Preserving the Harvest Quality of Macadamia Nut-in-ShellCuring and
Storage Regimes
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(The Lowest Common Denominators)
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Dehydration technology and techniques are universally employed in agriculture and industry
the world over. The broad outlines of the theories of thermodynamics and psychrometric’s
that are fundamental to dehydration are kinematic physics principles that are normally taught
as part of an engineering course. The specific training that combines engineering and
products is not usually available at academic institutions. Students requiring focused drying
information on agricultural crops such as tobacco, vegetables, fruit and timber usually attend
specialised training courses by non-institutional consultants and suppliers of equipment who
also provide purposed designed literature.
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There are probably at least 50 different commercial macadamia cultivar types that are grown
internationally and plant breeders are continually trying to increase tree yield and kernel
quality by developing and selecting new and improved varieties. Each new cultivar produces
macadamia nuts with new characteristics that may or may not be susceptible to the extremes
of on-farm handling and processing. It is not possible, therefore, without expensive time
consuming research, to establish the safe operating boundaries for each new cultivar nor is it
practical or affordable for a farmer or the processor to have a specific storage vessel and
regime to manage each cultivar type.
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The safe handling and management procedures that are necessary to preserve the quality of
the macadamia nut require a sufficient understanding of the lowest common denominators
that must be applied to all macadamia cultivars to prevent kernel deterioration. The design of
any management system that requires the artificial manipulation of environmental and
product parameters for heating, cooling, drying (curing) and storage must take into account
the many thermodynamic, psychrometric and natural physics laws and principles that govern
both the biotic and abiotic physical world. These lowest common denominators are the



determining factors that require that macadamias are cured (and not dried).
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Since .....

- THE SHELF LIFE OF MACADAMIAS CANNOT BE SORTED
BN SRR TCIL X 53

» THERE IS CURRENTLY NO STANDARD SHELF-LIFE TEST
ERIP/ RGN CH A WARES

« THEREFORE THERE IS CURRENTLY NO ‘SELL-BY’ DATE
PR 8t H i e iR 4 8 H Y]

« CONSUMERS DO NOT HAVE STANDARD INDUSTRY ADVICE REGARDING
RECOMMENDED STORAGE REGIMES OR PARAMETERS
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Definitions:
5 X :
Thermodynamics, Psychrometric’s& Mechanics
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(1) Thermodynamics
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Thermodynamics is the study of heat and the thermal properties of matter. It is
actually a study of the transformation of energy and of energy transfer from one
system to another. Since natural processes often involve energy changes, the
temperature plays the role of a label for these changes. Thermodynamics is interpreted
on a molecular basis because the temperature of an object is directly related to the
average kinetic energy of the atoms and molecules composing the object.
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The transfer of energy to or from a gas, liquid or solid may have multiple effects;
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1. change of temperature
B L

2. expansion or contraction (linear and/or volume)
A S A AL 2D

3. change of viscosity
R R A4

4. internal storage of energy (specific heat capacity)
REE AN ERfif A7 CEEIAED

5. phase change
HAZ

6. chemistry change (reversible or non reversible)
(e L AU % NI BULD)

7. creates a new source of energy transfer through conduction or radiation.
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Thermodynamics is governed essentially by two laws;
NI B2 A e SR
e 1Law Law of Conservation of Energy
R (RETEER)
Energy can change its form, but it cannot be created or destroyed
REE T LR IE R, EA R QG B L.
e 2" Law Law of Degradation of Energy
SR (RRERLER)
Heat energy cannot be converted exactly to another form without loss.
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(2) Psychrometric’s
TN E

Psychrometric’s is the science and practice of dealing with air mixtures and their
control. The science deals with the specific heat of dry air and its volume with water
vapour mixtures. It therefore also deals with the specific heat of water, the latent heat
of vaporisation or condensation, and the specific heat of steam in reference to
moisture mixed with dry air. Since air has weight, density, temperature, specific heat
and heat conductivity, it therefore also has inertia and momentum as well as the
ability to hold substances in suspension and in solution.
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Psychrometric’s is best understood with the use of tables and graphs that have been

developed to show the pressure, temperature, heat content (enthalpy), and volume of
air and its steam content. The graphs also indicate dew point, actual water content



and relative humidity for varying conditions.
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All life forms require water and air for survival. Life chemistry is always in contact
with air and its water vapour. The temperature of the air will determine the direction
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and the rate of change of energy to an organism and its internal water activity. (Aw).
The moisture vapour content of the air will determine whether hydration of the
organism will be maintained of if dehydration will proceed.
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(3) Mechanics
1%

Mechanics is the study of the interactions between matter and the forces acting on it.
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There are four branches of mechanics involving the macroscopic and/or microscopic
forces on solids;
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(1) Statics is broadly concerned with the action of forces when no
change in momentum is involved. The forces are therefore
balanced and the body is at a state of rest or unaccelerated motion.
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(2) Dynamics deals with cases in which there is a change in
momentum.Bodies in motion have an attribute called inertia and
are subject to Newton’s Laws of Motion. The fundamentals of
dynamics are mass, time interval and distance.
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1t Law A body continues in a state of rest or uniform motion in
a straight line unless it is acted upon by external forces.
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2" Law The rate of change of a moving body is proportional to
and in the same direction as the force acting on it. (F = ma)
BER BRI ERSERERL BRI RIERE, HI5
M AH A . (F = ma)



3 Law If one body exerts a force on another, there is an equal
and opposite force, called a reaction, exerted on the first body by
the second.
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3) Kinematics is the study of the motion of bodies without reference
to the forces affecting the motion. These forces are mostly
concerned with the mechanism of chemical reactions under
different conditions of temperature and pressure. Kinematics
includes thermodynamics and psychrometric’s.
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4) Fluid Mechanics is the study of the interaction between forces and
fluids and includes three divisions;
T R A SR BEAE R, 5=
A. Hydrostatics is specifically concerned with the behaviour of
liquids at rest.
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B. Hydrodynamics examines the forces exerted on and by liquids and
the motion that results from them.
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C. Aerodynamics examines the forces exerted on and by gasses and
the motion that results from them.
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The Natural Laws
AW B ARIE N

The natural physical laws — thermodynamics, hydraulics, psychrometric’s, mechanics
— that apply to the macadamia industry - have been divided into two groups; those that apply
to pure engineering (group 1) and those that apply to the design of the nut (group 2).
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Research into varietal and post harvest improvement cannot be successful without the
understanding and appropriate application of these laws.
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Group 1. Natural Physical Laws — Engineering
51 HERYEEN-TE

The design of any management system that requires the artificial manipulation of
environmental and product parameter for heating, cooling, drying (curing) and storage
must take into account the following laws that govern both biotic and abiotic physical
world.
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1. Latent heat (phase change energy)
B HHZRER)

