIEEZANTT 7 v P A—ABEBRICBIT 2 2 a7 ¥ —fEmEflbs L O
RHE DL Z G~

XRD Z HWEBIRESEE T Coa a7 " —ZROHEDRER, BV Hlfidh D XRD /X4
— L 36°CTMENT 2 LI L, 2 BRBEOmANC L 0 FfESL L7223, T O@FfE T VI Al
RLEESHORAEITR SN2 otz LR ->TFig. 3-4e b L< 1T Fig. 3-5d IR T X9
RO 7 N — L DOFBUIXFEEN 2 a7 A2 — DS I TN E TIE RN 2 &8
HonE o, BRIZFHESIT D E—2 (d=0.458 nm) X 26°C TO Fi@m A I FFOH
BT 252 EAMER SN, 26°0C & WV D IREETIE, BAIRIAR o 2 7 3% — b EEERE b L
1Z< < BHHDORERALMELRINCAET 5 9. Len - T, Z 2 TR ATEEZR L~V D
DINBAA T > THIZFE>TEY, BRMIEOT- D OGS E L THEIEL TVWD Z N TPHE
N5, ZOBRE, aaT7 A" —DWnbdsb B-AEY —ZhREFHEL THDAREERS 5.
van Malssen 51X, B fHDO = a7 3% —% @S Ll EOIREE THELL THE LN 5,
25°CTOEBEN: B FHAERBRE TH D B-AEY =2 RIZOVTHE L TND Y. B-AE Y —
HREIM S TIRESRM & 2 2 TH L XRD ¥ — 0%, AR TH LN Z — LI
IR Z8Z R L TN 5.

F a2 L— AR O S L2 E) A R OCBAEBLEE TIE, 36°ChNEME, TimAID 26°C
REFPICIERICP 5 < & LT E THOT MITHEm A E L TS AR S e (Fig
5-8). T DBE, 36 CCONMBURFIZHEITIR > TV DG E IRy OALE & (T EERIR O E T D
AR/ HRINIZZ &ns, T2 THHRERMA LY LIMED LV O RS D
LTHEY, BiEMbOdOffGEmE L THIEL TS B2 bNd. RCEMEEE LS X
O HREF BB ORE R TIE, WTivh 26°CHRFF P ITHRE AR B3 L ONRmE 23 FEH 1
Do DL LIEHETEIL, MOty NV — 7 MEL BT 22 il S 7.
XRD DFERMNE & 26°CORFFPITHERATER SN D Z LR SN TEY, WTFhOR RS
BEf ORI L & HITRRENE L Cno7zZ &, F728 3 mEOME (Fig. 3-5) XV 26°CIREF
DOREMNEL 72577y T NA—LEBRK LN T2 D, THHEAIRAT v 7O
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R DIRFFIC L D ZOMERITDO LD T 7 v 7 — LB & OEERRRERZ R L
TW5. 512, BIRBEMERSRB L 0F 2 2 L— L OUEm 2 AV =815 TiE, F32
A= FREICT 7y T V—EARERSNDEFERZ D Z LI L, wWinb
Faal—rOXRBENONEHH~OHEZETH Y, SMUTT R ~ORIEZELIEHER S
RnoTo. ZOZETE 4 BOMKE (Fig. 45 b —HL TRV, AIEORKREEEEZD
LZDAT T THELD T 7y NI N— LORERRIEEIIRETBIZH T 2 EROEK T
H5.