1.1 Latent heat of water at 100 C is 2200k]J
100°C I 7K 7 #4 2200k)

1.2.  Latent heat of water at 0 C is 484kJ
1.2.0°C I 7K I #4y 484K)

2. Specific heat capacity Cp = kJ/kg/ K
b3 Cp=kJ/kg K
2.1.  Cp has different values for different substances
LR (Cp) BB ANFENTA AR A
2.2 Cp of water is 4.169
IKETEE . (Cp) A& 4.169
23  Cpoficeis2.089 (-10° to 0°C)
UKEJEERAE (Cp) /2 2.089 (<10 T ~0C)
2.4  Cp of water vapour is 1.963 (100° to 200°C)
KRBT (Cp) 72 1.963 (100°C~200°C)
2.5  Cpofair is pressure dependent
TR HEE (Cp) BT
2.6 Cp ofair is temperature dependent
TARMLIAE (Cp) R TIREE

3. Energy absorption / radiation
REE R AR
3.1  Energy absorption/radiation is mass dependent
RE B IR AT/ S B R T ol
3.2 Energy absorption/radiation is surface area dependent
A FE IR AT/ A B R R T AR
3.3 Energy absorption/radiation is substance (Cp) dependent
REE RS/ AR S BT 5t (Cp)
3.4  Energy absorption/radiation is indicated by a change in temperature in unit
time
HE B IR AT/ St LB IS 1) A iR, B2 AR A SRR s
3.5  Energy absorption/radiation formula is Mass x Cp x T = Joules (J)
AE B IS/ A 200 i B x Cp T=fEH (D



3.6  Rate of energy input per SI time unit S(second) = J/S = Watt (W)
B SN RN RERIA R S (B =T/S=F4F (W)

4. Heat energy transfer methods
AREARE T

4.1.  Radiation — heat energy travels at the speed of light in straight lines and is
reflected by a mirror or other shiny surface
BRI —ARE LD B ALHE, BT B A A P B i S .

4.2 Convection — heat energy is carried in an air stream as high energy air or
vapour molecules
XHRE—ARE L s B 2 TR U T RIIE S B & A2 2

4.3.  Contact — heat energy is transferred by physical contact of one surface with
another.
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5. Temperature
RE

5.1 Temperature is an indicator of molecular activity
IR A 7 TR L) — MR AR

5.2 Absorption of energy raises temperature and/or latent heat value
RE B IR AC 2 T fe i P2 M/ s AV

5.3  Temperature increase in the absence of surface water results in expansion
B MR IKI R T m = R B K

5.4  Temperature increase raises the activation energy of enzymes
T R St mBe st g

5.5 Temperature values are an objective measure of chemical reactivity
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6. Viscosity
513

6.1  Viscosity is a function of temperature in fluid mechanics
FERAR 122, RS RERTR LA — > R L

6.2  Viscosity increases with a drop in temperature
b BB L PR iy 16 n

6.3 Viscosity is lowered as temperature increases

R P52 Bt P T o i B AL

7. Surface Tension
RIETKH
7.1 Surface tension is function of temperature in fluid mechanics

TR TR I FE AR 57 il B B BR

7.2 Surface tension increases with a drop in temperature
AR bR B BT g

7.3 Surface tension is lowered as temperature increases
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8.1

8.2

8.3

8.4

8.5

8.6

Vapour Pressure

FREEN

Moisture molecules collide

KT 53Rl

Trapped moisture molecules collide frequently = pressure
BT RK 0 T4 W k=% /)

Frequency of collision increases with energy absorption
ill 338 403 [t e B IR AL iy 48 T

Pressure and temperature are inter-related

J 73R B2 2 AH HL IR

Vapour pressure deficit determines moisture transfer
FIVE A RIIE 77K IR

Vapour moves from area of pressure to area of deficit

IR X BB B 2 X

9. Water activity Aw

KHEHE Aw
9.1 Aw occurs due to energy absorption by water molecules = vapour
Aw F& T 7K 7T IR RE & T e AR Y
9.2  Aw results in increased vapour pressure
Aw FEFIRET .
9.3  Aw is a measure of drying potential
Aw fE TSR &L PAL
9.4  Atmospheric vapour density is always  1.2kg/m? (vapour rises above air)
RAKREE SR> 1.2 27/ mERETER)
10.  Condensation
ek
10.1 Condensation occurs at dew-point
ke RAAE 78 ko
10.2  Condensation requires the presence of water vapour
el 75 KRNI
10.3  Condensate always contains dissolved air (therefore oxygen)
R LY NSY g SRty NN (Sl bk 2l
10.4 Dew-point temperatures are indicated on altitude based psychrometric charts
e il E P e B TR B R R
11.  Evaporative cooling
R H
11.1  Energy is absorbed by moisture on bonding surface
RE B ARG AE 3R T R K 70 WAL
11.2  Molecular bonding threshold of moisture is reached (see 1.1)
BRI T ERE I 1.D
11.3  High energy water molecules escape bonding surface

FIRERK S TS AT 2



13.

11.4 Bonding surface loses energy (temperature)
Sh A TR BE R G L)

11.5 Sustained escape of water molecules results in sustained cooling
KT REEEUR T BB &)

12. =Equilibrium moisture content EMC
& K& EMC

12.1  External vapour pressure = internal vapour pressure
AN A= B ZRTUE

12.2  Internal vapour pressure > external vapour pressure = moisture loss
AR VRN VU =K 7 41k

12.3  External vapour pressure < internal vapour pressure = moisture adsorption
AN ARV <A U =R

12.4  EMC values are product dependent
EMC B BT 7 i

Dynamic equilibrium moisture content
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13.1 Equilibrium changes with applied vapour pressure (relative humidity)
P e N FH 7283 7D (RO R ) AR AT AR 4L

13.2  Equilibrium changes with temperature
- i i B AR AL

13.3  Product surface area affects rate of change in equilibrium
72 it 2R T A S M~ 4 AR A i

13.4  Hydraulic pressure
WU

13.5. Vapour pressure
IR

13.6  Diffusion
IHK

13.7 Moisture moves from high concentration to low concentration
TGy H R B TR IR 2 7% 5

13.8. Moisture movement is dependent on cell structure
K3 3B BT 20 i 25 74

13.9  Moisture diffusion is time dependent
i ST EREES

13.10 Moisture diffusion is dependent on moisture differential
IR BT 7K o3 72

13.11 Moisture diffusion is related to travel distance
IR B IRAT BE B A %

13.12 Moisture diffusion occurs more rapidly with elevated temperature
IR, K3 HOB R

13.13 Dissolution

Vi



13.14

13.15

13.16

13.17

13.18.

13.19

13.20

13.21

13.22

13.23

13.24

14.

14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

14.9

Diurnal changes

H A4k

Relative humidity

FEXT B

Mass x cp x temp = kJ

JAHE x cp x & =kJ

Solar heat absorption (albedo)

X PABE IR R
Shrinkage with drying

Tt

Moisture escape precedes shrinkage
IR T U i

Shrinkage indicates volume reduction
e 4 2 7= AR AR /S

Shrinkage occurs from outside

e A FEAE AR

Shrinkage retards further moisture loss (case hardening)
KRR IR CRITREAL)
Air density with temp drop
R R T B

Viscosity of oils

THT (R 5

Psychrometric’s

TR E

Storage temperature and relative humidity are important to shelf life
Ao A7 L ATURE R B 0 R o B3 AR B 2

Temperature of kernel storage should be ‘cold chain’ linked

FATAF AR B S5 < P 1 1%

Lack of hygiene at all stages of curing can impact on the mechanics of curing
FEIN T BT A B B = AR ] B2 20 i 1 (R AL )

Curing is weather dependent in open systems
FEITRARG T, IMTERT RS

Curing is erratic without control

AR, AR E .

Curing is expensive without control

AR, TR DT .

Correct curing takes all cultivar types and volumes into account for all
environmental conditions.

IR L2825 R B P AL 26 1F T 1 Rh SRR AN
Typical fluctuation of diurnal and nocturnal conditions.

BB AT AL 5

Mechanics to reduce rewetting; fan size and batch height

F12E D BRI s KU RS A = v



14.10 Energy requirements for curing
TN RER R

14.11 Building integrity for curing systems
TN R GEH R e Bk

14.12 Moisture removal methods
R LK W7 R

14.13 Moisture retention and humidification methods.
TRIBATINEE TV

14.14 Storage temperature and relative humidity are important to shelf life
Ao A7 L ATURE R B 0 R o B3 AR B 2

14.15 Dew-point determines condensation to free moisture
o R E RS A E HI7K

14.16 Free moisture contains dissolved oxygen
R 5 A R AR

15.  Mechanical
Bl
15.1 Force (N) = mass (kg) x velocity (m/s)
JIN) =i&E (kg) x#EE (m/s)
15.2  Force (Pa) = N/area (m?)
77 (Pa) =N/ (m?)
15.3 Newtons Laws of Motion
A iz B e
16.  Hydraulics
KA
16.1 Force is distributed equally in all directions
JIR S I AR AE AN T W]
16.2 Liquids are not compressible
AR FEANTT [ 4 1)
16.3  Gasses are compressible

AR T R4

Group 2. Natural Physics Laws - Horticulture

H2H ARYEERN-EZE

1.

Cell structures and strengths of the different component parts of a macadamia nut
vary with cultivar type (mechanical)

TR 1% SR P AN [ ZEL 0 2 FR) 00 L 35 g 0 e 52 ol A i A 28 8 ) AN ) i AN [) (L
1O

Energy transfer in and through the nut occurs when the nut falls to the ground with
impact (mechanical)

20 SRR it ol i v BTN, R 2R AR R W ATIE I IR R R AR (HLO



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Impact force is determined by mass of nut and distance (velocity) of fall

(mechanical).

Ml TG T IR R B AR R G (B

The handling of macadamias introduces impact risk potential (mechanical)

RN M SR B30 21 SR L AL 3 XURS: CHLARO

Moisture storage by the exocarp (hydraulic)

AR B BRI A7 BT

Exocarp provides impact absorption (mechanical)

AR AR AR ph e A (HLBO

NIH storage in the exocarp promotes metabolism = temperature increase and
respiration vapour (thermodynamics).

FEAN R B T B 7 it A7 AT 2 HE B R A =T T m AR 280 (DD
Moisture absorption by the micropyle (Osmotic)

BRALROK Dy GBIED

Swelling of the kernel (hydraulic)

R GRED

Swollen kernel becomes imprinted (discoloured) from applied pressure on pigmented
inner seed-coat (hydraulic)

FERAE AHEOL T, EIKEERCSEGONEME GRED B TEHE (&
)

Rupturing of the testa for radicle(hydraulic)

AR b B 5 U D

Kernel cell walls will rupture when impact threshold is reached (mechanical)
BRI, RAgRRE SR (WD

Turgid cell walls will rupture at a lower impact threshold value (mechanical)

JIf G P 4 B 2 E BTG F8E R R AR (PO

Cell rupture may be micro or macro depending on impact force (mechanical)

21T AR W B R ok Tt A ) (RO

Ruptured cells spill fluid contents that can flow (mechanical)

IR A i ot H PR Sl BV (LD

Ruptured cells (bruising) expose spilt contents to free moisture and oxygen
(mechanical).

BRI AN CRlEATD At B A BV B8R T 8 KA CILEDD .
Fluid contents of a mature kernel are 70% oil and viscous according to temperature
(thermodynamics).

RIEIRE A2 I AA S 0y 70 %6 HURG PRI .

Oils will flow as they lose viscosity with an increase in temperature
(thermodynamics)

M B IR R B T s R DR sl (R

Bruised kernels initiate rancidity (mechanical)

BlEA% B RAZ 22 51 R R (HLBO

Rancidity development (oxidation of oils) rate is determined by temperature and
moisture (thermodynamics)

BRI RS QML) BV TR AR (B T752)



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Heat energy addition to the nut creates water activity Aw (thermodynamics)

] B SR ASIN A BE = 7 AR KR Aw (5

High albedo of the nut promotes temperature gain (thermodynamics)

W SRR S M T A R T ()

Aw in the nut raises the vapour pressure differential (psychrometric’s)
WRRHIKERE (Aw) &SRR GRIEED

Moisture loss causes kernel shrinkage (mechanical)

IR R BRI A OO

Moisture loss occurs via the pigmented (hilum end) of the NIS (mechanical)
KRB TR (B Bt (bt ) KA

Shrinkage of the kernel creates a space between the kernel and the seed-coat at the
pigmented end of the NIS (mechanical)

FAT W A R SRARI 5T IR 03 R et B2 2 [8) B B 1) CHLBO

The airspace created in the NIS during moisture loss creates an air cushion which
breaks the transfer of impact energy (mechanical).

IK I3 45 I TR A 578 A o B 22 e T A, AT SRR il 3 RE A% (AL
o .