KRIFFRO—HOFERE S LI, ROL DR T 7 v T N—LERET AREZ D (Fig.
5-10). IRELABFIOYHOF 3 2 L— MIEBWT, aa 7 A% =L fEM 7 & olifig sy
ITEONCT XY T E R TF g ab— MRIZE T LTS (Fig. 5-10a). INEAR T
v 7T, IRERIIEE 3 T 2 2 L— S OREICE N, WA TS (Fig.5-10b). %
D%, Faal— R OIZEALED AT RE =TT 505, WHESH 1 A7 £ DOEE
PLFITMZ CTEEIEDS Z< — 5T 57290, Faab— MInsd L TEORIRE MR
35 (Fig. 5-10c). Zd & X, XRD O#fER (Fig. 5-3) Mo bR sns ko, Fa=b
— FOWEBIZIT B O L 72 DGR ARRERBRE DRI > TWD . ZDRD T
MAITIXET 72 MAED 5 HO OB FERAL LN BIE R v P U —27 2T 5. 20
Ty MU =7 3R O RV Z 2T TP o< 0 LIRS LD, ErieiEiic LY
TG HEHZDO T a 2L — MIF TR TOREDRBMELFF DL D250, RELEHTO
Faal—hEHEET D LTSRS, 2O LI, MIEO—EE T A EEMEL,
REALHAENZ K-> TNDH I EEZRLTWD. BREIIZ, 7R OREAL ORI
20°COERBHART v 7 TF a alb— MRRIZB W TIHEZ 208 b kT 5. 20
BR, WAKIHIEDO—E1X, PREEIAT v 7Tk SIHWlER Yy NV —2 2k 5 Fa=
L— MREMEOEHAGEZ B &L T, MIROANEREEDNEICBEIT 5. ZORERE,
Faal— bOFRHEIL THBNAEZ Y, ZEROFERIZEY 77 v b7 A— L0385 (Fig.
5-10e). —HEOIREAHEERIZIS T L MR G EOHERIT XRD O v — 7 MEL ' — 7 i
OHERBIND BB D Z LN TE S, Faal— o pAIZEHE-SI1T 5 XRD D E— 27 D
mfEkL (Fig. 5-3¢) 1%, PlimAk & EmAR TER TN D 52.33%& 80.34% Th > 7-.

ZOBMEIIE AT v TR D 3 a T Ny — RO IIEI 3 2 ) A SUE & 4 2
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L2 EMTE, TAHMEAE CTIERAE L 72IEO =3O8 ifiab L7 2 & 2RI LT
L. XEMEIC LD &, a7 "2 —0BEEIE, 15°CT 0.96~0.99 g/cm?® /* 5 30°CTHI 0.915
g/lem® £ T T L, WARIKAETIZ 0.88~0.90 g/cm® & 722 %10, Z ik, 22a7 ¥ —0DEiE
R EITEDEMICE DD TH D, LEEN-T, 3 a7 2 —0O@iRE 13 minibix
A ZBAG L, WRIARAE OB & OHfEdE ) & U CIE/BRENR 25573 D rlgettnd 5. il
RN &1, 3B THEONTAEROEY, 35~36°CITME L 72 % O TARMEIA T v 7 IRfH]
BNIRFHELLF T20°CETHA LG BT SR TE 57 7 v M7 b— L3N Rp -T2
L7eo T, MlERGmAE Yy NV =27 OFEEL 7 7 v N T —LD3EIL, MBART v 7B X
OTFIRREHAT » 7 OIRE L REICRARGFET 2. PIRBHAT v T ONTEIC LD, EREH]
BENREFSND Z L TRy N —27 BB SN, BEEEOMRKIZH>Typos< Y &
R T D, ZHIC KD, EEAREWIE B R P> < 0 EHRET 52 LT
5. ZOXOICLT, miEB L MER RO 2 a7 7 —l5OGRENTFE S, VR
v MU= BRSNS, RIS, PRmEINR2WGE, BENS RS RMmE Yy FU—
I N—HEICAE L, BIZR X D7 —NFRELRV. 21T, PROANGENL TS
BaIZ bbb 57, 37°C OIMELE 27°C D PARMEIAT v T DA G HE TIE, HIZRZ
577 v N7 —NER SN0 o7 (Fig.3-4). 25 < ZORMDOLEA, IEVEE S FEW
7o, BIEEOREE L THRIET D DI Ho R iBAR A R S v, 72, FlEm AR
EbHHER Y U —27 OFR IR+ TH L R D 5. £0led, JlRIL 20°C
DOERATT IZELL, DRy NT—J ZRKTDHZENTERNTHAD.

O HBUCBI L TiE, 7 3 2L — FORFETIZHED O REITRE PS5 2 &2
MESNTHD LD, T OREICLD E, TA—LDOREITZZEBEOT oA THY,
EANTIRFENRBEICER SN, F2hb T —AEREPAEEZER L THEE LTV Z &0
REINTWS., Faalb— MRE~OMOBENE, L8, BMER, I OEDRERIC
Lo TRAETDIZEMERINTND 3D, L OHENRIRE L TWDHHGIE, aa7
NE—=OFR LD BIRN AR RIBERE TORBGRE TICEE Shz. — 5T, K
MRTBEINIZBROSE, FRIBR TRBOMBN R ONR, ZO%, & 572225
WXV WAERREAE I IZEHTEL. LB oT, 2RO OWEINTA D= LT, Fx
DI TIET N —ADFAEIIF E A EFE LDy, 3B O Y B C IR 1T
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HIRI7E T RAET D REMERH D, Z 2 TOER AN = XN, MBERIC X 2 BFERIC X
STHIEEZENDIEN EAIC X HHIRMOREB~O L L THDLEBZDLDNEYT
b5, EREOL S, IELBLE L ZO%OEN AN BT 5 8 & ORICIINLE R 7R
BIfRIZ R e oz,

HIEEAEMENZ E THALT S 77 v b7 L—AIZo0TE, BERICLHEFND 5.
Lonchampt 5 1%, 7 /L— LD 5 W20 HEE L 723 AR O BE S & IE OftfE = Z L B —
Mh, A2 ENEOESITMELZET, oL a a7 T TSN TN Z 2 G L
TW5 19, fioi, aa7 " —RNERMEL, 0%, LVLELLESE~EUET 5 2
LD, ZOMDTN—LBEDIRRNTHL EEZ LN TS Z L EREL. 272L, 20
L% 77y FTN—LIFT N T ERTWRNT g a3 L— RSO T 3 =
L— MIRBETLHZENREINTEY, TOREBITZA T 2ICH5HEINTWS LI £
ZOMOTN—AE, WHENTLHLTHD Z LGS TS Y. —JF, RifET
%fg L L7-ERBIE, Fig. 3-6 TRL7ZE IS, XA 73 THDH LI X A7 3250 T,
Kinta 52XV, IIKHOBENC L > THER I 7 4 — 4 BVI & & Te @ Al i s 23 e iELic
WELHEZ DAREMEOSH OB L WELIIZIENEZ 2T 2 EnHE SN TND .
ZOFBIIAFROFER L —H—F L TWDEH, AR TIET L—ABRFICIEa a7 A
52— BVI MAD LB L ELTUIBE SN2 ol LIZhi->T, AFFETHS
INT IR 5 127 — DB O AR B I F AL, MRy hT—27 ORI E Z D% O
WioBEICH L LEZXLND.

AHFIEORERTIL, —HO TR THMUT A ~OREEZACIIHERR ST o 7. 2
LEDLT, RS S IEMEEN R E D DN TERENTZZ L E2E XD
L, —RTDHEFaal—bOVATLANTOEREGREROIENEDRNE I ICHEX
5. ZOZLIZONWTE, Faalb— MR EREELEZILE~Y N v 7 ATHDLHZ L
MBS ATEETH S, Loisel & WIZAMHAT LA b —DFEEZHANT, F32Lb— hbis
ZHE~ N v 7 ATHY, aa T NZ—{RIKE AT L S IC L TEFEIEL T
WHZEEMHLMNILE. 31.9%Da a7 N —EGhrF a alb— b TN TIE 1~4%0
FPHOEDOEMMPFIEL TND D, REFRICBW L, 8 4 EO LI BLIN o Ei G ARHT
DFER, BEITHT 2 70— LEORITH 8.5%% D T2 (Tabled-1). I A~ A
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DOHIEEHEN 55% ThHH72W, Faalb—hhoaa7 ¥ —ORERITH 30%ThH
L. TN—AHERBICIZ T a7 ANE—, W, AAARFRbEbEEENTEBY, T5&
TN— LRI E O D 3 a7 AN Z —DEIGIET L — AEFED 30%& 251X T THD. L
2o T, TN—LEDa a7 NZ— IS T 50T a 2 b— FRIKOK]) 2.55% & #EE S
o, Ziux, Loisel bOT—H L L —HLTWDH Y, LERn-T, ZnbDFaal—
FIZEIVE~ R U v 7 2L UCHAET D 250/ TS, TRESALERIC X 2 VAR K OV
mOMICTF a2 L— FORBEIT ¥ ANV 2T L LIICHEBESN I ZTHAH. 2=
TRE—DFEF y NU =21, F a3 b— b PO ST SRR O
FE R LTS, WMAEORERMEIZa 2 T 8 —FE oMV R Yy F T — 7 &8 U TR
JRIR D Z L2 D T2, i RANTRKE OWRI OFE T AT D . WARIHIER /Y DRI A D
HOA~OBBIOFHLE, WEOHROMIEE &SN THRENTND .
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Cocoa particles Sugar particles