The kernel, during shrinking, remains attached to the seed-coat at the micropyle until
shrinkage is complete and/or impact causes final separation (mechanical)

FEN AR R, RS OREF A ERR AL AR B b, B 204 58 B/ Bt 1 -5 B
Aoy (HUO

Moisture loss in the testa (seed-coat) precedes moisture loss in the kernel
(mechanical)

SRR B K 73 4505 58 T AR A KK - 2k CHLBO

Moisture loss in the kernel crust precedes moisture loss in the kernel core
(mechanical)

FAZ B K 4R S T AT K g a2k CHUBAED

Moisture loss of unbound water in (immature) kernel cells precedes moisture loss
from mature kernel cells.(hydraulic)

AR B RAT G P R S5 B K BIK 3 4R R S8 T R AR K K ik . OK
)

Moisture loss of unbound water requires less energy than bound water
(thermodynamics)

A GKHIK R TR ERRE R LA kD> A5 .

Moisture loss is time dependent for nuts of different diameters (mechanics)

AR ELAR B W SR 7K 45 R BE I TR T A2k (F752)

Moisture evaporation causes cooling (thermodynamics)

KPR FEAE (A T1%5

Evaporative cooling effect is dependent on air movement (thermodynamics)
ERBAN G RBEH R (I

External shrinkage of the kernel results in crust stress (mechanics)

PRSI HUS Gi F EA 5N S (F152)

Evaporative cooling of the nut reduces the transfer of sensible heat internally to the
nut (thermodynamics)

W R Z Ve FNPRD 1 AR RO IR R AR (A5



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Excessive kernel drying causes cotyledon shrinkage and separation (mechanical)

N2 R TRE RS RgiA & IR

Kernel moisture retention promotes enzyme activity — discolouration (mechanical)
FATIR I DR B b s PE- AR . (LD

Kernel moisture retention promotes pre-germination (mechanical)

RATIK D ORFFAEE A 2F - (WU

Kernel metabolism consumes stored energy and results in mass loss and cell
deterioration (mechanical)
RAHHRABNEFEMH AR E, HFSEUTESURMANRL FURTE

Light in the presence of moisture and heat promotes pre-germination of NIS
(mechanical)

JCAEIR SR TR NIS [ & (HUHAED

Low moisture content in kernel results in brittleness (mechanical)
RAARS/KESBUENE BRI

Brittle kernel will chip or shatter depending on force of impact (mechanical) cracking
MRAE A (WU &, R R

High temperature and a high external vapour pressure will cause an increase in
internal vapour pressure on the kernel of a wet NIS (thermodynamics).

A E AR AR E 4 FEGRA NIS (%) FAZI WK E 11
.

Kernel cell walls can be ruptured by high vapour pressure (thermodynamics).
RS () Al R A B R

Kernel cell contents can be congealed (cooked) by high temperatures
(thermodynamics)

R & E T EE iR () Kk (D

Moisture loss from the kernel during high NIS Aw and low external vapour pressure
is continuous away from the NIS (psychrometric’s)

FE1E NIS Aw AR AP IR, RATHIKr 152k 5 NIS. GREE R 50
) EEEEI o

NIS that are allowed to cool below the drying temperature will absorb external air
back into the NIS (psychrometric’s).

i AR T TR K NIS 2K A2 S [l NIS- (R RN &30
Dehydrated macadamias are hygroscopic (mechanical).

ot 7K BRI e IR ) (WL

Forced air with a higher vapour pressure than the inter-granular vapour pressure of
bulk NIS will rewet the NIS (psychrometric’s)

ZRVTUE FE RS NIS FREIH) 2890S m I <0, & NIS (HR & R4 &=
g EIRITA

The moisture in absorbed air will condense in the space between and on the kernel
and inner seed coat if dew point is reached (psychrometric’s).

INRGAE e GRED BRI A S B 7K 73 5l S PEAF R AT A Bz 2 1] DL S K
LN EREES (THRIERGD

Dissolved oxygen together with the introduced condensate will promote enzymatic
discolouration of the kernel and/or the increase in the rate of rancidity where spilt oil
is exposed (thermodynamics)



VA RSB 5N BRI 72 D e A R T A €0 R/t Y Y ot % i T 00 TR WL 2 ) 186
(AT1%E)

54. Free moisture (condensate) in the presence of high humidity and an ideal temperature
will promote the germination of fungal spores (thermodynamics)
e BRI B AR B2 R Wi K 7> GRED et R w AT i Ak (A5

55. The energy and time required to evaporate the condensate is equal to an equal amount
of water evaporated during NIS dehydration (thermodynamics).
ZE RV Bk 7K BT 75 1R RE BRI ) &% T AE NIS K F2 ih 28 K IS5 &K (A
).

56. Different cultivars react differently over time to different temperature and storage
regimes (thermodynamics)
B8 IS 1) B HERS AN [ B it o 0 AN Ti] F R 58 A0 JiotR 285 B0 S B2 AN ] (R )
)

57. Reduced temperature slows metabolic rate and increases shelf life (thermodynamics)
B AR IR P 2 AR A QU B IR I ORI (IR 52

58. Reduced temperature increases oil viscosity and retards exposure to atmosphere
(thermodynamics)
BERALR IR BE 2 R T AR A QA T 2 I I ORI (A58

59. Removal of oxygen (replacement with nitrogen) slows metabolism and rate of
rancidity (mechanical)
R (HERED St s ARG R CHUE D

60. Macadamias are food energy source and are not sufficiently mechanically protected to
prevent loss from vermin, bush pigs, etc.
P2 BRI RE RN, WA 2RI R, KRBT du BEARSESFE
NSNS

Limitations to quality preservation

ORfet i) R BR 12

The general phenological pattern of the 50 plus cultivar varieties of macadamia does not vary
much, but individual cultivar characteristics may have significant differences due to cultural
practices, climate, altitude and latitude. Plant breeders continue to develop new cultivars in
search for a disease and insect resistant macadamia tree that also produces a high yield of
quality nuts with secure, thin shells. The ideal macadamia tree should also produce
consistently in spite of temperature extremes. Plant breeders have not yet bred this ideal tree,
but the present multitude of accepted cultivars has provided for macadamias that have a great
number of physiological differences between their different seeds. These differences include;

M ER 50 Z A3 ) —ROBREAZELAKX, HEHTREITH TR BFLN
G, R FEIIIRIAE TS FBEEF . HYEMX B LIRS, LUF
He—FHGL G FIGLHHI RN EREY, XFPRE o] LU= BT K2 EFTHILE %
Ao BRI B R th BOZAE A S R IR 0L P RS YA M ORI E R E
HUX AP ERAR IR, (H F AT AR 2 A DA B OB I RS T AN R AR 2 TR B A
WEER, X RO,



1. seed size
T 5K/

2. abscission potential
i 757 7

3. husk thickness
hhTe R

4. shell thickness
FoRE JR

5. shell porosity (fiber density)
FeREFLBRE (LT4E% )

6. cotyledon binding mechanism (strength)
THEEEHLE (RED

7. kernel size
RARF

8. kernel moisture content
RIBKE

9. kernel cell wall thickness
AT o g 5 2

10. oil content
Rk

11. sugar content
o

12. roasting potential
e beiE 7]

13. moisture content
BKE

14. potential for water absorption
TN

15. potential for discolouration
A8 7]

16. moisture diffusion (between cells)
KB (4R 18]

17. shrinkage rate and ratio
e i 2 S LE A3

18. Enzymatic potential
B 1

19. maturity at harvest
KW= Rl

These differences may be exacerbated negatively by the

IR TE S AT g 2 PR AT S s i i o Rl

1. time taken to bring in the harvest,

WSCER T 5 e 1]
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2. the climatic conditions that prevail at harvest and the

FEMSCER TR 3 A L 1 s R 1 DA K
3. methods employed to physically effect the harvest.