Fig. 5-10 Flowchart and diagram illustrating microstructural changes within chocolate during bloom
formation; each image illustrates the cross section of chocolate (a) before heating, (b) at an initial
phase of heating, (c) almost melted at heating step, (d) gained shape retention at pre-cooling step, (e)

bloomed after limiting cooling. Milk solid particles are not shown.

98



55 £&®

ARETIE, a7 "F—BV HoOflH (33.8°C) %7 2T BRI DIRE~DIRGER 2 B
DIREIZE > TSNS Z A7 3 OHMEL B19%RTT7 7 v F T A—AIZHONT, IREL
BN T ORI 2 ORI S ORI L E XRD F L O FBEMETBIZIC L 0 R L
72. XRD OfER LY, aa7 XZ—ZBIF 7 V—LERO—HEOEREA2E L T BV B TH
Sl DFEY, ZOEDT 7 v NI A—AORBUIE T 2T ANY —OfE RS IBEB I VAT
(T2 ENW B E e o 7o, ROCBAMEIRIZ B L O P B MEEBR ORE R TIX, T
K 26°CHRFFFICRERIRER L OREME N HEFICP o< 0 & Ll T L, MO
pa Y U — IS A BT DR SRS ST, XRD DOFERN S b 26°CHREF T ik 23
R END ZENHERINTEY, WTFNLOMELRHORIE L & HITRENHE L Tho
b, ZOMMPEL DL T 7y NI NA—LEBR LR 2D ZEND, THGHAT
v T TOZOREERRIZOHED 7 7 v T I— LA L OBRBERRBEEGEEZ R LTINS,
I 5T, ZO%ROBEHBBEMBES SR LT 2 2 L— FOBLIWm 2 AV -8igg L, £5
ATy T TT 7y FTN—LNBRSNDETER AT, Faalb— FORENLHNE
T ~DOREEZALBAE T TE Y, SMUT R~OBEZ TR S R0 o 7o, T OMEZE1L
1%, ANEMICIIRBEICET D ZEBROBKRTH 5.

o, BIE, FAEROREEEZ, 77y NIV —LORERBEZLE L. aa7
NH—BV HOFS (33.8°C) DT NI EBIZEE~OMBUZ LY Fa ab— M0
EAEDaaT NRE =TT DN, FTaal— K MINnAH UTEDORREZHELTEBY, N
2 B ALOFE & e DR DSREARERRE ORI E - TV D, ZOHRO THGEITIX
AT 2R D D B O—EOZPHNIAE R v N T — 2 BET D, FE D ORAMARE /31X
BT 20°CO R H TG Z W2 DS DR 228, Z OB, PHGEIAT v 7
TSN TF aab— bEREAOHWHER Yy N =212 X5 FHMELIRY R L TRE
PDOWEICRENT 5. TO/RE, Faal— FoRELS THMAEZ Y, ZEROBHIC X
D77y NTA—LR8N5. WiERS Ry NT—2 DFEE 7 7 v T — LDOFE
IEAAT v 7B L OPMGEIAT v 7 O & RFFEITR <KIFT 5.

HADE DB WKED L 9 RBEETIX, Fa a3 b — MITHICE W TARE L FMESWIT
BRIl S D 5. EEICHEELZBED 7 7 v F 70— L3155 T b g
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AR SR LB 2 HIE 5 2 & THERDATRETH A 5. T DT DITITIE AN D PEE S
BRAIRTH L. AT, IEREBEINTE o a a7 "2 —OiEd L i LS o A
= ALITS Bz w2082 7R L., ARBFIEO RIS BRI L & 70 0 A 1R DR
FROMERR DT 5 & BT HHFE & BIRPHREA~DHEBRIC SN D Z L &H-> TV 5.
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