SE R s M SR A8 FH 1 7 1

Examples of the generalised causes of loss that may be in combination and exaggerated due
to exacerbating circumstances are;

W T IRIRITEOL,  w] BEIE SR G AT K — B 2% B A A 4911 4n

1. over maturity (late harvest and/or abscission stick-tights)
i P R CRER AR/ Bt v PR )

2. immaturity (mechanical or chemical intervention premature)
A (WUREUL 2T T

3. enzymatic discolouration of kernel (long available reaction time)
RATHI AR 0 CRECR B AT Y S RIS )

4. distal end discolouration and onion ring (time/moisture combination)
W28 I ARt M A (I TR) 7K 3 560D

5. loss of crispness (excessive respiration time / high moisture content)
FANGRE N B CRPIRS TE) /7K 70 2 B )

6. mould (susceptibility in damp conditions - rain)
Frw GENR RN B 5 325500 - R KD

7. heat damage (exposure to sun and other energy sources)
AAifn (R T PHOGAI AR REYR T )

8. bruising (due to rough handling or hail)
B0 (G TR B BKE)

9. insect damage (susceptibility of selected cultivar)

PHE GEF A BUENED

The search for macadamia utopia drives researchers to investigate many avenues that
attempts to establish the horticultural and physiological causes of kernel defects such as
browning, discolouration, brown-centring, brittleness, wrinkled kernel, split kernel,
glassiness, rancidity and short shelf-life.

X RN SR B RS IR R ARAE R FE N A VR 2 At DR HH 3 SR AZ R b 1 [l
SRR, Flantas. A2, o, et . 245, Bastl. BRIMONER
JAKE .

While many of these defects may have a genetic predisposition, the more important
causes may combinations of thermodynamic, psychrometric and mechanical effects
brought about by poor handling by unwitting operators or by the excesses of poorly
designed equipment.

EARIX B HRIE P (VR 2 0] B RAT 1AL AR, (BB Y 5 D] AT RE 2 AN 3R A
B A AR BB A R e (13 A I PIrati R K0 AR T 7« R BE RN U, (1) 20
R -

Post-harvest Handling
KW E 42



The visual sorting of aesthetically displeasing nuts prior to packaging is essential,
but is NOT quality sorting!!

EAREZH, HAESUAERNERETERIRERER, BEARRESD
K1

Every step of the post - harvest handling of macadamias prior to packaging is of
paramount importance to the preservation of quality kernels with high market value.

FERR AT, W RR S AL B (KB — 2 X R 5F B A T S O e o R
FREE,

Every post-harvest step has a lowest common denominator that should not be exceeded.

KRBT — D RARK L R bR, A NIE I AR

The greatest impact on the loss of quality, value and long-term shelf-life is the non-
adherence by growers and processors who, unknowingly or uncaringly, exceed the
lowest common denominators that impact negatively on shelf-life ....

X5 AR Ak A 301 PR 53 25 (1 e K5 i R PR 3 RN 3 PR AN, AT
FEANFNANBE o Bz AR S GBI 1 00 it A7 3T R 7 A= ST S ) ) B AR R bR

1. Harvest response time (too early before maturity or too long after abscission.

SRR REIN T] PR i % A

2. Harsh mechanical handling

FLERHIH U AE

3. Poor dehydration techniques
BRI KA

4. Risky storage conditions

fE s (i A7 2 1

Specifically, the removal of moisture from the macadamias using carefully controlled
curing parameters is necessary to preserve their harvest quality, large styles and and
extended shelf-life.

Rl e, AU FRG o4 A BOI0 2 B R B SR B 25K 20, BAORSSE RSO
B RGP AE K B A7 IR .

Storage system parameters for both NIS and processed kernel must be appropriate and
precisely controlled to maintain the shelf-life of their harvest quality.

Fe KA TRAZ Bk 3R S 2 B0 00 2 BRI, DLEORS HER U & 1A
SRR .



Dehydration — thermodynamics and psychrometric’s

Rt 7K~

I AR B 2

The dehydration of macadamias is a thermodynamic process where heat energy is
transferred and moisture removed by means of psychrometric principles.

W IR K R — ANl R, iz RE T, 8 I R R g SR B A 3 A RE I

k7K

1.

2.

10.

11

12.

13.

14.

15.

o

moisture absorption causes swelling from micropyle towards the hilum
IR 2 3 BONERFL IR Z B2 AK

moisture loss causes shrinking through vascular tissue
KGR 3 A A 2 4

. moisture loss from immature nuts causes shrinking on hilum hemisphere

AR SR B IR i R 2 S B 2 BRI

rapid moisture loss causes shrinkage & stress on the crust

ISV RS CAT L & N

rapid moisture loss causes evaporative cooling (no Aw) internally = no drying
(reducing sugars at centre especially in large kernels)

IR PUR R FEON AR E O Aw) =AFH U= R R
OAERE I3

excessive and rapid drying causes cotyledon shrinkage (half kernels)

L BEA PR T 2 T U CGERD

delayed drying promotes rancidity

IEIB T2 T BRI

delayed drying in the presence of ideal temperature promotes pre-germination
FEPRRRIR L N IR TR Rt & 5F

storage of bulk NIH creates high temperature and high humidity conditions
resulting in runaway metabolism

K& NIH 727 A m iR s 6, B HRAHRE

Excess and untimely light together with moisture and sufficient heat promotes
pre-germination

o 2 AN S I B OGIE DL K K 73 AL 8 1) B e 3R A 2

. Excess moisture promotes bruising during rough handling

FERRER AR, 2 K= BN

Over drying promotes brittleness and shattering during cracking

1T 2 3 BUTZRIN R E AT s e

High temperature promotes high internal vapour pressure on kernel = cell
rupturing damage

e 2 P AT AR R ) P T AU = M A R

Temperature promotes low viscosity of oil causing flow of especially damaged
cells

TR AR BE I AR B, 3 T 70 A2 32 4 4 L R AT 3

Shrinkage causes space at hilum end first

SC 246 T s 3 BRI I o 2



16. Cooling during drying causes condensation droplets in internal space =
discolouration
TR A T RV K- S P B 1] (R R Al KR =R
17. Cooling with wet air causes moisture absorption in the shell and adsorption on the
kernel = exacerbates discolouration
R TR A2 S EEEROK T, RN SR =22
18. Condensation droplets contain dissolved oxygen, which promotes enzyme
discolouration activity and rancidity of damaged nut. Also mould.
P BETUR TS A VR AR, X 2 (R AR T AT 2 A R R R . Bk
o
19. The passing of time exacerbates extent of damage and perceived chemical
changes according to the cultivar type.
BEE I ) O HERS , ARG PSSR 51 453 35 A AT B RN Ak 22 2 Ak TRl
20. Storage temperature and relative humidity are important to shelf life
Ao A7 L ATURE R B 0 R o B3R B 2
21. Temperature of kernel storage should be ‘cold chain’ linked
FATAF AR B 15 < VA T A%
22. Lack of hygiene at all stages of curing can impact on the mechanics of curing
FEIN T AR B B = 1A ] B2 20 in 1 (R AL i)
23. Curing is weather dependent in open systems
FHEIFIAG T, I EERT RS
24. Curing is erratic without control
AR, I AR .
25. Curing is expensive without control
AR, IR & Dt .
26. Correct curing takes all cultivar types and volumes into account for all
environmental conditions.
IR 2855 R B P AL 26 AF 1 1 i Rh SRR AN
27. Typical fluctuation of diurnal and nocturnal conditions.
BB AT AL 5
28. Mechanics to reduce rewetting; fan size and batch height
Pl FERRIE AL s PR RO At e
29. Energy requirements for curing
I RER R
30. Building integrity for curing systems
TN ARG R e Bk
31. Moisture removal methods
B 25K T i
32. Moisture retention and humidification methods.
TRIBATINEE TV

The removal of moisture from the macadamia to controlled limits is therefore necessary to
preserve its harvest quality. The dehydration process must, however, be managed with care if
the quality and shelf-life of the macadamias are to be preserved.

PRI, R R 2 R o 7K 2% ok 2 T 4 o D R BE i PR A LW SR o ot i B SR . H
&, AN SRR B IR A S AR B, KRR 2N O A B



The term ‘drying’ implies 1) without regard to temperature or temperature limits, ii) without
specific regard to air relative humidity and speed iii) and without regard to time.

ARAET R D A SR LR EIRE], i) AKFH 5 82 AR X R AE i)
AN I TA] o

‘Curing’ is the correct term for moisture removal from macadamias because it implies that
moisture is removed under continuous and controlled conditions.

“hn 52 BRI B SR R K O IE R T, RO R FEIE LR H AR R 26 A T K

The controlled condition parameters are described under the heading — ‘Do’s and Don’t’s’.

P ) B0 25 A 2 MU I AR AS IS PR A L 15 T

There are several thermodynamic reasons that macadamias should not simple be dried, but
rather cured. (see Figure 1. EMC Curves)

AR EA IR, BRI RSN R R, RN . (L 1. EMC Hi£k)

Py g
18 13 A 43 Jm 3 0 A3 30 XS G od IO F3 B M3 B0 Wa ol

Figure 1. EMC Curves
B 1. EMC gz

1. Moisture cannot escape the kernel until the shell is sufficiently porous (dry). This is
time dependent and relates to the thickness of the shell.

HESME RS2 (TR KA REIFREC. XS5REAxR, HS557EN
JEEAT R

2. Heat energy cannot reach the kernel to create water activity (Aw) while moisture loss
from the shell provides evaporative cooling. If heat energy is added faster than the
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evaporation rate then there will be a net increase in vapour pressure in the kernel
creating a ‘pressure cooker’ effect that can damage kernel cells.

IMAE VL BIE R U4 KGR (Aw) 5 5 K R SR R A HL.
NSRBI AR T2 R R, B A RS A RS i 0, T
AR AR RN, TR IR SRA A

Moisture loss from the kernel is by diffusion beginning from the outside and
progressing inward. This time dependent and relates to the size (diameter) of the
kernel. The kernel must be dry to its core to ensure that metabolism ceases
completely and that reducing sugars are not formed. Sugars formed by incomplete
drying — especially noticeable in larger kernels — will caramelise forming brown
centres during roasting.

FAZHIB KRNI N T 8. X EREER, HESRENERER. R
Z T Hz L, DR RS g i ik, JFEAEBGE IR R . A 5E4
TG BRIHE - R A AE B SR AT g 3 B - R AE B R o AR R T B
Lo

Raised temperature lowers the viscosity of the oil and also predisposes it to chemical
change (oxidation = rancidity).

T BB R RS 2, A B T R A AR A CRA=TRIBD

Raised temperature promotes increased metabolism that leads to quality deterioration
with increasing time.

T T R E B MR AU A o, DA T - S0 8 B A I ) R 4 v e
Excessive drying rate (air speed and/or temperature too high) will cause rapid
shrinkage of the kernel crust resulting in stress cracks (cell tearing = exposed oil) as
well as predisposing the kernel to shattering during the cracking process.

FRpE e R ROER A/ EIR I ED RSB SR s, TS BN Ay
Rar (HEHPER=ARER BN, FREARAE T2 2 28 5 B

Moisture removal should be continuous with a constant net movement of moisture
away from the kernel until the desired moisture content is reached. The regular
stop/start of moisture removal (as in ambient air drying) results in the cooling of the
nut and a reversal of the direction of wet air flow. Moisture that is re-introduced to the
kernel may condense on its surface as fine droplets that contain dissolved oxygen.
The combination of oxygen, moisture and temperature provides for enzymatic
discolouration, oxidation of oil and the germination of fungal spores.

i K BESEREAT, KB RA PR L, BEREBFHRKSSE. 1
FIEOT IR (AR TR 23 8UR RS R R 2 SR s i 7
7)o HFrE N RAT I K 73 ) BE 23 Bk 45 B B W AR R B AN . AR K A
RS G2 SEMER G, MREMMEREA T,

Stop/start drying also increases the time it takes to remove moisture and increases the

risk to quality.
521G T IRIE 2 RGN K T /5 ARSI, G0 o B XU o
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8. Shrinkage of the kernel is time dependent. Even and constant shrinkage ensures that
the kernel separates from the inner shell without damage leaving the kernel cuticle
intact.

RAR UL S E AT 0. ISR g iR 7 RIS W52 B AN = 52 2
P, MR R AR R e .

0. Curing controls the relationship (ratio) of kernel to shell moisture that determines the
whole kernel recovery potential during cracking. Optimum whole kernel recovery is
obtained when the NIS moisture content is 5.5% and the ratio of shell to kernel
moisture is between 1:2.4 and 1:3.5 (Hobson). Rapid drying i.e. high temperature
drying especially at increased air velocities - increases this ratio accordingly.

INTEEH T RACEZERKSHRER (FR) , ZRRRE 7 IR AR
RIS T7. 2 NIS SKE N 5.5%, 525 RAKSMEBITE 1: 2.4 1 1:
3.5 2N CEAR) . AR NSRIEIACE. PO, WERTIR, A
FORAERGIN A R BE I O T -AH R I 1 iz bR

. HHERT B
MACADAMIA NUT DRYING
| AGRELEK / INDUSTRELEK 1990

mc% (wb)

25 —

MR
End of test

= e
5 — S
. = =
(o] 50 100 180 200 250 300
BAKBRE HOURS /Mt
Safe Moisture Loss .................
Actual Moisture Loss
SRk s %k

~k 0

DRYING CURVE
TR

Figure 2. Optimal Curing Time

B2 BN T E

NIS 25% -11% @ 2% /day moisture removal - 5 days
NIS 25%-11% @ 2 %/ K fiK-5 K
NIS 11% - 6% (kernel 1.5%) @ 1% /day moisture removal - 5 days
NIS 11% - 6% (A~ 1.5%) @ 1% KMiK-5K
Whole kernels

SEBRLC

The mass recovery of kernel from NIS uses a violent cracking process that shatters the shells
at random. Kernel that is over dry, that have stress cracks or that are still too wet (kernel
attached tightly to the shell) will break or shatter with the shell. Any breakage of the kernel
whatsoever will result in oil spill and the unavoidable potential for oxidation. Kernels that
dehydrated sufficiently and that have shrunk evenly are protected by an air cushion during
cracking and experience less direct impact. Macadamias that have been harvested at optimum
maturity in dry ambient conditions, handled without bruising and cured within correct
thermodynamic limits have the best chance of being removed from the shell as whole kernel
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with its cuticle intact.

MONIS K& BSCR A R 2 — AR 2L R 1R, 2 B AL IR s 7. o B2+
KRy BN RGN R RIE (RAZ B N E AT D ) RA KA Bl bE 5 S 7k
TR o SRAZ AT ART B 2R T 2 5 B0 o R A AT 3 A KT AR Ak o 78 20 T /K B4 38 20 B 2R
{ZAE T RS R 2 B SR RY, 2RI E M E RN . TR KA T DLt
A IR BB IR, AR R IS O T AL B, JRAE IR I3 AR PR N n T,
5H AT RE M FEH R B SE B IR B A SR

Undamaged whole kernels have the best chance to achieve a long shelf-life.

ARAAI BB RAZ A7 m] BESRAF B A DR o

Discerning buyers of smaller kernel styles who require a long-shelf life are advised to buy
whole kernel that can be diced according to choice just prior to value adding.

X T 7 B AR ITUY I AN RAT RS (B S, S AR G0 (B 2 AR 4 32 5 1 5K

BRI

Storage
f1F

Damaged kernel that is subject to warm, moist ambient conditions are at great risk from
oxidation and an unacceptable short shelf-life. Storage techniques that are based on
thermodynamic principles have, however, provided the macadamia industry with a measure
of shelf-life security in spite of the many shortcomings in the post-harvest handling and
curing methods.

FEIRAR . WHRRABIZRME N, AN RO AT REp AL . IRV ARE S . R
B WGR G AL BRATIN TR AFAEVE 2 Bk, (HIE T 3007 22 JRU B B A7 A BOR B 9 R 1
Rl it 17— 2 PRI

The key management interventions that will arrest the irrevocable oxidation process initiated
on damaged kernel caused during cracking are;

SR A B TR 7 BEL AL AR T 2R R b SR 5 R AN P g S A, B
1

1. ensuring high viscosity of the oil during cracking and sorting i.e. lowest practical NIS
and ambient temperatures.

B ORI LN 53 0 S A rh oy () i Rl 52, B SR IC PR S B NS i B2 AR BRI FE

2. packaging environment must be dry i.e. hygroscopic kernel are not exposed to
ambient moisture.

BRI, RIS R A B 57 TR .

3. vacuum packaging followed by nitrogen flushing i.e. oxidation potential reduced.

AR R IAT R, RV A A



4. quality packaging material of sufficient micron thickness. i.e. zero potential of
gaseous exchange with ambient air (oxygen).

AR I AR A R, Bl SIS GRS ARSI F i

5. speedy process from kernel exposure at cracking to containment in safe packaging i.e.
hours — not days.

MIT 2T AYFF R B e ) 22 A R 2 vp 1) i B (R I A, BIJL/NIEE, A L
Ko

6. reduced temperature during storage and transport until consumption i.e. the chemical
reactions causing oxidation and enzyme activity are retarded.

FETH AR HI fift A7 A0 i S0 O 2 PTG, B -3 B MR R B0 4 27 SR NI S IR

Storage Principle — Temperature Vs moisture content Vs Time
fi& 77 SR B IR B vs & K Bovs i ]

Mc%
NIS

Figure 3. Safe Storage Temperatures

B3 kAR

The Lowest Common Denominators

BRARIL FpR e

Macadamia quality preservation is inextricably linked to the laws of physics that both govern
the horticulture of cultivar selection and growth and the mechanics of the equipment selected
for handling and management.
RN B T DR S T BRI P AN AR K T 2 DA B T AL B AN AR B ) 7 R AR
25 15 VR W B AT O3

The common defects found in the kernels at sorting of many cultivars cannot be seen in
isolation from the many links in the chain that represent their exposure to physical laws that
promote deterioration. Ultimately, the genetics and biochemistry behind many of the
recognised flaws have had their origin in thermodynamic, psychrometric and mechanical
influences.
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FEVF S ARHRI PRI R, 1 S o R DL IR A RIS TR 4 52 B0 25
MPDERE O (0 BERR 1T, B2 - V2 A BRI I O 7 R W R0
AV SERHLBL

A thorough understanding and application of the natural laws will provide the lowest
common denominators to limit or isolate the physical causes of kernel deterioration, either in
the growing phase or during post-harvest defects such as some forms of brown centring,
discolouration, colour fixing, brown centring (bc), after roast darkening (ARD), glassiness,
disfigured kernels, mass loss and rancidity.

X AR KA RV BN L A B 1 B AR R S R bn v, DA PR | SR 2 b bR Ak B 7 3
JRA,  ToiR A A KW BOS JE A8 KA Ja SR ], it g A8 ms CARD) B34k
BRI KL FLEAURMBMOE M RELEAWEAE O, BE. HE., HEgEo

(be) -

Definition: THE LOWEST COMMON DENOMINATOR
E S B RIE bR

TREAT ALL THE MACADAMIA NUTS IN THE SYSTEM AS YOU WOULD THE
NUT THAT NEEDS THE MOST ATTENTION!

90 5 5 0 R — R 5 2R e T3 T

The application of the lowest common denominators refers to all post-harvest activities and
processes and are highlighted as the following do’s and don’ts in three parts;-

AR R B AE 1) S P A Fi8 P AT R A Jm RO s A RS, 3@ P~ =S80 i e 5 4%
BUKHEAT IR -

1. From orchard to the on-farm curing system.

MNREBIRIGRIE RS-

2. From the on-farm curing system to the processor.

MR GRIE RABIA LR

3. The ideal curing and storage system.

HEARRMRENEERS.

1. From the orchard to the on-farm curing system.

MNREBIRIGRIE RS-

(i) The Don’ts can be summarised as;

IS RINYR TR IVAF

* Do not believe that macadamias are indestructibly safe in their shells.
AN ARG W R AR AT 58 B 40 242 1Y
* Do not leave nuts on the orchard floor for longer than one week.

TR 2704 e SR 30 P AR A st i ke —

17



* Do not let fallen/harvested nuts be exposed to sunlight.
T )L T R AR R R B AR DG T
* Do not leave nuts on a wet orchard floor.
T 270 19 SR 10 B A 110 SR el T
* Do not harvest nuts into closed plastic bags.
Vi 2700 R A1 R W R N P RS
* Do not harvest nuts into contaminated containers.
T 200 R A 0 W RN 52 BT G A A T
* Do not expose nuts to rapid or severe temperature increases.
T 2704 W SR T Ja 2T e TR
Do not handle nuts roughly or drop them.
T Z7) R 2 A HE B AR AR R R

(ii) The Do’s can be summarised as;

FRE AT ARG Y -

* Do maturity tests to establish the harvest window.
BEAT A E I DL SR A T 1
* Do keep the harvest floor clean.
i DR A b THT A
* Do de-husk today’s harvest today.
AR = KR A R 58
* Do sort damaged NIS out thoroughly before consigning to the curer.
THIEHUR R NISHIR 2K, AR e 22 4a ks e bl
* Do keep records of every orchards’ production and losses.

T 55 DA A (17 AR R

2. From the on-farm curing system to the processor.

MG IE R R AE S

See figure 1 - Safe storage parameters under sustained conditions and figure 2 - The
equilibrium moisture content values at which nut-in-shell (NIS) may be cured to establish an
acceptable shelf life for quality macadamias. The curing rate that has been established
empirically as 2% moisture loss per day — Figure 3.

T 1 - & PRSI 2 R 7 IR B (NIS) B BERE (i K 4 & &
B, DABRSTA TR 2 R T 2 52 AR AT ] . HRAE B 061 78 ML RS T R N R R 2% 7K 7
ik - & 3,

(i) The Don’ts for on-farm curing, storage and delivery to the processor are
summarised as follows;

RGPRE . BENZMNELERHNERBENT:

* Do not delay the curing process - begin immediately after de-husking
T ZIAEIR MR - M5 e SLRITF 4

* Do not subject NIS to a temperature exceeding 30°C (especially if me > 15%)
THZPR NIS B 1 30 CRRE T (JUHZ2 me> 15% 1)



(i)
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Do not subject the NIS to stop/start drying

TH 271k NIS 15 10146 T4

Do not re-wet the NIS with process air wetter than its EMC value

H2) I HH EMC 8 SR 0 T 22 S E I NIS

Do not subject the NIS to excessively dry air or rapid drying exceeding 2%
per day.

50k NIS 3RS 1o FE Tl % BB 2% K et T4

Do not over dry. ( <7% NIS mc)

WHINE TR, (<7% NIS me)

Do not allow the NIS to be dropped or otherwise subjected to impact damage
1201k NIS BAYR 552 21 At b i it 0

Do not allow cured NIS to be stored or transported under a hot roof or
tarpaulin.

TR ZIAE 3TV 2 BB KA A7t s 2 A Y NIS

The Do’s for on-farm curing, storage and delivery may be summarised as
follows;

RIGPRE . ARSI IR BT

Do remember that macadamias should be cured, not dried.

T ICAE I W SR NZ RS, AR T

Do keep to the safe storage parameters indicated in Figure 1.

95 L REF B 1 BTS2 EAF s 24

Do deliver NIS to the processor with a mc >7% and <12% (optimum 8-10%)
L LURT 7% HAT 12% (£ 8-10%) K me [A] AL BE 28524 NIS
Do endeavour to complete harvest to delivery to the processor in one month.
T 95 W AE— N 58 R AW I 24T 45 AL R 2%

Do keep a record of every batch and the conditions during curing.

Sl SRR ORI L R P 25

3. The Ideal Curing and Storage System
BHAERBIENEE RS

(@)

The correctly designed dryer should have an explicit design and
fabrication enabling it to cure;

IR BETE I TR A% N AZAT WA I BE T AN, (R REE AL DL R 26 A F it
(RSTSE

In all weather conditions.

AR RAFAM T .

The wettest potential of a specified mass of NIS

i & TR NIS [ flg B A

In accordance with the safe parameters established for macadamias
AR W 2 2R 1) 22 4= 2

Accurately and uniformly to a prescribed EMC — Fig 1.

T H—Botis 2IRE K EMC - E 1,



*  Within the prescribed time (5-7 days: 20+% —10%mc) — Fig 2.
FERUE BT (5-7 R: 20+%—10% me) — K& 2.
* Atalow energy cost.
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(ii) A drying system must not compete against;
TRRARGAGE Z 555
*  Free water entering the system
H HKBEA R GE
* Internal condensation e.g. from a failed air flow and/or temperature loss
RIS SR e i (AW R IR VR AN
*  Manufactured excess humidity from a nearby wet process (water sorting?)
I RE TS ORPik? D PAERZ R
*  Exposure to extremes in temperature
RFERIEE T
*  Exposure to wind
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In Conclusion ..... The Pareto Principle!

B ... I BT

It takes 20% effort to achieve 80% success. To achieve excellence the additional 20%
reward takes a further 80% effort.
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So, to preserve the shelf-life of the harvested quality of macadamias the principles of
the lowest common denominator must be applied to .......
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...treat the weak nuts, the hurt nuts, the nuts with the risk of losing early shelf
life - wherever they are in the system - with care so that they do not become a bad
experience for your customer ...

CARERESS AR ORI A A AT R 2 SR AR R ORAT IR XU ) SR
WEATHE RGP AR AL E - AR E N ORI, PASXT 2 7 i A RAKLS ...

and a bad advert for you!!
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